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RESUMO

Introducédo: Quedas em idosos estéo relacionadas a lesGes e altos custos para o
sistema de saude. Os adultos mais velhos que desenvolvem diabetes tipo 2 t€ém maior
chance de cair. A queda nesses individuos esta relacionada a neuropatia, prejuizos
somatossensoriais, cognitivos, visuais e vestibulares e declinio funcional. A forca
muscular e o comprometimento do equilibrio podem aumentar o risco de quedas e a
fadiga muscular reduz a capacidade de gerar forca. Portanto, o objetivo do presente
estudo foi comparar os padrées de ativagdo muscular e as medidas de equilibrio
durante o teste de equilibrio de apoio unipodal em mulheres idosas diabéticas e nao
diabéticas, antes e ap0s a tarefa de ficar na ponta dos pés até a fadiga.

Métodos: No presente estudo de caso-controle, 54 mulheres idosas foram divididas
em dois grupos: diabetes tipo 2 (n = 28; 70 + 6 anos) e sem diabetes tipo 2 (n = 26;
71 £ 8 anos). A eletromiografia de superficie foi utilizada para avaliar a ativacdo do
tibial anterior (TA) e do gastrocnémio medial (GM) e uma plataforma de forca foi
utilizada para avaliar o equilibrio durante o teste de equilibrio unipodal antes e apds a
tarefa de fadiga. Teste t independente foi utilizado para avaliar as diferencas entre os
grupos. Foi adotado nivel de significancia de 0,05. A curva ROC foi usada para
determinar a responsividade e a acuracia de cada variavel individualmente para
discriminar mulheres diabéticas tipo 2 de idosas ndo diabéticas.

Resultados e Discussado: O grupo de mulheres idosas com Diabetes Tipo 2
apresentou valores de RMS_ML, RMS_AP e TA_MEAN mais elevados do que o grupo
de mulheres idosas nado diabéticas, tanto antes quanto depois da tarefa de fadiga. Nao
foram observadas diferencas significativas intragrupos antes e depois da fadiga. Os
valores RMS_ML_PRE, RMS_ML_POST, RMS_AP _PRES, RMS_AP_POST,
TA MEAN_PRE e TA MEAN_PRE podem discriminar mulheres idosas diabéticas
tipo 2 de a mulheres idosas néo diabética.

Conclusdes: As mulheres idosas diabéticas apresentaram pior equilibrio em apoio
unipodal, sem influéncia da tarefa de fadiga. Diabetes tipo 2 levou a uma ativagao
desequilibrada dos musculos da perna com aumento da ativacdo da TA. Além disso,
o estudo identificou ponto de corte para discriminar o equilibrio postural de idosas
diabéticas.

Palavras-chave: equilibrio postural; eletromiografia; fadiga muscular; idosos;
diabetes tipo 2



ABSTRACT

Background and Purpose: Falls in older adults are related to injuries and high costs
to the health care system. Older adults who develop type 2 diabetes have increased
chance of falling. Falling in these individuals relates to neuropathy, somatosensory,
cognitive, visual and vestibular impairments, and functional decline. Already know that
muscle strength and balance impairments can increase the risk for falls and muscle
fatigue reduces the capacity to generate force. Therefore, the objective of the present
study was to compare muscle activation patterns and balance measurements during
one-leg stance balance test in diabetes and nom diabetes older women before and
after completion of a fatiguing rise-to-toes task.

Methods: In the present case-control study, 54 older women were divided into two
groups: type 2 diabetes (n=28; 70+6 years old) and non-type 2 diabetes (n=26; 7118
years old). A force platform was used to assess balance during 1-legged stance, and
surface electromyography was used to assess the tibialis anterior (TA) and
gastrocnemius medialis (GM) activation. Independent t-test was used to assess
differences between groups. The significance was set at a=0.05. The Receiver
Operating Characteristic (ROC) curve was used to determine the responsiveness and
the accuracy of each variable individually for discriminate type 2 diabetic older women
from non type 2 diabetic older women.

Results and Discussion: The Type 2 Diabetes older woman group had higher
RMS_ML, RMS_AP, and TA_MEAN values than Nom-Diabetes older woman group,
for both, before and after the fatiguing task. No significant differences were observed
intragroups before and after fatiguing task. RMS_ ML PRE, RMS_ML_POST,
RMS_AP_PRES, RMS_AP_POST, TA_MEAN_PRE and TA_MEAN_PRE values
could discriminate type 2 diabetic older women than non-diabetic older women.
Conclusions: Diabetic older women showed worse one-leg stance balance than non-
diabetic, with no influence of the fatiguing rise-to-toes task. Type 2 Diabetes leaded to
an unbalanced activation of leg muscles with increased TA activation. Moreover, the
study identified cutoff point to discriminate diabetic older women’s postural balance.

Keywords: postural Balance; electromyography; muscle fatigue; older adults;
diabetes type 2
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1. INTRODUCAO

1.1ENVELHECIMENTO

N&o ha consenso entre os paises sobre quando se inicia a terceira idade. No Brasil,
pessoas a partir de 60 anos sédo consideradas idosas (BRASIL, 2003). Em 2013, o Brasil
era o sétimo colocado mundial em numero de idosos, com expectativa de chegar a sexta
posicdo em 2025 (ISHIDA; WATANABE, 2013). O aumento no numero de idosos se deve
em grande parte a reducdo das taxas de fecundidade e mortalidade. Com o aumento da
expectativa de vida a populacdo idosa passara inerentemente por alteracdes nas funcdes
fisiologicas e funcionais que ira predispor a quedas. Embora a prevaléncia de quedas seja
maior em mulheres com mais de 65 anos, a taxa de mortalidade para essa populacéo é de
52,4 por 100.000 habitante, enquanto para homens idosos é de 72,2 (US DEPARTMENT
OF HEALTH AND HUMAN SERVICES/CENTERS FOR DISEASE CONTROL AND
PREVENTION, 2017). Os custos médicos com hospitalizacdo s&o altos, podendo variar de
poucos dias a permanentemente hospitalizado. Nos EUA, foram gastos em 2015 US$ 637,5
milhdes com quedas fatais e US$ 31,3 bilhdes com quedas néo fatais (BURNS; STEVENS,;
LEE, 2016). Nesse sentido, o envelhecimento tem se revelado como um grande desafio
para saude publica (REZA et al., 2017).

E comum o processo de envelhecimento cursar com o declinio progressivo de todos
0S processos organicos, em decorréncia de alteragces estruturais e funcionais em varios
sistemas do organismo (KHAN; SINGER; VAUGHAN, 2017). Normalmente, o impacto
sobre 0s musculos esqueléticos é grave. Ocorre progressiva e generalizada perda de
massa e forgca muscular, condi¢do conhecida como “sarcopenia” (CRUZ-JENTOFT et al.,
2010). Dos 20 aos 60 anos ha perda de 40% da massa muscular. E aos 80 anos, uma
pessoa possui 60% de forca comparada a adultos jovens (DOHERTY, 2003). Essas perdas
do sistema musculoesquelético podem se converter em prejuizos nas atividades cotidianas
dos idosos (FAULKNER et al., 2007). Tais mudancas séo atribuidas a atrofia progressiva,
perda de fibras musculares e perda de unidades motoras (RYALL; SCHERTZER; LYNCH,
2008). A contracdo muscular acontece pelo recrutamento sucessivo de unidades motoras
(um neurbnio motor alfa e todas as fibras musculares que ele inerva). Com o
envelhecimento, algumas fibras musculares sdo desnervadas, passam a nhao ser
controladas pelo sistema nervoso e ndo mais contribuem para a geracéo de forca durante
uma contragdo muscular (GONZALEZ-FREIRE et al., 2014). A desnervacdo € um dos
principais fatores que levam a sarcopenia (RUDOLF et al., 2014). Ha evidéncias sugerindo
qgue mudancgas que ocorrem nas mitocéndrias da juncdo neuromuscular — JNM (neurdnio
motor terminal, lamina basal sinaptica, fibra muscular e membrana muscular) (PUNGA,;
RUEGG, 2012), contribuem para o envelhecimento e morte celular, tanto muscular quanto
do neurdnio motor terminal, resultando em desnervacdo (GONZALEZ-FREIRE et al., 2014).

Essas organelas sdo responsaveis pela respiracdo celular, que compreende uma
sequéncia de reacdes de transferéncia de energia que resulta na producdo de ATP
(adenosina trifosfato) e normalmente termina com os elétrons se combinando com o
oxigénio, formando agua. No entanto, em condi¢Ges ndo tdo comuns em que o Fe?* esta
disponivel, o oxigénio sofre diversas reacfes que culminam na formacdo de EROs espécies
reativas de oxigénio). As EROs extraem elétrons e abrem poros na membrana mitocondrial,
permitindo a entrada de agua. Esse inchaco da mitocéndria pode causar ruptura da matriz
e da crista mitocondrial, promovendo a liberacdo para o citosol proteinas apoptogénicas
intermembranais determinando a morte do neurénio motor terminal (WALLACE; FAN;
PROCACCIO, 2010).
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Existe um mecanismo de reinervacao que normalmente € bem-sucedido. As fibras
desnervadas expressam proteinas e produzem sinais quimiotaticos que estimulam o
crescimento de novos dendritos a partir de neurdénios motores remanescentes de outras
unidades motoras. No entanto, € comum este mecanismo falhar com o envelhecimento, e
as fibras que ndo foram reinervadas morrem por apoptose (GONZALEZ-FREIRE et al.,
2014).

O envelhecimento é caracterizado por aumento nos hiveis de marcadores
inflamatorios, como a Interleucina 6 (IL-6), circulantes no sangue e tecidos, frequentemente
sem causa clara. Por exemplo, o aumento da IL-6 esta relacionado a danos nas células de
Schwann que séo responsaveis por secretar fatores tréficos e de crescimento que
direcionam o crescimento axonal apos a desnervacdo (RANGARAJU et al., 2009;
RANGARAJU; NOTTERPEK, 2011). O seu comprometimento contribui para reinervacao
ineficaz com consequente disfuncdo neuromuscular no envelhecimento (KAWABUCHI;
TAN; WANG, 2011).

Essa inflamacdo crbénica reduz a producdo de IGF-1 (Fator de crescimento
semelhante a insulina tipo 1(MAGGIO et al., 2013), que também diversas funcéo
neurotréfica e. seu declinio pode contribuir para a desnervacdo da unidade motora
(DELBONO, 2003)..

Além das alteracbes na morfologia e funcionamento das mitocdndrias, com o
envelhecimento acontece um desacoplamento progressivo da JNM, causada pela reducao
do numero de pregas da membrana pos sinaptica e reducdo da area do neurdénio motor
terminal que ira comprometer a contracdo muscular. (DELBONO, 2003).

O envelhecimento favorece a protedlise da agrina (proteoglicano responsavel pela
aglomeracao de receptores de acetilcolina-AChR), isso torna os AChR mais dispersos,
dificultando a associacdo da acetilcolina com seu receptor, desestabilizando a JNM e
resultando em sarcopenia precoce (DREY et al., 2013; HETTWER et al., 2013).

Acontece aindaum desequilibrio no nimero de canais de DHPR (Receptor de
Dihidropiridina) e RyR (Receptor de Rianodina), com maior npumero de RyR, o que reduz
a liberacédo de calcio apds um potencial de acéo, resultando em contracdo menos eficiente
(RENGANATHAN; SONNTAG; DELBONO, 1997).

Outro ponto relevante que vem esclarecer o prejuizo na poténcia, forca e velocidade
de contracdo/relaxamento muscular, é a alteracdo na composicéo do tipo de miofibrilas. As
fibras tipo I, de contracéo lenta, apresentam maior proporcao do que as fibras do tipo I,
contracdo rapida em musculos de idoso (KELLY et al., 2018). Isso se da ao somatorio de
perda particular de fibras tipo Il e converséao de fibras tipo Il em tipo I. Embora ndo esteja
claro todo esse mecanismo de remodelacdo algumas explica¢des parecem plausiveis:

e Reducao no nivel de atividade fisica:

O envelhecimento é, em geral, acompanhado por uma pronunciada diminui¢cao
da atividade fisica, o que causa atrofia e uma mudanca no tipo de fibra no sentido
rapida para lenta (MINAMOTO, 2005).

Durante o treinamento de hipertrofia, nacleos sao adicionados a fibra. Como cada
nacleo é responsavel pela manutencédo de uma determinada érea do citoplasma,
acontece entdo aumento do volume citoplasmatico e hipertrofia (YONG, 1994).
Da mesma forma, quando acontece periodos de inatividade, ocorre diminuicdo
do namero de nucleos dentro da fibra, e assim reducéao do volume citoplasmatico,
caracterizando a hipotrofia (HIKIDA et al., 1997). Assim, sugere-se que a
diminuicdo das areas transversais observadas nas fibras senescentes resulta de
uma reducdo no numero de dominios nucleares (HIKIDA; WALSH; BARYLSKI,
1998).

A demanda funcional a qual o musculo é submetido determina o tipo de fibra.
Uma vez que atividades de forca, velocidade e poténcia muscular ndo sdo muito
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praticadas por essa populacdo ocorre atrofia das UM de fibras tipo Il. Além de
resultar em musculos mais lentos, provoca diminuicdo de sua funcéo
(MINAMOTO, 2005).

e Mecanismo de desnervacao-reinervacao:

Como dito anteriormente, acontece desnervagcdo das unidades motoras. Uma
miofibra desnervada segue 1 de 2 destinos: atrofia e morte ou reinervacao pelo
axonio ramificado de um neurénio motor viavel proximo. E, como a distribuicao
espacial das miofibrilas € aleatoria, muito provavelmente a miofibra sera
reinervada por um neurdnio motor de um tipo diferente de miofibra e
inevitavelmente havera uma mudanca em seu fendtipo, e assim irdo se formar
agrupamentos de tipo de miofibras (KELLY et al., 2018). Essa desnervagéo €
seletiva, com maior preferéncia pelas fibras tipo Il (LEXELL; DOWNHAM, 1991).
Isso explica a maior proporcao fibras tipo | em musculos de idosos.

e Mudancas na regulacéo génica do muasculo:

Abordagens biologicas moleculares revelaram diminuicdo no conteudo de mRNA
(acido ribonucleico mensageiro) da miosina. Fibra de idosos apresentam
diminuicdo no mRNA IIA, maior diminuicdo na transcip¢ao de 11X, mas nenhuma
alteracdo no conteido de mRNA em tipo | (BALAGOPAL et al., 2001).

Todas essas alteracdes em nivel celular ocorrem em idosos saudaveis como parte
natural do processo de envelhecimento. Entretanto, tais alteragbes comprometem
intensamente a funcdo motora (YU et al.,, 2007). Na presenca de comorbidades essas
alteracbes podem ser ainda mais significativas e determinantes no processo de perda
funcional e limitacdes das atividades usuais do idoso.

1.2 DIABETES MELLITUS

Com o aumento da proporcdo de idosos aumenta também a prevaléncia das
doencas cronicas degenerativas, dentre elas, se destaca o Diabetes Mellitus acometendo
387 milhdes de pessoas em todo mundo (MOORADIAN; CHEHADE, 2012). Este é um
grupo heterogéneo de distlrbios metabdlicos que apresenta como caracteristica comum a
hiperglicemia (SBD, 2016)

De acordo com a Sociedade Brasileira de Diabetes, o Diabetes Mellitus tipo 2 é a
forma mais frequente, verificada em 90 a 95% dos casos, destes, 50% possuem mais de
60 anos de idade (SBD, 2014). Caracteriza-se por defeitos na acdo e secrecao da insulina
e na regulacdo da producéo hepética de glicose. E causada por fatores genéticos, que em
grande parte permanecem inexplicados, e fatores ambientais como sedentarismo, dietas
ricas em gorduras e envelhecimento (SBD, 2016).

Pessoas com diabetes tendem a ter um processo de envelhecimento mais rapido, o
gue os coloca em maior risco de desenvolver fragilidade em uma idade mais precoce
(PERKISAS; VANDEWOUDE, 2016). O DM2 esta associado a uma perda acelerada de
forca em adultos idosos que vivem na comunidade (PARK et al., 2007). A neuropatia
diabética é a complicagdo mais comum associada ao diabetes mellitus, envolve todo o
nervo periférico, desde a raiz até o axénio terminal (JUSTER-SWITLYK; SMITH, 2016) e
pode ser detectada desde o momento do diagnéstico do DM. A prevaléncia é proxima a
100% quando se utilizam métodos eletrofisioldgicos para diagnostico (LAMONTAGNE;
BUCHTHAL, 1970). A principal manifestacao clinica € a parestesia de membros inferiores,
no entanto, sua auséncia nao exclui a neuropatia, pois pode acontecer evolucéo direta para
perda total de sensibilidade (SBD, 2016).

Ha algumas décadas, acreditava-se que a neuropatia periférica era decorrente
apenas da hiperglicemia (GROUP, 1993). Estudos mais recentes, mostram que o estresse
oxidativo, disfungdo mitocondrial, adiposidade toxica, e elevacdo de marcadores
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inflamatorios sdo alguns fatores importantes que contribuem para o risco de neuropatia
(JUSTER-SWITLYK; SMITH, 2016).

Outras condicfes secundarias ao diabetes como retinopatia, hipotenséo ortostatica,
pé com ulceras diabéticas, hipoglicemia (MAURER; BURCHAM; CHENG, 2005) e o uso de
medicamentos como insulina e metformina podem potencializar o risco de quedas.
(BERLIE; GARWOOD, 2010).

1.3 QUEDAS

Se somarmos o processo de envelhecimento natural ao Diabetes temos uma
combinacao de fatores de risco para propensédo as quedas (INTERNATIONAL DIABETES
FEDERATION, 2013). Alguns estudos tem evidenciado que idosos diabéticos caem mais
quando comparado aos nao diabéticos (CHIBA et al., 2015; METTELINGE et al., 2013;
PIJPERS et al., 2012). As quedas nesses individuos estdo relacionadas a sensibilidade
diminuida (causada por neuropatia), diminuicdo do controle do equilibrio, da forca muscular
(sarcopenia), da propriocepc¢ao (cinestesia) e os déficits visuais, cognitivos e polifarméacia
(CENTOMO et al., 2007). A combinagéo de idade e diabetes aumenta o risco de queda em
17 vezes (PIJPERS et al., 2012). A queda é um evento catastréfico, que quando nao leva
ao o6bito reduz a capacidade funcional, a autonomia e independéncia prejudicando a
qualidade de vida (COSTA et al., 2011).

Queda é definida como evento nao intencional no qual um individuo cai ao chao ou
a um nivel inferior (HAUER et al., 2006), excluindo causas ambientais (CHORIN et al.,
2016). Ao que parece, as pessoas mais ativas e as mais inativas sdo as que tém maior
risco de cair, possivelmente pelo grau de exposi¢ao ao risco das primeiras e pela fragilidade
dos demais (SBGG, 2008). Por serem menos ativos, 0s idosos S80 menos propensos a
sofrer lesbes, no entanto quando esta ocorre, a taxa de mortalidade € definitivamente
superior, em razédo de disturbios nas funcdes fisiolégicas e a presenca de outros problemas
médicos (REZA et al., 2017)

Considerando que a incidéncia de queda em idosos com mais de 65 anos é de 28-
35%, (PERRACINI; RAMOS, 2002), e que a prevaléncia aumenta com a idade (MASUD,;
MORRIS, 2001), podendo chegar & 50% naqueles com mais de 80 anos (ARAUJO et al.,
2014; LEVY; THRALLS; KVIATKOVSKY, 2016), as quedas situam-se como 0 maior
problema de salde publica mundial da atualidade relacionada a pessoa idosa (CHANG;
DO, 2015), pois elevam os custos com hospitalizacdo e tratamento de lesdes (COSTA et
al., 2011). Somente no Brasil, entre 2005 e 2010 foram gastos R$ 464.874.275,91 apenas
com internacdes hospitalares pagas pelo SUS (INSTITUTO BRASILEIRO DE GEOGRAFIA
E ESTATISTICA, 2010).

