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RESUMO

Introduciio: Atravessar a rua caminhando pode ser considerado uma situagdo de risco, pois
os pedestres devem prestar atencdo aos sinais de transito e ao trafego enquanto caminham,
caracterizando uma tarefa maltipla. Idosos com Doenga de Parkinson (DP) apresentam
prejuizo na marcha quando atividades de dupla-tarefa sdo requeridas, desta forma, podem
estar mais vulneraveis aos riscos de quedas e acidentes nas vias urbanas. Objetivo: analisar a
variabilidade da ativagdo muscular durante diferentes simulagcdes de travessia de rua em
idosos com DP. Material e métodos: Participaram deste estudo transversal observacional 19
idosos com DP idiopatica em estagio iicial, com classificacdo I a II da escala de Hoehn &
Yahr. A variabilidade -eletromiografica (EMG) dos musculos vasto lateral (VL), biceps
femoral (BF), tibial anterior (TA) e gastrocnémio lateral (GL) foi analisada durante trés
condi¢des: simulagdo de travessia de rua em velocidade de preferéncia (Marcha I), simulagao
de travessia de rua em tempo normal (Marcha II) e simulagdo de travessia de rua em tempo
reduzido (Marchall). Os dados eletromiograficos foram calculados por meio da média dos
desvios-padrao considerando 10 ciclos consecutivos de marcha iniciais de cada participante e
em cada uma das trés condicdes de marcha avaliada. Foi utilizado o teste de Shapiro Wik
para verificacdo da normalidade dos dados e o teste de Wilcoxon para comparacdo da
variabilidade da ativacdo dos miusculos avaliados. Resultados: Os resultados mostraram que
nao houve diferenca significativa na variabilidade de ativagdo muscular para VL, BF, TA e
GL comparando Marcha I e II (p=0,355; p=0,936; p=0,778 e p=0,198, respectivamente);
Marcha 1 e III (p=0,658; p=0,136; p=0,184 e p=0,227, respectivamente) e Marcha II e III
(p=0,658; p=0,295; p=0,376 e p=0,601, respectivamente). Conclusdo: Os idosos com DP,
quando submetidos a situacdes desafiadoras, tais como a travessia de rua, ndo apresentaram
alteracdes significativas na variabilidade EMG em relacdo a marcha normal, o que caracteriza
um déficit de adaptacdo da marcha frente as demandas ambientais, aumentando as chances de

sofrerem quedas e acidentes durante tal atividade cotidiana.

Palavras-chave: marcha parkinsoniana, déficit neuromuscular, variabilidade, dupla tarefa,

acidente de transito.



ABSTRACT

Introduction: Crossing the street can be considered a risk situation because pedestrians must
pay attention to traffic signs and traffic while walking, characterizing a multiple task. Elderly
people with Parkinson's disease (PD) present gait impairment when dual-task activities are
required, thus they may be more vulnerable to the risks of falls and accidents on urban roads.
Objective: to analyze the muscle activation variability during different simulations of street
crossing in elderly with PD. Material and methods: Participants from this observational
cross-sectional study were 19 elderly patients with idiopathic PD at an early stage, with
classification I to II of the Hoehn & Yahr scale. The electromyographic (EMG) variability of
the wvastus lateralis (VL), biceps femoralis (BF), anterior tibialis (TA) and lateral
gastrocnemius (GL) was analyzed during three conditions: simulation of street crossing at
preference speed (Gait I), simulation of street crossing in normal time (Gait II) and simulation
of street crossing in reduced time (Gait II). The electromyographic data were calculated by
means of the mean of the standard deviations considering 10 consecutive mitial gait cycles of
each participant and in each of the three gait conditions evaluated. The Shapiro-Wilk test was
used to verify the normality of the data and the Wilcoxon test to compare the activation
variability of the evaluated muscles. Results: The results showed that there was no significant
difference in muscle activation variability for VL, BF, TA and GL comparing Gait I and III
(p=0.658; p=0.136; p=0.184 e p=0.227, respectively) and Gait II and III (p= 0.658, p=0.295;
p=0.376 and p=0.601, respectively). Conclusions: Elderly persons with PD, when subjected
to challenging situations, such as the street crossing, did not present significant changes in
EMG variability in relation to normal gait, which characterizes an adaptation deficit of gait in
the face of environmental demands, increasing the chances to suffer falls and accidents during

such daily activity.

Keywords: Parkinsonian gait, neuromuscular deficit, variability, dual task, traffic accident.
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APRESENTACAO

A presente dissertagdo de Mestrado foi desenvolvida na Universidade Federal de
Uberlandia com financiamento do CNPq e FAPEMIG, sob a orientagdio da Profa. Dra.
Camilla Zamfolni Hallal. A apresentagdo da-se inicialmente pela Fundamentagdo Teorica
com o objetivo de elucidar o conteudo referencial utilizado em todas as etapas da realizagdo
desta pesquisa. Na sequencia, segue apresentado o artigo cientifico, produto das coletas e
processamento de dados realizados durante a execugdo do Mestrado.

O artigo foi submetido na lingua inglesa, de acordo com as exigéncias da revista Gait
& Posture, entretanto, para efeito da apresentacdo, neste momento como parte integrante desta

defesa de mestrado, o mesmo esta apresentado em portugués.
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1. INTRODUCAO

Os acidentes de transito sdo responsaveis pela morte de mais de 1,24 mihdes de
pessoas no mundo e mais de 22% dessas mortes sdo pedestres (WHO, 2016). No Brasil,
ocorre mais de 45 mil mortes de pessoas por ano e esses numeros fazem com que o pais ocupe
o quinto lugar entre os paises com maior indice de mortalidade no transito (MORAES NETO
et al, 2012). O crescente numero de acidentes envolvendo pedestres representa um grande
problema de saude ptblica e implica altos custos para os sistemas de saude. Em 2014, foram
quase 170 mil casos de acidentes no transito, causando um déficit de 12,3 bilhdes de reais
(IPEA, 2015).

