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RESUMO

Estudos sugerem que o cOrtex cerebral € ativo durante o andar, principalmente em idosos com
doenca de Parkinson (DP). Embora os recentes avancos cientificos mostrem alteracdes na
atividade cortical durante o andar de idosos com DP, algumas lacunas ainda permanecem, como
quais sdo os efeitos de diferentes terapias (medicamentosa e exercicio fisico) na atividade
cortical e no andar de idosos com DP e se ha diferenca entre os subtipos da DP. Para investigar
estas lacunas, trés estudos foram desenvolvidos. O Estudo #1 teve como objetivo investigar o
efeito da terapia medicamentosa na atividade cortical durante o andar usual e adaptativo em
idosos com DP. Vinte e trés idosos com DP foram avaliados no estado “OFF” (no minimo 12
horas ap0s a Ultima ingestdo do medicamento) ¢ “ON” (aproximadamente 1h ap6s a tltima dose
do medicamento) da medicacdo especifica da DP. O Estudo #2 comparou a atividade cortical
durante o andar de acordo com os subtipos da DP (Tremor Dominante - TD, n=19; Instabilidade
Postural/Dificuldades no Andar - IPDA, n=17). O Estudo #3 teve como objetivo analisar o
efeito de uma sessdo de exercicio aerdbio na atividade cortical durante o andar de idosos com
DP. Trinta e quatro idosos com DP foram distribuidos em dois grupos: grupo experimental e
grupo controle. A mesma avaliagdo do andar foi aplicada nos trés estudos. Os participantes
andaram em um circuito de 26,8 m de comprimento, em duas condi¢es: (i) andar usual e (ii)
andar adaptativo — com ultrapassagem de obstaculos. Cinco tentativas para cada condigdo
experimental foram realizadas. Cada tentativa teve duracdo de 60 segundos. Um carpete com
sensores de pressao foi utilizado para o registro dos parametros do andar. Os sistemas portateis
de eletroencefalografia e espectroscopia funcional de luz proxima ao infravermelho foram
posicionados na cabeca do participante para registro da atividade cortical. No Estudo #3, o
grupo experimental realizou uma sessdo aguda de exercicio fisico aerdbio, em bicicleta
ergométrica, com duracdo de 40 min e intensidade entre 65 e 70% da frequéncia cardiaca (FC)
maxima. O grupo controle também realizou o exercicio em bicicleta, porém, a FC durante os
40 min foi mantida dentro de 5% da FC de repouso. A andlise do andar e da atividade cortical
dos idosos foram realizadas nos momentos Pré e Pos-exercicio. O Estudo #1 demonstrou que o
medicamento dopaminérgico facilitou o recrutamento de areas cognitivas adicionais durante
tarefas mais desafiadoras, como ultrapassar obstaculos. Ainda, além de melhorar o andar, a
ingestdo de medicamento também melhorou a integracdo sensério-motora durante o andar. O
Estudo #2 indicou que os idosos do subtipo IPDA necessitaram de maior recrutamento do cortex
pré-frontal para andar e que os idosos do subtipo TD apresentaram mudancas na atividade dos
cortices motor e sensério-motor durante a ultrapassagem de obstaculos. O Estudo #3
demonstrou que o exercicio aerébio ndo alterou a atividade do cortex pré-frontal e o
desempenho do andar. Contudo, os parametros eletrocorticais foram alterados pelo exercicio,
aumentando a banda alfa nos canais FCz, Cz e CPz, o que pode indicar estado de fadiga e menor
atividade cortical durante o andar. Sendo assim, a conclusdo desta tese é que fatores como
medicamento, subtipo da DP e exercicio aerobio influenciam a atividade cortical durante o
andar de idosos com DP. Portanto, Futuros estudos devem considerar estes fatores para ter um
melhor entendimento dos comprometimentos da DP.

Palavras-chaves: Desordens do movimento. Locomocdo. EEG. fNIRS. Intervencéo.



ABSTRACT

Studies have suggested that the cerebral cortex is active during walking, mainly in people with
Parkinson's disease (PD). Although recent scientific advances have shown changes in cortical
activity during walking in people with PD, some gaps remain open, such as what are the effects
of different kinds of intervention (medication and exercise) on the cortical activity and on the
gait in people with PD and whether there are differences between PD subtypes. To investigate
these gaps, three studies were developed. Study #1 aimed to investigate the effects of
dopaminergic medication on brain activity during unobstructed walking and obstacle avoidance
in people with PD. Twenty-three people with PD were evaluated in the “OFF” (at least 12 hours
after their last intake of dopaminergic medications) and “ON” (approximately 1 hour after
taking medications) state of PD medication. Study # 2 aimed to compare cortical activity during
walking according to PD subtypes (Tremor dominant - TD, n = 19; Postural instability gait
difficulty - PIGD, n = 17). Study # 3 aimed to analyze the effects of an aerobic exercise session
on cortical activity during walking in people with PD. Thirty-four people with PD were split
into two groups: the experimental group and the control group. The same gait assessment was
applied in the three studies. Participants walked in a 26.8 m long circuit under two conditions:
(i) unobstructed walking and (ii) obstacle avoidance. Five trials for each experimental condition
were performed. Each trial lasted 60 seconds. A carpet using pressure sensors was used to
record the gait parameters. Portable electroencephalography and functional near-infrared
spectroscopy systems were positioned on the participant's head to record cortical activity. In
Study # 3, the experimental group performed an acute aerobic exercise session on a cycle
ergometer for 40 min and at 65-70% of maximum heart rate (HR). The control group also
performed a cycle ergometer, but the HR for 40 min was maintained within 5% of the resting
HR. The gait and cortical activity analyses were performed in the pre- and post-exercise
moments. Study # 1 demonstrated that dopaminergic medication facilitated the recruitment of
additional cognitive areas during more challenging tasks, such as obstacle avoidance. In
addition, after medication intake, people with PD improved both gait parameters and
sensorimotor integration during walking. Study # 2 indicated that PIGD patients needed to
recruit additional PFC resources for walking and that TD patients changed the activation of
motor/sensorimotor areas during obstacle avoidance. Study # 3 demonstrated that aerobic
exercise did not alter prefrontal cortex activity and gait performance. However, the
electrocortical parameters were altered by exercise, increasing the alpha band in the FCz, Cz
and CPz channels, which may indicate a fatigued state and lower cortical activity during
walking. Thus, this thesis concludes that factors such as medication, PD subtype, and aerobic
exercise influence cortical activity during walking in people with PD. Therefore, future studies
should consider these factors to have a better understanding of PD impairments.

Keywords: Movement disorders. Locomotion. EEG. fNIRS. Intervention.
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1 CAPITULO 1
Introducéo Geral

A doenca de Parkinson (DP) é um distarbio neurol6gico comum e complexo. A primeira
descri¢do detalhada da DP foi em 1817, pelo Dr. James Parkinson. Atualmente, a DP é a
segunda doenga neurodegenerativa mais prevalente no mundo. Nos paises industrializados, a
prevaléncia da DP é estimada em ~0-3% da populacéo total, 1% dos individuos acima dos 65
anos de idade e 3-5% dos individuos acima dos 85 anos (DE LAU, BRETELER, 2006; ALVES,
PEDERSEN, PEDERSEN, 2008). Especificamente no Brasil, a prevaléncia da DP ¢ de 3,3%
dos idosos acima de 64 anos de idade (BARBOSA et al., 2006). O resultado da alta prevaléncia
e incidéncia (taxa de 160/100.000 individuos acima dos 65 anos de idade, em paises
desenvolvidos (DE LAU, BRETELER, 2006; HIRTZ et al., 2007) é o alto custo anual para o
tratamento da DP. Um estudo recente desenvolvido por Bovolenta e colaboradores (2017), na
cidade de S&o Paulo, reportou um gasto anual de R$18.141,64 por paciente.

A DP ¢é uma enfermidade cronica, neurodegenerativa e progressiva, caracterizada pela
morte dos neurbnios dopaminérgicos da substancia negra parte compacta, responsaveis pela
producéo de dopamina (WICHMANN, DELONG, 2007; GALVAN, WICHMANN, 2008). Os
neurdnios dopaminérgicos fornecem aferéncias excitatorias (via direta - facilitadora do
movimento) ao globo pélido interno e & substancia negra parte reticulada e aferéncias inibitorias
(via indireta - inibidora do movimento) ao globo palido externo. Estas projecdes
dopaminérgicas sdo responsaveis por aumentar a atividade da via direta e diminuir a atividade
da via indireta e, consequentemente, diminuir o efeito da eferéncia inibitoria dos nucleos da
base, aumentando a atividade do globo péalido interno (DELONG & WICHMANN, 2007). Na
DP, o efeito inibitério da saida dos nucleos da base fica anormalmente alto, acarretando inibicéo
excessiva da via talamo-cortical (TAKAKUSAKI, TOMITA, YANO, 2008; PETERSON,
HORAK, 2016) e a ativacao dos neurdnios motores superiores no cortex, assim como a ativacdo
do cértex pré-frontal fica reduzida (ALEXANDER, DELONG, STRICK, 1986; MIDDLETON,
STRICK, 2000, 2002). Como consequéncia deste desequilibrio, sinais/sintomas da DP podem
ser evidenciados, como a rigidez muscular, o tremor de repouso, a dificuldade para iniciar um
movimento (acinesia), a diminuicdo da velocidade (bradicinesia) e da amplitude dos
movimentos (hipometria), e comprometimentos na postura e locomocdo (GALVAN,
WICHMANN, 2008).
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Introduzido na década de 60, o tratamento com levodopa, precursor da dopamina, € até
hoje o0 mais utilizado mundialmente (NONNEKES et al., 2016). Destaca-se a importancia da
levodopa também para fins diagnosticos, sendo que a auséncia de resposta a levodopa é
utilizada como critério de exclusdo para a DP de caracteristica idiopatica (HUGHES et al.,
1992). Como a DP é caracterizada pela deficiéncia de dopamina na via nigroestriatal, é esperado
que a administracdo de levodopa reverta as alteragdes funcionais e neuroquimicas observadas
nos cérebros de pacientes com DP, resultando em beneficios nos sintomas motores da DP (KO,
LERNER, EIDELBERG, 2015). Embora alguns sintomas sejam responsivos a levodopa, como
tremor, rigidez e bradicinesia (NONNEKES et al., 2016), outros sdo pouco responsivos ou
resistentes a levodopa, por exemplo a instabilidade postural (CARPENTER et al., 2004;
FOREMAN et al., 2012). Em relacdo ao andar, a literatura é consistente ao apresentar os efeitos
da terapia dopaminérgica. As varidveis comprimento da passada, velocidade do andar e o
balanco dos bracos sdo responsivas a levodopa, enquanto que a cadéncia é menos responsiva e
as variaveis temporais (fase de balanco e duplo suporte) ndo séo responsivas (ROCHESTER et
al., 2011; CURTZE et al., 2015; EHGOETZ MARTENS, ELLARD, ALMEIDA, 2015;
SMULDERS et al., 2016). Em situacdes mais complexas do andar, como em ambientes com
obstaculos (andar adaptativo), o efeito da terapia medicamentosa ainda é pouco compreendido.
Apenas dois estudos investigaram este contexto e demonstraram que o desempenho para
ultrapassar o obstaculo é melhor sob o efeito do medicamento (DOAN et al., 2013,
PIERUCCINI-FARIA et al., 2013). Os idosos com DP, no estado OFF da medicacao,
apresentaram movimento mais lento (maior duracdo do passo e menor velocidade para
ultrapassar o obstaculo) em relacdo ao estado ON da medicacdo (DOAN et al., 2013;
PIERUCCINI-FARIA et al., 2013). Porém, mais estudos sdo necessarios para compreender o
efeito do medicamento no andar em ambientes com obstaculos.