A queda é precedida de uma complexa interferéncia de fatores de risco. S&o estes
fatores que determinam o risco de quedas, quanto mais fatores de risco maior a chance de
cair (IINATTINIEMI; JOKELAINEN; LUUKINEN, 2009). Estudos tém reportado maiores
taxas de queda em mulheres idosas do que em homens idosos (SCHOENFELDER;
RUBENSTEIN, 2004; SWANENBURG et al., 2010). Essa diferenca de género
provavelmente reflete as diferencas nas condi¢des de saude, como a reducao significante
na densidade mineral éssea ap0s a menopausa, além de diferencas no estilo de vida e
fatores comportamentais (CHANG; DO, 2015).

Apoés a primeira queda, os idosos tém 66% de chance de sofrer outra queda num
periodo de um ano (NEVITT et al., 1989). O medo de cair é um fator de risco importante
para recorréncia de quedas (CUMMING et al., 2000; VIEIRA; PALMER; CHAVES, 2016a),
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acomete de 30% a 73% dos idosos caidores! (RUBENSTEIN; JOSEPHSON, 2002). Ao que
parece, idosos com medo de cair desenvolvem intuitivamente e antecipatoriamente uma
rigidez que em tarefas de baixa demanda funciona como estratégia protetora diante de
fatores desestabilizadores. No entanto, em tarefas mais complexas que exigem igual
complexa interagdo com o meio, ocorre um aumento do uso da estratégia de rigidez,
tornando as respostas as perturbagdes externas insuficientes, com maior predisposicao a
ocorréncia de episédio de queda (WOOLLACOTT; SHUMWAY-COOK, 2002; YOUNG;
YOUNG; WILLIAMS, 2015).

Outro fator que eleva o risco de quedas é a diminuicdo do controle do equilibrio. A
manutencdo do equilibrio é essencial uma vez que uma queda é sempre precedida de
perda de equilibrio (BAUER et al., 2016). E as deficiéncias de equilibrio sdo causas
modificaveis de quedas (VIEIRA; PALMER; CHAVES, 2016a).

1.4 EQUILIBRIO

Qualquer postura adotada por uma pessoa, por mais efémera que pareca, demanda
ajustes compensatérios para manter e recuperar o equilibrio continuamente. Em pé, o
corpo humano se comporta como um péndulo invertido, inerentemente instavel. Nessa
circusntancia, a projecdo vertical do centro de massa passa em frente a articulacdo do
tornozelo (LORAM; LAKIE, 2002) e requer rigidez do tornozelo para reduzir a amplitude de
oscilacdo (WARNICA et al., 2014).

Vérias estruturas contribuem para a rigidez do tornozelo. Elementos ndo contrateis
como ligamentos e tend&es séo responsaveis pela rigidez passiva. No entanto, essa rigidez
passiva € insuficiente, sendo necessario a ativacdo, em especial, dos musculos
plantiflexores, para gerar torque ativo e manter o equilibrio de pé (LORAM; LAKIE, 2002;
VLUTTERS et al., 2015). Essa rigidez ativa é gerada principalmente por co-contracdo dos
musculos flexores plantares e dorsais (SASAGAWA et al., 2009).

Estes ajustes na rigidez do tornozelo afim de manter o centro de massa corporal
dentro da base de suporte (poligono delimitado pelas bordas laterais dos pés) e entre o0s
limites de estabilidade (distancia maxima que o centro de massa pode ser deslocado sem
alterar a base de suporte) sao atribuidos ao sistema de controle postural (ISHIZUKA, 2003;
LIMA et al., 2001).

Para isso, 0 sistema de controle postural realiza uma complexa interacao entre os
sistemas sensorial, nervoso e motor. Na presenca de uma oscilagdo o sistema sensorial
envia informacdes ao sistema nervoso central que as integra e entdo envia impulsos
nervosos que geram respostas musculares, afim de fornecer estabilidade e prevenir quedas
(DUARTE; FREITAS, 2010). No entanto, ocorre declinio do sistema sensorial com a idade
(GOUGLIDIS et al., 2011).

Outros fatores surgem com o envelhecimento, como o declinio da capacidade
méaxima de producgdo de forca dos musculos do tornozelo e comprometem o equilibrio
(CATTAGNI et al., 2016). A reducao do torque maximo dos flexores plantares encontra-se
mais pronunciada (BILLOT et al., 2010; CATTAGNI et al., 2016).

Por outro lado, alguns autores encontraram aumento da atividade eletromiografica
dos musculos da panturrilha (BILLOT et al., 2010; LORAM; MAGANARIS; LAKIE, 2004).
Sugerindo que 0 aumento da atividade eletromiografica dos masculos da panturrilha € uma
tentativa de compensar a perda de for¢ca desses musculos.

! I1dosos que ja sofreram alguma queda
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A flexdo plantar é realizada pelo triceps sural, que é composto pelos musculos:
séleo, gastrocnémio medial e gastrocnémio lateral. Embora compartilhem o mesmo tendéo
e sejam agonistas da flexdo plantar, esses musculos apresentam diferencas anatémicas,
neurofisiolégicas e funcionais. O séleo € um musculo monoarticular, com =88% de fibras
de contracéo lenta. Enquanto o gastrocnémio € um musculo biarticular com =52% de fibras
de contracao rapida (JOHNSON et al., 1973).

Estudo prévio encontrou relativa auséncia de atividade do gastrocnémio lateral no
equilibrio de pé. Possivelmente devido ao maior limiar de recrutamento e a distinta
orientacdo dos fasciculos desse musculo em comparacdo com 0 sOleo e gastrocnémio
medial. J4 a atividade do soleo foi tdnica, permanecendo continuamente ativo durante o
equilibrio em pé. Enquanto a atividade do gastrocnémio medial foi fasica, com ativacéo
intermitente das unidades motoras. Isso evidencia a importancia do gastrocnemio medial,
produzindo torque adicional para a manutencéo do equilibrio em pé (HEROUX et al., 2014).

A andlise eletromiogréfica indica que em jovens a ativacao de flexores plantares &
maior, com pouca ativacdo de tibial anterior, quando em bipedestacdo. Entretanto, em
idosos ocorre maior co-contracdo de flexores plantares e tibial anterior quando em
ortostatismo (VETTE et al., 2017). De modo geral as co-contrac¢des aumentam a rigidez
das articulacdes. E isso ndo é diferente para os musculos da articulacdo do tornozelo
(MIRBAGHERI; BARBEAU; KEARNEY, 2000; SINKJAER et al., 1988). Uma vez que idosos
apresentam capacidade de equilibrio inferior, as co-contracbes observadas parecem
contribuir para aumentar a rigidez da articulacdo do tornozelo durante a postura de pé
(CARPENTER et al., 2001). Assim, as co-contro¢des estdo associadas a diminuicao da
estabilidade postural em idosos, quanto maior a instabilidade maior a co-contragéo (VETTE
et al., 2017).

1.5 FADIGA

O desempenho de atividades de vida diaria esta intrinsecamente relacionado a
capacidade de realizar tarefas repetidamente ou por periodos prolongados, o que requer a
capacidade de resistir ao desenvolvimento da fadiga muscular (CHRISTIE; SNOOK; KENT-
BRAUN, 2011). No entanto, o maior uso de co-contracbes dos musculos do tornozelo
implica em aumento do custo energético para a manutencao do equilibrio, o que pode
resultar em fadiga muscular prematura e comprometer a estabilidade postural (CATTAGNI
et al., 2016).

A fadiga muscular, geralmente é definida como a perda da capacidade de producao
de forca ou poténcia em resposta a atividade contratil, € uma caracteristica fundamental do
musculo esquelético (KENT-BRAUN, 2009). Ao que tudo indica, a fadiga altera o senso de
posicdo articular (ALLEN; LEUNG; PROSKE, 2010) induzindo viés na representacao
interna do corpo (esquema corporal). A fadiga modifica negativamente o senso de forgca
(percepcéo da forca produzida) (VUILLERME; BOISGONTIER, 2008), a amplitude e a
velocidade do movimento (ENOKA; STUART, 1992). Todas essas alteracbes diminuem a
precisdo do movimento, o que, em uma situacao de instabilidade, pode resultar em resposta
insuficiente ou exagerada, aumentando ainda mais a oscilagdo postural predispondo a
quedas (PROSKE; GANDEVIA, 2012).

Nesse sentido, ja foi demostrado que a fadiga de membro inferior induz prejuizo no
controle postural e equilibrio de jovens (BISSON et al., 2010, 2012; GIMMON et al., 2011;
THEDON et al., 2011) e de idosos (BISSON et al., 2012; BOYAS; HAJJ; BILODEAU, 2013).
Muito embora, varios estudos evidenciarem aumento de resisténcia a fadiga com a idade
(CHRISTIE; SNOOK; KENT-BRAUN, 2011; KENT-BRAUN, 2009).
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De fato, idosos sdo menos sensiveis a fadiga muscular do que jovens durante
contracdes isométricas. Por outro lado, sdo mais susceptiveis a fadiga durante contracdes
dindmicas (CHRISTIE; SNOOK; KENT-BRAUN, 2011). Uma possivel explicacdo, é o
remodelamento das unidades motoras. Com o envelhecimento ocorre grande atrofia de
unidades motoras de contracéo rapida e alguma reinervacdo por neurdnios de unidades
motoras de contracdo lenta, em hipétese, tornando o musculo mais oxidativo (KENT-
BRAUN, 2009) e assim mais resistente a fadiga.

Outra adaptacdo que favorece a resisténcia a fadiga é o fato de que idosos
apresentam menor forca muscular. Assim a forca produzida pela contracdo seria
insuficiente para ocluir o fluxo sanguineo intramuscular, mantendo a entrega de oxigénio
durante as contracdes e permitindo o prolongamento da tarefa, ou seja, resisténcia
muscular (LANZA; LARSEN; KENT-BRAUN, 2007).

Apesar da resisténcia a fadiga, idosos continuam apresentando maior prejuizo no
controle postural do que jovens apos fadiga (BISSON; LAJOIE; BILODEAU, 2014;
HELBOSTAD et al., 2010; PAPA; GARG; DIBBLE, 2015; PAPA; HASSAN; BUGNARIU,
2016; ROSSETO, 2016). Os prejuizos no controle postural de idosos sao evidenciados
guando mais de um input sensorial ndo estd disponivel ou ndo € confidvel (BISSON;
LAJOIE; BILODEAU, 2014). O que ndo é raro, devido aos prejuizos impostos pelo
envelhecimento aos sistemas visual (CLARKE; EVANS; SMEETH, 2018), vestibular
(ARSHAD; SEEMUNGAL, 2016) e proprioceptivo (PROSKE; GANDEVIA, 2012).

Com efeito, um estudo demostrou que jovens foram capazes de limitar as oscilacdes
posturais devido a fadiga, possivelmente utilizando fontes sensoriais mais confiaveis, como
inputs vestibulares e proprioceptivos (PAILLARD, 2012a). Outro estudo evidenciou que a
fadiga influencia mais o controle postural de idosos quando a informagé&o proprioceptiva no
tornozelo € alterada e que idosos tem mais dificuldade e necessitam de mais atencdo para
ficar em pé parado apés fadiga, em comparacdo com adultos jovens (BISSON; LAJOIE;
BILODEAU, 2014).

Ja se sabe que a atrofia, reducédo de massa, forca, poténcia e resisténcia muscular
e prejuizo na conducéo do nervo motor em idosos sao ainda mais acentuadas na presenca
de Diabetes tipo 2 (ALLEN et al., 2016) . Dados prévios indicam que o diabetes predispde
a maior fadiga muscular tanto em contracfes isométricas (ORLANDO et al., 2016) quanto
dindmicas (IJZERMAN et al., 2012). E que a fadiga muscular pode ser um marcador mais
sensivel que a forca muscular aos danos causados pelo diabetes tipo 2 (ORLANDO et al.,
2016).

Os mecanismos que explicam a maior fadiga muscular em diabéticos permanecem
pouco claros. Tem sido sugerido que o déficit na conducdo nervosa decorrente de
neuropatia periférica causa atrofia muscular dos segmentos distais dos membros inferiores,
devido a desnervagédo combinada com uma reinervacao insuficiente (ANDREASSEN et al.,
2009). Varios autores tém relatado aumento da porcentagem de fibras tipo I, reducdo de
fibras tipo | (OBERBACH et al., 2006; STUART et al., 2013) e baixa densidade capilar em
diabéticos (MARIN et al., 1994). No mesmo sentido, tem sido demonstrado aumento da
capacidade glicolitica e reducédo da capacidade oxidativa em pacientes com diabetes tipo
2. Isso tem sido atribuido a atividade enzimatica alterada, com maior atividade das enzimas
glicoliticas e reducéo da atividade enzimatica oxidativa (OBERBACH et al., 2006).

Outro ponto que interessante, é que musculos oxidativo possuem mais receptores
de insulina (JAMES; JENKINS; KRAEGEN, 1985). A diminuicdo na proporcao de fibras
oxidativas poderia contribuir para a resisténcia a insulina, que por sua vez, predispdem a
hiperglicemia (MARIN et al., 1994). A baixa densidade capilar poderia dificultar a chegada
da glicose e de insulina a célula, assim, o aumento da atividade glicolitica se configuraria
como um mecanismo compensatoério. Oberbach et al. (2006) sugeriu que a absorcéo e
funcdo da insulina tem sido dependente da densidade capilar. E que as alteragdes na
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composicao da fibora muscular em condicdo de resisténcia a insulina sdo secundarias a
hiperinsulinemia.

Apesar das hipoteses apresentadas, todos os autores citados concordam que 0s
mecanismos para a reducéo da atividade enzimatica oxidativa e a reducéo das fibras tipo |
em pacientes com diabetes tipo 2 ainda precisam ser melhor estudados. E isso poderia
ajudar a esclarecer a maior fadiga apresentada por individuos diabéticos tipo 2.

Em todo caso, o aumento da fadiga observada em diabéticos é preocupante,
sobretudo quando associados aos declinios relacionados a idade e ao género. Essa
combinacdo pode representar um maior prejuizo no controle postural, predispondo
mulheres idosas diabéticas a maior risco de queda. Até o presente momento nao existem
estudos que investigaram a influéncia da fadiga dos musculos de tornozelo no equilibrio de
individuos diabéticos tipo 2.

2 OBJETIVOS

2.1 OBJETIVO GERAL

Comparar a ativagdo dos musculos da perna (tibial anterior e gastrocnémio) e o
equilibrio pré e pos fadiga de membro inferior de mulheres idosas com e sem diabetes tipo
2.

3 HIPOTESE

Mulheres idosas diabéticas irdo apresentar prejuizo no controle postural decorrente
de menor ativagcdo dos musculos de tibial anterior e gastrocnémio medial que sera
evidenciada ou acentuada pela fadiga muscular.

4 MATERIAIS E METODOS
4.1 DESENHO DO ESTUDO

Esse é um estudo observacional de corte transversal ndo randomizado. A amostra
foi composta por idosas da cidade de Governador Valadares. As avaliagbes para
recrutamento seguiram até atingirmos um n= 54 idosas, sendo 28 idosas Diabéticas e 26
Idosas nao Diabéticas.

4.2 CALCULO AMOSTRAL

O calculo amostral foi realizado no programa G-Power (Versao 3.1.5, Franz Faul,
Universidade de Kiel, Alemanha) baseado no estudo de Kukidome et al., (2017) que
comparou idosos adultos com e sem diabetes tipo 2 com um tamanho de efeito de 1.6 para
medidas de area de oscilacdo na postural em pé, o poder foi de 0,95 considerando nivel
alfa de 5%. A andlise de poténcia de duas caudas retornou uma poténcia real de 0,96 para
uma amostra de 24 sujeitos.
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4.3 AMOSTRA

Os participantes foram recrutados na comunidade local via chamada publica com
cartazes e panfletos na universidade e clinica de fisioterapia do Campus Governador
Valadares. Os procedimentos foram realizados na Clinica Escola de Fisioterapia da UFJF-
GV com ambiente privativo e adequado as regras sanitérias vigentes, conforme atesta a
declaracdo de infraestrutura e concordancia para realizacéo da pesquisa (APENDICE ).

Todos os participantes assinaram o termo de consentimento informando sua
participacdo no estudo (APENDICE Il), previamente aprovado pelo Comité de Etica da
instituicdo, parecer n°® 62606616.2.0000.5147. Além disso, os investigadores responsaveis
por este trabalho estavam comprometidos com a resolucéo 466/12 do Conselho Nacional
de Saude. A pesquisa so teve inicio apos aprovacdo do Comité de Etica em Pesquisa via
plataforma Brasil.

Os participantes foram orientados sobre os procedimentos para a participagdo na
investigacao, obtendo assim mais familiaridade com a equipe e os comandos verbais para
realizarem os exercicios.

4.4 CRITERIOS DE INCLUSAO

Os critérios de inclusdo utilizados para essa pesquisa foram: GID - Grupo ldosas
Diabéticas: ter diagnostico médico de diabetes tipo 2 verificado através de prontuério
médico, possuir 60 anos ou mais, ser fisicamente independente, ter pontuacdo acima de 21
no questionario Mini-Exame do Estado Mental (ANEXO I); GInD - Grupo ldosas nédo
Diabéticas: ndo ser diabética, possuir 60 anos ou mais, ser fisicamente independente, ter
pontuacado igual ou superior a 22 no questionario Mini-Exame do Estado Mental que é o
ponto de corte para declinio cognitivo em pessoas alfabetizadas (BRUCKI et al., 2003).

4.5 CRITERIOS DE EXCLUSAO

Foram excluidos os individuos que apresentaram doenca neuroldgica, doenca
cardiovascular, retinopatia proliferativa instavel, doenca renal em estagio terminal, historia
de doencas vestibulares, hipertensdo ndo controlada, distlrbios de atencdo e de fala,
submetidos a algum tipo de cirurgia do aparelho locomotor e/ou participacdo em treino
equilibrio/resisténcia no ano anterior. Todos 0s participantes estavam livres de lesdo no
joelho ou no quadril, o que poderia afetar seu equilibrio.

4.6 INSTRUMENTOS DE AVALIACAO

A plataforma de forca BTrackS (Balance Tracking System, San Diego, CA, USA) foi
usada para mensurar o equilibrio. O equipamento € uma plataforma de forca (40x60 cm,
com frequéncia de amostragem de 25 Hz) com quatro medidores de tensdo que
determinam a area de excursdo do centro de gravidade enquanto 0 sujeito permanece
sobre ela. A frequéncia de amostragem da BTrackS satisfez a teoria de Nyquist (25 Hz),
sendo as mudangas do centro de gravidade em torno de 10 Hz (O’'CONNOR; BAWEJA;
GOBLE, 2016). A plataforma de forca utilizada foi validada e tem a mesma precisdo de uma
plataforma de forca laboratorial (LEVY; THRALLS; KVIATKOVSKY, 2016). A plataforma de
forca foi nivelada via ajuste nos apoios inferiores e verificada com uma ferramenta de
nivelamento. O equipamento foi conectado a um computador via cabo USB que também
forneceu energia para a plataforma.
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Para avaliar a atividade muscular, foi utilizado o eletromiografo de superficie com
oito canais analdgicos e software integrado para coletar e analisar os sinais (MiotecSuite,
BiomedicalEquipment, Porto Alegre, RS, Brasil). A converséo analogico-digital foi realizada
pela placa A/D com resolucéo de 14 bits, frequéncia de amostragem de 2 kHz, modulo de
rejeicdo comum maior que 100 dB, relagao de ruido de sinal com menos de 3 yV RMS e
impedancia de 109 ohms. Os sinais da eletromiografia de superficie (SEMG) foram
gravados com eletrodos Meditrace Ag/AgCl com uma distancia de 2 centimetros de centro
a centro. Os sinais SEMG foram amplificados e filtrados. A raiz média quadratica (RMS) foi
analisada em um janelamento predefinido de fabrica de 125 ms, usando o software
MiotecSuite. Os eletrodos de sEMG foram colocados paralelamente as fibras musculares
subjacentes do gastrocnémio medial e do tibial anterior no membro inferior dominante, de
acordo com as recomendacdes do SENIAM. Um eletrodo de referéncia foi colocado no
epicondilo lateral do umero esquerdo. Antes da fixacdo, a pele foi higienizada com alcool
70% para eliminar gorduras residuais, seguido de esfoliacdo com uma lixa especifica para
a pele e foi limpa, novamente, com alcool. Todos os procedimentos para captar os SEMG
foram conduzidos de acordo com as recomendacOes da Sociedade Internacional de
Eletrofisiologia e Cinesiologia.