As estatisticas mostram que 63% dos acidentes envolvendo pedestres ocorrem durante
a travessia de rua (VIEIRA et al, 2015). Realizar o cruzamento de rua de forma segura requer
um planejamento complexo, no qual envolve tanto habilidades motoras como também exige
um desempenho cognitivo, caracterizando-se como tarefa multipla (HALLAL et al, 2017).
Portanto, se o individuo ndo prestar atengdo nos sais de transito e ao trafico enquanto
caminha ou venha a se distrair por algum motivo, por exemplo, com o uso do celular ou
qualquer outra atividade associada a travessia de rua, ele pode se expor a uma situacdo de
risco de acidentes (NEIDER et al, 2010; VIEIRA et al, 2015). Com relagdo aos riscos de
acidentes, os idosos com mais de 60 anos estdo entre os pedestres mais vulneraveis,
representando 42,6% dos obitos por acidentes de transito, sobretudo por atropelamentos e
quedas (IBGE, 2002).

Dentre as mumeras causas das quedas em idosos, mais de 50% dos casos ocorrem
durante a marcha. As caracteristicas decorrentes do processo de envelhecimento associado
com doencas cronico degenerativas levam ao comprometimento funcional destes individuos,
mterferindo na qualidade de wvida e, possivelmente, pode até contribur para a
mstitucionalizagdo (HALLAL et al, 2013). A Doenga de Parkinson (DP) ¢ uma das doengas
neurologicas mais comuns € as principais queixas sdo com relacdo aos déficits motores que
comprometem a marcha e aumentam os riscos de quedas nesta populacio (RUBINSTEIN;
GILADI; HAUSDORFF, 2002). Cerca de 60% dos parkinsonianos caem pelo menos uma vez
ao ano e de 50 a 86% sdo caidores recorrentes (CAETANO et al,, 2017).

Os individuos com DP, sobretudo os que estdo entre as fases I e III da escala de
Hoehn-Yahr, ainda apresentam uma independéncia funcional apesar dos comprometimentos

motores (HOEHN e YAHR, 1967). Considerando que a travessia de rua ¢ uma atividade
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funcional cotidiana, os individuos com DP podem estar altamente vulneraveis aos riscos de
quedas e acidentes de transito devido aos comprometimentos motores caracteristicos da
doenga. Portanto, identificar as alteragdes no padrdo de movimento e no comportamento
neuromuscular da marcha dos individuos com DP, por meio da andlise biomecanica, pode ser
util na avaliagdo do risco de quedas para os pedestres com DP e, principalmente, pode ser ttil
na formulagdo de programas de prevencdo de quedas ou de medidas que visem melhorar a
seguranga nas vias urbanas (LIN et al, 2013; STERGIOU; DECKER, 2011). Neste contexto,
a eletromiografia ¢ considerada uma excelente ferramenta de avaliagio dos distirbios
musculares, do sistema nervoso periférico € da jungdo neuromuscular (CHOWDHURY et al.,
2013; SUPUK; SKELIN; CIC, 2014).

Embora os dados epidemioldgicos evidenciarem alta incidéncia de acidentes de
transito com a populacdo idosa na condicdo de pedestres, estudos ainda sdo necessarios,
sobretudo estudos que identifiquem as alteragdes na ativagdo muscular durante a marcha por
meio da variabilidade eletromiografica em diferentes situagdes de simulagdo de travessia de

rua em idosos com doen¢a de Parkinson.
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2. FUNDAMENTACAO TEORICA

2.1 Doenca de Parkinson

Descrito por James Parkinson em 1817, a Doenca de Parkinson (DP) ¢ a segunda
doenca neurodegenerativa mais comum (WIRDEFELDT et al, 2011; O’SULLIVAN;
SCHMITZ, 2010). E caracterizada como uma enfermidade cronica, degenerativa e
progressiva do sistema nervoso, em que ocorre a degeneragdo dos neurdnios dopaminérgicos
na via nigroestriatal Apesar de sua etiologia ainda permanecer desconhecida, muitos
pesquisadores acreditam que esta doenca apareca em decorréncia de uma interacdo entre
fatores genéticos e ambientais, no entanto, a identidade desses fatores, a natureza dessas
interacdes e as alteragdes moleculares dessa neurodegeneracdo progressiva permanecem
desconhecidas (PRINGSHEIM et al., 2014; WIRDEFELDT et al., 2011).

Dados mundiais revelam uma prevaléncia crescente de DP com relacdo a idade: 41 por
100.000 em individuos de 40 a 49 anos; 107 por 100.000 em individuos de 50 a 59 anos; 173
por 100.000 em individuos de 55 a 64 anos; 428 por 100.000 em individuos de 60 a 69 anos;
425 por 100.000 em individuos de 65 a 74 anos; 1.087 por 100.000 em individuos de 70 a 79
anos; € 1.903 por 100.000 em individuos com mais de 80 anos (PRINGSHEIM et al., 2014).
Ha uma diferenca na prevaléncia com relagdo ao sexo, homens sdo acometidos 1,5 a 2 vezes
mais do que as mulheres (BRASIL, 2014; LEE; GILBERT, 2016; O’SULLIVAN;
SCHMITZ, 2010). O estudo de Haaxma et al. mostra que as mulheres podem ter um fenotipo
mais benigno com progressao mais lenta da DP do que os homens. Os autores observaram que
a maior atividade de estrogénio permite maiores niveis de dopamina no estriado, portanto,
isso explicaria a diferenca fenotipica entre homens e mulheres com relagdo a DP (HAAXMA
et al, 2007; PRINGSHEIM et al., 2014).

Os principais sinais cardinais da DP estdo relacionados as disfungdes motoras e
destacamos tremor em repouso, bradicinesia, rigidez e comprometimento do reflexo postural
Em adicdo aos sinais clinicos motores, estdo presentes na DP outras manifestagdes que
incliem disfungdo do sistema cognitivo e comportamental, disfungdo autondémica e
cardiopulmonar, distirbios na voz, fala e degluticao, disfungdo olfativa e dermatite seborreica
(O’SULLIVAN; SCHMITZ, 2010; WIRDEFELDT etal., 2011).