Estudos anteriores sobre locomoc¢édo eram focados no registro e na descricdo de medidas
comportamentais (cinematica, cinética e eletromiografia). Entretanto, estudos recentes tém
investigado o papel do cdrtex cerebral durante andar (HAMACHER et al., 2015; HEROLD et
al., 2017; STUART et al., 2018). Os recentes avancos tecnoldgicos tém oportunizado o registro
combinado de medidas comportamentais com medidas da atividade do cértex cerebral. A
utilizacdo de equipamentos portateis e sem fio de Eletroencefalografia (EEG) e de
Espectroscopia funcional de luz proxima ao infravermelho (fNIRS) oferecem a possibilidade
de analisar a atividade do cortex cerebral durante a locomocdo em situacdo real. A EEG

mensura a atividade elétrica do cérebro, por meio de eletrodos posicionados no escalpo do
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individuo. A fNIRS avalia a resposta hemodinamica do cérebro, por meio de optodos também
posicionado no escalpo. A fNIRS e a EEG tém sido validadas com sucesso contra a ressonancia
magnética funcional (fMRI), padrdo ouro para analise da atividade cortical (CUI et al., 2011).
Ainda, alguns metodos de analise tém sido desenvolvidos para identificar e rejeitar ruidos, sem
perder a qualidade dos dados (BRIGADOI et al., 2014; SNYDER et al., 2015; OLIVEIRA et
al., 2016a, 2016b, 2017). Estas ferramentas tém se mostrado sensiveis em verificar diferencas
entre tarefas (andar usual x andar adaptativo) e individuos (idosos saudaveis x idosos com DP)
(VITORIO et al., 2017; STUART et al., 2018), representando, assim, a possibilidade de
avaliacdo da demanda cortical da tarefa e de alteracGes relacionadas as patologias especificas.
Portanto, a combinagdo de medidas de EEG e fNIRS reduz as inferéncias que as medidas
comportamentais oferecem, € aplicavel em populacdes que apresentam comprometimentos da
locomocdo e permite a melhor compreensédo dos substratos neurais do controle do andar, tanto
durante o andar usual, quanto durante o andar adaptativo.

Estudos usando a fNIRS tém demonstrado que idosos com DP apresentam aumento da
atividade cortical durante o andar usual e adaptativo, especificamente, no cortex pré-frontal
(MAIDAN et al., 2016a, 2016b), sendo que durante o andar adaptativo, os idosos com DP
apresentam maior atividade do cortex pré-frontal em relagdo ao andar usual (MAIDAN et al.,
2016b). Entretanto, os estudos prévios investigaram a atividade cortical dos idosos com DP
apenas no estagio ON da medicacdo e, como a terapia dopaminérgica melhora a conectividade
das circuitarias neurais comprometidas (BELL et al., 2015), espera-se que a atividade cortical
durante o andar nos estado OFF e ON da medicacdo sejam diferentes. Ainda, outras areas
corticais (como area motora suplementar, cértex pré-motor, parietal e occipital) estdo
envolvidas durante o andar usual e adaptativo (DREW et al., 2008; DREW, MARIGOLD,
2015; BRADFORD, LUKOS, FERRIS, 2016; MARIGOLD, DREW, 2017; OLIVEIRA,
ARGUISSAIN, ANDERSEN, 2018; NORDIN, HAIRSTON, FERRIS, 2019), contudo, a
atividade cortical nestas areas durante o andar ainda € pouco investigada na DP (STUART et
al., 2018).

Outro aspecto que merece aten¢do especial é a heterogeneidade da DP. A manifestacao
clinica da DP difere entre os idosos e, diante disto, para melhorar o entendimento do
comportamento dos idosos com DP, estudos prévios tém distribuido os idosos em dois subtipos,
Tremor Dominante (TD) e Instabilidade Postural/Dificuldades no Andar (IPDA) (JANKOVIC
etal., 1990; ROSENBERG-KATZ et al., 2013; STEBBINS et al., 2013; HERMAN et al., 2014;
THENGANATT, JANKOVIC, 2014; VERVOORT et al, 2015 2016a, 2016b;
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FERESHTEHNEJAD, POSTUMA, 2017; ORCIOLI-SILVA et al., 2018). De fato, estes
estudos tém demonstrado diferencas entre os subtipos TD e IPDA em niveis comportamentais,
cognitivos, neuropsiquiatricos e subcorticais/corticais. Destacam-se diferencas no padrédo
locomotor, sendo que idosos IPDA apresentam pior desempenho no andar usual e adaptativo
(menor comprimento e velocidade do passo) (HERMAN et al., 2014; VERVOORT et al., 2015;
ORCIOLI-SILVA et al., 2018), e na atividade cortical que, de maneira geral, mostram que 0s
idosos IPDA apresentam hipoatividade e os idosos TD hiperatividade de areas corticais
(PRODOEHL etal., 2013; ROSENBERG-KATZ et al., 2013; CHEN et al., 2015; VERVOORT
et al., 2016a, 2016b). Embora os recentes avancos cientificos permitam identificar diferengas
entre os subtipos no andar e na atividade cortical, estudos que analisaram a atividade cortical
durante o andar “real” ainda sdo escassos. Compreender os correlatos neurais durante o andar
e as diferencas entre os subtipos pode permitir desenvolver estratégias individualizadas para o
tratamento dos idosos com DP.

Uma forma de tratamento ndo-farmacoldgico que tem sido amplamente estudada em
idosos com DP é o exercicio fisico, sendo este um fator de estilo de vida que pode alterar o
inicio, a severidade e a progressdo da DP (AHLSKOG, 2011). Os principais beneficios
relatados incluem reducdo da ocorréncia de quedas, melhora na locomogéo, no controle
postural, nas capacidades funcionais, nas func¢des cognitivas e na qualidade de vida destes
idosos. Nos ultimos anos, diversas evidéncias tém demonstrado que o exercicio fisico crénico
apresenta um fator neuroprotetor (AHLSKOG, 2011; ASCHERIO, SCHWARZSCHILD,
2016; HOU et al., 2017). Dentre as modalidades de exercicio fisico, o exercicio aerobio tem se
mostrado um método eficaz para promover melhoras comportamentais, induzir mudancas
cerebrais e € comumente usado como forma de reabilitacdo para idosos com DP (EL-SAYES
etal., 2019). Estudos mostram que uma Unica sessao de exercicio aerobio realizado em bicicleta
ergométrica promove melhoras dos sinais motores da DP (por exemplo, tremor e bradicinesia)
(ALBERTS et al., 2011, 2016; RIDGEL et al., 2011, 2012, 2015) e do padréo de ativacdo de
areas motoras corticais e subcorticais em idosos com DP (ALBERTS et al., 2011, 2016).
Contudo, o efeito do exercicio aerdbio agudo no andar, assim como na atividade cortical durante
0 andar, é pouco explorado.

Diante dos pontos levantados acima, a presente tese de doutorado pretende responder
trés perguntas principais em relacdo ao andar usual e adaptativo de idosos com DP: (i) a terapia

medicamentosa influencia a atividade cortical durante o andar? (ii) a atividade cortical durante



13

o andar ¢ diferente entre os subtipos da DP? (iii) o exercicio aerébio agudo influencia a
atividade do cortex cerebral? Para responder estas perguntas, trés estudos foram desenvolvidos:
e Estudo #1: Effect of dopaminergic medication on brain activity during obstacle
avoidance in Parkinson’s disease.
e Estudo #2: Is cortical activation during walking different of Parkinson’s discase
subtype?
e Estudo #3: Efeito de uma sesséo de exercicio aerobio na atividade cortical durante o

andar de idosos com doenca de Parkinson.
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ABSTRACT
Background: Dopaminergic medication improves gait parameters in people with Parkinson’s
disease (PD). However, the neural mechanism of dopamine during walking remains poorly
understood. Objective: To investigate the effects of dopaminergic medication on brain activity
during unobstructed walking and obstacle avoidance in people with PD. Methods: Twenty-
three individuals with PD while in OFF and ON medication states as well as 30 healthy older
adults (CG) performed unobstructed walking and obstacle avoidance conditions. Brain activity
was acquired using a mobile fNIRS-EEG system, and gait parameters were measured using an
electronic carpet. Concentrations of oxygenated hemoglobin (HbO>) of prefrontal cortex (PFC)
and EEG absolute power from alpha, beta, and gamma bands from FCz, C3/4, and CPz channels
were calculated. Results: People with PD in the OFF state did not increase HbO- levels during
the obstacle condition. In contrast, both people with PD in the ON state and the CG
demonstrated increased PFC activation during the obstacle condition compared to unobstructed
walking. Regardless of medication state, people with PD presented decreased alpha and beta
power in FCz, C3/4, and CPz during obstacle avoidance. In the ON state, people with PD
showed higher beta and gamma power in the CPz than the OFF state. Conclusions: People with
PD in the OFF state did not increase PFC activity during obstacle avoidance, showing an
insufficient compensatory mechanism. However, dopaminergic medication increased PFC
activation, improving compensatory functions to avoid obstacles and improving gait
performance. In addition, PD medication helped improve sensorimotor integration during

walking, suggesting better locomotor control.

Keywords: EEG, fNIRS, walking, neurodegenerative disease, dopamine
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2.1 INTRODUCTION

Gait impairment is a disabling symptom in Parkinson’s disease (PD)?}, which has been
shown to reduced patient’s step length and gait speed, as well as increase step width, double
support phase, and gait variabilityl. Previous studies have indicated an even hypometric and
bradykinetic gait pattern during obstacle avoidance in people with PD, consisting of smaller
step length, slower gait velocity, and greater gait variability during the steps preceding obstacle
avoidance (approach phase)?~°. Furthermore, tripping over obstacles has been identified as a
major cause of falls in PD®’.

Obstacle avoidance requires the use of cognitive and motor resources to examine the
environment, plan an action, and adapt the locomotor pattern®®. Studies involving functional
near-infrared spectroscopy (fNIRS) reported increased oxygenated hemoglobin (HbO>)
concentration at the prefrontal cortex (PFC) during obstacle avoidance compared to
unobstructed walking, which suggests greater cortical activation for both healthy older adults
and people with PD-13, Therefore, obstacle avoidance requires greater cognitive demand for
motor planning!®*2. Moreover, studies recording electrocortical activity through
electroencephalography (EEG) reported greater involvement of the sensorimotor cortex,
expressed as reduced alpha and beta band spectral power, to control locomotion when walking
stability is required'*18,

Recent technologies allow concomitant recordings of electrocortical (EEG) and
hemodynamic (fNIRS) activities, being suitable for advancing our understanding of brain
dynamics during locomotion. There is a lack of research on electrocortical activity during
obstacle avoidance in PD. Moreover, studies on PFC hemodynamic response during obstacle
avoidance in patients with PD were conducted with administered medication. Dopaminergic
therapy improves the connectivity of the impaired brain circuits in PD (i.e.. communication of
the corticostriatal circuits) contributing to an effective motor performance?®. Although previous
studies have shown the role of dopaminergic medication in the gait parameters, such as
improvement in step length and velocity?®?!, the neural mechanism of dopamine during real
walking remains poorly understood. In this context, we investigated the effects of dopaminergic
medication on brain activity using both fNIRS and EEG simultaneously during unobstructed
walking and obstacle avoidance in people with PD.