Para normalizacéo do sinal, foram coletadas 3 contracdes isométricas voluntarias
(CVM) méaximas de 5 segundos de duracéo. Para as CVMs os participantes foram instruidos
a exercer o maximo de esforgco em cada ensaio. Um periodo de 5 minutos de descanso
separou cada contracdo. Para o gastrocnémio medial (GM), o joelho estava completamente
estendido. Os participantes foram convidados a empurrar o chdo com o maximo de for¢ca
possivel com uma perna enquanto levantavam o corpo na ponta do pé (flexao plantar). Para
manter o equilibrio, foi permitido que o participante utilizasse um andador. Para tibial
anterior (TA), os participantes foram instruidos a aumentar a forca da dorsiflexdo de
tornozelo por no méximo 3 segundos e depois manter a forgca maxima por 5 segundos. A
resisténcia manual foi oferecida sempre pelo mesmo avaliador no médio-pé.

Apés normalizado o sinal eletromiografico, o paciente foi posicionado sobre a
plataforma de for¢a, onde foi realizado o teste de equilibrio monopodal de 20 segundos com
os olhos abertos, com um periodo de familiarizacdo prévia de igual tempo. Na sequéncia,
0 paciente desceu da plataforma de forca e realizou um protocolo de fadiga que consistiu
em contragao voluntaria sustentada na ponta dos pés com apoio bipodal até o momento de
falha da tarefa. Nesse momento, o paciente voltou para a plataforma de forcas e repetiu o
teste de equilibrio. Os testes foram conduzidos em uma sala privativa para minimizar
interferéncias externas, como ruido e outros disturbios. Todos os testes foram realizados
sem calcados.

Todos os dados de sEMG foram normalizados para CVM e a atividade muscular foi
calculada a partir de janelas de 20 segundos, sincronizadas com os registros da plataforma
de forca por e uma webcam através o software MiotecSuite.

O nivel de atividade fisica foi avaliado pelo questionario internacional de atividade
fisica — IPAC verséo curta (ANEXO II) (IPAQ RESEARCH COMMITTEE et al., 2005). O
receio de queda foi avaliado pelo FES-I-Brasil, instrumento que apresenta questdes sobre
a preocupacado com a possibilidade de cair ao realizar 16 atividades, com respectivos
escores de um a quatro. O escore total pode variar de 16 (auséncia de preocupacao) a 64
(preocupacédo extrema) sendo que 23 é tido como ponto de corte para a presenca de
preocupacao com quedas. (ANEXO Ill) (CAMARGOS et al., 2010).
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4.7 METODOLOGIA DE ANALISE DE DADOS

Participaram do estudo 54 pacientes, que realizaram todas as avaliacdes, resultando
em 32 variaveis diferentes.

A estatistica descritiva foi apresentada como média e desvio padrédo. O teste de
Lilliefors foi utilizado para testar a distribuicdo gaussiana dos dados. Como a normalidade
foi aceita, o teste t independente foi utilizado para comparar as diferencas entre 0s grupos.
A significancia foi estabelecida em p <0,05.

Foi utilizada a curva Receiver Operating Characteristic (ROC) para discriminar
mulheres idosas diabéticas tipo 2 de idosas nao diabéticas e determinar a acuracia de cada
variavel individualmente. A curva ROC e sua area correspondente sob a curva (AUC) foram
estimadas e foram obtidos os pontos de corte 6timos que melhor discriminaram entre
individuos com e sem diabetes tipo 2. Todas as analises foram realizadas no pacote SPSS
(verséo 18.0).

5 RESULTADOS

Balance and Leg Muscle Activation of Older Women with and without Type 2
Diabetes

Older adults who develop type 2 diabetes have increased chance of falling. Muscle strength
and balance impairments can increase the risk for falls, and muscle fatigue reduces the
capacity to generate force. The objective of the present study was to compare the muscle
activation patterns and the postural balance during one-leg stance balance test in type 2
diabetes and non-diabetes older women before and after completion of a fatiguing rise-to-toes
task. Fifty-four older women were divided into two groups: diabetes (n=28; 70+6 years old)
and non-diabetes (n=26; 71+8 years old). A force platform was used to assess the postural
balance and surface electromyography was used to evaluate the tibialis anterior (TA) and
gastrocnemius medialis (GM) activation. Independent t-test was used to assess differences
between groups. The significance was set at 0=0.05. The Receiver Operating Characteristic
curve was used to determine the responsiveness and the accuracy of each variable to
discriminate diabetic older women from non-diabetic. The diabetic group had higher
RMS_ML, RMS_AP, and TA_MEAN before and after the fatiguing task. No significant intra-
group differences were observed before and after the fatiguing task. RMS_ML_PRE,
RMS_ML_POST, RMS_AP_PRES, RMS_AP_POST, TA_MEAN_PRE and

TA_MEAN_PRE values can discriminate diabetic older women from those without Diabetes.

Keywords: postural Balance; electromyography; muscle fatigue; older adults; type 2 diabetes
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Introduction

Falls in old adults are a major public health concern worldwide; 1 out of 3 older adults fall
each year and 68% of people who fall suffer some injury (Vieira, Palmer and Chaves, 2016). Falls
are the largest contributor to the economic burden of injuries concerning lifetime costs in old adults
(Heinrich, Rapp, Rissmann, Becker and Konig, 2010). For several decades, research has focused on
identifying risk factors, reducing and managing falls in old adults (Binda, Culham and Brouwer,
2003; Jalali, Gerami, Heidarzadeh and Soleimani, 2015). Falls are associated with sex and chronic
conditions such as type 2 diabetes (Vinik, Vinik, Colberg and Morrison, 2015; Vieira, Palmer and
Chaves, 2016). Older women have more balance impairments than older men (Valentine et al.
2009; Ambrose, Paul and Hausdorff, 2013; Scaglioni-Solano and Aragon-Vargas 2015); and they
are more prone to falls and its complications because balance deteriorates due to estrogen
deficiency after menopause (VALENTINE et al., 2009); The type 2 diabetes involves insulin
resistance and relative insulin deficiency (WATANABE et al., 2012). In 2000, it was expected that
around 366 million individuals would have type 2 diabetes in 2030 (WILD et al., 2004), but in
2013, 382 million people already had diabetes; with an expectation for 592 million by 2035
(GUARIGUATA et al., 2014). Individuals with type 2 diabetes have increased chance of falling
compared with those without diabetes (Morrison et al. 2010; Vinik, Vinik, Colberg and Morrison,
2015). The combination of older age (>65 years) and diabetes increases 17-fold the risk of falling
(Vinik, Vinik, Colberg and Morrison, 2015). Falling in older people who have type 2 diabetes is
associated with the functional decline due to neuropathy, somatosensory, cognitive, visual and
vestibular impairments (Hewston and Deshpande, 2015; Vieira, Palmer and Chaves, 2016).

An essential and modifiable factor to be assessed for falls management is the postural
balance (Morrison et al. 2010; Jalali, Gerami, Heidarzadeh and Soleimani, 2015; Vieira, Palmer and
Chaves, 2016). The loss of muscle strength is an essential factor to impaired balance function in
older adults (Vieira, Palmer and Chaves, 2016). Several balance tests can be used to assess

impairments associated with components of postural control among older adults, but the force
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platform is considered the gold standard equipment for such quantitative assessments. The force
platform can register forces applied in its corners while the subject stands in a semi-static position
(Piirtola and Era, 2006). Another test is the 1-legged stance task on the force platform, which was
suggested as more predictive of balance impairments than the bipedal quiet standing task as it
provides more challenge to balance-control (Parreira et al., 2013). A derived from all forces
affecting the force platform’s corners represents the center of pressure (COP). Increased COP
variables have been considered as an indicative of poorer balance in old adults, with the association
of stabilometric parameters to a higher likelihood of falling (Hita-Contreras et al., 2013; Muir et al.,
2013; Park, Jung and Kweon, 2014).

Muscle strength decreases with age (Morrison et al., 2010) and adequate strength is essential
to optimal balance. The dorsiflexion strength is considered an important factor for postural stability,
fall recovery, and normal walking among old adults (Perry et al,. 2007; Siddiqi, Kumar and
Arjunan, 2015; Vieira et al., 2017) and the strength and activation of tibialis anterior (TA) and
gastrocnemius medialis (GM) are essential for balance control (Shumway-Cook and Woollacott,
2000; Jeon and Choi, 2015). Muscle fatigue reduces the capacity to generate force, and completing
fatiguing tasks can affect balance control (Bellew and Fenter, 2006). The ability to perform tasks
for prolonged periods of time during activities of daily living is affected by fatigability and fatigue-
induced changes in motor control (Bellew and Fenter, 2006; Christie, Snook and Kent-Braun,
2011). Muscle fatigue may alter postural control in healthy young and older individuals, and
possibly increase the risk for falls (Paillard, 2012; Papa, Foreman and Dibble, 2015).

Previous data indicate that diabetes predisposes to greater muscular fatigue (ljzerman et al.,
2012, Orlando et al., 2016). The primary purpose of the present study was to compare muscle
activation patterns and balance measurements in diabetes and no diabetes older women before and
after completion of a fatiguing rise-to-toes task. The hypothesis was that one-leg stance balance
would be worse in type 2 diabetes older women and that fatiguing task will highlight the differences

between groups. A secondary purpose was to determine cutoff points to discriminate between
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diabetes and no diabetes older women. We hypothesized that stabilometric and electromyography

measures would have the ability to discriminate both groups.

Methods

Experimental Approach to the Problem
This is a cross-sectional study, developed in Governador Valadares City, Brazil. The local

ethics committee for human investigation approved the procedures employed in the study (Protocol
number 62606616.2.0000.5147) and participants were notified of the benefits and potential risks

involved before signing an institutionally approved informed consent form prior to participation.

Participants
The participants were recruited by public invitation through folders and personal contacts.

The inclusion criteria were to have 60 years old or more, to be physically independent, to have a
score higher than 21 on the Mini-Mental State Examination, the participants were divided into 2
groups: (1) Diabetes Group (n=28; 7046 years-old); (2) Non-Diabetes Group (n=26; 71+8 years-
old). All participants were free of any knee or hip injury which could affect their balance. Exclusion
criteria included cardiovascular disease, unstable proliferative retinopathy, end-stage renal disease,
uncontrolled hypertension, and/or participation in balance/resistance training during the previous
year. All participants have medical diagnostic as verified through their medical records. The
participants included in the Diabetes Group should present more than one year of type 2 diabetes
diagnosis.

Based on a previous study (Kukidome et al., 2017) which compared older adults with and
without type 2 diabetes with an effect size of 1.6 for measurement of the standing postural sway
area, the power was set at 0.95 and the sample size was calculated using the G-Power software
(Version 3.1.5, Franz Faul, Universitat Kiel, Germany) considering an alpha level of 0.05. The

power two-tailed analysis returned an actual power of 0.96 for a sample size of 24 subjects.
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Equipment
The BTrackS Balance Plate (Balance Tracking System, San Diego, CA, USA) was used to

assess balance. The equipment is a force platform (40x60 cm, sampling frequency of 25 Hz) with 4
implanted strain gauges that determines the COP excursion area while the subject stood on it. The
BTrackS sampling frequency satisfied the Nyquist theorem for the slow (<10 Hz) COP changes
measured in the present study (O’Connor, Baweja and Goble, 2016). The force platform has the
same accuracy/precision of a laboratory-grade force platform (Levy, Thralls and Kviatkovsky,
2016; O’Connor, Baweja and Goble, 2016). The force platform was leveled via adjustable legs and
verified with a leveling tool. The force platform was connected to the computer through USB cable
which also provided power to the platform.

To assess the muscle activity, a surface electromyographer with 8 analog channels and
integrated software was used to collect and analyze the surface electromyographic signals (SEMG)
(Miotec Suite™, Biomedical Equipment, Porto Alegre, RS, Brazil). Analog to digital conversion
was performed by an analog to digital board with 14-bit resolution input range, the sampling
frequency of 2 kHz, common rejection module greater than 100 dB, signal noise ratio of less than 3
MV RMS and impedance of 109 ohms. The SEMG signals were recorded with surface Meditrace™
Ag/AgCl electrodes with a center to center distance of 2 cm. SEMG signals were amplified and
filtered (Butterworth fourth order; 20-450 Hz bandpass filter; 60 Hz notch filter). The root mean

square (RMS) of the SEMG data was windowed at 125 ms using the Miotec™ Suite Software.

Procedures

The SEMG electrodes were applied parallel to the underlying muscle fibers of the medial
gastrocnemius and tibialis anterior on the dominant lower limb according to SENIAM
recommendations (http://seniam.org/sensor_location.htm). A reference electrode was placed on the
left lateral humeral epicondyle. Prior to fixation, the skin was cleaned with 70% alcohol to
eliminate residual fat, followed by an exfoliation using a specific sandpaper for skin and a second

cleaning with alcohol. All SEMG procedures were conducted accordingly to the International
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Society of Electrophysiology and Kinesiology (ISEK) recommendations.

All sSEMG data were normalized to the maximum voluntary isometric contraction (MVIC),
and the mean muscle activity was calculated from 20-second windows, synchronized to force
platform recordings through the Miotec Suite™ software. Participants were instructed to provide
maximal efforts on each trial. A 5-minute rest period separated each contraction. For GM, the knee
was fully extended. Participants were asked to push the ground as hard as possible with 1 leg while
raising the body to toes (plantarflexion). The other limb remained extended but did not touch the
ground while data were collected. To keep the balance, the participant was allowed to use a walker.
For TA, participants were instructed to increase ankle dorsiflexion force from baseline to maximum
over 3 seconds and then to maintain the maximum force for 5 seconds. Manual resistance was

always provided by the same rater on the midfoot.

After normalizing the electromyographic signal, the patient was positioned on the force
platform for performed 20-s one-leg stance with open eyes to assess balance with a previous
familiarization period. Participants were instructed to look straight ahead at a target placed on a wall
at eye level 2 meters away, with their arms resting at their side. After balance test, the patient went
down from the force platform and performed a fatigue protocol that consisted of sustained
voluntary contraction on the tip of the feet with bipodal support until the task failed. At that
moment, the patient returned to the force platform and repeated the balance test. All tests were
performed without shoes. The same experienced researcher performed all testing. Repeatability of
foot placement between trials was maintained by tapes fixed on top of the force platform.
Participants were attached to a belt fixed to the wall to prevent falls during testing and a examiner
stood close to the participant during all trials. The tests were conducted in a private room to
minimize outside interference such as noise and other disturbances.

Statistical Analysis

We had 54 patients and several independent variables showed on table 1.
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The preliminary Lilliefors test was not significant, and the independent t-test was used to set
differences between the groups. The significance was set at p<0.05. The Receiver Operating
Characteristic (ROC) curve was used to determine the responsiveness and the accuracy of each
variable individually in discriminating diabetic older women from non-diabetic older women.
Based on the ROC curve, the optimal cutoff points that best discriminated between individuals with
and without type 2 Diabetes were obtained. ROC curve and its corresponding area under the curve

(AUC) were estimated with the SPSS package (version 18.0).



Table 1. Independents variables description.
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Variables Description
Body Mass Index is body mass divided by the square of
1 | BMI .
the body height.
2 | TYPE 2 DIABETES Yes or no
3 | HISTORY OF FALLS History of falls in the last 12 months
4 | FES-I-BRASIL Falls Efficacy Scale-International-Brazil. Score of the
questionnaire.
Falls Efficacy Scale—International-Brazil. Classification
5 |FESI-BRASIL as faller (>23) or non-faller (<23)
International Physical Activity Questionnaire.
6 | IPAQ Classification as very active, active, irregularly active or
sedentary
7 | PATH LENGTH PRE .
8 | PATH LENGTH POST Total length of COP displacement
9 | MEAN VELOCITY_PRE - : .
10 | MEAN_VELOCITY POST Total COP length divided by the trial duration
11 | MEAN DISTANCE PRE :
12 | MEAN_DISTANCE POST Average distance from COP data center
13 | MEAN_FREQUENCY_PRE Average number of loops to cover COP data
14 | MEAN_FREQUENCY_ POST
15 | RMS ML PRE :
16 | RMS_ML_POST Square root of mean squared medial-lateral COP data
17 | RMS_AP PRE . :
18 | RMS_AP POST Square root of mean squared anterior-posterior COP data
19 | 95% CI ELLIPSE_AREA PRE . -
— = — 0
20 | 95% Cl ELLIPSE_AREA POST Smallest ellipse fitting 95% of COP data
21 | EXCURSION_ML_PRE
Max minus Min COP data in medial-lateral direction
22 | EXCURSION_ML_POST
23 | EXCURSION_AP_PRE Max minus Min COP data in anterior-posterior direction
24 | EXCURSION_AP POST
25 | TA PEAK PRE : - : ,
26 | TA_PEAK_POST Max amplitude of the Tibialis anterior EMG signal
27 | TA_ MEAN PRE . _— . :
28 | TA_ MEAN_POST Mean amplitude of the Tibialis anterior EMG signal
29 | GM_PEAK PRE Max amplitude of the Gastrocnemius medialis EMG
30 | GM_PEAK POST signal.
31 | GM_MEAN_PRE Mean amplitude of the Gastrocnemius medialis EMG
32 | GM_MEAN_POST signal

Legend: IPAQ = international physical activity questionnaire; FES-I-Brazil = Falls Efficacy Scale—
International-Brazil; PRE = pre fatiguing task; POST = post fatiguing task; RMS = root mean
square; AP = anterior-posterior; ML = medial-lateral; Cl = confidence interval; TA = tibialis
anterior; GM = Gastrocnemius medialis
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Results

The participants did not report pain or discomfort during tasks. Participants’s characteristics

were similar between groups (Table 2).

Table 2. Participants’ characteristics.

Groups
Characteristics Diabetes non-Diabetes p
(mean and standard (mean and standard
deviation) deviation)

n 28 26 -
Age (years) 70 (6) 71 (8) 0.34
BMI (Kg/m?) 30.1 (6) 26.1 (3) 0.22
FES-I-Brazil 28.3 (9.5) 25.7 (6.5) 0.28
History of Falls (falls 1.5(0.5) 1.5(0.5) 0.34

in last 12 mouth)

Legend: BMI = body mass index; FES-1-Brazil = Falls Efficacy Scale—International-Brazil.

The international physical activity questionnaire (IPAQ ) classification shows that in
diabetic group all participants were irregularly active. While in the non diabetic group 65,3% were
irregularly active, 30,7% were active and only 3,8% were sedentary.

From all studied variables, only RMS_ML_PRE, RMS_ML_POST, RMS_AP_PRE,
RMS_AP_POST, TA_MEAN_PRE and TA_MEAN_POST showed significant differences
between both groups (Table 5). No additional significant intra-group differences were observed

before and after the fatiguing task (Table 3 and 4).



Table 3. Intragroup comparisons of postural balance and surface

electromyography pre and post fatiguing task of the diabetic group

Parameters Diabetes
PRE POST p
RMS_ML (cm) 1.11 (0.58) 115062 o
RMS_AP (cm) 2.55 (1.63) 2.82(2.01)  N/S
TA_MEAN (Hz) 49.74 (23.58) 51.55(28.33)

Table 4. Intragroup comparisons of postural balance and surface

electromyography pre and post fatiguing task of the non-diabetic

group

Non-Diabetes

P
arameters PRE POST D
RMS_ML (cm) 0.61 (0.18) 063(013)
RMS_AP (cm) 0.75 (0.20) 0.66(0.20)  N/S

TA_MEAN (Hz) 29.69 (12.03) 27.00 (11.71)
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Table 5. Inter-group comparisons of postural balance and surface

electromyography data pre and post fatiguing task.