O termo “parkinsonismo” refere-se aos sintomas motores causados pela alteracdo na

fungdo dos nucleos da base, presentes na DP. Entretanto, um ou mais destes sintomas podem
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estar presentes em muitas outras doencas, que t€m em comum a lesdo do sistema
dopaminérgico nigroestriado, mas que apresentam outros sintomas que ndo sdo caracteristicos
da DP. Parkinsonismo primario ou idiopatico refere-se a Doenga de Parkinson e pode ser
subdividido em Parkinsonismo juvenil (surgimento antes dos 21 anos), Parkinsonismo
precoce (surgimento entre os 21 e 40 anos), DP com tremor predommante (DP benigna) e DP
com instabilidade e distirbios de marcha (DP maligna). O Parkinsonismo Secundério refere-
se a sindromes com etiologia especifica ou reconhecida, como infecgdes, toxinas ambientais,
medicamentos neurolépticos, acidentes traumaticos, neoplasias, condicdes hereditarias e
disfuncdes metabolicas. E o Parkinsonismo Plus, que ¢ raro e de baixa incidéncia de
acometimento, refere-se as condicdes de degeneragdo de multiplos sistemas, como por
exemplo, Paralisia Supranuclear Progressiva, Doenga de Huntington, Doengca de Alzheimer,
Degeneragdo Ganglionar Corticobasal (O'SULLIVAN; SCHMITZ, 2010; STEIDL et al,
2007; WIRDEFELDT etal, 2011).

Independente da etiologia, o que se sabe sobre a fisiopatologia da DP ¢é que esta
associada a degeneragdo de neurdnios dopaminérgicos da substidncia nigra pars compacta
(SNpc) pelo acimulo da proteina alfa-sinucleina e inclusdes intraneuronais de corpos de
Lewy, resultando na diminuigdo da acdo do neurotransmissor dopamina no corpo estriado. A
diminuicio da dopamina culminard num desequilbro nas fungdes dos nucleos da base,
consequentemente, o planejamento e a programacdo dos movimentos sofrerdo alteracdes.
Além disso, tal desequilibrio pode afetar os processos cognitivos, tais como a consciéncia da
orientacio do corpo no espago. Os sinais cardinais da DP serdo clinicamente evidentes
quando houver uma perda de 50-60% dos neurdnios nigrais € uma reducdo de 80-85% do teor
de dopamina do estriado. Outros neurotransmissores, serotonina e norepinefrina, podem sofrer
deplecdao, contudo, os seus efeitos sdo menos compreendidos (O'SULLIVAN; SCHMITZ,
2010). Apesar do crescimento cientifico sobre esta enfermidade, os mecanismos moleculares
na patogénese da DP ainda ndo sdo amplamente desvendados.

A gravidade da DP, medida de acordo com a escala de Hoehn e Yahr (H&Y),
deméncia e desenvolvimento precoce da doenga sdo preditores para uma baixa expectativa de
vida (WIRDEFELDT et al, 2011). Apesar disso, a DP estd entre as doengas neurologicas
cyjo tratamento dos pacientes ambulatoriais representa alto custo e desta forma, tem um
impacto nos sistemas de saude. Esses gastos aumentam a medida que a doenga progride, pois
0os estagios mais avangados da DP estdo associados a redugdo da qualidade de wvida,

diminuicdo da produtividade e maior utilizagdo dos recursos da saide. Portanto, terapias
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destinadas a retardar a deterioragdo da DP tem efeito positivo tanto no fato de oferecer melhor
qualidade de vida aos pacientes como também tém potencial de reduzir os custos dos recursos

de satde (DOWDING et al., 2006).

2.2 Alteracoes da marcha na Doenca de Parkinson

As disfungdes da marcha e as quedas estdo entre as queixas motoras mais significantes
dos individuos com DP. Quando os smntomas da doenga se tornam mais pronunciados, os
parkinsonianos sofrem com perda de independéncia funcional e até mesmo situagdes de
institucionalizagdo (RUBINSTEIN; GILADI; HAUSDORFF, 2002).

A marcha parkinsoniana € caracterizada por apresentar uma velocidade de marcha
mais lenta, comprimento de passos curtos, postura encurvada, reducdo do balango dos bragos
e instabilidade postural, o que contribui para o aumento do risco de quedas nestes individuos
(WARLOP etal, 2016).

Nos individuos com DP, o controle neuromuscular ¢ a execugdo da marcha estdo
alterados, pois ha uma menor utilizacdo das unidades motoras para reconstruir os padroes de
ativacdo muscular. Esses modulos motores sdo formados pelo sistema nervoso central para
coordenar simultaneamente a ativagdo de diferentes mulsculos e grupos musculares para
realizar a tarefa de forma eficiente (RODRIGUEZ et al., 2014). Além da reducdo dos modulos
motores, hd um aumento da co-ativagdo de musculos antagonistas (DIETZ et al, 1995),
diminuicio de amplitude da ativagio muscular da musculatura distal das extremidades
mferiores (MITOMA et al, 2000) e alteragio no tempo de ativagdo muscular, devido as
alteragdes nos nucleos da base (RODRIGUEZ et al., 2014). Esses déficits de controle neural
comprometem a biomecanica da marcha dos individuos parkinsonianos, permitindo
velocidades de marcha mais lentas, aumento da variabiidade da marcha e aumento da
frequéncia de quedas (RODRIGUEZ et al.,, 2014).

A marcha ¢ uma habilidade complexa que envolve uma série de sistemas fisiologicos e
neuropsicologicos, ou seja, depende do sistema nervoso, muscular, sensorial e cognitiva
(HALLAL et al, 2013; HAUSDORFF et al, 2005). O risco de quedas em individuos que
apresentam alguma alteracdo no sistema cognitivo ¢ maior, ¢ a estabilidade e o equilibrio

durante a marcha podem estar comprometidos, principalmente se forem combinadas com uma
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segunda tarefa (dupla-tarefa). Individuos com DP apresentam um declinio no desempenho da
marcha associada a dupla-tarefa (HAUSDOREFF et al., 2005).

2.3 Acidentes de transito com pedestres idosos

O crescimento da populagdo idosa bem como a vida mais ativa por eles desenvolvida
tem os deixado mais expostos e, consequentemente, tem possibilitado o aumento da
ocorréncia de trauma por acidente de transito neste grupo. A vulnerabilidade do idoso ao
acidente de transito é incontestavel devido aos fatores comuns ao envelhecimento, tais como
fragilidade, comorbidades, polifarmacia e limitacdes funcionais, fisicas e cognitivas. E na
condicdo de pedestre, este risco se acentua (SANTOS; RODRIGUES; DINIZ, 2015).