The compensation-related utilization of neural circuits hypothesis (CRUNCH)
postulates that compensatory activation is effective during low-demanding tasks. However, a

resource ceiling may be reached with increased task demand (such as an obstacle condition) or
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pathology, leading to insufficient processing and behavioural decrements?2. It is known that the
administration of dopaminergic medication ameliorates the impairment circuitry in PD?,
Therefore, we hypothesized that people with PD would present reduced PFC activity during
obstacle avoidance in the absence of dopaminergic medication (OFF state), when compared to
using medication (ON state). In addition, we hypothesized that older adults would present
reduced alpha and beta band spectral power in motor and sensory areas regardless of the
medication state during obstacle avoidance compared to unobstructed walking, as these bands
are involved in the control of stability and gait adaptation'>?4%, Lastly, we hypothesized that
people with PD in the OFF state would present greater alpha (9—13 Hz) and smaller beta (14—
30 Hz) and gamma (31-50 Hz) frequency bands in motor/sensorimotor areas compared to the
ON state, as PD is related to excessive GABAergic inhibition in thalamocortical neurons, which

leads to slower cortical activity 2’

2.2 METHODS
2.2.1 Participants

Twenty-three individuals with PD and 30 healthy older adults (control group - CG)
participated in this study. All participants were over 60 years-old, independent walkers, free of
cognitive impairment (Mini Mental State Examination - MMSE>242%), neurological disorders
(other than PD), musculoskeletal, orthopedic, and/or visual impairments that could affect their
walking. People with PD had a clinical diagnosis of idiopathic PD, according to the UK Brain
Bank criteria, Hoehn and Yahr stage I-111, and were taking PD medication (L-dopa). This study
was approved by the local research ethics committee (CAAE #78552117.6.0000.5465). All
participants provided written informed consent to participate in this study.

2.2.2 Experimental Setup

People with PD were tested on two separate days, one week apart, and at the same hour
(in the morning). They were tested once after taking their regular antiparkinsonian medication
(ON state - approximately 1 hour) and once after overnight withdrawal (at least 12 hours) from
their PD medication (OFF state). The order of testing (ON/OFF) was randomized and
counterbalanced across participants. The control group was assessed once.

The MMSE was used to assess global cognitive function?® and was performed once (for
people with PD, when ON medication). The motor section of the Movement Disorders Society
United Parkinson’s Disease Rating Scale (MDSUPDRS-I11) was obtained from people with PD
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in both ON and OFF medication states?®. In addition, the Levodopa equivalent dose was
calculated®.

Gait and cortical activation were assessed in two self-paced walking conditions: (i)
unobstructed walking and (ii) obstacle avoidance. Each condition started with 30 s in a quiet
stance, during which participants were required to look straight ahead and think about nothing.
A verbal sign indicated the participant should start walking along a 26.8m circuit for 30
seconds, with two 7-m parallel straights. In the obstacle avoidance condition, four foam
obstacles (60 cm width x 5 cm depth x 15 cm height) were evenly spaced along the walking
path (Figure 1). Five trials for each condition were performed in random order.

For motor area (C3 and C4) and PFC analysis, we separated the less (C-) and most
affected hemispheres (C+), which were determined according to MDS UPDRS 11l items 3.3 to
3.8 and 3.15 to 3.17. The most severely affected hemisphere was defined as contralateral to the
most affected body side (higher scores in the aforementioned MDS UPDRS items). For the

control group, we analyzed dominant and non-dominant hemispheres.
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Figure 1. Experimental setup of obstacle avoidance condition. Black bars represent the obstacle
position on the walkway and the grey area shows the GAITRite position. The arrow indicates
the walking direction.
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2.2.3 fNIRS recordings and processing

Changes in HbO> concentration in the PFC were measured with a wireless 8-channel
(35mm of interoptode distance) OctaMonfNIRS system (Artinis Medical Systems, Netherlands,
10 Hz sampling rate) and data using the respective Oxysoft™ 3.0.52 software (Artinis Medical
Systems, Elst, the Netherlands). The cap was positioned on the left and right sides of the
forehead following the international 10-20 system. This location roughly targets left and right
Brodmann’s areas 9 and 10, which represent the dorsolateral and anterior PFC. Oxysoft™ 3.0.52
software (Artinis Medical Systems, Elst, the Netherlands) was used for data collection.

Processing of fNIRS followed previous recommendations®l. We chose the HbO:
concentration as it is the most sensitive indicator of walking-related changes in cortical
activity®224, The concentration of HbO, was calculated using the modified Lambert-Beer law.
The differential path factor (DPF) was set to 6.61 for all participants, since no data are available
for adults aged 50+ years. The fNIRS data were pre-processed using NIRS-SPM open source
toolbox for Matlab (MathWorks, Natick, MA)®. A low-pass filter (0.14Hz) based on canonical
hemodynamic response function was used to reduce the high-frequency noise®>%®. A wavelet-
minimum description length detrending algorithm was applied to decompose NIRS
measurements into global trends, hemodynamic signals, and uncorrelated noise components as
distinct scales®” 3. Preprocessed data were exported to Matlab, in which further data processing
was performed using a customized algorithm. HbO- concentration signals were averaged per
region of interest (left and right PFC) and normalized by dividing them by corresponding signal
amplitude of the whole trial. Each of the five trials was divided into 3 phases: (i) a ‘baseline’
period, 15 s before the instruction to start walking (the 5 s immediately before the instruction
were excluded); (ii) early phase, from 5 to 15 s walking; (iii) late phase, from 15 to 25 s walking.
The baseline HbO2 concentration was used to normalize the HbO2 concentration from early and

late phase recordings®*?.

2.2.4 EEG recordings and processing

EEG and trunk accelerometry were recorded using a wireless Mobita 32-channel system
(TMSi, Netherlands), sampled at 500 Hz. This is a gel-based system with passive electrodes.
All processing and analysis were performed in Matlab using an open source toolbox for
processing EEG data (EEGLAB 13.0.1b)*. Initially, EEG data were segmented into gait cycles
(epochs), according to the accelerometer data, which were processed following previous

recommendations*. Briefly, acceleration data were transformed to a horizontal-vertical
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coordinate system and filtered with a fourth-order Butterworth filter (20 Hz). To estimate the
initial and final contact events within the gait cycle, we used a continuous wavelet transform
(CWT) of vertical acceleration which was first integrated and then differentiated using a
Gaussian CWT. The initial and final contacts were detected as the local minima and maxima of
the CWT, respectively. Both right and left heel strike were identified, as well as step crossing
(in obstacle avoidance condition).

Individual EEG datasets from both conditions were merged into a single dataset, which
were band-pass filtered (1-100 Hz), and line noise removed (60 Hz). Channels with substantial
artifacts throughout the recordings were removed using the following methods: (i) channels
with magnitude < 30 or >2000 pV; (ii) channels with kurtosis >5 standard deviations from the
mean; (iii) channels with standard deviation substantially greater compared to neighboring
channels'’#2, After rejecting channels, independent component analysis (RUNICA, from
EEGLAB) was performed on the dataset to identify and remove eye blinks and artifacts related
to muscle activity**~*°. In addition, epochs were removed by visual inspection. These methods
of rejecting motion-related artifacts during walking have been tested in previous studies and
showed efficiency*?4°,

Four steps before obstacle crossing were selected and a matching number of epochs
from the unobstructed walking condition was randomly created for comparison with the
obstacle condition (26.47+5.76 epochs). Since we have a limited number of electrodes (32
channels), we opted to analyze the power spectrum of brain areas closest to the electrode
locations following the 10-20 EEG system. Four channels across all participants were selected
(FCz, C3, C4, and CPz). These channels were chosen because they may capture information
from brain regions related to motor planning (supplementary motor area; SMA), motor
execution (primary motor cortex; M1), and sensorimotor processing (posterior parietal cortex).
The power spectrum from the remaining EEG channels was computed across the time series
representing the four steps prior to obstacle crossing (Hanning windowing, 1024 ms FFT, 512
ms point window). The absolute power of the power spectrum from each channel was averaged
in the alpha (9-13 Hz), beta (14-30 Hz), and low gamma (31-50) frequency bands across the

epoch time-course.

2.2.5 Gait assessment
Spatiotemporal gait parameters were measured using a 5.74-mGAITRite® system (CIR

Systems Inc., Clifton, USA), sampled at 200 Hz, placed over one straight segment of the circuit.
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This system was connected to a computer using GAITRIite software version 4.7.5 (CIR Systems
Inc., Clifton, USA) for recording, initial processing, and storing data. A customized Matlab
algorithm was used to calculate gait parameters. The last four steps prior to the obstacle
(approach phase) and four steps of unobstructed walking were considered. Means and
variability, calculated by the coefficient of variation (CV = (standard deviation/mean)*100*')

of step length, step duration, and velocity were calculated.

2.2.6 Statistical analysis

T-tests (age, height, weight), Mann-Whitney test (MMSE), and Pearson’s Chi-square
test (sex) were performed to compare demographic characteristics of the two groups. The paired
samples Wilcoxon test was used to compare disease severity (MDS-UPDRS I11) between ON
and OFF medication states. Relative HbO», EEG dependent variables, and gait parameters were
analyzed by two-way ANOVAs, with group (PD OFF vs control group) and condition
(unobstructed walking vs obstacle avoidance) as factors, with repeated measures for condition.
The comparison between people with PD in the OFF state and the control group was performed
to understand the effects of PD on gait and electrocortical parameters*®. In order to investigate
the effects of medication (OFF vs ON), two-way ANOVA, with medication and condition as
factors and repeated measures for both factors, was performed. The Bonferroni post hoc test,
corrected for multiple comparisons (P value/number of comparisons), was used to localize the
differences where ANOVA revealed significant interactions. All statistical analyses were run
in SPSS 22.0 (IBM Corporation, Armonk, New York, USA). The level of significance was set
at p<0.05.

2.3 RESULTS

There was an expected improvement in motor symptoms (MDS-UPDRS-11I scores)
after medication intake. The PD group presented a lower MMSE score and fewer women than
the control group (Table 1). However, no PD participants showed cognitive decline according
to the MMSE score. All participants successfully avoided the obstacles and people with PD did

not present freezing of gait during the experimental task.
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Table 1. Participant characteristics (Mean + SD).

PD group Control group p value
Age (years) 70.55+6.03 67.99+5.61 0.118
Sex (Male/Female) 18/5 15/15 0.035
Height (cm) 166.24+10.17 163.44+8.94 0.201
Weight (kg) 74.10+10.34 76.68+13.89 0.459
MMSE (0-30) 26.57+£2.02 27.67+£1.60 0.047
MDS-UPDRS 111 - OFF (0-132) 37.70+12.16 - .
MDS-UPDRS 111 - ON (0-132) 29.91+11.95 - <0001
Disease duration (years) 5.26+3.08 - NA
LED (mg/day) 633.29+289.52 - NA

Notes: MMSE: Mini-Mental State Examination; MDS-UPDRS I1ll: Movement Disorders
Society — Unified Parkinson's Disease Rating Scale, motor part; LED: Levodopa Equivalent
Dose; NA: not-applicable; * difference between OFF and ON state.

2.3.1 Changes in PFC activation — fNIRS data

PD OFF vs control group. There was a significant group vs condition interaction for
HbO> levels in both early and late phases of the less affected/dominant (F1,5:=3.155, p=0.08,
pn?=0.058, trend; F15:=5.359, p=0.025, pn?=0.095, respectively) and most affected/non-
dominant hemispheres (F1,5:1=5.528, p=0.023, pn?=0.098; F15:=11.268, p=0.001, pn?=0.181,
respectively) (Figure 2). Post-hoc tests revealed that only the control group presented increased
PFC activation of both hemispheres during obstacle avoidance compared to unobstructed
walking in the early phase (dominant: p=0.029; non-dominant: p=0.065, trend). People with
PD in the OFF state presented decreased PFC activation during obstacle avoidance compared
to unobstructed walking in the late phase of both the less affected (p=0.043) and most affected
hemispheres (p=0.001). In addition, people with PD in the OFF state presented higher PFC
activation in the late phase of the most affected hemisphere during unobstructed walking
compared to the control group (p=0.044).