Non- 5%
Parameters Diabetes . p Confidence
Diabetes
Interval
1.11 0.61
PRE (0.58) (0.18) 0.0001 0.25-0.73
RMS_ML (cm)
1.15 0.63
POST (0.62) (0.13) 0.0001 0.27-0.76
2.55 0.75
PRE (1.63) (0.20) 0.0001 1.14-244
RMS_AP (cm)
2.82 0.66
POST (2.01) (0.20) 0.0001 1.36-2.95
49.74 29.69
PRE (2358)  (12.03) 0.0001 9.07-30.39
TA_MEAN (Hz)
51.55 27.00
POST (2833)  (11.71) 0.0001 12.53-36.55

Legend: RMS = root mean square; AP = anterior-posterior; ML = medial-

-lateral; PRE = pre fatiguing task; POST = post fatiguing task;

TA_MEAN = mean amplitude of the tibialis anterior;

The ROC curve analysis (Table 6) allowed the extraction of the sensitivity, the specificity,
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and the accuracy from each variable at the best cutoff point. The AUC indicated the discriminatory

efficiency between type 2 Diabetes and non-Diabetes groups (Figure 1). The best sensibility scores

were RMS_AP_POST, RMS_AP_PRE and RMS_ML_POST 0.96, 0.92, 0.92 respectively, but

moderate specificity (0.72 each) and moderate accuracy (0.74, 0.60, 0.66 respectively) were also

noted. The TA_MEAN_PRE showed the lowest result for AUC (0.76), sensibility (0.73), specificity

(0.68) and accuracy (0.52).



Table 6. ROC curve analysis
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Cutoff
Parameter point AUC Se Sp Accuracy
RMS_ML_PRE (cm) 0.80 0.84 0.88 0.72 0.68
RMS_ML_POST (cm) 0.80 0.83 0.92 0.72 0.66
RMS_AP_PRE (cm) 0.99 0.80 0.92 0.72 0.60
RMS_AP_POST (cm) 1.05 0.87 0.96 0.72 0.74
TA_MEAN_PRE (%) 34.17 0.76 0.73 0.68 0.52
TA_MEAN_POST (%) 34.68 0.80 0.84 0.72 0.60

Legend: AUC = area under the curve; RMS = root mean square; AP = anterior-posterior; ML =

medial-lateral; PRE = pre fatiguing task; POST = post fatiguing task; TA_MEAN = mean

amplitude of the tibialis anterior; Se = sensibility; Sp = specificity.
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Figure 1. ROC curves for cutoff point to discriminate diabetic form non-diabetic older women for
stabilometric and electromyography measures.
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Legend: RMS ML PRE = root mean square medial-lateral pre fatiguing task; RMS ML PPST =
root mean square medial-lateral post fatiguing task; RMS AP PRE = root mean square anterior-
posterior pre fatiguing task; RMS AP POST = root mean square anterior-posterior post fatiguing
task; TA MEAN PRE = mean amplitude of the tibialis anterior pre fatiguing task; TA MEAN

POST = mean amplitude of the tibialis anterior post fatiguing task;
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Discussion

In the present study, we compared older women with and without type 2 diabetes during one
leg stance balance before and after a fatiguing task. The Diabetes group had higher RMS_ML_PRE,
RMS_ML_POST, RMS_AP_PRE, RMS_AP_POST, TA_MEAN_PRE and TA_MEAN_POST. No
intra-group differences were observed before and after the fatiguing task. The ROC curve analysis
of each parameter showed good results for the combined sensibility and specificity to discriminate
diabetic and non-diabetic groups. Nevertheless, the accuracy showed moderate results to
discriminate the groups.

The RMS_ML and RMS_AP were higher for the diabetic group in both conditions (before
and after fatigue). A review indicated that increased postural sway in ML direction was identified as
the best factor to predict a fall episode in older adults (Piirtola and Era, 2006). Another review
indicated that anteroposterior sway can distinguish older adult fallers from non-fallers (Pizzigalli,
Micheletti Cremasco, Mulasso and Rainoldi, 2016). For these authors, mediolateral sway in bipedal
stance was associated with the ability to use hip’s abductors/adductors and the ankle’s
pronators/supinators muscles to distribute the body weight between the two lower limbs, while
anteroposterior sway is associated with variations in ankle flexor muscles activity. In the present
study, the balance task was one-legged stance that is a greater challenge compared with a bipedal
task, demanding a greater control of hip muscles. Another study assessed the postural balance in
many situations, standing with eyes open/closed on a firm surface, eyes open/closed on a compliant
surface, eyes open on a firm/compliant surface while performing a cognitive task, and suggested
that an increase in the difficulty level of the balance task may probably result in a switch from the
ankle to the hip control mechanism (Maranesi et al., 2016). The diabetic group showed impaired
sway in both directions: increased ML oscilations to control movements in the frontal plane and
increased AP displacements to control the postural balance in sagittal plane. The current findings
of increased RMS AP and ML are in agreement with previous studies that have found decreased

ability to keep balance in older women with type 2 diabetes (Centomo et al., 2007; Morrison,
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Colberg, Parson and Vinik, 2012; Kukidome et al., 2017). Morrison et al. (2012) assessed the
differences in dynamic postural motion and the fall risk in older men and women with type 2
diabetes classified as fallers/non-fallers. The authors also evaluated the impact of exercise on
balance and falls risk. Thirty-seven older individuals were allocated in 4 groups (control-non fallers,
control fallers, diabetic-non fallers and diabetic fallers), and performed double leg stance in four
different conditions, eyes open/firm surface, eyes closed/firm surface, eyes open/ foam surface and
eyes closed/ foam surface. At baseline, they found decreased COP amplitude with higher standard
deviation and higher sway velocity in diabetic fallers group in more challenging conditions. They
hypothesized the decreased amplitude occurs simultaneously to the increased frequency of sway
COP, and that such changes were due to an increased body stiffness. Such strategy is often adopted
under situations where a perceived threat to overall balance is assumed (Adkin, Frank, Carpenter
and Peysar, 2000; Carpenter et al., 2004). These findings contrast with our findings of increased
sway amplitude in diabetic group, possibly due differences in group conditions or differences
between balance tests. In the present study, we investigated only older women due to worse balance
(Vieira, Palmer and Chaves, 2016) by using the one-leg stance balance test, which is a more
challenging test. The small sample size of each group is also an issue of Morrison’s study, which
was probably responsible for the higher amplitude variability results.

The one-leg stance balance test was performed associated with the electromyography TA
and GM muscles to assess the differences in the muscle activation pattern between both groups. The
diabetic group showed higher TA activation compared with the non-Diabetes group. The ankle joint
is the greatest source of corrective actions during one-legged standing (Hwang, Huang, Cherng and
Huang, 2006). The requested force output is also proportional to the amplitude of the SEMG signal
(De Luca, 1997). The mean amplitude value provides an overall estimate of muscle activation, and
it is related to the number of motor units (MU) recruited and their discharge frequency (Merletti,
Farina and Gazzoni, 2003). Previous research showed that diabetic subjects showed weakest

dorsiflexors and plantar flexors compared with control subjects during a quiet stance task
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(Btazkiewicz et al., 2015, Gomes et al., 2017). Another study noted the loss of motor units as
partially responsible for muscle atrophy and weakness (Yu et al., 2007). Current findings showed
greater TA amplitude while failing on support the postural balance. The increased TA activation in
the diabetes group does not imply enhanced efficiency to stabilize the COP, as can be noted by the
stabilometry results. We hypothesize that the lower ability to maintain balance in older diabetic
women requires greater ankle stiffness and greater force production. Hyperglycemia leads to
increased oxidative stress which may contribute to micro-vascular disease, nerve dysfunction
(Fernando et al., 2013) and loss of motor units which will overload the remaining fibers and
increase the amplitude of the SEMG to generate enough torque to maintain the postural balance. The
nerve dysfunction affects not only motor nerves, but also the sensitive nerves. The changes in
sensitive nerves affect their feedback to the central nervous system, impairing the accuracy of
compensatory adjustments to maintain postural balance. The present study showed no differences in
postural balance between the conditions pre and post fatiguing task for non-Diabetes group. Similar
to our findings, Lin et al. (2009) investigated the effects of fatigue and age in postural control. They
found an impaired postural control immediately after the fatiguing task only in the younger group.
They suggested that the older group may have employed a more efficient hip strategy to
compensate postural perturbations induced by muscle fatigue. They suggested that older group may
have experienced less fatigue due to differences in motivation, tolerance for discomfort, or
differences in central fatigue processing (Lin et al., 2009). In the present study the hip strategy in
sagittal plane was not allowed, but the findings were similar to Lin’s study. Older people also
present greater proportion of type | fiber, which are more fatigue resistant (Kelly et al., 2018).
However, diabetic people have higher percentage of type 2 fiber than non-diabetic (Marin,
Andersson, Krotkiewski and Bjorntorp, 1994; Oberbach et al., 2006; Stuart et al., 2013), so we
expected type 2 diabetic older women would have a worse balance after fatigue. As far as we know,
this is the first study that investigated the one-legged balance ability in type 2 diabetic older women

before and after a fatiguing task. The findings showed that fatigue did not affect diabetic older
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women’s balance, as expected. The aging-related changes in muscle fibers seem to overlap the
changes related to Diabetes. Further studies are necessary to clarify the exact process on how those
changes occur in older women with and without Diabetes.

We aimed to determine cutoff points to discriminate diabetic from non-diabetic older
women, establishing the sensibility, the specificity and the accuracy. The ROC curve analysis
returned 88% sensitivity in identifying type 2 diabetic older women and 72% of specificity in
identifying healthy older women for a 0.80 cm RMS_ML_PRE cut-off point, with an accuracy of
68%. A 92% of sensitivity and 72% of specificity for 0.80 cm RMS_ML_POST cut-off point was
also reported, with an accuracy of 66%. When assuming 92% sensitivity of and 72% of specificity
for RMS_AP_PRE, a 0.99 cm cut-off point was found, with an accuracy of 60%. For 96%
sensitivity of and 72% of specificity for RMS_AP_POST, there was an accuracy of 74% at the 1.05
cm cut-off point. The increased postural sway in AP direction after fatiguing task was the best
discriminative value between diabetic and non-diabetic group. Although, it seems that the increased

postural sway in ML and AP directions also have the ability to discriminate both groups.

A study investigated standing posturography in older adults to determine appropriate
outcome measure cut-off point to discriminate fallers and non-fallers. They reported 81% of
sensitivity and 32% of specificity for 0.2cm RMS_ML cut-off point, with an accuracy of 55%
(Howcroft, Lemaire, Kofman and Mcllroy, 2017). The authors conclude that RMS-AP could
discriminate between fallers and non-fallers. The optimal test would show low frequency of false
positives and false negatives, which means maximum accuracy. The sensitivity of a clinical test
refers to the ability of the test to correctly identify those patients with the dysfunction, and the
specificity refers to the ability of the test to correctly identify those patients without the dysfunction
(Lalkhen and McCluskey, 2008). The accuracy is the closeness of agreement between a measured
value and a true or accepted value, and the measurement error is the amount of inaccuracy (Lalkhen

and McCluskey, 2008; Portney, Watkins and Portney, 2009). Our best discriminatory measure was
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RMS_AP_POST with 96% of sensitivity, 72% of specificity and 74% of accuracy. The present
study is the first in determine cutoff points for stabilometric measures to discriminate between
diabetic and non-diabetic older women. Such results determinate thresholds for changes in balance
before a fall event occurs, leading to preventive interventions.

We also suggest a cutoff point for electromyographic measures. The ROC curve analysis of
the electromyographic activity of tibialis anterior revealed the cutoff point in 34.17% of MVIC for
TA_MEAN_PRE when adopted 73% sensitivity of and 68% of specificity for an accuracy of 52%.
And the cutoff point was 34.68% of MVIC for 84% sensitivity and 72% of specificity with an
accuracy of 60% for TA_ MEAN_POST. The greater TA activation in diabetic group is an essential
component to keep semi-static stability during 1-legged standing (Hwang, Huang, Cherng and
Huang, 2006). The present study is the first to suggest a cutoff point for static postural control parameters
and for the electromyographic activity in diabetic older women, so we could not compare our preliminary
results with other studies. Another limitation of the present study is the cross-sectional design, which
does not allow cause-effect inferences. To respect our subjects’ privacy, the activation of hip’s
muscles were not assessed, which could provide more information about ML movement in the
frontal plane. Finally, the muscle strength assessment could provide more insights about the
observed changes. However, the time-consuming of the fatigue process decreased the participants’
ability to collaborate.

The current results showed that diabetic older women had worse one-leg stance balance than
non-diabetic, with no influence of the fatiguing rise-to-toes task. Type 2 Diabetes leaded to an
unbalanced activation of leg muscles with increased TA activation. Moreover, the study identified
cutoff point to discriminate diabetic older women’s postural balance. Further studies would
prospectively assess the balance ability in a diabetic group, by evaluating the effectiveness of
focused interventions to improve the postural balance control. Such studies could use the cut-off
points values as a reference to decreasing the preexisting differences between diabetic and non-

diabetic groups, also decreasing the incidence of falls.
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Practical applications

The present findings may assist the balance impairments classification in diabetic older
women, identifying patients who are more prone to postural deficit and possible falls. The
stabilometric parameters establish thresholds for balance impairments in older diabetic women,
leading to adequate prescription of targeted approaches with early interventions to decrease the risk
of falls. The results also allow objective follow-up of the postural balance evolution in groups under

high risk of falls.

References

Adkin AL, Frank JS, Carpenter MG, Peysar GW 2000 Postural control is scaled to level of postural
threat. Gait and Posture 12: 87-93.

Alzayer L, Beninato M, Portney LG 2009 The accuracy of individual berg balance scale items
compared with the total berg score for classifying people with chronic stroke according to fall

history. Journal of Neurologic Physical Therapy 33: 136-143.

Ambrose AF, Paul G, Hausdorff JM 2013 Risk factors for falls among older adults: A review of the
literature. Maturitas 75: 51-61.

Bauer CM, Groger |, Rupprecht R, Marcar VL, GaBmann KG 2016 Prediction of future falls in a
community dwelling older adult population using instrumented balance and gait analysis.
Zeitschrift fir Gerontologie und Geriatrie 49: 232-236.

Bellew JW, Fenter PC 2006 Control of Balance Differs After Knee or Ankle Fatigue in Older
Women. Arch Phys Med Rehabil 87: 1486-1489.

Binda SM, Culham EG, Brouwer B 2003 Balance, muscle strength, and fear of falling in older
adults. Experimental aging research 29: 205-219.

Bisson EJ, Chopra S, Azzi E, Morgan A, Bilodeau M 2010 Acute effects of fatigue of the
plantarflexor muscles on different postural tasks. Gait and Posture 32: 482—-486.

Blazkiewicz M, Sundar L, Healy A, Ramachandran A, Chockalingam N, Naemi R 2015
Assessment of lower leg muscle force distribution during isometric ankle dorsi and plantar
flexion in patients with diabetes: A preliminary study. Journal of Diabetes and its
Complications 29: 282—-287.



40

Carpenter MG, Frank JS, Adkin AL, Paton A, Allum JHJ 2004 Influence of postural anxiety on
postural reactions to multi-directional surface rotations. Journal of neurophysiology 92: 3255—
3265.

Centomo H, Termoz N, Savoie S, Béliveau L, Prince F 2007 Postural control following a self-
initiated reaching task in type 2 diabetic patients and age-matched controls. Gait and Posture
25: 509-514.

Christie A, Snook EM, Kent-Braun JA 2011 Systematic review and meta-analysis of skeletal

muscle fatigue in old age. Medicine and Science in Sports and Exercise 43: 568-577.

Dibble LE, Lange M 2006 Predicting Falls In Individuals with Parkinson. Journal of Neurologic
Physical Therapy 30: 60-67.

Fernando M, Crowther R, Lazzarini P, Sangla K, Cunningham M, Buttner P, Golledge J 2013
Biomechanical characteristics of peripheral diabetic neuropathy: A systematic review and
meta-analysis of findings from the gait cycle, muscle activity and dynamic barefoot plantar

pressure. Clinical Biomechanics 28: 831-845.

Gomes AA, Ackermann M, Ferreira JP, Orselli M1 V., Sacco ICN 2017 Muscle force distribution
of the lower limbs during walking in diabetic individuals with and without polyneuropathy.
Journal of NeuroEngineering and Rehabilitation 14: 1-13.

Guariguata L, Whiting DR, Hambleton I, Beagley J, Linnenkamp U, Shaw JE 2014 Global
estimates of diabetes prevalence for 2013 and projections for 2035. Diabetes Research and
Clinical Practice 103: 137-149.

Heinrich S, Rapp K, Rissmann U, Becker C, Konig H-H 2010 Cost of falls in old age: a systematic

review. Osteoporosis International 21: 891-902.

Hewston P, Deshpande N 2015 Falls and Balance Impairments in Older Adults with Type 2
Diabetes: Thinking Beyond Diabetic Peripheral Neuropathy. Canadian Journal of Diabetes 40:
6-9

Hita-Contreras F, Martinez-Amat A, Lomas-Vega R, Alvarez P, Aranega A, Martinez-L6pez E,
Mendoza N 2013 Predictive value of stabilometry and fear of falling on falls in

postmenopausal women. Climacteric 16: 584-589.

Howcroft J, Lemaire ED, Kofman J, Mcllroy WE 2017 Elderly fall risk prediction using static
posturography. PLoS ONE 12: 1-13.

Hwang I-S, Huang C-T, Cherng R-J, Huang C-C 2006 Postural fluctuations during pointing from a



41
unilateral or bilateral stance. Human Movement Science 25: 275-291.

ljzerman TH, Schaper NC, Melai T, Meijer K, Willems PJB, Savelberg HHCM 2012 Lower
extremity muscle strength is reduced in people with type 2 diabetes, with and without
polyneuropathy, and is associated with impaired mobility and reduced quality of life. Diabetes
Research and Clinical Practice 95: 345-351.

Jalali MM, Gerami H, Heidarzadeh A, Soleimani R 2015 Balance performance in older adults and

its relationship with falling. Aging Clinical and Experimental Research 27: 287-296.

Jeon S-N, Choi J-H 2015 The effects of ankle joint strategy exercises with and without visual
feedback on the dynamic balance of stroke patients. Journal of Physical Therapy Science 27:
2515-2518.

Jernigan SD, Pohl PS, Mahnken JD, Kluding PM 2012 Diagnostic Accuracy of Fall Risk
Assessment Tools in People With Diabetic Peripheral Neuropathy. Physical Therapy 92:
1461-1470.

Kelly NA, Hammond KG, Stec MJ, Bickel CS, Windham ST, Tuggle SC, Bamman MM 2018
Quantification and characterization of grouped type I myofibers in human aging. Muscle and
Nerve 57: E52—ES9.

Kukidome D, Nishikawa T, Sato M, Nishi Y, Shimamura R, Kawashima J, Shimoda S, Mizuta H,
Araki E 2017 Impaired balance is related to the progression of diabetic complications in both

young and older adults. Journal of Diabetes and its Complications 31: 1275-1282.

Lalkhen AG, McCluskey A 2008 Clinical tests: sensitivity and specificity. Continuing Education in
Anaesthesia Critical Care & Pain 8: 221-223.

Levy SS, Thralls KJ, Kviatkovsky SA 2016 Validity and Reliability of a Portable Balance Tracking
System, BTrackS, in Older Adults. Journal of geriatric physical therapy 41: 102-107.

Lin D, Nussbaum MA, Seol H, Singh NB, Madigan ML, Wojcik LA 2009 Acute effects of
localized muscle fatigue on postural control and patterns of recovery during upright stance:
Influence of fatigue location and age. European Journal of Applied Physiology 106: 425-434.

De Luca CJ 1997 The use of surface electromyography in biomechanics. Journal of Applied
Biomechanics 13: 135-163.

Maranesi E, Merlo A, Fioretti S, Zemp DD, Campanini I, Quadri P 2016 A statistical approach to
discriminate between non-fallers, rare fallers and frequent fallers in older adults based on

posturographic data. Clinical Biomechanics 32: 8-13.



42

Marin P, Andersson B, Krotkiewski M, Bjorntorp P 1994 Muscle Fiber Composition and Capillary
Density in Women and Men With NIDDM. Diabetes Care 17: 382—-386.

Merletti R, Farina D, Gazzoni M 2003 The linear electrode array: A useful tool with many

applications. Journal of Electromyography and Kinesiology 13: 37-47.