Mortalidade por acidentes de transito ¢ a nona principal causa de mortes no mundo.
Aproximadamente 1,24 milhdes de pessoas morrem por acidentes de transito em todo o
mundo; 22% dessas mortes sao de pedestres; de 20 a 50 milhdes de pessoas sofrem com
lesdes ndo fatais como sequelas apos serem vitimas de acidentes de transito (WHO, 2016;
POUR et al., 2017).

O Brasil ocupa o 5° lugar entre os paises com maior indice de mortalidade no transito,
sendo aproximadamente 45 mil pessoas por ano (IPEA, 2015; Moraes Neto et al, 2012).
Dentre os pedestres mais vulneraveis estdo os idosos acima de 60 anos, os quais representam
48,2% dos obitos por acidentes de transito, sobretudo por atropelamento e queda (SANTOS;
RODRIGUES; DINIZ, 2015). O elevado indice de mortalidade envolvendo pedestres ¢ um
problema de saide publica que implica em custos elevados aos fundos publicos. Em 2014,
foram quase 170 mil casos de acidentes no transito, sendo que os gastos para a sociedade
foram de 12,3 bilhdes de reais, dos quais 64,7% desses custos estavam associados as vitimas
dos acidentes, como cuidados com a saide e perda de producdo devido as lesdes ou morte
(IPEA, 2015).

A travessia de rua ¢ uma atividade dinamica que exige agdes sincronizadas das
fungdes sensorio-visual, cognitivas € motoras para que o pedestre realize uma travessia de rua
com seguranca (LIN et al, 2013). Contudo, um pedestre idoso com DP muito provavelmente
pode apresentar deficiéncias decorrentes da idade e decorrentes da propria doenga, tais como
uma mobilidade mais restrita, falta de atencdo, dificuldades visuais e auditivas, insuficiéncia

postural, congelamento da marcha (O'SULLIVAN; SCHMITZ, 2010; WARLOP et al,, 2016).
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Em adigdo, fatores relacionados ao ambiente de trafego, tais como o tempo dos semaforos nas
vias, a falta de sinalizagdes e de faixas de pedestres, as condigdes de pavimentacdo asfiltica e
a velocidade com que os veiculos trafegam, também sdo fatores que elevam potencialmente o
risco de pedestres ao atravessar a rua (LIN, et al, 2013; SANTOS; RODRIGUES; DINIZ,
2015).

As alteragdes na marcha dos pedestres idosos e com DP representam um risco muito
alto de acidentes de transito, pelo fato dos semaforos de pedestres estarem programados para
individuos que caminham com uma velocidade média de 1,2 my/s, valor padronizado
mternacionalmente e que € utilizado em varias cidades e paises, tais como Inglaterra, Irlanda,
Afifica do Sul e EUA. Entretanto, essa medida adotada é insensivel as caracteristicas
associadas ao envelhecimento, ¢ pode promover o aumento de risco de ferimentos por
acidentes e at¢ mesmo levar ao isolamento social por conta do medo de se locomover em
situagdes desafiadoras (DUIM; LEBRAO; ANTUNES, 2017). A velocidade média para que
um idoso saudavel atravesse a rua em seguranca ¢ de 0,4 m/s (PRADO, 2003). O estudo de
Duim et al. (2017) relata que se a velocidade utilizada como padrdo para regulamentar o
tempo dos semaforos fosse de 0,9 m/s, mais de 30% dos idosos poderiam atravessar a rua ao
seu ritmo habitual e com seguranca. A velocidade de marcha do idoso pode ser classificada
em lenta (Vm < 0,6 m/s), normal (0,6 m/s < Vm < 1,0nm/s) e rapida (Vm > 1,0 m/s). O valor
da velocidade de 1,0 m/s ¢ utilizado para prever mortalidade, mas a velocidade de 0,8 m/s ¢
mais utilizada para prever os desfechos adversos a saude (ABELLAN VAN KAN et al., 2009)

O estudo de Lin et al (2013) realizou uma simulagdo virtual de travessia de rua com
um grupo de idosos com DP leve a moderada (Hoehn & Yahr I a III) e com outro grupo
controle de idosos saudaveis. Os resultados do estudo foram que os idosos com DP
apresentaram riscos significativamente maiores do que o grupo controle em relacio a
percepgdo visual, visual-espacial e fungdes executivas. O tempo de travessia da rua, tanto em
velocidade normal quanto em velocidade rapida, foi maior para os idosos com DP. E esse
risco ao atravessar a rua foi aumentado conforme a gravidade do estagio da DP segundo a
Hoehn & Yabhr.

Dommes et al. (2013) avaliaram a percepgdo, cognicdo e habilidade motora durante
simulagdo de travessia de rua de mao dupla de idosos e jovens. O estudo verificou que os
idosos apresentam maior risco de se envolver em uma colisdo, principalmente quando os
carros estdo em alta velocidade, devido ao declinio das habilidades perceptivas, cognitivas e

motoras. A diminuigdo da acuidade visual, da velocidade de processamento e do comprimento



22

do passo sdo fatores significativamente contribuintes para a colisio. Tais fatores estdo
presente e acentuado nos idosos com DP e, por isso, os tornam mais vulneraveis (DOMMES;
CAVALLO; OXLEY, 2013; DOMMES et al., 2015).

Idosos submetidos a situagdes de simulacdo de travessia de rua em tempo regular e
reduzido apresentam alteracdes significativas nos parametros espaco temporais da marcha.
Levando em consideracdo o risco de acidentes e quedas devido ao envelhecimento, espera-se
que os idosos com DP sejam mais vulneraveis, principalmente com a progressao da doenga,
devido as alteracdes do controle neuromuscular. Os idosos com DP precisam adotar uma
estratégia de velocidade de marcha que ¢ significativamente maior do que sua velocidade
normal, e para isso, aumentam a cadéncia e ativagdo muscular. Tais adaptacdes da marcha
podem provocar tropecos e quedas durante a travessia de rua (LIN et al., 2013; VIEIRA et al.,
2015).

Com o crescimento dos grandes centros, o transito encontra-se mais caotico e
arriscado, além disso, a falta de atencdo dos motoristas e a inadequagdo do planejamento
urbano aumentam a vulnerabilidade dos idosos pedestres. Diante disso, medidas de prevengao
sdo imprescindiveis para reduzir os riscos de acidentes de transito e proteger os usudrios mais
vulneraveis das vias putblicas, principalmente na condicdo de pedestre (SANTOS;
RODRIGUES; DINIZ, 2015).