PD OFF vs PD ON. There was a significant medication vs condition interaction for
HbO: levels in both early and late phases of the less affected (F1,22=4.590, p=0.043, pn?=0.173,
F120=9.177, p=0.006, pn?=0.294, respectively) and most affected hemispheres (F12,=6.011,
p=0.023, pn?=0.215, F12,=10.820, p=0.003, pn?=0.330, respectively) (Figure 2). The post-hoc
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test revealed that people with PD in the ON state presented increased PFC activation in the
early phase of both the less affected (p=0.052, trend) and most affected hemispheres (p=0.015)
during obstacle avoidance compared to unobstructed walking. In the late phase, there was
decreased PFC activation of both the less affected (p=0.054, trend) and most affected
hemispheres (p=0.005) during obstacle avoidance compared to unobstructed walking during
the OFF state. Furthermore, reduced PFC activation in obstacle avoidance was observed in the
OFF compared to ON state (p=0.022) in both the less affected (p=0.066, trend) and most
affected hemispheres (p=0.002).
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Figure 2. Means and standard errors of relative oxygenated hemoglobin (HbO>) levels in early
and late phases during unobstructed walking (UW) and obstacle avoidance (OA) for people
with PD in OFF and ON state, and control group. Horizontal solid lines indicate interaction
results on PD OFF vs PD ON comparison in both phases. Horizontal dashed lines indicate
interaction results on PD OFF vs control group comparison in both phases.

2.3.2 EEG absolute power during unobstructed walking and obstacle avoidance
Data from three participants of the PD group and one of the control group were removed
due to artifacts. Therefore, 20 and 29 EEG data from the PD and control groups, respectively,

were included in the analyses.
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PD OFF vs control group

Alpha band. There was a significant interaction between group and condition for
absolute power in the FCz (F147=8.012, p=0.007, pn2=0.146) and C+ (F147=3.976, p=0.052,
pn2=0.078, trend) (Figure 3). The post-hoc test revealed that people with PD presented higher
alpha power in C+ than the control group in both unobstructed walking (p=0.024) and obstacle
avoidance (p=0.037). The PD group also presented decreased alpha power of FCz (p=0.006)
and C+ (p=0.005) during the obstacle condition compared to unobstructed walking, while there
was no difference in the control group. A main effect of condition was observed, showing that
both groups presented decreased alpha power in the C- (F1,47=8.246, p=0.006, pn?=0.149) and
CPz (F1,47=4.901, p=0.032, pn?=0.094) in the obstacle condition.

Beta band. A main effect of condition was observed for FCz (F1,47=19.828, p<0.001,
pn2=0.297), C+ (F147=11.415, p=0.001, pn?=0.195), and CPz (F147=17.437, p<0.001,
pn?=0.271) (Figure 3). Compared to unobstructed walking, both the PD and control groups
presented decreased absolute power of these areas in the obstacle condition.

Gamma band. A trend towards a main effect of group was found for CPz (F1,47=3.560,
p=0.065, pn2=0.070) (Figure 3). Regardless of the experimental condition, people with PD

presented smaller gamma power than the control group.

PD OFF vs PD ON

Alpha band. A main effect of condition was observed, showing that in both medication
states, people with PD presented decreased alpha power in the FCz (F1,19=13.811, p=0.001,
pn2=0.421), C- (F1,10=5.396, p=0.031, pn?=0.221), and CPz (F1,10=5.315, p=0.033, pn?=0.219)
in the obstacle condition (Figure 3).

Beta band. ANOVA revealed a trend of medication effect for CPz (F1,19=3.869,
p=0.064, pn?=0.169), showing an increased beta power in the ON compared to OFF state
(Figure 3). A main effect of condition was observed for FCz (F1,10=8.619, p=0.008, pn?=0.312),
C- (F1,10=16.819, p=0.001, pn?=0.470), C+ (F1,0=13.305, p=0.002, pn?=0.412), and CPz
(F1,10=13.896, p=0.001, pn?=0.422). People with PD showed decreased absolute power of these
areas in the obstacle condition compared to unobstructed walking.

Gamma band. A trend towards medication effect was observed for CPz (Fy,10=4.013,
p=0.060, pn?=0.174), showing that, regardless of the experimental condition, people with PD

in the ON state presented greater gamma power than in the OFF state (Figure 3).
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Figure 3. Means and standard errors of EEG absolute power of (A) FCz, (B) C+, (C) C- and
(D) CPz channels during unobstructed walking and obstacle avoidance. @ indicates interaction
results of PD OFF vs control group. & indicates main effect of medication and A shows the
main effect of group (PD OFF vs control group). Main effect of condition results is expressed
by # (PD OFF vs control group) and + (PD OFF vs PD ON).
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2.3.3 Gait behavioral performance

PD OFF vs control group. A main effect of group revealed that people with PD in the
OFF state had smaller step length (F1,5:=9.090, p=0.004, pn?=0.151) and slower step velocity
(F1,51=3.852, p=0.055, pn?=0.070, trend) than the control group (Table 2). In addition, a main
effect of condition showed that both groups presented decreased step length (F1,5:=33.502,
p<0.001, pn?=0.396) and velocity (F1,5:=35.082, p<0.001, pn?=0.408), and increased variability
of step length (F151=87.631, p<0.001, pn>=0.632), step time (F151=14.255, p<0.001,
pn*>=0.218), and step velocity (F151=34.566, p<0.001, pn>=0.404) in the obstacle condition
compared to unobstructed walking (Table 2). There was no interaction between factors.

PD OFF vs PD ON. A significant interaction between medication and condition for step
velocity was revealed (F12,=4.864, p=0.038, pn?=0.181) (Table 2). The post hoc test showed
that people with PD in the OFF state had slower step velocity than in the ON state during
unobstructed walking (p=0.015). Regardless of medication state, people with PD presented
decreased step velocity during the obstacle condition compared to unobstructed walking (PD
OFF: p=0.002; PD ON: p<0.001). A main effect of medication showed that people with PD
increased both step length (F1,22=10.205, p=0.004, pn?=0.317) and step velocity (F1,2:=4.710,
p=0.041, pn?=0.176) in the ON compared to OFF state (Table 2). A main effect of condition
showed that people with PD presented decreased step length (F12:=12.566, p=0.002,
pn?=0.364) and step velocity (F1,22=20.979, p<0.001, pn?=0.488), and increased variability of
step length (F1,2,=48.401, p<0.001, pn2=0.688), step time (F1,2,=19.378, p<0.001, pn2=0.468),
and step velocity (F120=3.729, p=0.066, pn?=0.145, trend) during the obstacle condition

compared to unobstructed walking (Table 2).



Table 2. Gait parameters of unobstructed walking (UW) and approach phase of obstacle avoidance (OA) by groups (Mean = SD).

Gait parameters PD OFF PD ON CG M(gg?cﬁién Condition Interaction
Mean
UW  60.47+8.35 62.58+8.57 67.48+7.14
Step length (cm) ON>OFF<CG UW>SA
OA  58.74+7.68 60.26+8.08 64.43+7.87 @
Uw  0.53+0.03 0.52+0.04 0.54+0.06
Step time (s)
OA  0.52+0.04 0.53+0.04 0.54+0.07
UW 115.18+16.56  119.92+18.09  125.55+17.32 UW>OA OFF vs ON
Step velocity (cm/s) ON>OFF<CG @ + UW: OFF<ON
OA 112.49+16.73  115.05+18.51  120.70+18.02 OFF/ON: UW>0A
Variability
Uw  6.144+3.24 5.43+2.85 4.01+2.56
Step length (%) UW>SA
OA  11.4746.09 0.78+3.48 10.95+4.55 @
uw 4.57+£1.60 5.17+£3.34 4.71+£3.34
Step time (%) UW>SA
OA  6.56+2.07 7.31+2.92 5.94+2.05 @
Uw  7.28+2.48 7.8316.69 5.62+1.58
Step velocity (%0) UW?S_)A
OA 9574551 9.33+4.70 9.47+3.99 @

Notes: Main effect of condition results is expressed by @ (PD OFF vs PD ON), + (PD OFF vs CG), and & (PD ON vs CG). tshows a trending.
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2.4 DISCUSSION

This study investigated the effects of dopaminergic medication on cortical activity
during unobstructed walking and obstacle avoidance in people with PD. Our findings
demonstrated that while HbO- levels were unchanged in the early phase of obstacle avoidance
for people with PD without medication, HbO: levels decreased in the late phase of obstacle
avoidance. In contrast, both people with PD in the ON state and the control group presented
increased HbO: levels in the obstacle condition compared to unobstructed walking. Moreover,
people with PD in both OFF and ON states presented reductions in the alpha power in FCz and
C+ during obstacle avoidance, when compared to unobstructed walking. In addition, alpha
power was reduced for all participants (regardless of the medication state) in the CPz as well as
the beta power in FCz, C3/4, and CPz during obstacle avoidance compared to unobstructed
walking. In the ON state, people with PD showed higher beta and gamma power in the CPz
than the OFF state. Overall, our results demonstrated that dopaminergic medication may alter
brain activity during walking, specifically increasing the availability of cognitive resources
during more complex walking, while increasing sensory integration to modify the spatial and

temporal parameters of gait.

2.4.1 Effect of PD medication on PFC HbO2

Our findings showed that people with PD in the OFF state did not present increased
PFC activation during obstacle avoidance. Ageing reduces neural efficiency, leading older
adults (with and without pathology) to demonstrate increased PFC activity as a compensatory
mechanism to enhance motor performance®. However, the lack of dopaminergic resources
reduces neural efficiency for patients with PD in the OFF state, subsequently compromising the
use of compensatory mechanisms to perform obstacle avoidance, as established in the
CRUNCH hypothesis?. In contrast, there was increased PFC activation during obstacle
avoidance in the ON state, concomitantly to increased PFC activation for the healthy
participants. Previous studies have also reported greater PFC involvement, and the allocation
of cognitive resources, to achieve satisfactory motor performance levels in obstacle
conditions'®2, Likewise, the higher gait variability in both healthy individuals and patients
with PD when avoiding obstacles demonstrates some impairment in the automatic control of

walking, it being necessary to implement compensatory mechanisms to complete the motor task
50,51
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Increased PFC activity with medication intake may be related to reduced cortico-striatal
disruption, as people with PD present disrupted balance between excitatory and inhibitory
activity in the basal ganglia®>>%. GABAergic outputs of the basal ganglia in thalamocortical
neurons may decrease cortical excitation, such as at the PFC?"°4, However, dopaminergic
medication increases the availability of dopamine in the system and re-establishes the
thalamocortical pathway, improving the cortico-striatal circuit®. Taken together, our findings
show that dopaminergic medication may facilitate PFC activation during challenging walking

tasks in both the less and most affected hemispheres.

2.4.2 Electrocortical activity during obstacle avoidance

The reduced alpha and beta power in FCz, C3/4, and CPz for both the control group and
people with PD during obstacle avoidance suggests greater cortical involvement of brain
regions in postural control. These channels may represent activity in the SMA, M1, and
posterior parietal cortex, respectively. Previous studies have demonstrated that the power in
either alpha or beta bands in the sensorimotor cortices is reduced during complex motor actions,
such as active walking compared to robot-assisted walking®®, walking on a balance beam?*, and
normal walking compared to stabilized walking?. In addition, precision stepping tasks increase
electrocortical activity in sensorimotor areas'’. Taken together, our findings suggest that both
healthy older adults and people with PD present reduced alpha and beta power from the SMA,
M1, and posterior parietal cortex to safely avoid obstacles during walking.

People with PD in the OFF state showed greater alpha power in C+ during walking. PD
affects basal ganglia outputs, leading to over-inhibition of the thalamus and reduced excitation
of cortical motor structures, such as the SMA and M1%%", which could lead to hypokinetic
gait®®. This pathophysiology could explain the higher alpha power, suggesting that PD favours
neural firing in the motor cortex (C+) at frequencies close to the alpha band. In addition, we
found that people with PD in the OFF state presented smaller step length and slower step
velocity, which corroborates with the aforementioned hypothesis of hypokinetic gait.