Morrison S, Colberg S, Mariano M, Parson H, Vinik A 2010 Balance Training Reduces Falls Risk
in older individuals with type 2 diabetes. Diabetes Care 33: 748—750.

Morrison S, Colberg SR, Parson HK, Vinik Al 2012 Relation between risk of falling and postural
sway complexity in diabetes. Gait & posture 35: 662—668.

Muir JW, Kiel DP, Hannan M, Magaziner J, Rubin CT 2013 Dynamic parameters of balance which

correlate to elderly persons with a history of falls. PloS one 8: e70566.

O’Connor SM, Baweja HS, Goble DJ 2016 Validating the BTrackS Balance Plate as a low cost
alternative for the measurement of sway-induced center of pressure. Journal of Biomechanics
49: 4142-4145.

Oberbach A, Bossenz Y, Lehmann S, Niebauer J, Adams V, Paschke R, Schén MR, Bliher M,
Punkt K 2006 Altered Fiber Distribution and Fiber- Specific Glycolytic and Oxidative Enzyme
Activity in Skeletal Muscle of Patients With Type 2 Diabetes. Diabetes Care 29: 895-900.

Orlando G, Balducci S, Bazzucchi I, Pugliese G, Sacchettil M 2016 Muscle fatigability in type 2
diabetes. Diabetes/Metabolism Research and Reviews 33: DOI: 10.1002/dmrr.2821.

Paillard T 2012 Effects of general and local fatigue on postural control: A review. Neuroscience and
Biobehavioral Reviews 36: 162-176

Papa E V., Foreman KB, Dibble LE 2015 Effects of age and acute muscle fatigue on reactive

postural control in healthy adults. Clinical Biomechanics 30: 1108-1113.

Park JW, Jung M, Kweon M 2014 The Mediolateral CoP Parameters can Differentiate the Fallers
among the Community-dwelling Elderly Population. Journal of physical therapy science 26:
381-384.

Parreira RB, Amorim CF, Gil AW, Teixeira DC, Bilodeau M, Da Silva RA 2013 Effect of trunk
extensor fatigue on the postural balance of elderly and young adults during unipodal task.
European Journal of Applied Physiology 113: 1989-1996.

Perry MC, Carville SF, Smith ICH, Rutherford OM, Newham DJ 2007 Strength, power output and
symmetry of leg muscles: effect of age and history of falling. European journal of applied
physiology 100: 553-561.



43

Piirtola M, Era P 2006 Force Platform Measurements as Predictors of Falls among Older People —

A Review. Gerontology 52: 1-16.

Pizzigalli L, Micheletti Cremasco M, Mulasso A, Rainoldi A 2016 The contribution of postural
balance analysis in older adult fallers: A narrative review. Journal of Bodywork and
Movement Therapies 20: 409-417.

Portney LG, Watkins MP, Portney G WP 2009 Foundations of Clinical Research: Applications to

Practice. New Jersey: Pearson Education,Inc.

Scaglioni-Solano P, Aragon-Vargas LF 2015 Gait characteristics and sensory abilities of older
adults are modulated by gender. Gait and Posture 42: 54-59.

Shumway-Cook A, Woollacott M 2000 Attentional demands and postural control: the effect of
sensory context. The journals of gerontology. Series A, Biological sciences and medical
sciences 55: M10--6.

Siddigi A, Kumar D, Arjunan S 2015 Age-related motor unit remodeling in the Tibialis Anterior.
In: 2015 37th Annual International Conference of the IEEE Engineering in Medicine and
Biology Society (EMBC). IEEE, 6090-6093.

Stuart CA, McCurry MP, Marino A, South MA, Howell MEA, Layne AS, Ramsey MW, Stone MH
2013 Slow-twitch fiber proportion in skeletal muscle correlates with insulin responsiveness.
Journal of Clinical Endocrinology and Metabolism 98: 2027-2036.

Valentine RJ, Misic MM, Rosengren KS, Woods JA, Evans EM 2009 Sex impacts the relation
between body composition and physical function in older adults. Menopause 16: 518-523.

Vieira ER, Palmer RC, Chaves PHM 2016 Prevention of falls in older people living in the
community. British Medical Journal 353: 11419 DOI: 10.1136/bm;.i1419

Vieira ER, Tappen R, Gropper SS, Severi MT, Engstrom G, de Oliveira MR, Barbosa AC, da Silva
RA 2017 Changes on Walking During Street Crossing Situations and on Dorsiflexion Strength
of Older Caribbean Americans after an Exercise Program: a Pilot Study. Journal of aging and
physical activity 25:525-532.

Vinik Al, Vinik EJ, Colberg SR, Morrison S 2015 Falls risk in older adults with type 2 diabetes.
Clinics in Geriatric Medicine 31: 89-99.

Watanabe K, Miyamoto T, Tanaka Y, Fukuda K, Moritani T 2012 Type 2 diabetes mellitus patients
manifest characteristic spatial EMG potential distribution pattern during sustained isometric

contraction. Diabetes Research and Clinical Practice 97: 468-473.



44

Wild S, Roglic G, Green A, Sicree R, King H 2004 Global prevalence of diabetes: estimates for the
year 2000 and projections for 2030. Diabetes care 27: 1047-1053.

Yu F, Hedstrém M, Cristea A, Dalén N, Larsson L 2007 Effects of ageing and gender on contractile
properties in human skeletal muscle and single fibres. Acta Physiologica 190: 229-241.



45
6 CONSIDERACOES FINAIS

Os achados dessa dissertacdo sugerem que durante o apoio monopodal de 20
segundos idosas diabéticas apresentam pior equilibrio e maior ativacdo de TA do que de
GM quando comparada a idosas ndo diabéticas. Possivelmente a maior ativacdo de TA
representa 0 aumento na rigidez de tornozelo que é necessario para manter o equilibrio em
condi¢cBes de menor habilidade de controle postural, como é o caso de idosas diabéticas.

Concluimos que a tarefa de fadiga, realizar plantiflexdo sustentada maxima (ficar nas
pontas dos pés) até a falha da tarefa, ndo influenciou o equilibrio nem das idosas diabéticas
e nem das ndo diabéticas. Possivelmente isso seja decorrente da conversao de fibras tipo
Il em fibras tipo | que acontece com o envelhecimento.

Ainda, identificamos pontos de corte para variaveis estabilométricas que discriminam
o equilibrio de mulheres idosas diabéticas e ndo diabéticas. Esses limiares serdo capazes
de determinar mudancas no equilibrio em idosas diabéticas mesmo que um evento de
gueda nao tenha ocorrido, permitindo estabelecer intervencbes preventivas. Além de
permitir acompanhar a melhora da capacidade de equilibrio de idosas diabéticas com a
intervencgédo proposta.

Sugerimos que estudos futuros busquem investigar intervencdes capazes de
melhorar o controle postural tanto no plano sagital quando no frontal, que representam as
alteracdes observadas nas direcoes AP e ML em idosas diabéticas.

Por fim, reservei este Ultimo paragrafo para contar um pouco da minha experiéncia
com o mestrado. Tudo comecou com a escolha do orientador. Estudei o curriculo de todos
os professores do mestrado e selecionei dois cujas linhas de pesquisa eu me identifiquel.
Optei pelo Alexandre, que néo era de Juiz de Fora. Essa foi uma estratégia muito bem
pensada, pois um professor que estaria chegando em Juiz de Fora provavelmente néao
conheceria nenhum aluno e assim néao teria preferéncia. O processo seletivo seguiu seus
tramites, e chegou o momento da entrevista. Qual ndo foi a minha surpresa quando
Alexandre me questionou se mudar para Governador Valadares ndo seria um problema.
Passou um filme na minha cabeca, eu ndo estava preparada para essa pergunta, nao havia
nem ao menos pensado nessa possibilidade. Pensei em tantas coisas tao rapido, familia,
amigos e empregos. E a resposta saiu com tanta firmeza e certeza, que me surpreendi. Sai
da entrevista e decidi ndo pensar que havia me comprometido em mudar de cidade caso
eu passasse, até porque, ndo sabia se eu tinha sido selecionada, tinham outras pessoas
disputando a mesma vaga. E cada problema ao seu tempo. Quando saiu o resultado e vi
que havia sido selecionada, foi um mix de sentimentos, uma felicidade, saber que consegui
algo que eu desejei tanto, a0 mesmo tempo teria que abrir mao de coisas que trabalhei
muito para conseguir. A sensacado de que minha “estratégia” ndo foi bem-sucedida, nao
parava de passar pela minha cabeca. Iniciei o curso, e logo no comeco, a sensacao de
escolha errada foi se esvaindo. Mesmo a distancia, Alexandre sempre esteve presente em
todos os momentos de elaboracéao do projeto. Os meses foram passando, eu vim para GV,
€ eu ja ndo me questionava a escolha que fiz. Tive a oportunidade de fazer parte do NIME,
trabalhar em varios projetos e ndo apenas nesse gue aqui apresentei. Participamos de
alguns congressos, apresentamos alguns resumos, escrevemos alguns artigos. Tive a
oportunidade de ser professora do departamento de fisioterapia da UFJF-GV. Foi um
mergulho no mundo cientifico e académico. Mas claro, no mestrado nem tudo é facil, o
projeto nunca sai exatamente como planejado. E nessas horas, quando tudo parece dar
errado, o0 projeto ndo sai do papel, e quando sai, vocé percebe que ndo tem mais tempo
para conclui-lo, sdo nessas horas que vocé reconhece a experiéncia do seu orientador.
Que nao te deixa desesperar e te apresenta um plano B, e caso o B plano néo tivesse
funcionado ele ja tinha o plano C em mente. Com a vinda para GV percebi que além de um
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excelente orientador eu tinha um grande amigo, que me apoia e me incentiva. Hoje eu tenho
certeza que escolha que fiz foi a escolha mais acertada. Mudar para GV, me tirou do
comodismo, me fez crescer profissionalmente e pessoalmente. Meu curriculo melhorou
muito nesse ultimo ano, mas, mais importante que isso, Alexandre me abriu a porta para o
mundo cientifico, me mostrou que nao existe limite, posso ir onde quiser.

7. PRODUCAO BIBLIOGRAFICA

O artigo apresentado aqui como resultado da dissertacdo serd submetido para
publicacdo apos as consideracdes da banca.
Segue a producdo bibliografica em conjunto com o orientador durante o mestrado.
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siep pad paralle] w i plomb line and perpeadicalar
0 Uhe cCamer.

Bath lmwrer limbs weere assessed. The scarving po-
sition was sanding on the seep pad [22] with arms
crossed againg the chese The subjecicware asked i
siEp dor A, wuch cheir e oo the grownd, 2nd reern w
the sariing posizion. The e was sandand ied: 3 sec
ondsiorthe descem phase, 1 semnd 1o much the geound,
and 2 seconds oo reaea 11 A chronomes was wsed
wn conur the proosdare. The (irs W rials were per-
Jormisd as bmilisriesrion and the olnainesd mean valoaes
from the last B rialswere wsed for sarstical anahysis.
The subjerrs did nou presens amy sign of imbalancs than
coald Bmpair the anathyes or cause any epissde o il
ing. The offline FPI¥, swms measured berseen the line
Irom e marker on dhe mdpoin of the ankle maliao-
1i w0 the midipoint of the femaoral condyes and the Line
frum the proximal thigh abong with a line irom the
ASLE vo approximacely 30 om aboee the knes, at the

ES
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Figure 1. Landmasks positon:
2. e ANLX0C Supenior iliac crest (ASES),
b. 30 cm above the knee on the procamal
high along wih a &ne from the ASES
c the midposas of the femoral condyles
d. the mdpoia of the aeicke malleol

{rame than cocressponded 10 the point of maxinum knee
fexion (Fgures 1 and Z). Fositive FPIA values above 15°
denomed knee valgus and negacive FPPA walues poined
2 knee varas | 23]

Muscie acuivation recocding

A binlogical signal acquisition module with 8 ana.
logee channelswas used (Miceec®, Biomnedical Fguip-
ment, Porwo A legee, RS, Brazil) wo continuoasty recoed
muscle acvation during conoeneric and sooenric phases.
The coaversion {rom analogue w digial sgnals was
performed by an A/D board with 16.bi resolution in-
put range, the sampling {requency of 2 kHz, common
rejecion modale greaer than 100 4B, sgnal-noise rado
lesss than 03 pV root mean square and impedance of
109 (3 The sEMC signals were reconded in root mean
square in yV with sudace Mediace® (Ladioe Tech-
nical Producis, Cananogae, Canada) Ag/AgCl elec-
wrodes with the diameter of 2 cm and centre-wo-cencre
distance of Z cm, applied in a tansverse ocientation
paralied w the undertying libres on a2 muscle sie A red-

Figuee 2. The froszl plane projection angle (FPPAL
measernd beoweea the line Irom masker ©° joa the
midpaing of che 2akie maliooli) w the midpoint
of markes ‘b’ (on the midpoint of the femocal condyles
and 10 lane from masker 2 joa the proximal chigh aloag
with a line fom the ASES o appoximaely 30 cm above

the kaee) to marker “b". The frame thas cor
10 the paint of maximum knee Mexon was usad
10 measere the FPPA

erence clectrode was placed oa the bef laweral humeral

epicoadyle. The sSEMC signalswere amplified and {i-
wred (Hunerworth Sourth-order, 20- 450 Hre bandpass
filrer, 60 Hz mowch fiker). AU pieces of informartion
were recurded and peocessed with the Miotee Suie®
s nware (Micwe Biomedial Fquipment, Porw A legre,
IS, Beail) Prioe 10 sEMC elearode placemens, the
skin was ceaned with 70% alocohal o diminue nesidu-
al fa, which was Sollowerd by an exdoliaton with specilic
sandpaper for skin and the second cleaning with
alohol. Clareus maximas decrrodes were placed over
the mascie belly, midway berween the second sacral
venehira and the greater wochanter [10). Chaeas me-
diux (poszerior fibres) edecarodies weee placed 33% of the
distance berween the posserior diem znd the greawer
wochanter (24, 264

The maximal wlunary iscenewric concraction (MVXC)
was used w roemal ize the SEMC signal. For the glaeus
medias, the subjectwas positoned in side-lying with
the wst lower limb appermast. The thigh and leg were
extended and the lower linb in line with the wrank.
The hip and knee of the anwested limbwere in flexion
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Lo provide sabiling The suhjeo periormed abducton
abour H¥ from the midline, and the examiner resisied.
manually just above the malleoles. For te gluceas
MAXimas, che sl was placed i o prode pEsison
with a pilllme placed ander the pelvis w provide hip
Tlewion ar appmoximaely 1157 The subjen exended.
the thigh with the knee (=l @ A throagh che zvail-
ahie hip-eoension ange o moon. The e resisued
manually @ the dicwd thigh (2. Verbal enopuragement
was given with each wial.

Sumismical analysis

Mormalinywas i=ied by the Shapirn-Wilk wea Cor-
retarion among acrmealized MO dam, limb (righa or
iedi). and FPPA [+ or < 155 were analyssd with Fear.
son's mellicien. The indepesadem 1 iest was used o
ammess diflerences hemsneen Side— ol asxilied using he
FPPA & or < 157 Additionally, the multdvariaee st
principal componentanahysis {FCA] was periomed m
aswry the cumnu briee variance of the variblss. Alpha
leveds were e an (105 for all wss. The SFSS for Win-
dimss wdl mwrare, wersion 15,0 SFSS Inc, Chiagn, 1754
was applied inall samisdcal analyxis.

Ethical approval

The research relsed w human use has been com-
plied with all the relevan pacionzl regulacons and
insLnuional policies, has lollosred the ienews ol dhe
Declarmion of Helsinki, and has bem approwed by
the aurhors” inscinumional review board o an efqaive-
leniL CoamumLnLEE.

The Federal Universiny d Juiz d= For Frhics Coms-

mitzsapproerdhissaacdy{{ AN E44 41630 5 LOMN0S1 47
The participans were informed aboar the sudy de-

ils and signed the indormed consea [omm. prior m
participacion.

Infsrmed comsemt
Indcrmmed comsen has besn oinained from all in-
dividaals included in tuis ssdy.

KEeswlis

Mone of the subjeas reporied 2y lomlized mascke
pain during MV orwhile perdorming the siep- dimen
v=st. The FPP wax positeely morrelaed whith gluaeus
maximus acyigarion {r= 140, p = {LNE) and with the
limbs side = 030, p= 004} Adsn, 2 correlanion wwas
nhserved berween the right and = glaea s maocimas
fr=0&5, p= 0001} Teo components were exmracied
firom P, eoplaining 7.3% of thevarianre. POA shveed

E R

BN i

= H 3 E 8 E HE ¥

1

seTEmryass W - rm e oy soress s
qi-:l'lm-:l:p-uﬁl
Figpuse 3. Comparisms of the: ghaieu 5 NI MU SCLILNE
by Sairface clecrmyng i in indivaluals wih feoeval
plase profeciann aaghke aboer 2l bolow 157

the glueus maximus {righe, 0595; ke, 078} explaining
£5% df the cumuldaier variance of the fimst component
and the gluras medios (righe, (04]1; lef, (077) explain.
ing addirional 25% of the varianoe of the seoond oom-
ponen. Diflersuces in muescle activation were jound
when FPI was an independea variable. The glupess
IMAXiMLE ACUwILnn was higher on te silew it angles
ahoee 167 (48 + 18w 33 + 7% p= (LO2, Figure 3,
with a0 dilferenoe [or oUher comparisons.

Ihiscussion

The resuhs showed an increased acivanion of the
flmcas maximas daring the siEp-dsen 122 o the
afiecusd side, sugpesing a decreasesd Rewrmmusclar
lliciency. 25 frearer milscle recraicment is aesded i
pedorm the msk. Fiomechanics) anayss chosred pos-
nerior [ihres of glursus maximus acring as hip exusrnal
oo from 0 oo 507 of Dlexion combined with posze.
rior libres of the glasus medius [Z7], writh Bscah mies-
cli= sabilizing the kneship complex in the {ronml
plane [28 The majoriny of studies @rge FEF sympe
ADMaLic Sabjects, bulsome reseanch has bypouhesized
thar PFI is caused Iry aliered kinemarics during weight
hearing activities [4], so the preseace of increased hip
addarrion-inernal ro@cion could be indicarive o jpre-
liminary {indings jor PFP developmenL

Holden eral [13] suggeaed tha baseline measares
of kneevalgos displacemenn s WG were predicise o
M writh high sensitivicy (75%) and specificiny (S5%)]
in fmmale adolesomas. The increased acivasion d glu-
eSS MAXImEs was poxiieely onrrelced wich an in-
creased FIPA, sugpesting greaer soivanion o glueis
maximnus when higher dynamic knee wlgus was ob-

Hurrmn Koo, Wol. 1, Mo 1, 5118
wrmanTEyaTeTl



AT Parbosz o al., Chocl acuvaics and fronal plane projecian

sereed The currean resulrs alsn indicre tha the gluresas
MAK ML ix 2 M2 coanponenL oo explain daa vari-
aZnce when the sk was periomeed and che dynamic
knes valgus was perceived. Such combined dars sag-
Fesu e glurus maimus acivacion ax 2 predisposing
Iacuor w dewect dynamic knes valgas and the develop-
ment ol FFE Fermoral imernal roation and addacion
are thowgha 10 be comrolied by glueas maximas ac-
vivavion during unilseral msis [29] and che cureent
resulis sdggest an increased activaren d the muscle
duering mep-dinn weght bearing o ouwmersc the de-
mand wmainin omimal aligament & te hip-knee
compler. Similady, Souxa and Poswers [10) reponed
increased aciivicy of the gluieas maximaes during the
spep-dimsn @sk in females with PFF ommpaned sich dhe
coprnd groap. Hollman e al [30) showred) the: wrans-
verse-plane hip motion and hip exeasor sirength as.
sociaed with Iroaml- plane knee kinemarics during
2 jump-landing sk A sysemaic review nmed fe-
maes who presemed PR akso shinving dedicits in hip
exiensr mueste sorengh [16], and a reoean soocy foand
FPI¥- peak valurs negarerdy ormelaed with the smength
of hip abdiscrion and prsterolmeral complex ondy for
the groap withour FFP (FPPA-peak around 77 (11}
The sty assesed the redaionship berween the FPEA,
and hip and prank musde surengh in wEnen Wit and
withom FFP Hosever, individoals from FEF group
with an avemge FPPA-peak amaller than 137 ware con-
Sadened, which BmpeLies any comparisans with e pres-
entspody. Anmber research proeed gluneos mooims
EcLivaon 1w be pegacieely cormelaed with knes wlgas
during a swep-down pes in heakhy yowngwome [29] b
the knee wilgus anghe maagewas again ke [5.03-6.45
than in the presen spody. Swch differences in resols
may he explained by mshodokng ical Besees CONCErning
FPIM, axsessmenn and possihle individaa) compeass-
Lory suaegies during the mep-dmsn manoerere |11,
such as |aersl pelvic drop and te infleence ol EX1Er-
nal rocamor muscles.