2.4 Eletromiografia e variabilidade

A avaliagdo de distirbios musculares, do sistema nervoso periférico e da jungdo
neuromuscular ¢ realizada por meio do exame funcional de eletromiografia (EMG), no qual
verifica a atividade do sinal elétrico dos musculos, que ¢ controlado pelo sistema nervoso
durante a contragdo muscular. Esta avaliacdo pode ser realizada por dois cammnhos, EMG de
superficie ¢ EMG mtramuscular (CHOWDHURY et al, 2013; MONDELLI et al, 2014;
SUPUK; SKELIN; CIC, 2014).

A EMG tramuscular ¢ uma técnica invasiva, pois se utiliza uma agulha a qual
perfura a pele até chegar sobre o ventre muscular para captar os sinais mioelétricos, por isso ¢
uma técnica dolorosa e desconfortante para o individuo e também pode causar efeitos
colaterais, tais como sangramento, hematomas e infec¢do (MONDELLI et al, 2014). A EMG

de superficie ¢ uma técnica ndo invasiva, indolor, em que eletrodos de superficie sdo
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colocados sobre a pele que recobre o musculo e desta forma os sinais mioelétricos sdo
registrados. E preferivel utilizar esta técnica de EMG de superficie para obter informacdes
sobre o tempo ou a intensidade da ativagdo do musculo superficial, bem como detectar a
presenca de doenca neuromuscular, no entanto, ndo ha suporte cientifico de que este método ¢
capaz de diferenciar condigdes neuropaticas e miopaticas ou especificar as doengas
neuromusculares (CHOWDHURY et al., 2013; MONDELLI et al., 2014).

A identificagdo e a analise dos padroes de movimento € no comportamento
neuromuscular dos movimentos humanos sdo essenciais na pesquisa biomecanica tanto para o
diagnéstico médico, quanto para o processo de reabilitagdo e de pesquisas relacionados as
performances esportivas (SUPUK; SKELIN; CIC, 2014). No caso de individuos com DP, a
analise biomecanica da marcha ¢ imprescindivel na otimizagdo das estratégias de prevengdo
as quedas e acidentes.

A variabilidade do movimento humano engloba variagdes normais que ocorrem no
desempenho motor ao longo de varias repetigdes da mesma tarefa e esta caracteristica estd
presente em todos os sistemas biologicos (STERGIOU; DECKER, 2011). A variabilidade da
marcha, por exemplo, s3o flutuagdes nas caracteristicas de um passo para o outro ¢ ¢ um
mmportante preditor de declinio de mobilidade e risco de quedas em idosos (BRACH et al,
2008).

Stergiou et al. propds que desvios da variabilidade de um nivel 6timo para um nivel
em direcdo a aleatoriedade dos passos (ou seja, maior variabilidade) ou em direcdo ao excesso
de regularidade dos passos (ou seja, baixa variabilidade) indicam perda das capacidades
adaptativas do sistema neuromuscular e estdo associados a déficits motores. Sistemas
saudaveis mantém um nivel 6timo de variabilidade, o que significa que o individuo tem a
capacidade fisiologica de realizar varias respostas adaptativas a quaisquer perturbagdes didrias
que sofra durante a marcha (STERGIOU; DECKER, 2011).

Individuos com disturbios neuroldgicos, sobretudo aqueles que afetam a fungdo dos
ganglios basais (Doenca de Parkinson e Doenca de Huntington) e outras disfungdes do
sistema nervoso central (Doenga da substancia branca e Doenga de Alzheimer), apresentam
variabilidade dos padrdes da marcha aumentada por causa do prejuizo na estratégia do
controle neuromuscular (BRACH et al., 2008; HWANG et al., 2003).

Viarios autores estudaram a variabilidade dos pardmetros cinematicos da marcha,
variaveis espago-temporais: aumento da variabilidade do tempo de balanco em idosos

representa predisposicdo as quedas (BRACH et al, 2007; BRACH et al., 2008); variabilidade
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das wvariaveis temporais da marcha relaciona-se com maior grau de comprometimento
funcional em idosos com DP (WARLOP et al, 2016); aumento da variabilidade das variaveis
espaco temporais da marcha (comprimento de passo, tempo de passo) esta presente em idosos
e correlaciona-se a maiores risco de quedas em comparagdo a jovens adultos (KANG;
DINGWELL, 2008). As adaptagdes requeridas durante a marcha geralmente leva a contragdo
muscular em associacdo com a variabilidade do desempenho, desta forma, a variabilidade
eletromiografica pode ser um recurso utilizado para avaliagdo da marcha (HWANG et al,
2003).
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3. OBJETIVOS

3.1 Objetivo Geral

Analisar a variabilidade da ativacdo muscular durante as diferentes situagdes de

simulacao de travessia de rua em individuos com Doenga de Parkinson.
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HIGHLIGHTS

» Street crossing is an everyday situation that presents risks to the elderly with Parkinson's
Disease.

* Dual-task gait is compromised in elderly people with Parkinson's disease.

* Electromyographic variability is a predictor of falls.

* Elderly with Parkinson's presented low muscle activation variabilty during simulation of

street crossing.
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ABSTRACT

Crossing the street can be considered a risk situation, because walkers must pay attention to
traffic signs and traffic while walking, characterizing a multiple task. Elderly persons with
Parkinson's disease (PD) present gait impairment when dual task activities are required. The
aim of this study was to analyze the muscular activation variability during different
simulations of street crossing in elderly with PD. Participants in this cross-sectional study
were 19 elderly persons with idiopathic PD at an early stage, with classification I to II of
Hoehn & Yahr scale. The electromyographic (EMG) variability of the vastus lateralis, biceps
femoris, tibialis anterior and lateral gastrocnemius muscles was analyzed during three
conditions: simulation of street crossing in preference speed (Gait 1), simulation of street
crossing in normal time (Gait II) and simulation of street crossing in reduced time (Gait III).
The electromyographic data were calculated by means of the mean of the standard deviations
considering 10 consecutive cycles of mitial gait of each participant and in each of the three
gait conditions evaluated. It was used the Shapiro Wik test to verify the normality of the data
and the Wilcoxon test to compare the activation variability of the evaluated muscles. The
results showed that there was no significant difference in muscle activation variability for the
vastus lateralis, biceps femoralis, anterior tibialis and lateral gastrocnemmus comparing Gait [
and II (p=0.355; p=0.936; p=0.778 and p=0.198); Gait I and III (p=0.658; p=0.136; p=0.184
and p=0.227) and Gait II and III (p=0.658; p=0.295; p=0.376 and p=0.601). The elderly with
PD, when subjected to challenging situations, such as the street crossing, did not present
significant changes in the EMG variability in relation to the normal gait, which characterizes a

deficit of gait adaptation against the environmental demands.