Interestingly, levodopa intake increases beta and gamma oscillations in the CPz (related
to posterior parietal cortex), which is involved in sensory integration and drives decision-related
activities®. Activation in the parietal cortex has also been observed during visually guided gait
modification, suggesting that this may contribute to locomotor control®®*°, An EEG study
demonstrated that the parietal cortex plays a role in planning limb trajectories and foot

placement next to the obstacle®®. Therefore, the higher beta and gamma spectral power in people



31

with PD in the ON state in our study suggests increased sensorimotor integration to control
locomotion and successfully avoid obstacles®®. Thus, our results suggest that levodopa increases
cortical activity in the parietal areas and ameliorates the impaired sensorimotor integration
during walking in people with PD.

This study presents some limitations. First, we did not use short-separation channels to
control the peripheral hemodynamic response. However, we applied Wavelet-MDL detrending
to remove unknown global trends from our data®"%’. Additionally, the low number of EEG
channels may impose a limitation to our conclusions. The use of high-density EEG (64 channels
or more) would have allowed the extraction of independent components from participants’
datasets>162°,

In conclusion, this study demonstrated that people with PD in the OFF state did not
present increased PFC activation during obstacle avoidance, as the disease reduces the neural
efficiency to recruit additional cognitive areas to compensate for deficits associated with PD.
However, dopaminergic medication increased PFC activation, improving compensatory
functions to avoid obstacles and improving overall gait performance. Lastly, PD medication
helps to improve sensorimotor integration during walking by increasing posterior parietal

cortex (CPz) activity.
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ABSTRACT
Background: Parkinson’s disease (PD) is often classified into tremor dominant (TD) and
postural instability gait disorder (PIGD) subtypes. Degeneration of subcortical/cortical
pathways is different between PD subtypes, which leads to differences in motor behaviour.
However, the influence of PD subtype on cortical activity during walking remains poorly
understood. Objective: To investigate the influence of PD motor subtypes on cortical activity
during unobstructed walking and obstacle avoidance. Methods: In total, 17 PIGD and 19 TD
patients performed unobstructed walking and obstacle avoidance conditions. Brain activity was
measured using a mobile fNIRS-EEG system, and gait parameters were analyzed using an
electronic carpet. Concentrations of oxygenated hemoglobin (HbO2) of the prefrontal cortex
(PFC) and EEG absolute power from alpha, beta, and gamma bands in FCz, Cz, CPz, and Oz
channels were calculated. Results: PIGD patients presented higher PFC activity than TD
patients, regardless of the walking condition. TD patients presented reduced beta power in the
Cz and CPz, and increased gamma power in the Cz during obstacle avoidance compared to
unobstructed walking. In addition, PIDG patients presented smaller step length and slower step
velocity compared to TD patients. Conclusions: PIGD patients need to recruit additional
cognitive resources from the PFC for walking, however, they did not present an efficient
compensatory mechanism to compensate for their gait impairments. TD patients present
specific changes in the activation of brain areas related to motor/sensorimotor areas to perform

obstacle avoidance.

Keywords: EEG, fNIRS, Gait, Tremor dominant, PIGD.
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3.1 INTRODUCTION

Parkinson's disease (PD) is a heterogeneous neurodegenerative disease with distinct
pathophysiological and clinical characteristics®. People with PD can be classified into two
subtypes according to clinical observation of motor symptoms: tremor dominant (TD) and
postural instability and gait disorder (PIGD)!. TD demonstrates slow disease progression and
early onset of symptoms and is predominantly characterized by the presence of tremor®*. In
contrast, PIGD presents bradykinesia, rigidity, postural instability, a higher risk of falling,
marked cognitive decline, rapid disease progression, and late onset symptoms3°, Behavioural
gait outcomes indicated that PIGD patients present shorter step length, slower gait velocity, and
higher gait variability when compared to TD patients®®. In addition, PIGD patients
underperform during obstacle avoidance, presenting slower velocity to overcome obstacles and
shorter horizontal and vertical distance from foot to obstacle®, which may increase the risk of
falls. Therefore, these findings demonstrate that people with PD present symptomatic and
behaviour differences that vary according to PD subtype .

Previous studies suggested that the degeneration of subcortical/cortical pathways and
structures is different between PD subtypes® 4. PIGD is associated with increased grey matter
atrophy in several cortical areas, including the prefrontal cortex (PFC), supplementary motor
area (SMA), and primary motor cortex (M1), evoking abnormal neuronal activities in those
areas>!®, PIGD has also been associated with hypo-connectivity between striatum, thalamus,
motor and fronto-parietal areas'®*?. In addition, PIGD patients present hypoactivity in the
cerebellum, hypo-connectivity between the putamen and the SMA, and hyper-connectivity
between the pedunculopontine nucleus and cortical motor areas'®!*. These dysfunctions in
communication between the subcortical and cortical regions have been related to greater gait
impairment and freezing of walking in PIGD patients>!>!6, TD subtype has been associated
with decreased cerebellar grey matter and cerebello-thalamo-cortical circuit and basal ganglia
dysfunction®1®1317  TD patients show hyperactivity in the cerebellum, which might be a
compensatory effect to overcome defective basal ganglial®. In addition, these patients have
hyper-connectivity in motor, somatosensory, and visual areas that have been associated with
compensation for decreased movement automaticity®*®. These studies did not looked at data
during real walking. Therefore, changes in subcortical and cortical levels and differences in
neural circuits allow us to speculate that, during walking, people with PD present differences
in cortical activity according to PD subtype. However, the influence of PD subtypes on cortical

activity during walking remains poorly understood.
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Combined functional near-infrared spectroscopy (fNIRS) and electroencephalography
(EEG) are useful and reliable tools for monitoring cortical activity during walking in an
ecological environment?8, Studies assessing brain activation in people with PD while walking
demonstrated increased PFC activation, which has been associated with compensatory
mechanisms to control locomotion®*?!, This increase is higher when navigating in
environments with obstacles?®?2, Moreover, people with PD present reductions in alpha and
beta power in the SMA, M1, and posterior parietal cortex during obstacle avoidance when
compared to unobstructed walking??. These results suggest greater involvement of brain regions
involved in sensorimotor modulation to assure safe obstacle avoidance? 2%, Despite the strong
scientific evidence regarding the role of the PFC in gait modulation in people with PD, there is
very limited information regarding brain activity across cortical areas such as the SMA, M1,
and parietal cortex?’. Moreover, studies assessing cortical activity during walking have not
considered PD subtypes. Due to the heterogeneity of symptoms and walking kinematics, it is
likely that people with PD present distinct cortical activity depending on the PD subtype.

Therefore, using mobile fNIRS and EEG systems, this study aimed to investigate the
influence of PD motor subtypes on cortical activity during unobstructed walking and obstacle
avoidance. Due to the greater gait impairment and reduced automaticity of PIGD patients®8, it
was expected that these patients would present higher PFC activation, demonstrating
recruitment of additional cognitive resources, as a compensatory mechanism, to maintain gait
performance?®?®2° |t was also expected that both TD and PIGD patients would present
increased PFC activity during obstacle avoidance compared to unobstructed walking. In
addition, we hypothesized that patients would reduce the alpha and beta band spectral power in
motor and sensory areas regardless of the PD subtype during obstacle avoidance, as these bands
are involved in the control of stability and gait adaptation?3?4%, We also hypothesized that
PIGD patients would present greater alpha (9-13 Hz) and smaller beta (14-30 Hz) and gamma
(31-50 Hz) frequency bands, as PIGD is related to hypoactivity in the cortical and subcortical
areas™. Finally, it was expected that PIGD patients would present shorter step length, slower

step velocity, and higher gait variability than TD patients.

3.2 METHODS
3.2.1 Participants

Forty patients with PD were recruited, classified as PIGD (n=17), TD (n=19) or
indeterminate (n=4) based on subscores of the Movement Disorders Society United Parkinson’s
Disease Rating Scale (MDS UPDRS-I1I) parts 11 and I11*%. The ratio of the average TD-score
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(11 items) and the average PIGD-score (5 items) was assessed. Patients with a ratio > 1.15 were
classified as TD and with a ratio <0.9 as PIGD. Additionally, patients with a positive mean in
the numerator and zero in the denominator were classified as TD, while patients with a zero in
the numerator and a positive mean in the denominator were classified as PIGD?. If the scores
were in between these values, they were considered as indeterminate and excluded from further
analyses. Patients were included if diagnosed with PD according to the UK Brain Bank criteria.
Exclusion criteria were cognitive impairment (Mini-Mental State Examination (MMSE)
score<24), neurological disorders (other than PD), and musculoskeletal, orthopedic, and/or
visual impairments that could affect performance. Patients were tested during the “ON state”
of PD medication. This study was approved by the local research ethics committee. All patients

provided written informed consent to participate in this study.

3.2.2 Clinical and cognitive evaluation

Motor severity was evaluated using the motor section of the MDS UPDRS-I11%2, The
levodopa equivalent daily dose (LEDD) was calculated according to established methods®. The
MMSE was used to assess global cognitive function®. The Trail Making Test (TMT) parts A
and B were administered for screening speed of processing, mental flexibility, and executive
function®. The difference between TMT-B and TMT-A was considered for analysis.

3.2.3 Protocol

Gait and cortical activation were assessed during two conditions (at self-selected speed):
(i) unobstructed walking and (ii) obstacle avoidance, both using a previously described
protocol?2. Four foam obstacles (60 cm width x 5 cm depth x 15 cm height) were evenly spaced
along the walking path during the obstacle conditions. Each condition was randomly performed
five times. Each trial started with the instruction to stand quietly, looking straight ahead, and
thinking about nothing for 30 seconds®. Next, a “start” instruction was given and the

participants were required to walk around a 26.8 m circuit for 30 seconds.

3.2.4 Data analysis
Further fNIRS and EEG analysis details were described in our previous study?.
fNIRS analysis. Changes in oxygenated haemoglobin (HbO2) concentration in the PFC
were measured with a wireless fNIRS system (OctaMon, Artinis Medical Systems, The
Netherlands), sampled at 10 Hz. The fNIRS sensors (8 channels) were placed over the forehead

of the patients, following the international 10-20 EEG system. This location roughly targets left
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and right Brodmann’s areas 9 and 10, which represent the dorsolateral and anterior PFC.
Oxysoft™ 3.0.52 software (Artinis Medical Systems, The Netherlands) was used for data
collection.

Data processing for fNIRS followed previous recommendations?”3"3, On NIRS-SPM
open-source toolbox for Matlab (The Mathworks Inc., Natick, MA, USA)%®, filtering of the
fNIRS signal was conducted using a low-pass filter (0.14Hz) based on canonical hemodynamic
response function (to reduce the high-frequency noise)®*#° and a wavelet filter (to remove
motion artifacts)* 3. Next, using a customized script in the Matlab, HbO_ concentration signals
were averaged per region of interest (left and right PFC) and normalized by dividing them by
corresponding signal amplitude of the whole trial**#°. Each of the five trials was divided into 3
phases: (i) a ‘baseline’ period, 15 s before the beginning of the walking instructions (the 5 s
immediately before the instruction was excluded); (ii) early phase, period walking from 5 to
15s after the instruction “start”; (iii) late phase, from 15 to 25s walking. The objective of
separating early and late periods was to observe the differences in acute versus persistent PFC
activity*®. Baseline HbO, concentration was subtracted from the experimental task to evaluate
the relative change in HbO concentration in each experimental condition?*2°, We averaged left
and right PFC HbO2 for further analysis, as no differences between right and left were observed
(p>0.104).