The resubis releTing m gloieas medils weee nonn-
SiSIENL With the preensd caommes the masde arcive-
Lion was no signilicamly correlaed with FPP, bun the
cumilarier varinre s explained iy 25% an the s=oond
componenL. Such lindings sugpest a seoondary role for
Flureus medies during 2 single k=g wegm hearing sk
in women with ipcreased FFPA and withoor PFP
A spody asseserd the acriviny of gluess medios sab.
diwisions [25] in heahbywmnen presencing inoreased
FPIM. The resuls shossed chan glaweus medias aci-
waLion vk signilicumby across Uhe subdivisions, with
Freaer accivacion for mid and posierior Subdivisinns
while pefdorming 2 squar nask [15]. Anmher study

B8

assessedd the gluceas medias and mbher miscles re-
cruimmem during £ difleren rypes of squar. shrsing
dillerenn paperns ol mascks aCUvEton when the ask
was perkonmeid @ che sume relaive inensoy ylemale
arhilees |31, Swch sdies noved dikerenn besels of ms-
e amivanon meing 0 sk and AT i ons,
[proring wthar glaeus medias aoivauon coeld chasge
depeading on axennal lnads and demonds bn onond -
nating che hiomechanical Tanouion o keep the hip-knee
complex siahle. We sperulae thar such diferences
u=nd o he more eviden whena himmechanical abac-
malici=s are preseny, like inoreased FP, demanding
miEre from mber poweriul muscles swrrosending the
ol ooanplex

An imporane limision of te presenn sudy is the
oo serrional design, which dors el ke mass-Elleo
inferences. Although the corrent dara sapport the ar-
gument of greaer aciirmion of gloeas maximes as
an aempd o provide dynamac sabiliemann d che hip-
knes complex and ax 3 ommpEnsnnry caromne ol §lu-
U maximas weaknes, knes-hip kinemarics may be
influenced by other lamnms, sach ax chigh mestes -
nirarion and join ool ing. A didlivional prosperies s ies
are nesded oo provide deliniciee conclusions. Thus, i
is posxihie tha exressive FPY. sabjecs mould beaslin
Ipmm axerrises 1o modalae the activuann o the gleeus
maxinus during weight bearing scvides.

Conclusions

The presenn resales prvide preliminary evidencoe
hau young wormen with dyaamic knee wlgus exhibin
increzsed glmeas maximus acimcon =ven belone ex-
jperiencing avy weasl symmoms of PFP. soch 2 ameri
or knee pain. A dditonally, glupeaes may imus seemes i
[ AN, iMpO A OOMPOREnE 1o EXplain dynamic knee
valgus inwomen withom sympamms of PFF We spec.
alare chal gresmer glaieus Maximas aivacion & due
0 ouher muscle weakness and kener ReurmEmuscular
alcienny o smabiliees the hip-knes: ommnglex in the Dnon-
1al plane daring a single leg weighs bearing SCrivicg
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VALIDITY AND RELIABILITY OF SHOULDER STRENGTH ASSESSMENT
DURING SCAPTION, INTERNAL ROTATION AND EXTERNAL ROTATION
USING AN ANCHORED, NON-MODIFIED SPHYGMOMANOMETER
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Arpenrina

ABETRALCT

Purpess. To derermine the validiy, imrz-racer reliabiBiy, and inter-rater reliabilicy of an anchored spivgmomanomes (or
asmesing shoulder surengrh during scapion, lmeral marion, and medial romarion. The band-held dynamomerer (HHI1Y was
wsed 2% the standard meamsrement ool for chis purpose.

Mietheds. Fifty subjeos (Z3 yram old +3 yeand were indoded in thevalidity suady. Shouldor soreagrh was assoseed uing
an HHID and a sphygmomancmmer, both anchored o 3 fixed ladder by an inexionsible bele. Feenny-three subjons {25 vears
old +3 yearsiwere indwded in the reliabilivy stady. Teo raers asesed suengih, each @icing MWD MEASOrements one wesk
apart. using the fixed splrygmomanomater.

Resulis. Validity cesules showed high oo very high magnitude correlaions, and no differences were foand henween the
spimgmomanomeer and the HHD measuemens or amonag wiasls. Imra-cas coalficiem of mreelarion (007) shwed high
reliabiliny berwren miasaremen wols and among wials. Imra-raer resals showed very high KT, very high correason,
I ol rcionn of variavion (V) with sdequate mandard ervor of measurement (SEM], and mirimal deeczbic change (MI2C).
Inrer-rmer resuis showed modere 1 high C, highwovery high correlason, acorpeatile SEM and CV, borno adiequane M.
The anchored sphygmomanomecr is 2 bos-cost ol tha provides objecuse measaromenes. The reswhs obcained from te
anchoned spivygmomanometerwrers fownd i be similar o thoee obtained foom an HHD, which has avalid prediciee mode.
Conclusions. The sphy gmomanomser is sustable for moniworing showlder surenguh during scapuon, inaernal roarion, and
exiernal pomion. The anchored spiygmomanomerer enables maches and physiml therapiss 1 esmablish the macimal
POlUALICY iSOMOITic DU 2nd Mo EXECise rgrm oulommes 21 2 lmr onsL. Hmeeeor, caurson is remmmendedshen
iNLErPresing resules henween raers.

Key words: muscie, srengh, dynamEneser, Sphy ginenansmeier, Ao

Introduction

¥alid and reliable aszrszment tools enable physi-
cal thempists and coaches o accurately develop in-
dividualized exercise programs [1]. The strength as-
sesmment ix especially impaortant for providing data
to inform a treatment diagnosis and accumie peport-
ing of measumhle catcomes for patienls with aewm-
logical and musculoserlsial conditions. Additionalky,

muscle strength is conmelatedw ith a patient's functional
capacity, and its accrurale asmessment prowides ohjec-
tive data for measuring progress with imlervention
and informing discharge planning decisions |1, Z].
SulTicient muscle sirength is required aroand the
shoalder girdle to perfoem activities of daily Living by
providing stahilization for elbow and wrict mowe-
ment This procimal stahility allow s reflined movement
al the hand and lingers, providing stahle mascls syn-
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ergy that ix esxential to functional wpper limb mowve-
ment [3]. Shoulder gindle muscle weakness has besn
aszociated with supraspinatus tear and shoulder im-
pingement syndrome [4] a3 well as anterior shoalder
instahility and saperior lahml tear from anterior bo
posierior [5]. Weak intemal miatons ane associaied with
humeral retroversion, posterice inferior capsular con-
tracture, and posterior rotinr cufl Gghtness [6]. Also,
the mibio of strength betw een the exiernal and inbernal
roiators afferis the balanoe of the glenohumeral joint
[7]- Muscle strengih and lenglh imbalances betwesn
these opposing muscle groups increase the risk for
shoulder injuries. [8]. Scaption is alse a functional
movement used during daily activities and nequies
delioid, supraspinatus, and sermius anierior muscle
activation |9]. Scaplion, inlemnal rotalion, and external
rotation elicit high kevels of musde activity in healthy
individuals and are thoughi io play a critical mle in
stabilzing the humemrl head within the glenoid cav-
ity [10]. The muscles activated during these shoalder
movements are assessed o determine Lhe condition
of the miaiorcull and inform ithe thempist on wheee bo
Tocus the patients strengibhening program. A n objec-
tive, kow-cost assessmend b detedt musde weakness
could hedp the physical therapist during the rehahili-
tatins process and prevent hoture impairments.

Muscle stioengih may be asseoxed uxing subjeciive
or abjective methods [11]. The manual muscle test is
a suhjective lest maos Treqwenitly ased in dinicl prac-
tice becauwe il is cary Lo pednom and has no cost. How-
ever, ils reliability is low [12], and @ does aol provide
chjective parameters [or exercise prescription or treal-
menl ouloomes measurement. The isicinetic dyna-
momeler is ithe gohd siandard for muscle sirengih as-
semsmenl, bal i@ is extremely expensive [1]. The hand
held dynamometer (HHEY is a porable oplion with
validity amd reliability compamble o isokinetic dy-
namomeiry when assessing isometric mascle sirengih
in several joint mowements |1, 13, 14]. It is imporiant
tr note the equipment'’s anchoring method when the
sirengih best is performed using an HHIY in order bo
maintain the validity and peliability [15]. A recent study
achieved higher validity and reliability by using an
inexiensihle land to keep the HHID siahle while assess-
ing knee exiension strength compared to the nondixed
HHI}y method [14] suggesting thai this adapiation coald
be a hetter way Lo aszess muscle streagth compared to
non-lixed equipment [14]. Despilz it uselulness and
lower cost compared 1o an soiinetic dynamomeier,
the HHID is still a relatively ex pensive tool.

A posxible aliernative o the FHE) is the aneid
spiygmomanmmeier; 2 well lonme n and lw-rost tool

thai is commonby acguired io amess blond pressore
Studies hove show n modembe reliability of the sphyg-
mmanimeier, when compared o an HHE, o assess
hand grip strengith in Farkinson's dissase |17, wpper
limb muscles afier sl [ 2] and isometric strengih of
hip muscles [18]. Some of those stedies also show ed
adaptations on the spipgmomananeter, sach 2 remioy-
ing the inflatahle coff, in assess isometric muscle
sirength [17, 149, 20| Neveribheless, i is impaortant o
pe=riorm sirengih bests wilthoot adapiations in the equip-
ment io easwre s uselolness in daily assessmenis
To reindoroe the inol’s congisiency, both adapled (the
sphygmomanometer withoot the inflatable coff | and
non-adapied (manufaciurer’s original spingmoma-
nometer] methods showed signilicant and adequate
correlations with the HHID, requiring oaly one repe-
titinn after familiarzation, i propery assesx the muscle
sirength in healthy individaals [20].

Both hand-held dy namomestry and the splygmoma-
nameter test (3T) have heen shown to be prefemble
alternatives over mamnaal musde iests [1, 21] The HHID
has been shown b detect weakness in shoulder exter-
nal and internal rotator musdes deemed normal by
manual musce testing [22], b previous studies hawe
only investigated the correlation between the ST and
the HHI for upper limbs in patients after stooke [2, 23]
The present study aims io presenl novel insighis about
the use of the spiygmomanometer compared Lo the
HHI. These aspects, previoa sy unstudied, include an-
choring the equipment o improve stabilization there-
by ensuring values closer io those obtained using an
anchoeed HHIY The study also aims b address issues
not usually nobed by other authors, such as atbention
o air displacement prevestion and the recalibration
procedure. T car knowledge, no studies are available
regarding the validity of the non-adapted sphygmoma-
nometer oompared o HH for shoulder latemal mia-
tion, medial miation and am clevation in ithe sapolar
planes {saplon].

Theeelnre, the present study aims o assess validity,
intm@-rater reliability and inler-mier relizhility of an
anchored ST during shoalder scaption, labera] motation
and medial mtation using a hand-held dynamometesr
[HHIJ) as the standand toal o measurement.

Material and methods
Experimental apprmach to the prohlem
This study asseszed the concurnent instrumental

validation beiween the ST and the HHIY A seced,
parallel study assesed intr- raber and inder-mber re-

Hurmzn Moy smant, Vol 1, Mo 2, 5078 &1
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Liahility of the 5T. The selecird standasi tonl, the HEHL,
ix suilable o axsexx the s ping momanometer validity.
The HHI} show ed minimal diferences compared o
iskinetic testing (goid standard) for muscle strength
measurement [1, 24]. Heahby young adults wers tested
twice, l-wesk apart, by two raiers. The pelative reli-
ahility was amessed by intm-class codfTicient of corre-
Lation (007 and Pearson's coeficient, exploring the
agreement betwern mbes and betwesn measaremenis
{intra-raier reliability). The absobale reliability po-
vides the extent of measurement ernor by coelTicient of
wariation ({7 ), standand ermmoe of measurement (SEM)
and minimal deteciable changes (MIDC).

PFarticipants

Two sample selections for each study were curried
cat by public call in the city of CGovernador Valadapes -
Minas Gemis — Brazil. Tahle 1 summarizes the par-
ticipanis” chamcleristics for hoth stedies. laclusion
criberia were 1) aged 30 yeams or less, 2) physicalby
independent, and 3) soored higher than 21 on the 3ini-
Mental Siaie Examination. Exclusion crileria wers 1]
seli-reported shoulider pathologies, Z) cervical tao-
matn-orthopedic imjuries andfor 3) localived pain in
the asmswed region. Also, participanis were soclod-
ed il unable o stabilize the continaoes force applisd
over the sphygmomanometer. The wsaal procedan
consisiegd of no consideration for the first impact over
the sphygmomanometer, as it was usaally higher
than the average readings. Hvo panticipants were ex-
cladied due to inahility o maintain conlinuous im-
pacis over the sphygmomanometer during all trials.
A posi-hoc smple power anabyxis was carried with an
eflect sive of (LET {derived T the weakest ocoreela-
tion analysis with r= 057 and sample size of 200), the
alpha wax et ai (U015, and the sample power was cal-
cubird uwsing the (3-Power soliware (Vemsion 3.1.5,
Franz Faual, Universilat Kiel, Germany). The power bwn-
tailed analyxis retwrned an actusal power of 099,

Table 1. Panicipants” chammerisiecs

. Walidiny Inmayfenes- raer
Crarsaeristes reliatiliny
Sample size n= 5l n=23
Mg fyearsnid| 24 (3 26 Gl
Hesgha fom) 170§ 171 {0
Wisigha [Fgl 69 (13 65 014]
Male/Frmale 24/ B5 11
maean (mandand deviacon)
a2

Materials

The maximum voluniary ispmetric coatraction
[MVIC) was assesed throagh an HHD (Micholas BMan-
il muscle test, o, Lafayetie W), considered the
standard tool [20, 23, 26]. The tested ool was a new
anernid sphygmomancensterwith a measuring mnge
from 0 to 300 mmHg, division scale of 2 mmHg, coff
sire Tx1Txl lom, clamp in nylon non-allergic fabric,
with pin locking, propedy calibmied and chedoed by
Brazilian Mational [nstibate o Metrology, Chaality and
Technology (INMETRO). Both instruments wene po-
sitioned inside an inextensible helt which was lixed
Lo a fixed ladder: This decision was based ona previoos
wludy Lhat demonstmbed greater peliability of MY IC
measurements of the shoulder with an HHIY when
the tool was fixed with an inextensible belt [13].

Pmepdares

Tesis were pedormed using the sphygmomanom.-
eler and the HHID, respectively, with 15-minute in-
tervals belween each test Two mndomly assigned
examiners [hit paitw ww mandomizer.neg,) positioned
the equipment inside the lixed belt, a thind examiner
read the values and a foarth one reconded and stored
the results. For each movemnent, subjects were asked
to pash as hard as possible against the assessment
device. The tests consisted of 3 trials of MYIC for &
zzconds each, with coe minwte of rest heltwesn Lrials.
All tests were performed on the woluntesrs" domi-
nant upper limbs. The dominam apper limb was de-
termined as the limb most frequently used o write
[Daring the 5T an assigant read and recomded ithe
resubis, and another assistant conteolled the chro-.
nometer. Calihration procederes were pedormed be-
fore: 3T dala collection using & kg weights 1o verily
thai the eguipment provided consistent measwre-
ments throughout the stady [20). The clibration pro-
vedisre was pedormed for each wolunteer as [allmws: (1)
the sphvgmomanomeier was inflated {100 mmEg)
[Z) the presswre was reduced to 40 mmHg, and the
vabe was closed o prevent leakage, providing a meas-
urement mnge of 20-30 mmHg The examiner en-
suwred the pre-inflation of the equipment before each
subject’s test. To amess the inlra-rter reliability, ooe
examiner perdormed the 5T on two different ooca-
sions with l-week between each test. Two examiners
pedormed the 5T independently on each participant
Lo assess inber-raler reliahiliy

All tests were pedormesd on participants in the

Hurrean breomane, Vol 10, Ko 3, 3ind
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Fguare 3. Sphygmomanomeser test - scaption (), inernal rocaion (3), exwernal recsion (0

their arms at 9% degrees of glenchumeral elevation in
the Tull can™ position {ull can position refers to the
arm at 90° of elevation in the scapular plane with gle-
nohumeral external rotation and thumb up) The
sphiygmomanometer and the HHID were placed right
abowve the distal forearm (at the wrist Jevel). For shoulder
internal and external rotation the arm was placed
against the hodywith elbow fexed at 90 degrees. Both
the sphygnamometer and the HHD were placed on
the distal forearm (at the wrist level) internally and
externally to respectively assess inlernal and exter-
nal rotation. All tests were performed with the tools
fixed to a belt which was anchored to a fixed ladder
(Figare 1, Z and 3).

The testwas explained to cach wolunteer, and stand-

Human Movament, Vol 1, No 2, 2018

ardized auditory stimulus was given to start the test
by loadly repeating “go” during all tests. The first trial
was used to familiarze the subject to the procedure,
and the obtained mean values from the Last 2 trials
were used for statistical analysis.

Statistical analysis

The normality was assessed by the Shapiro-Wilk
test. Descriptive data were peesented by means and
standard deviation. To analyze the concurrent validity,
the limear regression analysis and the coeflicient of
determination were perfoemed, and prediction equa-
tions of values in kilogramJoroe (Kgl) were estab.
lished from data obtained through the sphygmomanom-

a3
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cier in mmHg ¥alees in mmHg were then comeried
o Egf (splygmomanomeser's tensomed values - L5T)
Alter conversion, the paired Hlest was pedformed to
aszess dilferences between 5T and HHLD results. The
correlation was caleulated asing the Pearson’s onel-
licieat ANONA loway and 100 were used to respec-
tively assess differences and reprodecibility among
trials. The relizhility was asseszed wsing the 1 and
the respective 95% oonfidenoe interval (CTL To anakyze
the intra- and imler-mier agreemesd, the O, ibe Pear-
son's coslficient, the 3EM and the MIK were azed.
The 3EM reflects the ingtromenl erooe and was cal-
culated by dividing the standard deviation (S of
the mean difference by the square root of 2 {51 of the
differences'+ ). The MIN can be inlerpreted as real
change and was caliralated uxing the formula M1 =
1.96 42 x SEM. The magnitude of the [0 and Pear-
son's mocfTicient of correlation were classified as follmss:
very bow [ 0.Z5), low (0U26-049), modemte {050
0.9, high {070 0.89) and very high (0.90-1.0d0) [23].
Significance level was established at p < 0U05. Biokstat
5.0 software was ased lor all statistical analysis.

Ethical approval

The reseanch related o human us= has been com-
plied with all the rele=vant national regulations and
institutional policies, has lollowed the tenets of the
Dedamtion of Helsinki, and has b==n approved by
the authors” instiational eview board or an equiva-
lenl commiliee.

The lezal ethics commitize appooved this study
(CAA E G3RERT 16100005140

Informed comsemnt

Al pariicipanis were informed about all procedures
and signed an informed consent form prioe b partici-
paticn.

Hesulis
Walidity

Mone of the subjecis reporied amy Iomlized muscle
pain or [atigues. No differences and high [T among
trials were che=reed (seaption, p= 0062/ [0C = (035
intermal rotatinn p= 050, [O0= (8L external motatinn,
p = 058/ IO = (LEG] Table 2 shivws ST and HHI de-
wriptive resulis for each tesi (scaption, internal and
external miation) and ithe tansinmmed dat (15T uwing
the prediction equations obtained from the linezr re-
gression caboalations. The ooefficient of deiermination
shimwed the equations ax good predictors of values in
Egl I'rom cblained values in mmbg. In systematic bias
analysis by paired t-lesis, no differences were noted
when comparing 157 and those abtained froen HHID
[ecaplion, p = 09%; internal rolation, p = 05, amd
external mtation, p = 0.98)

Signilicant and positive high cormdatons wen noted
[Tahle 3] betwern the 5T and the HHID for all move-
ments. Very high eeliahility {IOC) betwern transformed
values and HHIY resulis ape ales shown in Table 3.