Keywords: Parkinsonian gait, neuromuscular deficit, variability, dual task, traffic accident.
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1. INTRODUCTION

Parkinson's disease (PD) is the second most common neurodegenerative disorder,
characterized by being a chronic, degenerative and progressive disease of the nervous system,
which occurs due to the degeneration of dopaminergic neurons in the nigrostriatal pathway
[1]. About 1 to 2% of the world population over the age of 60-65 years are affected by PD and
this number increases to 3.0% in individuals aged 80 years and over. The prevalence ranges
from 50 to 260 cases per 100,000 persons worldwide, and in Brazl there are 200 thousand
estimated cases of PD [2,3.,4,5].

Clinically, PD presents as motor as non-motor disorders, in which may functionally
compromise these individuals. Among the most disabling symptoms are the reduction of
balance and changes in gait (reduced gait speed, short steps, bent posture, reduced arm swing
and postural istability). These motor alterations generate negative effects on the performance
of daily life activitics (DLAs), reduce functional independence and increase the risk of falls
[6,7]. The gait instabilty may interfere with the social interaction of the individual,
mfluencing the neuropsychological and functional state, such as fear of falling, decreased
confidence, restriction of mobility and even institutionalization [8].

Among the many factors causing falls in the elderly, more than 50% of the cases occur
during gait [9]. About 60% parkinsonians report that they fall at least once a year and
recurrent persons who fall account for 50-86%. [6]. The gait is an extremely complex motor
skill and also requires a high degree of complexity of the cognitive functions. In this way, any
daily challenge during gait can seriously compromise the ability to control dynamic balance,
especially n individuals with PD [9].

Among the several daily situations that involve the gait execution, there is pedestrian
traffic m urban roads. Crossing the street can be considered a risk situation, given the
mnumerable environmental factors that make this activity a multiple task, since pedestrians
must pay attention to traffic signs and traffic, besides walking. In addition, madequate urban
planning also interferes with the mobility of the elderly persons as a pedestrian and transport
users [11].

About 1.25 million people are killed in traffic accidents worldwide and over 22% of
these deaths are pedestrian [12]. Brazl occupies the 5" place among the countries with the
highest mortality rate in traffic, with approximately 45 thousand persons per year [13,14]. The
elderly persons over 60 years old account for 48.2% of deaths, mainly due to running over

and fall [15]. The high mortality rate involving pedestrians is a public health problem that
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implies high costs to public funds. In 2014, 12.3 billion reais were spent for almost 170
thousand traffic accidents [13].

The identification of changes in the movement pattern and the neuromuscular gait
behavior of the individual with PD, through the analysis of biomechanical parameters, is
essential in the optimization of the strategies to prevent falls and accidents i this population.
Thus, the study of gait variability may be a means of identifying these gait alterations, since
healthy systems mamtain an optimal level of variability, which means that the individual has
the physiological ability to perform various adaptive responses to any daily disturbances that
undergo during the gait. In situations where variability is altered, increased or decreased, it
may be indicative of loss of adaptive capacities of the neuromuscular system and, therefore,
are associated with motor deficits [16].

It is known that mamntaining proper activation and coordination of the muscles during
gait is a fundamental requirement to perform the desired displacement, besides maintaining
optimal energy consumption. In addition, any change or adaptation of a movement pattern
necessarily mvolves changes in muscle activation patterns [10]. In this way, the functional
examination of electromyography (EMG) presents as an evaluation method of muscular
disorders, the peripheral nervous system and the neuromuscular junction [17,18]. The surface
EMG is a noninvasive and paimless technique because the electrodes for capturing the
myoelectric signal are placed on the skin that covers the muscle [17]. The muscle activation
variability during gait m individuals with PD may be a strategy for the evaluation and
prevention of falls in these individuals.

Considering the above, the purpose of the study was to analyze the muscle activation
variability during different simulation situations of street crossing in individuals with PD. It
was hypothesized that the elderly with PD would present greater muscular activation
variability during gait in the simulation conditions of crossing than during normal gait, given

the adaptive demands of the task.

2. METHODS
2.1. Study design and Participants

This is an observational cross-sectional study in elderly with PD submitted to the
simulation of street crossing in a controlled laboratory environment. The present study was

approved by the local research ethics committee (CAAE 43869315.2.0000.5152). All the
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participants were previously oriented about the research procedures and then signed the
nformed consent form.

19 elderly mndividuals with idiopathic Parkinson's Disease participated i the study
(Table 1). The sample size was itially determmned based on the data collected in a pilot
study, using the G* Power program (power = 0.95, effect size = 1.21, a error = 0.05), which
indicated a sample of 16 volunteers.

Inclusion criteria adopted were: idiopathic Parkmson's diagnosis in initial stage, with
classification I to II of the Hoehn & Yahr scale [19]; could not be in the pharmacologic
adaptation phase; present a score above 24 in the Mini Mental State Examination (MMSE).
The individuals recruited were part of a physiotherapeutic rehabilitation program, in which
was performed 3 times a week.

Exclusion criteria were: presence of pain, fracture, or severe mjury to muscles,
tendons and/or ligaments in the 6 months prior to the study, as well as a history of known or
reported cardiovascular, respiratory or cognitive alterations. The volunteers that report any

malaise during collection could also be excluded.

Table 1. Characterization ofthe sample

Characteristics GEPD (n=19)
Age (years) 67,63 (£ 6,72)
Men/Women (n) 9/10
H&Y 1/H&Y 1I (n) 9/10
MEEM (n) 26,63 (£ 1,21)
Weight (Kg) 74,7 (£14,91)
Height (cm) 161,16 (+ 10,13)

GEPD = group of elderly with Parkinson disease; H&Y =
Hoehn Yahr scale; MMSE = Mini-Mental State Examination.