EEG analysis. EEG data were recorded using a wireless Mobita 32-channels system
(TMSI, Netherlands). The sampling rate was set to 500 Hz. This EEG system is a gel-based
system with passive electrodes. All processing and analysis were performed in Matlab using an
open-source toolbox for processing EEG data (EEGLAB 13.0.1b)*. The EEG recordings were
synchronized to the accelerometer data, which was coupled to the Mobita system and attached
to the lower back (L5) of the participant to record vertical acceleration. We used the acceleration
data to estimate the initial and final contact events within the gait cycle, following the previous
recommendations®®. Both right and left heel strike were identified, as well as step crossing (in
obstacle avoidance condition). EEG data were segmented into gait cycles (epochs).
Subsequently, individual EEG datasets from both conditions were merged into a single dataset,
which was band-pass filtered (1-100 Hz) and line noise removal (60 Hz). Substantial artifacts
throughout the recordings were removed using the following methods: (i) channels with
magnitude < 30 or > 2000 uV; (ii) channels with kurtosis > 5 standard deviations from the
mean; (iii) channels with standard deviation substantially greater compared to neighboring

channels®4°, After rejecting channels, independent component analysis (RUNICA, from
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EEGLAB) was performed on the dataset to identify and remove eye blinks and artifacts related
to muscle activity®*>2. In addition, epochs were removed by visual inspection.

Four steps were selected before obstacle crossing, and a matching number of epochs
from the unobstructed walking condition was randomly created to ocompare to the obstacle
condition (24.97+6.22 epochs). Due to the limited number of electrodes (32 channels), we
analyzed the power spectrum of brain areas closest to the electrode locations following the 10-
20 EEG system. A subset of four channels across all patients was selected (FCz, Cz, CPz, and
0Oz). These channels were chosen due to the information captured from the brain regions which
are related to motor planning (SMA), motor execution (M1), sensorimotor processing (posterior
parietal cortex), and visual information (visual cortex). The power spectrum from the remaining
EEG channels was computed across the time series representing the four steps prior to obstacle
crossing (Hanning windowing, 1024 ms FFT, 512 ms point window). The absolute power of
the power spectrum from each channel was averaged in the alpha (9—13 Hz), beta (14-30 Hz),
and low gamma (31-50) frequency bands across the epoch time-course.

Gait analysis. Spatiotemporal gait parameters were measured using a 5.74-m
GAITRIite® system (CIR Systems Inc., Clifton, USA), sampled at 200 Hz, placed over one
straight segment of the circuit. This system was connected to a computer using GAITRite
software version 4.7.5 (CIR Systems Inc., Clifton, USA) for recording, initial processing and
storing data. A customized Matlab script was used to calculate gait parameters. The last four
steps prior to the obstacle (approach phase) and the four steps of unobstructed walking were
considered. Means and variability (equal to the coefficient of variation (CV = (standard

deviation/mean)*100°3) were calculated for step length, step duration, and velocity.

3.2.5 Statistical analysis

Subject characteristics between groups were compared using independent T-tests for
demographic, clinical, and cognitive variables, and the Chi-square test for sex. Relative HbO,
EEG dependent variables, and gait parameters were analyzed by two-way ANOVAs, with
group (PIGD vs TD) and condition (unobstructed walking vs obstacle avoidance) as factors,
with repeated measures for condition. Tukey post hoc tests were used to localize the differences
between groups. All statistical analyses were run using SPSS 22.0 (IBM Corporation, Armonk,
New York, USA). The level of significance was set at p< 0.05.
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3.3 RESULTS
Table 1 summarizes the characteristics of the participants. As expected, the PIGD
presented higher PIGD-scores and lower TD-scores compared to the TD. No patients presented

any episode of freezing during the gait protocol.

Table 1. Participant characteristics (Mean + SD).

PIGD TD p value

Demographic

Sex (Male/Female) 11/6 12/7 0.923

Age (years) 69.4+6.6 70.8+6.8 0.523

Height (cm) 166.8+10.0 164.8+11.0 0.559

Weight (KQg) 73.2+10.9 71.5+9.0 0.607
Clinical

Disease duration (years) 45+2.5 5.2+2.8 0.453

MDS-UPDRS 111 (0-132) 35.6+16.1 27.6+10.0 0.080

PIGD-score (0-20) 4.4+1.6 1.8+1.2 <0.001*

TD-score (0-44) 5.7+3.7 9.8+4.6 0.006*

Levodopa equivalent dose (mg/day) 530.5+384.0 633.7+326.3 0.390
Cognitive function

Mini-Mental State Examination (0-30) 26.1 £2.5 25.912.5 0.894

Trail Making Test (B-A) (S) 103.2+85.4 140.6+98.3 0.234

MDS-UPDRS IlI: Movement Disorders Society — Unified Parkinson's Disease Rating Scale,
motor part. * indicates differences between PIGD and TD group.

3.3.1 Prefrontal activity during walking

A main effect of Group was found for HbO, level, showing that PIGD patients had
higher PFC activity in both early (F134=5.704, p=0.023, np?>=0.144) and late phases
(F1,34=7.247, p=0.011, np?=0.176) than TD patients, regardless of walking condition (Figure 1).
In addition, a main effect of Condition was observed for HbO level in the early phase
(F1,34=6.784, p=0.014, ny?=0.166). Patients presented increased PFC activity in early phase
during obstacle avoidance compared to unobstructed walking (Figure 1). No interaction was

observed between Group and Condition.
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Figure 1. Means and standard errors of oxygenated hemoglobin (HbO>) levels in the early and
late phases during unobstructed walking (UW) and obstacle avoidance (OA) for PIGD and TD
groups. * indicates at main effect of group and # indicates at main effect of condition.

3.3.2 EEG absolute power during walking

Data of two participants of the PIGD group and three of the TD group were removed
due to substantial noise in the EEG recordings. Therefore, 15 and 16 EEG data from PIGD and
TD group, respectively, were included in the analyses.

Alpha band. A main effect of Condition was observed, showing that both groups
presented decreases in alpha power in the FCz (F1,29=8.309, p=0.007, np?=0.223) and CPz
channels (F1,29=3.718, p=0.064, np?=0.114, trend) in the obstacle avoidance condition when
compared to unobstructed walking (Figure 2). There was no interaction between Group and
Condition.

Beta band. A Group by Condition interaction was observed in the Cz (F1,29=6.473,
p=0.017, np?>=0.182) and CPz channels (F1,20=3.549, p=0.07, np?>=0.109, trend) (Figure 2). The
post hoc test showed that the TD group presented decreased beta power in the Cz (p=0.007)
and CPz (p=0.002) during the obstacle avoidance compared to unobstructed walking
conditions, whereas no difference was observed for the PIGD group. A main effect of Condition
was observed in the FCz (F120=4.290, p=0.047, ny?=0.129) and CPz channels (F120=8.023,
p=0.008, np?=0.217) (Figure 2). Compared to unobstructed walking, in the obstacle condition,

both the PIGD and TD groups presented decreases in the absolute power of these channels.
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Gamma band. ANOVA indicated a trend for a Group by Condition interaction in the Cz
channel (F1,20=3.397, p=0.076, 1p?=0.105). The post hoc test revealed that TD patients
presented significantly increased gamma power during obstacle avoidance compared to
unobstructed walking (p=0.002), but the PIGD group did not present changes. A main effect of
Condition was observed in the Cz (F1,20=7.786, p=0.009, 1y>=0.212), CPz (F1,29=3.495, p=0.07,
Np?=0.108, trend), and Oz channels (F1,29=4.136, p=0.05, 1np?>=0.125)(Figure4). Regardless of
the group, participants presented increased absolute power of these channels in the obstacle

avoidance when compared to unobstructed walking.



47

Alpha band Beta band Gamma band

35 # 0.10

4 0

0.6 ' 0.30 I
0.08

0.5 I 0.25 I [

0.4 T 020 0.06

0.3 0.15 0.04

0.2 0.10
0.02

0.1 0.05

0.0 0.00 0.00

0.7

FCz (uWV*Hz)

0.4 0.16 0.07 4
I s
I 0.14 T 0.06 I
~ 03 | 0.12 0.05 I
= 0.10 . 0.04
Z 02 0.08 -
N 0.06 0.03
“ o1 0.04 . . 0.02 . %
0.02 0.01
0.0 0.00 0.00
0.6 0.14 _‘_%_ 0.05
# —t
0.5 — 0.12 I 0.04
S 0.10
5 0.4 0.08 [ 0.03 '
Z 03 [ T 5
Nt 0.06 0.02
& 0.2
(_) 004 »-——— +
0.01
0.1 0.02
0.0 0.00 0.00
1.0 0.45 0.30 4
0.40 S s N
2
0.8 '|' T 0.35 0.25
N 0.30 0.20
= os SN 1 E
5 - 0.15 T
> 04 0'22 I
8 g'ib 0.10
0.2 : 5
0.05 0.0:
0.0 0.00 0.00
UwW OA Uw OA UwW OA

B PIGD D

Figure 2. Means and standard errors of EEG absolute power of FCz, Cz, CPz, and Oz channels
during unobstructed walking (UW) and obstacle avoidance (OA) condition for PIGD and TD
groups. Dashed lines indicate the difference between conditions for the TD group in the
interaction analysis.# indicates main effect of Condition.
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3.3.3 Gait behavioral performance

Gait parameters are presented in Figure 3. Overall, participants presented decreased step
length (F1,34=15.766, p<0.001, ny2=0.317) and velocity (F1,3=17.682, p<0.001, np?=0.342), and
increased variability of step length (F1,34=33.119, p<0.001, np2=0.493), step time (F1,34=14.603,
p=0.001, np?>=0.300), and step velocity (F134=7.111, p=0.012, np?=0.173) during obstacle
avoidance when compared to unobstructed walking. Additionally, a trend towards a main effect
of Group was found, revealing that the PIGD group presented smaller step length (F1,34=3.738,
p=0.062, np>=0.099) and slower step velocity (F1,34=3.861, p=0.058, np?>=0.102). No significant

interactions were observed between Group and Condition.
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Figure 3. Means and standard deviation of gait parameters for PIGD and TD group during
unobstructed walking (UW) and obstacle avoidance (OA) conditions. * indicates at main effect
of group and # indicates at main effect of condition.
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3.4 DISCUSSION

This study investigated whether the PD subtype leads to specific cortical activity when
avoiding obstacles during walking. As expected, our findings demonstrate that PIGD patients
presented higher PFC activation during walking than the TD ones. Both PIGD and TD increased
the HbO> levels in the early phase during obstacle avoidance compared to unobstructed
walking. This study also reported that greater EEG changes between conditions occurred in TD
patients, in which the beta power in the Cz and CPz reduced, and the gamma power in the Cz
during obstacle avoidance when compared to unobstructed walking increased. In addition,
regardless of the PD subtype, patients reduced the alpha power in the FCz and CPz as well as
beta power in FCz during obstacle avoidance, when compared to unobstructed walking. Patients
also increased gamma power in CPz and Oz in obstacle compared to unobstructed condition.
As expected, PIDG presented worse behavior performance, showing smaller step length and
slower step velocity compared to TD group. Overall, our results demonstrated that cortical
activity during walking is different between PD subtype, in which PIDG patients need more
recruitment of cognitive resources for walking, while TD patients present greater modulation
in sensorimotor areas during obstacle avoidance in order to maintain balance control and
perform the task.

PD subtype influences PFC activity during walking. Our results indicated that PIGD
patients show greater PFC activity than TD patients in both walking conditions. This finding is
in line with previous studies demonstrating that people with worse gait performance need to
use executive-attentional resources to compensate gait deficits!®?3293646  Although PIGD
patients used compensatory mechanism during walking, they presented more pronounced gait
impairments, such as shorter step length and slower gait velocity than TD patients. Previous
studies have also observed more severe gait problems in PIGD patients 88, which may be
associated with several structural and functional brain abnormalities®*!. Our results are
consistent with the neural inefficiency hypothesis, which posits that due to the impairment brain
system related to aging and/or pathology, the brain does not efficiently allocate resources to
support task demands®. Thus, people with greater cortical activation presented worse
behavioural performance?®. Taken together, our findings suggest that PIGD patients increased
cognitive control, particularly the executive control during walking. However, as these patients
have a more impaired system, the available cognitive resources for the task are inefficient in
dealing with walking deficits.