Reliakility

Pearsmn’s coelTicient and 10C valoes denoied very
high intra-reliability, with mnge above 090, For ab-

Tabie 2. Descripive dana {mean and sandard devimion) of scapion. inernal and exernal rocaion,
ropneseon equation and coallickear of douerminacn

3T (mmHg) ST (K] FIHID (B IEgresson cquaon r
Smpuon 12033 36 (1.37) 36148  y= 4Ex - 12617 OLES
lnrernal Rowmion 13 30 5 [1.66] GRE0E)  y= 00427 - 0ETTT 0ET
Exaernal Rmaion 108 31 3AE0.13 3B y=0D3s7x- 01373 o7l

3T - sphygmomanomeser ves, 15T - tansiormed sphygmomanomerer, HE - hand-held dynamomeer;

r* - coafficiens of doterminarion

Table 3. Cormelaion and reliahiliry bersem hand-held dynamomewer and rassiormed sphygmomasomeier daa
I'roamn scapon, inveraal and coennal rmatona of che shoalder

r 0% ] IO
Scapuon 007" frery high) 087096 080 (high)
lnrernal Rocasion 0.2 (high) 070089 0.78 (nigh)
Exsernal Rmamion 084" (hgh) 073001 01 (ragh)

r- Pearmon's oeliciend correlmion, 95%-C] - onfadence inperwal, [0 - inra-dass morrelaion ool cien

92 Hurren Movemare, Vol 10, o 2, 38
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Tahie 4. Inura-raver reliahiliny

oC ke

Scapion 0.5 .EE-DOE
Iniernal Homion 0.0z LEZ-0.O7
Exizrral Boabon 1.0 [IRE KRR

r k- 0 %) SEM M
0.5 500 5E ] 3 B
0.5z hEL-M5s ] 4 12
0.5 1530 55 3 2 &

¢ - Pearsons coollEcicn of conrelaton, 95%-C] - condsdence imoreal, TV - codlicion of variason, SEM - smandacd crros

of meamirement, M1 = minimal doecable change

Tanile 6. Inver-raver reliahiliny

oC ke r k- 0 %) SEM M
Smaption &3 h54-05E 0.5z LEE-057 o & 15
Imernal Hosion h&r . 35-0.54 077 hE3-050 12 a 26
Exiermal Roarion &r 71054 0.5z hLE3-057 & 5 14

¢ - Prarsons cocllEcicn of conrelaton, 95%-C] - condidence imereal, TV - codficion of variason, SEM - smandacd crror

of meamirement, MK - minimal doecable change

siluie peliahility, the (33 variation was above 108, the
SEM of pach mowement mnged from 2 1o 4 mmBg, The
lowest MM was &, and the highest was 12 mmbg,
Al resulis denoled satisiaciory intra-rater reliahiliby
(Tahle 4}

The imter-rater reliahility showed pelative reliabil-
ity [ valurs mnging from moderaie - for internal
rofation - 1o high - for scaption and external rotation
- with Frarmea'’s cocdTicient showing high to very high
resulis. The absolule reliability showed imiernal m-
tation's % above 1086, with scaption and exiernal mia-
tion diose b the limit SEM mnged from 5 o 9 mmiblg,
and the MK mnge was 14-26 mmHg. The ahsolste
inter-rader reliahility resulis suggest a systematic hias
betwesn the 2 miers.

Hscussion

The results suggest that the fixed, non-adapled
3T is a valid and intmm-mter reliable aliecnative to
measure muscle sirengih compared o the HHED
technique duwring scaption, internal miation and ex-
ternal rotation of the shoulder in healthy adulis. Sou-
za et al. [20] assessed the non-adapted sphygmoma-
nometer as 2 bool able o prvide valid masde steength
measurements for elbow [lexion, knee exlension and
trunk flexion. However, the same authors reported
difficultics with stahilizing the equipmeni during
the M IC Tor knee extension. This type of limilation
iz often reporied in the litemtore asing the HHID,
with higher rediahility achieved calywhen the mier is
sironger than the subject [26, Z7)]. Studies wsing the
HHIY showed that the proficiency of the miems affects

Hurman Mosgmant, Wol w0, No 2, s

the resulis, and anchoring the HHIY ooald avoid raber
interderence |15, 28, 39|, Both enhaneed reliahility
and validity - ax compared bo the isokinetic dyna-
mumeter — were noted when the HHID was fixed com-
pared o nondixed trials [14]. The present study did
noi assess Lhe same muscles, but the use of an inelas-
tic helt provided stahility and comsisient reswlis during
ST compared to HHID tests. 1t is assumed that, when
the helt was folded amouwnd the spiygmomanometer,
itx bonders hedped i secure ihe pquipment, decreasing
the point of contact against the Gmb's Inrce compared
Lo holding the squipment with hands. A uniloem pres-
swrewas nbigined when the bellwas correctby folded
aroanid the cender of ithe sphygmomanomeier, leading
Lo increased iest stability, and mvoiding air displcement
under the belt. Thus, the andhoring prooedare avnid-
od rater intederence as a polential swarce o bias
Previous stidies reported stahility acmss ST re-
sulis with no remlibration other than that recom-
miended by the mamufacbarer [11, 20§ The cwrrent study
checked the air content afier each participant’s tests
and found air loss afller every three measaremenis.
Ax the calibmtion prcedare s emential for valid
and reliable values, our resulls suggest that new cal-
ibration for earh patienl is necessary bo avoid wmng
measuremenis. The adopied pre-inflation valee (40
mmig) also diverges f'oom other studies. The most used
value is 20 mmHg, but another study also soggrsied
different pre-inflation values [S0]. Tesls pecformed
priorio data mllection alse shimved better rsultswith
40 mmHg. The non-adapled sphygmomancmeter has
a larger area of contact with the Gmb, providing lower
pressure values when an external fonoe is applied [20]

humanmaoy emaLp
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This issue became more evident using the anchored
inclastic bell due 1o the enhanced siabiliving fonoe
applied through the surrmanding area of contact and
nnt oaly against the limb's cowntedioree. Higher pres-
sure value was then necessry for proper calibeation.

Heliahility studies are essenlial i assess the vari-
ahility of zn instrument bto avoid misinterpretation of
viriahlies hediore and after imerwentions [17] A previous
study showed excellent test-retest relizhility of the 5T
Tor shoulder imernal amd exiernal motator steengih in
healtby sabjects (ICC > 0.90) [21]. However, a litem-
ture search found no studies that assessed the relia-
hility af the ST for scaption. Six scapular masdes are
fired i increase the stability of the humeral head
during scaption [31]. In this movement, the arm is
elevated with Full ellwmw extension and glenchumeral
cxiernal rotation, ie., the *[ull can”™ position, as op-
posed i the “empty cun” pasition in which the thumb
puinks to the ground (shoulder in internal rotation). B
has bern shimwn that elevating the arm in shoulder
external rolation is associaled with less middle del-
toid muscle activity and higher sapraspinatus mascle
activity, reducing the superior-anberior subluxation
of the himeral head. A lso, external rotation moves the
greater tubsrosity wmway [rom the andemsudace o the
acrommion, increasing the width of the saharromial
space. These actions decrease the risk of impingement
[3Z]. Int@-mter reliahility condirmed the consistency
when the same svaluator pediormed the procedure an
different days of data collection. The inter-mter agres-
mend, when assesmed using the SEM and MO, showed
larger MIX values than the intm-maber resalts. The
aszessmenls periormed ai different times in the same
individaal would have variations maging from & o 9
mmHg (FEM], depending on the movemenl, and -
lated to measuremenl errors as appossd o changes
in the strength status, Compared bo intra-m@ler varia-
tioes (2 to 4 mmiHg) and considering the 2-mmbg scale,
the mnge was Lerger bat not oo discrepant. Alko, the 7%
showed accepiahle levels of variation, mnging from 5
to %% among the resobis, ol very differest when
compared io intm-rater trials 3 io 5% However, the
MM showed nges from 14 to 26 mmHg, The resulis
indicate that changes greater than 14 o 26 mmHg,
depending on the movement, has a probability of 5% of
ocrurrence dee in a madom eonor or 2 @sdom varia-
tioew, very diferent when comparing the intm-maler re-
sults, with a range from 6 1o 12 mmHg. The absolbae
reliahility dem onstrated that when assessing the shoul-
der movemenis by diflereni miless, there is greal varia-
tion with low agreement and importan measorement
errar. Resulis shoald he interpreted with caition i the
goal i to compare different mier assesemenis.

The preseat sbady used meansImm two last trials
fioor statistical anahwsis - as more repetitions could reduce
errors [33] - and longer resting time (1 minete among
trialsj compared to other studies (15-20 seconds on
average] [19, 20, 23] tr allow recovery af ler MV Mo
differences between trials wesr ohserved. (ther sudies
also noted mo diference among measuremenls consid-
ering maltiple trials, recommending one trial after
Tamiliarization to avoid Etgee and/or pain [20, 23]
MNevertheless, participanis did nol repor fatigee or dis-
comdort afier the experiment famibarzation + 2 triaks).
We recommend two or more trials due b0 subject’s
araplation o the task Twao participants were exchaded
due b their lack o control during all trials, saggest-
ing the need for more familiarizalion. Some subjecls
also tried to compensate by elevating the srapula ar
bznding the trank to increase the genemted foroe,
muain by during scaption. The ocaminer was pware abook
campensations and instriscted all participants o oor-
rect their postures. A Rhough the cierrent shoulder and
body positions for srength aszessment have heen
sludied and standandired, the assessment ol shoul-
der strength pedormed with the sphygmomanometer
is nol free from common issues described during
other strength assessments. The equipment siahiliea-
tion with a helt, the pequired attention o prevend air
displacement and the frequent remalibation are potes-
tial disadvantages of the 5T. However, the method
prowided a valid, intra-mber reliahle, low oost and pori-
ahle method for shoulder sirengith assessment. These
advantages shoald b= considered to inclade the 5T in
clinical practice io replace manua| masde iesting.

A limilation of the presest study includes that the
resulis were read and recorded by an independent
assistant o ensure the imernal walidity of the study
by hlinding the principal examiner, although Martins
et al [19] adopled the same procedure. The sumple also
incheded onby young, healiby participanis. Faribher
studies miest inclisde samples with different ages and
pibologies to condirm the outcome. Additional limi-
tations inclode aot testing the squipment against the
gold siandard isokinetic dynamometer and testing
onby on apper extremities.

In conclusion, we recoenmend measaring shosalder
strength wsing the sphygmomanometer which pro-
vides objective, low-omst and similar strength meas-
urement reswlts to those chiained from the HHDU
The results [rom the non-adapied sphygmomanom-
eler presenbed significant positive oorrelation and
similar magnitwde tothose oblained by usingan HHI
in young, healt by suhjectswith valid predictive models.
These mndels showesd similar pealis io those ohiained
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asing the HHIL Inter-mter comparisons should he
interpreted with caution.

The sphygmomanomeler is a comenient, poriahle,
valid, and inte-mler redizhle tool for measaring muscle
strength daring scaption, internal mlation and exiernal
ratation of the shoulder. This infoemation may assist
caiches and physiml thempisis with exereise program
planning and oulcomes assesements. The strength pro-
tncol can be monilored 21 2 low cost. to esiablish the
MY and its prescribed percentage io enhance strengith,
entdurnoe andior moioe contml The present stody woed
an inexiensible belt anchored to 2 Exed dderwhich
prowrided siakbilization of the spivgmomanometer dar-
ing the strength tests. The stahilization of test instre-
ments ssemed to play an impartant cale in providing
rediahle measurements. Also, the presend stady clari-
[ies necessary actions o take when pedorming the 5T
inchading sabject’s lamiliarization, examiner's atten-
tion to prevent air and eguipment displacement, and.
recalibration between iesis.
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ANEXO | - MINI EXAME DO ESTADO MENTAL

Identificac&o do cliente

Nome:

Data de nascimento/idade: Sexo:

Escolaridade: Analfabeto () 0 a 3 anos () 4 a 8 anos () mais de 8 anos ()

Avaliacdo em: / / Avaliador:
Orientacao Temporal Espacial Linguagem
1.Qualé o (a) Dia dasemana? _ 1 5. Aponte para um lipis e um relégio. Fagca o paciente
Dia do més? 1 dizer o nome desses objetos conforme vocé os aponta
Meés? 1 2
Ano? 1
Hora aproximada? 1 6. Faca o paciente. Repetir “nem aqui, nem ali, nem
2. Onde estamos? 137,
Local? 1 1
Instituicdo (casa, rua)?___ 1
Bairro? 1 7. Faga o pactente seguir o comando de 3 estigios.
Cidade? 1 “Pegue o papel com a mio direrta. Dobre o papel ao
Estado? 1 meio. Coloque o papel na mesa™
3
Registros

1. Mencione 3 palavras levando 1 segundo para cada | 8. Faga o paciente ler e obedecer ao seguinte:
uma. Peca ao paciente para repetir as 3 palavras | FECHE OS OLHOS.

que vocé menciou. Estabeleca um ponio para cada 1
fesposta correta.
-Vaso, carro, tijolo 09. Faca o paciente escrever uma frase de sua
3 propria autoria. (A frase deve conter um sujeite e um

objeto e fazer sentido).
{(Iznore erros de ortografia ao marcar o ponto)
3. Atencao e calculo 1

Sete  seriado  (100-7=93-7=86-7=79-7=72-7=65).

Estabeleca um ponto para cada resposta correta | 10. Copie o desenho abaixo.

Interrompa a cada cinco respostas. Ou soletrar apalavra | Estabelega um ponto se todos os lados e

MUNDO de iras para frente. angulos forem preservados e se os lados da intersecio
5 formarem um quadrilatero.

1

4. Lembrancas (meméria de evocacio)
Pergunte o nome das 3 palavras aprendidos na questio
2. Estabeleca um ponto para cada resposta correta.

‘%
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ANEXO Il = IPAC

Para responder as questdes lembre-se que:

Atividades fisicas VIGOROSAS sao aquelas que precisam de um grande esforco fisico e

gue fazem respirar MUITO mais forte que o normal.

Atividades fisicas MODERADAS séo aquelas que precisam de algum esforco fisico e que

fazem respirar UM POUCO mais forte que o normal.

Para responder as perguntas pense somente nas atividades que vocé realiza por pelo

menos 10 minutos continuos de cada vez.

la Em quantos dias da ultima semana vocé CAMINHOU por pelo menos 10 minutos
continuos em casa ou no trabalho, como forma de transporte para ir de um lugar para outro,
por lazer, por prazer ou como forma de exercicio?

_______dias por SEMANA () Nenhum
1b Nos dias em que vocé caminhou por pelo menos 10 minutos continuos quanto tempo no
total vocé gastou caminhando por dia?

horas: Minutos:

2a. Em quantos dias da ultima semana, vocé realizou atividades MODERADAS por pelo
menos 10 minutos continuos, como por exemplo pedalar leve na bicicleta, nadar, dancar,
fazer ginastica aerdbica leve, jogar volei recreativo, carregar pesos leves, fazer servigcos

domésticos na casa, no quintal ou no jardim como varrer, aspirar, cuidar do jardim, ou
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qualquer atividade que fez aumentar moderadamente sua respiracao ou batimentos do
coracdo (POR FAVOR NAO INCLUA CAMINHADA)

dias por SEMANA () Nenhum

2b. Nos dias em que vocé fez essas atividades moderadas por pelo menos 10 minutos
continuos, quanto tempo no total vocé gastou fazendo essas atividades por dia?

horas: Minutos:

3a Em quantos dias da ultima semana, vocé realizou atividades VIGOROSAS por pelo
menos 10 minutos continuos, como por exemplo correr, fazer ginastica aerdbica, jogar
futebol, pedalar rapido na bicicleta, jogar basquete, fazer servicos domésticos pesados em
casa, no quintal ou cavoucar no jardim, carregar pesos elevados ou qualquer atividade que
fez aumentar MUITO sua respiracdo ou batimentos do coracéo.

dias por SEMANA () Nenhum

3b Nos dias em que vocé fez essas atividades vigorosas por pelo menos 10 minutos
continuos quanto tempo no total vocé gastou fazendo essas atividades por dia?

horas: Minutos:

Estas lltimas questdes sdo sobre o tempo que vocé permanece sentado todo dia, no
trabalho, na escola ou faculdade, em casa e durante seu tempo livre. Isto inclui o tempo
sentado estudando, sentado enquanto descansa, fazendo licdo de casa visitando um
amigo, lendo, sentado ou deitado assistindo TV. N&o inclua o tempo gasto sentando durante

o transporte em onibus, trem, metrd ou carro.

4a. Quanto tempo no total vocé gasta sentado durante um dia de semana?
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horas minutos
4b. Quanto tempo no total vocé gasta sentado durante em um dia de final de semana?

horas minutos
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ANEXO Il = FES-I-BRASIL

Nem um
Um pouco Muito Extremamente
pouco
preocupado  preocupado  preocupado
preocupado
2 3 4
1
1. Limpando a casa (ex: passar pano, aspirar ou
1 2 3 4
tirar a poeira)
2. Vestindo ou tirando a roupa 1 2 3 4
3. Preparando refei¢cdes simples 1 2 3 4
4. Tomando banho 1 2 3 4
5. Indo as compras 1 2 3 4
6. Sentando ou levantando de uma cadeira 1 2 3 4
7. Subindo ou descendo escadas 1 2 3 4
8. Caminhando pela vizinhanga 1 2 3 4
9. Pegando algo acima de sua cabeca ou do chdo 1 2 3 4
10. Indo atender o telefone antes que pare de
1 2 3 4
tocar
11. Andando sobre superficie escorregadia (ex:
1 2 3 4
chéo molhado)
12. Visitando um amigo ou parente 1 2 3 4
13. Andando em lugares cheios de gente 1 2 3 4
14. Caminhando sobre superficie irregular (com
1 2 3 4
pedras, esburacada)
15. Subindo ou descendo uma ladeira 1 2 3 4
16. Indo a uma atividade social (ex: ato religioso,
1 2 3 4

reunido de familia ou encontro no clube)
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APENDICE | - DECLARACAO DE INFRAESTRUTURA

Ministério da Educacéao ‘“Jf

Universidade Federal de Juiz de Fora

Governador Valadares, 22 de Novembro de 2016.

A/C: Prof. Dr. Alexandre C. Barbosa
Ref.: Declaracéo de infraestrutura e concordancia para realizacdo de pesquisa

Prezado Professor,

A Clinica Escola de Fisioterapia da Universidade Federal de Juiz de Fora - Campus
Governador Valadares conta com toda a infra-estrutura necessaria para a realizacdo do
projeto de pesquisa intitulado “Equilibrio e ativacdo da musculatura da perna pré e pos
fadiga de membros inferiores em mulheres com diabetes tipo 2”, contando com salas
devidamente preparadas para as avaliacfes e intervencfes do projeto, garantindo a

seguranca e a privacidade dos participantes.

A mesma se encontra a disposi¢do, conforme cronograma apresentado e devidamente
autorizado o uso das instalacdes pelo pesquisador e sua equipe.

Atenciosamente,

Profé. Dra. Alessa Brugiolo
Chefe do Departamento de Fisioterapia
Universidade Federal de Juiz de Fora

Campus Gov. Valadares
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APENDICE Il - TCLE

Aﬂjf

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

O Sr. (a) esta sendo convidado (a) como voluntario (a) a participar da pesquisa “Equilibrio
e ativacdo da musculatura da perna pré e pos fadiga de membros inferiores em
mulheres com diabetes tipo 2”. Nesta pesquisa pretendemos “investigar o equilibrio e
a atividade muscular durante atividade de fadiga em mulheres idosas com e sem
diabetes tipo 2”. O motivo que nos leva a estudar “mulheres idosas com diabetes tipo 2
apresentam maior risco de quedas e perda do equilibrio e o estudo da fadiga podera
auxiliar na prescricdo de exercicios mais eficazes no combate ao risco de quedas”.
Para esta pesquisa adotaremos os seguintes procedimentos: “a sra. ficara em pé sobre um
pé por 20 segundos em cima de uma plataforma de forca. para a avaliacdo da fadiga dos
musculos da regido de tornozelo o sra. ficar4 na ponta dos pés, o maior tempo possivel.
seréo colocados alguns eletrodos sobre a sua pele para coletar as informac¢des musculares
esse procedimento ndo causara nenhum desconforto a sra.”