2.2. Instruments

Electromyographic data collection was performed by means of the CHANNELS
MYOTRACE 400: BLUETOOTH (Noraxon®) biological signal acquisition module, with a
sampling frequency of 2000 Hz and bipolar Ag/AgCl electrodes. In order to determine the
start and end of gait cycles, Foot Switch pressure sensors (Noraxon®) were used. It was used

the image projector for the virtual simulation of street crossing situations.
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2.3. Procedures for data collection

The collection procedures were performed in the on-phase of the PD medicines, in a
single day, with an average duration of 2 hours. The volunteers were instructed on all
evaluation procedures and familiar with gait conditions and standardized stimuli. In this first
moment, the characterization data of the volunteers were recorded (Table 1) and the MMSE
was applied.

The electromyographic signals were collected throughout the gait test, always having
as reference the dominant lower limb. To this, 3 repetitions of the following lateral tests were
performed: kicking the ball, going up and down one step and undergoing an anterior and
posterior displacement [20].

After that, the skin was prepared to place the electrodes through the tricotomization
and cleaning of the skin with alcohol, reducing the mmpedance. Ag/AgCl (Meditrace®)
surface electrodes were arranged in a bipolar configuration, with a capture area of 1 cm in
diameter and an inter-electrode distance of 2 cm. The electrodes were positioned in the skin
region on the vastus lateralis (VL), biceps femoralis (BF), anterior tibialis (TA) and head
portion of the lateral gastrocnemius (GL) muscles according to the SENIAM (Surface
Electromyography for the Non -Invasive Assessment of muscles) standards and orientations
[21].

Subsequently, the gait evaluation was carried out on a walkway 10 meters long and 2
meters wide. The first 2 meters and the last 2 meters long of the walkway were disregarded in
the data analysis to avoid possible influences of the acceleration and deceleration process of
the gait [22].

Afterward, the gait evaluation was started through the simulation of the street crossing,
adopting as traffic lights timing 17 seconds for the normal time and 8.5 seconds for the
reduced time, according to the recommendations of Departamento Nacional de Transito
Brasileiro (DENATRAN). Simulation scenes of crossing a high-flow vehicle path, with cars
and motorcycles moving at different speeds, as well as real sound and visual stimuli were
used. The images were projected at eye height, with a standard distance of 2.33 meters from
the projector to the projection screen and a distance of 12 m between the individual and the
screen.

The elderly with PD were subjected three conditions for the gait evaluation: simulation
of street crossing in preference speed (gait 1), simulation of street crossing in normal time

(gait II) and simulation of street crossing in reduced time (gait III). The volunteers randomly
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performed three times each gait condition so that we could have enough data for the analyzed
sample of 10 consecutive cycles. During the gait I, the volunteers were verbally oriented to
walk on the walkaway at the speed with which they usually carry out their daily life activities.
For performing the gait Il and III, the volunteers were instructed to pay attention to a projector
that wvirtually simulated the street crossing environment, with videos and sounds of
automobiles and images of the pedestrian traffic light simulator. The volunteer should decide
the best time to cross the walkaway to the opposite side, respecting the time of the traffic light
for pedestrians, 17 seconds (gait 1) and 8.5 seconds (gait III). The average time of crossing in
the different gait conditions is shown in table 2 and the average difference of the crossing
time in the comparison between the gait conditions are shown in table 3. Figure 1 illustrates

the collection environment with the simulator of street crossing.

Table 2. Average time of crossing in different gait conditions.

Average time to perform gait (s)

Gait T 11,105
Gait 11 10,117
Gait 11T 8,757

Gait I = simulation of street crossing in preference speed; Gait II = simulation of street crossing in
normal time (17 seconds); Gait III = simulation of street crossing in reduced time (8.5 seconds); s
= seconds.

Table 3. Average difference in crossing time in different gait conditions

Average difference in time to perform gait (s)

Gait I x Gait I 1,144 (p=0,004)
Gait I x Gait III 2,130 (p=0,000)
Gait II x Gait III 0,986 (p=0,016)

Gait I = simulation of street crossing in preference speed; Gait II = simulation of street crossing
in normal time (17 seconds); Gait IIl = simulation of street crossing in reduced time (8.5
seconds); s =seconds.

Figure 1. Simulated street crossing environment.

Modified image of Vieira et al., 2015
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2.4. Data analysis

For the analysis of electromyographic data, 10 consecutive cycles of mitial gait were
considered for each of the three gait conditions evaluated. The begnning and end of each gait
cycle were determined by the Foot Switch (Noraxon®).

The electromyographic signals were collected with a sampling frequency of 2000Hz
and processed by means of routines developed in Matlab environment (Mathworks®). The
amplitude of the electromyographic signal was calculated by means of the linear envelope.
For the signal processing and creation of the linear envelope, high pass filters of 20Hz low
pass of 500Hz and notch of 60Hz were used, afterwards, it was carried out the smoothing of
the signal to create the envelope through the 4th order low pass filter with a cutoff frequency
of 6 Hz. The linear envelope values of each individual were normalized by the mean values of
the gait condition at preference speed for each muscle. For the calculation of muscle
activation variability, the mean of the standard deviations of the 10 gait cycles was analyzed
for each participant and each gait condition was calculated [23].

2.5. Statistical analysis

For statistical analysis, PASW statistics 18.0® software (SPSS) was used. Initially the
Shapiro Wik test was performed to verify the normality of the data. To compare the
activation variability of the analyzed muscles between the conditions was used the Wilcoxon

test, adopting the significance level of p <0.05.

3. RESULTS

The results showed that there was no significant difference in muscle activation
variability for VL, BF, TA and GL comparing Gait I and II (p=0.355; p=0.936; p=0.778 ¢
p=0.198); Gait I and III (p=0.658; p=0.136; p=0.184 and p=0.227) and Gait II and III
(p=0.658; p=0.295; p=0.376 and p=0.601). Table 4 shows the median, quartile, maximum and
minimum values of the muscle activation variability of the VL, BF, TA and GL muscles for

the different gait conditions.
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Table 4. Observed percentage values (Ist quartile, median, 3rd quartile, minimum, maximum) for
the muscles evaluated in the different gait conditions

Gait 1 Gait 1T Gait IIT
VL Q1 9,81 9,55 10,39
VL median 11,95 11,21 11,08
VL Q3 13,51 12,72 15,99
VL Minimum 6,44 6,93 6,21
VL Maximum 17,84 31,9 2481
BF Q1 6,12 6,57 7,82
BF median 9,25 8,00 9,27
BF Q3 11,00 10,86 13,97
BF Minimum 0,88 2,78 2,15
BF Maximum 13,55 27,85 24,84
TA QI 7,32 7,30 6,98
TA median 8,51 8,80 10,97
TA Q3 10,45 11,04 14,18
TA Minimum 5,47 5,32 4,78
TA Maximum 15,64 55,42 31,17
GL QI 6,90 8,21 7,88
GL median 8,63 10,40 9,54
GL Q3 12,58 13,15 17,12
GL Minimum 4,75 2,22 3,86
GL Maximum 23,58 34,47 29,33

VL=Vastus Lateralis; BF=Biceps Femoralis; TA=Anterior Tibialis; GL=Lateral Gastrocnemius;
Ql= 1*" quartile; Q3= 3™ quartile.