PFC resources may contribute to control in the more challenging tasks®. Obstacle

avoidance requires the use of cognitive resources to examine the environment, motor planning,
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attention to relevant stimuli, and visual-spatial ability to successfully navigate on a challenging
environment>®>’. Our results corroborate these suggestions, by demonstrating that both PIGD
and TD patients presented increased HbO> levels in the early phase during obstacle avoidance.
Therefore, PD patients needed to increase cognitive processing at the PFC to control the
locomotor task, regardless of the disease subtype. Interestingly, there was no difference
between tasks in PFC activity in late phase. In agreement with Hawkins et al.*®, this finding
indicates that the demand for cognitive resources diminishes during prolonged performance of
walking, possibly due to familiarization/accommodation with the task.

Walking in environments with obstacles requires the activation of additional cortical
areas, such as motor/sensorimotor and visual areas. Previous studies have shown that gait
adaptations due to the obstacle involve the participation of visual and sensorimotor cortical
areas?> 25839 For example, tasks with higher balance demand (such as active walking
compared to robot-assisted walking?, walking on a balance beam?, and normal walking
compared to stabilized walking®*) induce a reduction in the alpha and beta power in
motor/sensorimotor cortical areas. Our results are aligned with these findings, suggesting that
suppression in electrocortical activity in the FCz and CPz, which are related to the SMA and
parietal cortex, occur at alpha and beta bands when balance demand is required. Also, we found
a higher gamma band at Cz, CPz and Oz during obstacle avoidance compared to unobstructed
walking. These channels are associated with the M1, parietal and visual cortex, respectively.
The visual cortex has been associated with the processing of environment information (relevant
stimuli) and identification of object attributes®. The parietal cortex is related to planning gait
modifications during approaching obstacles®® %, and M1 is involved in the execution of these
modifications®®®!. Therefore, in agreement with previous studies, our findings indicated that
the processing of sensorimotor and visual information might be crucial to motor adjustments
(correct foot placement) to avoid obstacles successfully?>°%:60,

Considering PD subtypes, TD patients presented a further reduced beta band at Cz and
CPz (related to balance demand) and increased gamma band at Cz (motor adjustment). Previous
studies suggested that gamma power oscillations in cortical motor areas facilitate movements
in PD patients®? and enhance motor performance®. Increased gamma power is coupled with
basal ganglia activity®2. However, as PIGD symptoms are related to hypo-connectivity between
the motor area and the striatum®3, these patients may present difficulty increasing the gamma
band when the task is required. Therefore, our findings showed that functional TD patients
present changes in electrocortical dynamics in order to maintain balance control and perform

the obstacle avoidance.
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This study presents some limitations. Firstly, the available sample size (PIGD: n=17,
TD: n=19) and relatively high variability may have prevented us finding other differences in
fNIRS, EEG, and gait data, such as some interactions between Group and Condition. In the
processing data, we did not use short-separation channels to control the peripheral
hemodynamic response. However, we applied Wavelet-MDL detrending to remove unknown
global trends from our data, which has been shown to be acceptable®’=#4!, Additionally, we
used a 32-channel EEG system, which may impose a limitation on our conclusions. The use of
a high-density EEG (64 channels or more) would have allowed the extraction of independent
components from participant datasets**¢%%4, Nonetheless, ICA was used to minimize the effects
of artifacts on EEG data.

In conclusion, PD subtype influences the activity of multiple cortical areas during
walking. PIGD patients need to recruit additional PFC executive-attentional resources for
walking. However, due to several structural and functional brain abnormalities, these patients
are not able to fully compensate for their gait deficits. TD patients present specific changes in
the activation of brain areas related to the motor and sensorimotor areas to avoid obstacles, such
as increased gamma power in the Cz and decreased beta power in the Cz and CPz. Therefore,
these findings assist understanding of the neural mechanisms underlying PD subtype during
walking, providing information for further interventions focused on gait in PD.
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RESUMO

Introducdo: Exercicio aerobio agudo é capaz de induzir mudancas comportamentais e
cerebrais em idosos com doenca de Parkinson (DP), como melhora dos sinais motores da DP,
das funcgdes executivas e do padrdo de ativacdo de &reas corticais e subcorticais. Entretanto,
pouco se sabe sobre o papel do exercicio na atividade cortical durante o andar de idosos com
DP. Objetivo: Analisar o efeito de uma sessdo de exercicio aerobio na atividade cortical
durante o andar de idosos com DP. Materiais e método: Trinta e quatro individuos com DP
foram distribuidos aleatoriamente em dois grupos: experimental (GE) e controle (GC). Os
grupos realizaram uma sessdo de exercicio aerébio em bicicleta ergométrica com duracdo total
de 40 min. Para o GE, a intensidade do exercicio foi mantida entre 65 e 70% da frequéncia
cardiaca (FC) méaxima, enquanto para o GC, a FC foi mantida dentro de 5% da FC de repouso.
A anélise do andar foi realizada antes e apds a sessdo de exercicio. Os participantes realizaram
cinco tentativas para cada condicdo de andar: andar usual e adaptativo. Um carpete com
sensores de pressdo foi utilizado para o registro dos parametros do andar. Uma touca com o0s
sistemas portateis de EEG e fNIRS foi posicionada na cabeca do participante para registro da
atividade cortical. Resultados: Apos a sessdo de exercicio, os idosos do GE apresentaram maior
poder da banda Alfa nos canais FCz, Cz e CPz. Além disso, 0 exercicio aerébio ndo modificou
a atividade do cortex pré-frontal e as variaveis do andar. Concluséo: O exercicio aerobio agudo

altera os parametros eletrocorticais durante o andar de idosos com DP.

Palavras-chave: Exercicio fisico. Locomoc¢do. EEG. fNIRS. Doenca neurodegenerativa.
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4.1 INTRODUCAO

Idosos com doenca de Parkinson (DP) apresentam déficits nas estruturas e fungdes de
areas corticais e subcorticais, como consequéncia, estes individuos apresentam
comprometimentos motores, como no andar (PETERSON; HORAK, 2016; TAKAKUSAKI;
TOMITA; YANO, 2008). O uso do medicamento dopaminérgico (levodopa) é a principal forma
de tratamento para a DP (NONNEKES et al., 2016). Estudos prévios tém demonstrado que a
ingestdo de levodopa restabelece a circuitaria comprometida na DP, como a via cortico-estriatal
(BELL et al., 2015; GILAT et al., 2017), e melhora os parametros do andar, como aumento da
velocidade do andar e comprimento do passo (CURTZE et al., 2015; SMULDERS et al., 2016).
Especificamente em relagdo a atividade cortical durante o andar, o Estudo 1 desta tese
demonstrou que a terapia dopaminérgica aumentou a banda Beta e Gama no canal CPz, o que
pode representar melhora na integracdo sensorio-motora, e facilitou a atividade do cortex pré-
frontal durante o andar em situacfes desafiadoras (aumento na concentragcdo de
oxihemoglobina), como durante a ultrapassagem de obstaculos (ORCIOLI-SILVA etal., 2020).
Contudo, o uso continuo e prolongado da levodopa apresenta algumas consequéncias: (i) o
efeito do medicamento diminui com o uso prolongado; (ii) alguns sintomas Sdo poucos
responsivos ao tratamento; e (iii) efeitos colaterais, como flutuagdes motoras e discinesias
(movimentos involuntarios). Assim, a inclusdo de intervencbes nao-farmacoldgicas, como o
exercicio fisico, proporciona um complemento eficiente ao tratamento da DP e pode contribuir
para melhorar a qualidade de vida de idosos com DP.

O exercicio fisico é uma forma de intervengdo nao invasiva, de baixo custo e possui
diversos beneficios para os idosos com DP. Embora diferentes modalidades de exercicio fisico
(exercicio ciclico, resistido, danca, Tai Chi, etc.) beneficiem pacientes com DP, o exercicio
aerobio tem recebido atencdo especial de pesquisadores e profissionais da salde por promover
melhoras em aspectos funcionais, motores e cognitivos comprometidos pela DP (LAMOTTE
et al., 2015; SHU et al., 2014). O treinamento fisico aerébio melhora, em pacientes com DP,
parametros do andar (comprimento do passo, velocidade do andar e variabilidade) e aspectos
cognitivos (funcBes executivas, atengdo e memoria de trabalho), importantes para o controle do
andar (LAMOTTE et al., 2015). Além disso, evidéncias recentes sugerem que o exercicio fisico
aerobio promove melhoras funcionais e estruturais em diferentes areas do cérebro (EL-SAYES
et al., 2019) e, ainda, melhora a eficiéncia neural para o controle do movimento (BHERER;
ERICKSON; LIU-AMBROSE, 2013; PETZINGER et al., 2013). O exercicio aerébio também
influencia a atividade dos nucleos da base, uma das principais regifes subcorticais afetadas pela

DP, melhorando sua fungéo e suas conexdes, o que beneficia a automaticidade do movimento
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(PETZINGER et al., 2013). Esta melhora pode acontecer devido ao exercicio aerdbio ser capaz,
até certo ponto, de restaurar a neuroplasticidade do circuito estriado-tdlamo-cortical,
responsavel pela automaticidade do movimento (PETZINGER et al., 2013), e também porque
0 exercicio fisico aerébio aumenta a eficiéncia da ativacdo e comunicacdo neural (EL-SAYES
et al., 2019). Portanto, o exercicio aerobio cronico pode minimizar os efeitos decorrentes do
envelhecimento e de doencas neurolégicas, como a DP, tanto nos aspectos motores, quanto na
estrutura e funcionalidade cerebral.

Uma Unica sessdo de exercicio aerobio é capaz de induzir mudancas comportamentais
e cerebrais. Estudos prévios tém demonstrado que o exercicio agudo em bicicleta ergométrica
promove melhoras dos sinais motores da DP (por exemplo, tremor e bradicinesia) (ALBERTS
etal., 2011, 2016; RIDGEL etal., 2011a, 2012, 2015), melhora as funcdes executivas (RIDGEL
et al., 2011b) e melhora o padrdo de ativacdo de areas corticais e subcorticais (ALBERTS et
al., 2011, 2016). Christensen et al. (2000) observaram em jovens saudaveis, durante o
movimento de pedalar, a ativacdo de estruturas encefélicas envolvidas no movimento, como o
cortex motor primario, area motora suplementar e cerebelo. Estes achados sugerem que o
exercicio agudo, realizado em bicicleta ergométrica, pode melhorar a atividade cortical durante
o0 andar, incluindo melhora no padrdo locomotor. Contudo, até o presente momento, ndo ha
evidéncias na literatura que suportam esta hipétese. O uso de ferramentas para analise da
atividade cortical, como a Eletroencefalografia (EEG) e a Espectroscopia funcional de luz
préxima ao infravermelho (fNIRS), pode ajudar a identificar os mecanismos neurais do andar
e os efeitos do exercicio na atividade cortical durante o andar (HAMACHER et al., 2015;
STUART et al., 2018; VITORIO et al., 2017). Apesar dos avangos recentes no conhecimento
apresentados anteriormente sobre os efeitos do exercicio fisico na DP, poucos estudos
analisaram as alteracBes na atividade cortical durante o andar relacionadas aos beneficios
promovidos pelo exercicio.