Os riscos envolvidos na pesquisa consistem em “minimo risco de corte ao raspar os pelos
da perna no local onde seréo colocados os eletrodos, a lamina de barbear sera descartavel
e 0 pesquisador recebera treinamento prévio; risco de cair durante a avaliagéo do equilibrio,
no entanto o participante estara preso por um cinto ao teto e havera um fisioterapeuta
experiente proOXimo ao participante para evitar qualquer queda que possa acontecer; risco
de estresse psicologico para responder o questionario, no entanto a sra. respondera ao
questionario em local privativo, e suas respostas serao sigilosas”.

A pesquisa contribuira para “diagnosticar previamente o risco de quedas e vocé recebera
um relatério sobre sua condicdo de equilibrio, bem como orientacbes para atividades

simples com o objetivo de prevenir a ocorréncia de quedas durante suas atividades diarias”.
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Para participar deste estudo a Sra. ndo terd nenhum custo nem recebera qualquer
vantagem financeira. Apesar disso, caso sejam identificados e comprovados danos
provenientes desta pesquisa, a Sra. tem assegurado o direito a indenizacdo. A Sra. tera o
esclarecimento sobre o estudo em qualquer aspecto que desejar e estara livre para
participar ou recusar-se a participar. Podera retirar seu consentimento ou interromper a
participacdo a qualquer momento. A sua participacao € voluntaria e a recusa em participar
nao acarretara qualquer penalidade ou modificacdo na forma em que a Sra. sera atendida.
O pesquisador tratara a sua identidade com padrdes profissionais de sigilo. Os resultados
da pesquisa estardo a sua disposicdo quando finalizada. Seu nome ou o material que
indique sua participacdo ndo sera liberado sem a sua permissédo. O (A) Sr (a) ndo sera
identificado (a) em nenhuma publicacdo que possa resultar.
Este termo de consentimento encontra-se impresso em duas vias originais, sendo que uma
sera arquivada pelo pesquisador responsavel, na “clinica escola de fisioterapia da
universidade federal de juiz de fora - campus Governador Valadares” e a outra sera
fornecida ao Sr. (a). Os dados e instrumentos utilizados na pesquisa ficardo arquivados
com o pesquisador responsavel por um periodo de 5 (cinco) anos, e apds esse tempo serao
destruidos. Os pesquisadores tratardo a sua identidade com padrdes profissionais de sigilo,
atendendo a legislacéo brasileira (Resolu¢do N° 466/12 do Conselho Nacional de Saude),

utilizando as informacfes somente para os fins académicos e cientificos.

Eu, , fui informado (a) dos

objetivos da pesquisa “Equilibrio e ativacdo da musculatura da perna pré e pds fadiga de
membros inferiores em mulheres com diabetes tipo 2" de maneira clara e detalhada e
esclareci minhas duvidas. Sei que a qualquer momento poderei solicitar novas informacdes

e modificar minha decisao de participar se assim o desejar.
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Declaro que concordo em participar. Recebi uma via original deste termo de consentimento

livre e esclarecido e me foi dada a oportunidade de ler e esclarecer as minhas duvidas.

Governador Valadares, de de 20

Assinatura do Participante Assinatura do (a) Pesquisador (a)

Pesquisador Responsavel: Ilha Goncalves Fernandes
Fone: (32) 34225121

E-mail: ilha.fernandes@hotmail.com



mailto:ilha.fernandes@hotmail.com

APENCICE Ill - CARTA DE APROVACAO COMITE DE ETICA E PESQUISA
UFJF - UNIVERSIDADE

@ seriies ufif FEDERAL DE JUIZ DE FORA - W

MG

PARECER CONSUBSTANCIADO DO CEP

DADDS DO PROJETO DE PESGLUIS A

Trtulo da Pesguisa: Andliss do equilibrio 2 da atvagio muscuiar em kosos dabaticos pré e pos fadiga de
memionos Infier ores:

Pesquisador: Alexandre Wesley Carvano Barbosa

Lrea Tematca:

Versdo, 2

CAAE: 626066162 00005147

Institul;ao Proponents: UMIVERSIDADE FEDERAL DE JUIZ DE FORA UFJF

Patrocinador Principal; Finandiamento Proprio

DaADDE DO PARECER

Humero do Farecsr: 1.531.432

Apresantagio oo Projsto:

Es5e & um esiudo abservacional de core Tansversal nao rRndomizad, 3 AmosTa seE compasta por ldosos
d3 cidage o2 Govermadar Valadares. As avalagdes para recrutamento sequirdo ate FUNGITNOS UM =42
Mdosos, que serdd dvididos com t3xE de Jkcagao de 1.1 em dois grupas. Qrupo sem @ com dabetes.
Apresentacio do projeto es13 clara, ostalhada de frma objeliva, descrave 35 Dases Clenlincas que
Justificam o estudo, de acordo com as atribuiches definidas na Resolugdo CHS 456/12 de 2012, Hem IIL

Objathvo da Pesqulsa;
Comparar a capacidade de manutencdo de aquilibrio & 3 affvacdo muscular em ldosos com diabetes tipo 2 2
ldosces sem diabates pré e pds protocolo de fadlga muscular distal de membros Inferiores. O Oojetivo da

pesquisa esta bem delineada, apresanta dareza @ compatibilidade com a proposta, tendo adeguacdo da
metodologla aos chietvas prefendido, de acondo com a5 atribuiches dafinldas na Norma Opeaconal CHS
001 oe 2013, tem 3.4.1 -4,

Avallagao doe Riscos & Benefichos:
05 riscos 530 conslgerades minimos, de corte 30 realizar 3 ricotomia para melhor adendnsia dos eletrodos
para a coleta do sinal eletromiografco, que serio minimizados atraves de freinamentn para o terapeuta 3
coletar o6 dados sobre como realizar O procedimentn com SEqUIBNCa. Akm
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Tabdome: (=r02-97ES Fam: (521102-3788 E-mail: o propsaffuled &

=W LT O

88



 UFJF-UNIVERSIDADE
@ snwee uff FEDERAL DE JUIZ DE FORA - W‘“’P
MG

Cortramcla do Perscer 1 001 4857

dissa, o6 Instrumenios uilizados para o procedimento serdo fodos descartivals. Havera ambém o fsco de
alguma queda durante o5 procedimentos de avalaglo de equilibia serd miNkMiZado COM 3 presenca de um
figloterapeuta axpesiena,

Dem COmo uso de onto de sequranca aflxado no tefo. £ Improvavel que o questionano wiizado nessa
eEludo Cause AU estresse FEICHIOgICD, enfretamin o5 voluntancs serdo entrevisiadas em local privatvo,
resguardando o siglio e seus dacos. A avallagio de equilibrio coporal sera Imporianie para ajudar os
fisinberapautas a ldentificar s paclentes com malor fsco de quedas na comunidags

do municipio de Govemador Valatares. Como benefico diretn de partiipacio neste projetn de pesquisa
todos Idos0s Identificados com risco aumentado de queda (caldores) receberdo orentagdo sobre como
prevenir quedas com atividades fslcas Daseado no protocolo domicilar de Otago, que & eflcaz em raouzr
am 33% o risco de queda (CAMPEELL e al, 1997). Para os fslobermpeuias o8 resultados dos pocedmenios
de Fvallagao oo equiiond @ da fadlga serdo Importanies para idemicar 52 a Tadiga de Tiolal Amerior e
Gastrocnémio Madlal e sua possivel associagio ao dabetes tipo 2 & fator predisponents para queda. O
risco que o projeio apresenta & caractenizado coma risco minimo e estio adequadamente descriios,
considerando que o6 Individucs nao sofrenda qualquer dano ou sofrerdo prejulzo pela paricipacdo ou pela
negacao de participagdo na pesquisa e benelicios esperados adequadaments descritos. A avallagdo dos
Riscos e Benaficlos esto de acorto com 35 atiibulphes definldas na Resolug3o CHS 466/12 de 2012, Hens
; N.zew.

Comentarios e Conslderagdes sobre a Pesquisa:

0 projeto esta bem esiniwEbn, delineado e fundamaniado, sustenia os pbjedvos do eshdn em sua
Metaniogla de Torma clara & obietiva, & 66 JMe6Enta em CONSNANGA COm 05 PrNCIpos S1008 Noreadores
da ética na pesquisa cientifica envoivendo 52nes humands Slencatos na resolugio 466/12 do CNS e com a
Womna Cparacional W 00172013 CHES.

Conslderagdes s0bre 08 Termos de apreacntagse obrigator:

O protocoio de pesquisa est3 em configuragio adequada, apresenta FOLHA DE ROSTO devidamenie
preenchiga,com o tiulo em porlugués, keniilica o palrocinador pela pesquisa, estando de acondo com as
atripulgdes definidas na Noma Operacional CHNS 001 de 2013 em 3.3 lefra a; € 3.4.1 Hem 16. Apresenta o
TERMO DE COMSENTIMENTO LIVRE ESCLARECIDD em linguagem clara para compreensao dos
participames, apresanta |ustiMeativa e objetiva, campo para identincacio o paricipante, descrave e foma
sufigients o5 procedimentos, Informa gue uma das vias do TCLE ser enfregue a0s paricipantss, assegura 3
ibamage do participante recusar
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ou refirar o consentimento sem penalldades, garamte siglk & anonimato, explicta fscos e desconfortos
esperados, Indenizagio dlante de eventuais danos decomentes da pesquisa,contato do pesquisador & do
CEP & Infoima que 05 da00s 03 DEsquisa Ticario anquivados coM O DesQUISacor pelo periodo e SNoo anos,
de acordo com 35 atribuigles definidas na Resoucdo CHS 466 de 2042, HenslV Iefra b; V.3 letras
abdefger; V. 5 lelra d e X1.2 lera . Apresenta o INGTRUMENTD OE COLETA DE DADOS de forma
pertinente 308 00jetivos delineados & prasena o6 paticipantss da pesgquisa. O PesquUisador apresania
tulacdo e experiéncla compatival com o projeio de pesquisa, estando de acordo com a5 atibulcles
definidas no Manual Operaconal para CPEs. Apresenta DECLARACAD de Infraestrutura e de concondancia
00T 3 realizagdo da pesquisa de acordo com a8 atriulcdes definidas na Momma Cperacional CHES D01 de
2013 bem 3.3 lefE h

Conclusdes ou Pendédnclss & Lista de Inadequssias:

Dlante do exposio, o projeto @5t aprovado, pols esta de acordd cOm 06 principios &ticos norteadores da
afica em pesquisa eslabeledido na Res. 466712 CHS e com a Homa Operadonal W 0012043 CHE. Daa
prevista para o mino da pesguisacJulho de 2017.

Conslderspies Finals a critério do CEP;

Dlante do exposto, o Comitd de Elica em Pesqui=a CERYUFJF, de acorio com a5 atibulghes definidas na
Res. CHS 456/12 & com 3 Morma Operacional MA001/2012 CHS, manifesta-se pala AFHIII'I.I'N;AE- da
protocolo de pesquisa proposto. Valke |embrar 30 pesquisador responsavel peld projelo, o compromiss de
envio ao CEP de relatorios parclials ef'ou total de sua pesquisa informando o andamento da mesma,
comunicando tambam aventos adversos & eventuals modificacdas no protocolo.

Eala paresar ol alaborado bassato nos docurmenios abalbor relacienacdos:;
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APENDICE IV - MINI CURRICULO

DADOS PESSOAIS

Nome: llha Gongalves Fernandes

Data de nascimento: 06/02/1990

Endereco: Rua Joaquim Faria Salgado, 337

Bairro: Morada do Vale

Cidade: Governador Valadares-MG

Endereco eletrénico: ilha.fernandes@hotmail.com

Link para Lattes: http://lattes.cnpq.br/1561872198268400

FORMACAO ACADEMICA

2016 — 2018 - Mestrado em Ciéncias da Reabilitacdo e Desempenho Fisico Funcional.
Universidade Federal de Juiz de Fora, UFJF, Governador Valadares, Brasil.
Orientador: Prof. Dr. Alexandre Wesley Carvalho Barbosa

2015 — 2016 - Especializacdo em cinesiologia, biomecanica e treinamento fisico.
Universidade Estacio de Sa, UNESA, Rio De Janeiro, Brasil.
Orientador: Wilson Pereira Lima

2010 — 2014 - Graduacédo em Fisioterapia. Faculdade Sudamérica, Cataguases, Brasil.
Orientador: Prof. Dr. Daniel Raul Santario Basile

CURSO DE CURTA DURACAO

2017 - Adaptacao transcultural e criacdo de escalas de medida. (Carga horaria: 2h).
Nucleo de Investigacao Muasculo-Esquelética - NIME.

2016 - Curso Pratico de Andlise de Dados. (Carga horaria: 10h). Apollo Trainer gestao
em saude.

2015 - Curso Pratico de Andlise de Dados. (Carga horaria: 10h). Apollo Trainer gestao
em saude.

2014 - Kabat Funcional. (Carga horaria: 20h). Power Life, POWER LIFE, Brasil.

2014 - Mobilzacao Neural. (Carga horaria: 20h). Power Life, POWER LIFE, Brasil.

2014 - Mobilizacao Visceral. (Carga horaria: 20h). Power Life, POWER LIFE, Brasil.

2014 - Quiropraxia. (Carga horaria: 40h). Power Life, POWER LIFE, Brasil.

2013 - Pilates. (Carga horaria: 120h). Universidade Presidente Antonio Carlos, UNIPAC,
Brasil.

2012 - Quiropraxia. (Carga horaria: 30h). Power Life, POWER LIFE, Brasil.

2012 - Primeiros Socorros. (Carga horaria: 2h). Unimed Cataguases, UNIMED, Brasil.

2012 - Drenagem Linfatica Manual Corporal e Facial. (Carga horaria: 30h).

EXPERIENCIA PROFISSIONAL
2017 — 2017 - Universidade Federal de Juiz de Fora. Professora Substituta departamento

de fisioterapia, UFJF-GV.
2016 — 2017 - Faculdade Sudameérica. Professora curso de fisioterapia.
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2016 — 2016 - Prefeitura Municipal de Cataguases. Servidor Publico, Fisioterapeuta.
2015 — 2016 - Fisioterapeuta na empresa Academia Corpus.
2015 — 2015 - Fisioterapeuta na empresa Fisiofitniss.

EXPERIENCIA ACADEMICA

2018 - 1l Integrafisio UFJF-GV.

2017 - | Congresso Internacional e Il congresso Brasileiro da Abrafito.

2017 - IX Congresso de Geriatria e Gerontologia de Minas Gerais.

2016 - | Seminério Internacional de Reabilitacdo do mestrado em Ciéncias da
Reabilitacado/UFJF.

2013 - VII Semana de Fisioterapia da Faculdade Sudameérica.

2012 - VI Semana de Fisioterapia da Faculdade Sudamérica.

ATIVIDADES DE EXTENSAO

2018 — Palestra: “Trajetoria Profissional: Relatos de um caminho em construgao”. Il
Integrafisio.

ATIVIDADES COMPLEMENTARES

2014 — 2014 - Monitoria. Clinica e Fisioterapia Neurolégica, Carga horaria: 10 h/s
2013 — 2013 - Monitoria. Cinesioterapia, Carga horéria: 10 h/s
2012 — 2012 - Monitoria. Eletroterapia, Carga horaria: 10 h/s
2011 — 2011 - Monitora de Anatomia, Carga horéria: 10 h/s
2011 — 2011 - Iniciacéo Cientifica. Projeto: Saude da Gestante.
Orientador: Andrés Valente Chiapeta

ARTIGOS PUBLICADOS

BARBOSA, A. C.; VIEIRA, E. R.; BARBOSA, M. C. S. A,; FERNANDES, I. G.; DAMAZIO,
M.; BADARO, B. Gluteal activation and increased frontal plane projection angle during a
step-down test in young women. Human Movement, v. 19 (1), p. 64-70, 2018.

BARBOSA, A. W. C.; INTELANGELO, L.; BORDACHAR, D.; FERNANDES, I. G;
CARDOSO, D.; FELICIO, D. C.; PORFIRIO, W. Validity and reliability of anchored non-
modified sphygmomanometer to assess shoulder strength during scaption, internal and
external rotation. Human Movement, v. 19 (2), p. 90-98, 2018.

ARTIGO SUBMETIDO

RESUMOS EM PERIODICOS E ANAIS DE CONGRESSOS

FERREIRA, I. C.; BARBOSA, A. W. C.; FERNANDES, |. G.; FERREIRA, D. C. CA;
SANTOS, P. F.; BARBOSA, M. C. S. A. Equilibrio e a ativagcdo dos musculos da perna em
mulheres idosas diabéticas. In: IX Congresso de Geriatria e Gerontologia, Belo Horizonte.
Envelhecer no século XXI: demandas, desafios e limites, 2017.

SANTANA, F. L.; FERREIRA, D. C. CA; OLIVEIRA, M. L.; BARBOSA, A.W. C.; BARBOSA,
M. C. S. A ; FERNANDES, I. G. Ativagdo dos musculos da perna em idosos diabéticos
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durante equilibrio monopodal semi-estatico. In: IX Congresso de Geriatria e Gerontologia,
Belo Horizonte. Envelhecer no século XXI: demandas, desafios e limites, 2017.

BARBOSA, A. W. C.; FERNANDES, I. G.; SANTOS, P. F.; OLIVEIRA, M. L.; SANTANA, F.
L.; BARBOSA, M. C. S. A. Equilibrio e eletromiografia de tibial anterior pés-fadiga em idosos
com alto medo de queda. In: IX Congresso de Geriatria e Gerontologia, Belo Horizonte.
Envelhecer no século XXI: demandas, desafios e limites, 2017.

BARBOSA, A. W. C.; BRAGA, S.; FERNANDES, |. G.; REZENDE, R.; BARBOSA, M. C. S.
A. Vibragéo corporal e treino de marcha no equilibrio, preensdo manual e parametros de
marcha em paciente com atrofia de multiplos sistemas: estudo de caso. In: Il Congresso
Brasileiro de Gerontecnologia, Ribeirdo Preto. Revista da Faculdade de Medicina de
Ribeirdo Preto e do Hospital das Clinicas da FMRP-USP, 2017. v. 50. p. 156-156.

BARBOSA, A. W. C.; FORECHI, L.; FERNANDES, I. G.; BARBOSA, M. C. S. A. Beneficios
de um set-up portatil, de baixo custo e validado para coleta de dados biomecanicos em
idosos: relato de experiéncia em grupo de pesquisa. In: Il Congresso Brasileiro de
Gerontecnologia, Ribeirdo Preto. Revista da Faculdade de Medicina de Ribeirdo Preto e do
Hospital das Clinicas da FMRP Universidade, 2017. v. 50. p. 113-114.

BARBOSA, A. C.; FERNANDES, I. G.; VIEIRA, E. R.; BADARO, B.; DAMAZIO, M.;
BARBOSA, M. C. S. A. Gluteal activation and increased unilateral frontal plane projection
angle during step-down test in young healthy woman. In: | Congresso Internacional e Il
Congresso Brasileiro da ABRAFITO, Brasilia. Revista Inspirar - movimento e saude, 2017.
v. 9. p. 86-86.

FERNANDES, I. G.; FERNANDES, I.; CARDOSO, D.; INTELANGELO, L.; BORDACHAR,
D.; BARBOSA, A. C. Validade do esfignomandmetro para avaliacdo de forca de flexdo no
plano escapular, rotacfes interna e externa de ombro. In: | Congresso Internacional e Il
Congresso Brasileiro da ABRAFITO, Brasilia. Revista Inspirar - movimento e saude, 2017.
v. 9. p. 85-85.