4. DISCUSSION

This study aimed to verify the muscle activation variability of the lower limbs during
the simulation of different situations of street crossing in elderly with PD.

The results of the present study showed that there was no significant difference
between the activation variability for the VL, BF, TA and GL muscles in the three simulations
performed on the street crossing. These results were contrary to our initial hypothesis, since it
was expected that the muscular activation variability during the street crossing conditions
would be higher than during normal gait, due to the adaptive demands of the task.

During the walking movement, it is necessary quick responses and effective
adjustments of the sensorimotor system at each step, according to the demands of the
environment, in order to mamtain a functional, effective and stable locomotion [24]. These
fluctuations in characteristics from one step to another are called gait variability, which is an

mmportant predictor of mobility declne and risk of falls in the elderly [25].
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Healthy systems maintain an optimal variability level, which means that the individual
has the physiological capacity to perform various adaptive responses to any daily disturbances
that he/she experiences during gait [16]. These adaptations are responsible for adequately
dimensioning the speed, direction, magnitude and accuracy of the steps, reducing the risk of
falls [6].

If the variabilty demonstrates a deviation from the optimal level toward the
randomness of the steps, that is, to the increase of the variability, or if it maintains an excess
of regularity of the steps so that their variability remains very low, there is a loss of adaptive
capacities of the neuromuscular system and this is associated with motor deficits [16,26]. For
example, n daily gait situations, the variability of the biomechanical parameters tends to
remain at their optimum level, since few adjustments are necessary. However, in challenging
situations, such as dual-tasks, gait variability tends to increase, to promote adaptation to the
new environmental requirement [16,26]. Individuals with neurological disorders, particularly
those which affect basal ganglia function (Parkinson's disease and Huntington's disease) and
other central nervous system disorders (White Matter Disease and Alzheimer's Disease), have
variability in the patterns of increased gait because of the impairment in the neuromuscular
control strategy [25,26].

Individuals with PD present motor performance mmpairment during gait in dual task
situations. Research suggests that when these individuals focus on motor performance while
they are performing the dual task, they can generate normal movement patterns. This occurs
because the region of the pre-motor cortex is activated mstead of resorting to the deficit
circuit of the nuclei of the base. However, this strategy may sometimes compromise the
performance of both motor and cognitive tasks. Another mechanism used is to prioritize all
the elements of a complex task equally, that is, both motor and cognitive functions. However,
in the elderly with PD, this increases motor instability and causes a higher risk of falls due to
competition in neural processing, different from that in healthy individuals, which prioritize
motor function to maintain balance and gait stability [27]. ].

The increased gait variability indicates greater risk of falls and studies have shown that
this increase is associated with slower gait speed, since both elderly and healthy young adults
become more variable when walking at slower speeds. However, regardless of gait speed,
other factors related to aging may influence this increase in variability, for example, nerve or

musculoskeletal deterioration [23].
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Studies have demonstrated an increase in electromyographic and kinematic variability
in the elderly compared to young [9] and i elderly with PD comparing with healthy elderly
during gait [28]. Such studies have shown that the aging factor and the presence of
neurological diseases are associated with gait instabilities, due to the decline of the central and
peripheral nervous system. However, our results were the opposite, the elderly with PD did
not show increase in variability. It suggests that the hypokinetic characteristics of this
neurological  dysfunction mfluenced neuromuscular  adjustments, predisposing these
individuals to greater risks of traffic accidents.

Although we did not evaluate the gait speed, the decrease in the average
accomplishment time of gait I and III suggests that adjustments of gait speed were necessary.
The time of traffic lights is programmed based on the average speed of 1.2 m/s. If this
velocity were 0.9 my/s, more than 30% of the elderly could cross the street at their usual and
safe pace [29]. When we consider individuals with mobility limitations, such as
Parkinsonians, the time needed to cross the street may be even greater, since they have less
ability to adapt to the task safely, as the results of this study showed.

The difficulties that individuals with PD find in adapting to the street crossing
conditions demonstrated in the present study suggest that new prevention strategies should be
taken to mmprove traffic safety. In Brazl, measures that include reduction of speed lmit for
automobiles, law enforcement and penalties, educational policies for both drivers and
pedestrians are already in force [29]. However, regulating traffic lights timers to pedestrians
would be a very important measure to promote the safe mobility of vulnerable groups to

traffic accidents.

4.1. Limitations

Issues related to gender differences were not addressed in this study, regarding that, in
Brazil, the mortality rate due to traffic accidents among the elderly over 60 years old in the
walker condition is higher for men than for women, 74, 3% and 25.7% [30]. In addition, the
development of PD is known to be from 1.5 to 2 times higher in men than in women [1,3,4].
The study participants were in the early stages of the Parkinson's manifestation (I and II of the
HY scale), however, the choice of these individuals was due to the fact that they were able to
carry out the gait independently, a fundamental condition for the execution of the proposed

experimental protocol, besides the fact that this is an activity present in ther daily lives.
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Finally, the electromyographic analysis was performed unilaterally on the dominant lower
limb and, considering that the manifestations of PD are asymmetrical in the early stages, this

Iimitation should be considered with caution.

5. CONCLUSION

The elderly with Parkinson's disease, when subjected to challenging situations, such as
the street crossing, did not present significant changes in the EMG variability in relation to the
gait with preference speed. These results show that ndividuals with PD are not able to adjust
gait patterns according to the task demand, which increases the chances of suffering falls and

accidents during the performance of such daily activity.
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