Diante disso, 0 objetivo deste estudo foi analisar o efeito de uma sessdo de exercicio
aerobio na atividade cortical durante o andar de idosos com DP. Estudos anteriores tém
demonstrado que o exercicio fisico agudo aumenta a atividade do cortex pré-frontal durante
atividades cognitivas (BASSO; SUZUKI, 2017; BYUN et al.,, 2014; JI et al.,, 2019;
YANAGISAWA et al., 2010) e a concentracdo de dopamina em regides especificas do cérebro
(ALBERTS et al., 2016; BASSO; SUZUKI, 2017; FOLEY; FLESHNER, 2008). Ainda, a
ingestdo de dopamina (levodopa) também aumenta a atividade do cortex pré-frontal durante o
andar (ORCIOLI-SILVA et al., 2020). Baseado nestes achados, espera-se observar aumento da

atividade do cortex pré-frontal durante o andar (maior concentracdo de oxihemoglobina) apds
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a realizacdo de uma sessdo de exercicio aerobio. Além disso, o exercicio fisico agudo aumenta
a atividade do cortex motor (ALBERTS et al., 2016; SINGH; STAINES, 2015). Assim, espera-
se que a atividade das areas motoras, como coOrtex motor primario e area motora suplementar,
aumentem apds uma sessdo de exercicio aerobio, representado pela diminuicdo do poder
absoluto da banda Alfa e aumento das bandas Beta e Gama nos canais Cz e FCz da EEG.
Especificamente para os parametros do andar, espera-se observar aumento na velocidade e no

comprimento do passo apds a execucdo do exercicio aerdbio.

4.2 MATERIAIS E METODO

Todos os procedimentos experimentais abaixo descritos foram realizados nas
dependéncias do Laboratério de Estudos da Postura e da Locomogédo (LEPLO; Departamento
de Educacéo Fisica/Instituto de Biociéncias da Universidade Estadual Paulista campus de Rio
Claro). O presente estudo foi aprovado pelo Comité de Etica em Pesquisa local (CAAE:
69736017.6.0000.5465).

4.2.1 Participantes

Trinta e seis individuos com DP, com diagndstico da doenga de caracteristica idiopatica,
foram recrutados. Os idosos foram recrutados do Programa de Atividade Fisica para pacientes
com Doenca de Parkinson (PROPARKI). Os participantes foram aleatoriamente distribuidos
em dois grupos, experimental (exercicio fisico; GE) ou controle (GC). Os seguintes critérios de
exclusdo para a composicdo da amostra foram: DP em estagio superior a 3 na escala de Hoehn
& Yahr, doenca neurolégica (além da DP) e histdrico de problemas ortopédicos e cardiacos que
impossibilitassem o cumprimento do protocolo experimental. Todos o0s participantes
apresentaram atestado médico sobre a aptiddo para a pratica de exercicio fisico. Dois
participantes foram excluidos da amostra por apresentarem problema ortopédico grave e
histérico de isquemia cerebral. Portanto, 34 individuos participaram do presente estudo, sendo
17 do GE e 17 do GC (Figura 1). Apds fornecerem consentimento, os individuos selecionados
foram convidados a participarem dos procedimentos experimentais. As avaliagdes e a sesséo

de exercicio aerdébio foram realizadas no estado ON da medicac&o especifica para a DP.



Figura 1. llustragéo do desenho experimental.

Recrutados
n=36

A\ 4

Excluidos (n=2)

> Problema ortopédico grave: n=1

Historico de isquemia cerebral: n=1

Distribuidos
n=34
Grupo experimental Grupo controle
n=17 n=17
—> Avaliacdo Pré ]
A J v
PSrot.o.cz;o;;f/ezell;gcno Protocolo Sham
3 (:]l]_.ll.. p 5_ =0 0; da F(;nax » FC mantida dentro de
HHTT: B0/ da FHImax 5% da FC de repouso
* Smin: ¢ 60% da FCmax
—> Avaliacio Pos «—

FCmax: frequéncia cardiaca maxima

4.2.2 Dados de caracterizacdo da amostra

63

Dados de massa e estatura foram mensurados. O grau de acometimento dos sinais

motores da DP foi avaliado por meio da sub-escala motora da Movement Disorders Society —
Unified Parkinson's Disease Rating Scale — MDS-UPDRS Il (GOETZ et al., 2008). Para

controle da dosagem da medicacdo da DP, a dose equivalente de levodopa diaria (LED) dos

pacientes com DP foi calculada com base nas recomendacdes de Tomlinson e colaboradores

(2010). As funcbes cognitivas globais foram avaliadas por meio do Mini Exame do Estado
Mental — MEEM (BRUCKI et al., 2003). As fungOes executivas dos participantes foram
avaliadas por meio do Trail Making Test (FITZHUGH; FITZHUGH; REITAN, 1962).
Sintomas neuropsiquiatricos de ansiedade e depressdo foram avaliados pela Escala Hospitalar
de Ansiedade e Depressdo — HAD (MONDOLO et al., 2006).



64

4.2.3 Avaliacéo do andar

Os participantes foram preparados para o registro da atividade do cortex cerebral, de
acordo com os procedimentos sugeridos pelo fabricante dos sistemas portateis EEG (TMSi
Mobita EEG system, TMSi, Netherlands) e fNIRS (OctaMon, Artinis Medical Systems,
Netherlands). A preparacdo do participante consistiu em posicionar a touca, que contém locais
pré-determinados para o encaixe dos optodos e eletrodos da fNIRS e da EEG, respectivamente,
na cabeca do participante e adicionar gel condutor nos locais de contato dos eletrodos com o
couro cabeludo. O posicionamento da touca seguiu o sistema internacional 10/20, que consiste
em posicionar o ponto de referéncia da touca (Cz) no ponto médio entre 0 nasio e inio e 0s
pontos pré-auriculares.

Apds o posicionamento da touca, os participantes foram convidados a andarem, em
velocidade preferida, em um circuito retangular de 26,8 m de comprimento, com duas retas
paralelas de 7 m. Um carpete de 5,74 m de comprimento com sensores de pressédo (GAITRIite®,
CIR Systems Inc., Sparta, USA) foi posicionado no centro de uma das retas para o registro de
medidas espaco-temporais do andar. Duas condi¢fes experimentais foram realizadas: (i) andar
usual e (ii) andar adaptativo — com ultrapassagem de obstaculos. O andar adaptativo consistiu
em o participante andar pelo circuito e ultrapassar os obstaculos posicionados no circuito (um
obstaculo foi posicionado no final da area de registro do GAITRIte®). Os obstaculos eram de
espuma com 3 cm de comprimento, 60 cm de largura e 15 cm de altura. Dez tentativas,
completamente randomizadas, foram realizadas (cinco tentativas para cada condicdo
experimental). Cada tentativa teve duracao de 60 segundos, sendo que nos 30 segundos iniciais
0s participantes permaneciam em pé parados (tarefa controle/baseline) e nos 30 segundos finais

realizavam a tarefa experimental (andar usual ou adaptativo).

4.2.4 Sessdo de exercicio aerobio

O presente estudo foi randomizado e duplo cego. Para garantir o duplo cego, os idosos
com DP do grupo controle realizaram um protocolo Sham e os avaliadores ndo sabiam o grupo
em que o paciente estava alocado. Para isso, diferentes pesquisadores realizaram a avaliagao do
andar e supervisionava a sessdo de exercicio. A analise do andar dos idosos, de ambos 0s
grupos, foi realizada em dois momentos: Avaliagdo Pré e Pos-exercicio (Figura 1). A touca foi
removida durante a realizacdo do protocolo de exercicio e reposicionada apds o término. O
tempo médio entre o fim do protocolo e o inicio da avaliacdo do andar foi de 10 minutos.

A sessdo de exercicio aerébio foi realizada em uma bicicleta ergométrica horizontal

(modelo EB597e, marca Uniforce Fitness), com duracdo total de 40 min. Inicialmente, os
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participantes do grupo experimental fizeram um aquecimento durante 5 min com frequéncia
cardiaca (FC) alvo entre 55 e 65% da FCmax (estimada pela equacao: FCmax= 208 - 0,7*idade)
(TANAKA; MONAHAN; SEALS, 2001). A parte principal da sesséo teve duracao de 30 min
e a intensidade mantida entre 65 e 70% da FCmax. Por fim, os participantes realizavam 5 min
de volta a calma, com a intensidade mantida abaixo de 60% da FCmax (Figura 2). Para 0s
idosos que faziam uso de medicamentos betablogqueadores (medicagéo prescrita para individuos
com doenca coronaria (ex. propranolol) que ajuda a reduzir o consumo de oxigénio pelo
miocardio, reduzindo a FC e a pressdo arterial), a FCmax foi estimada pela equacdo: FCmax=
164 — 0,7*idade (BRAWNER et al., 2004). O grupo controle também realizou o exercicio em
bicicleta durante 40 min, porém, a FC foi mantida dentro de 5% para mais ou para menos da
FC de repouso — protocolo Sham (MENDONCA et al., 2016) (Figura 2). O controle da
intensidade foi realizado pelo pesquisador, que orientava os participantes a aumentarem ou
diminuirem o ritmo das pedaladas conforme a FC se alterava. A FC foi registrada por um
monitor cardiaco (modelo V800, marca Polar) durante toda a sessdo. A pressao arterial foi
mensurada (método auscultatorio) antes e ap0s o exercicio. Ainda, a escala de OMNI foi
utilizada para avaliar a percepc¢éo de esforco durante o exercicio (ROBERTSON et al., 2004).
A escala de OMNI é constituida por valores numéricos que vao de 0 a 10, descritores verbais
(“muito facil” a “muito dificil”) e quatro ilustragdes, que representam o aumento do esforco
fisico de um ciclista. Esta escala foi validada para adultos e apresenta forte correlagdo com a
escala de Borg (6-20) — r = 0,92 a 0,97; p<0,001 (ROBERTSON et al., 2004). A escala de
OMNII foi explicada previamente para os idosos e aplicada a cada minuto durante o protocolo

de exercicio.



66

=]
o
1

—— Participante do Grupo Controle
— Participante do Grupo Expenimental

=1
Ln
I

=1
o
I

=)
Lh
I

2
-‘_ I
2

wn
N

Freq. Cardiaca Maxima (%)

n
[=]
1

I
0 5 10 15 20 25 30 35 40
Duracio (min)

Figura 2. Dado bruto da frequéncia cardiaca de um participante do Grupo Experimental e um
do Grupo Controle durante a sessdo de exercicio aerébio. As linhas verticais indicam o inicio e
o fim da parte principal do exercicio (30 min) e as linhas horizontais indicam a frequéncia
cardiaca alvo (65-70% da FCmax).

4.2.5 Aquisicdo e analise dos dados
4.2.5.1 Variaveis espago-temporais do andar

Os dados do carpete eletrénico (varidveis do andar) foram coletados com uma
frequéncia de 200 Hz e foram analisados e armazenados no software GAITRIte 4.7.5. Foram
considerados 0s quatro passos anteriores ao local correspondente ao posicionamento do
obstaculo para a andlise das variaveis do andar nas duas condi¢Bes experimentais. As variaveis
analisadas foram: média e variabilidade (calculada pelo coeficiente de variagdo = (desvio
padrdo/média)*100 - HAUSDORFF, 2005) do comprimento, duracdo e velocidade do passo.

4.2.5.2 Eletroencefalografia (EEG)

Os dados de EEG (atividade elétrica do cérebro) foram coletados por meio do
equipamento TMSi Mobita (TMSI, Netherlands), que possui 32 canais e utiliza a tecnologia
wireless para transmissdo de dados. Os eletrodos do EEG foram conectados em um
amplificador de sinais (Mobita), posicionado na coluna lombar do participante. O Mobita possui
um acelerdbmetro acoplado que permite o registro da aceleragdo do corpo nos sentidos
anteroposterior, médio lateral e vertical; as acelera¢fes foram utilizadas para identificar os
eventos do andar, de acordo com as recomendagdes de Del Din, Godfrey e Rochester (2016).

Os dados da EEG e do acelerémetro foram coletados com uma frequéncia de 500 Hz e
registrados pelo software TMSi Polybench (TMSI, Netherlands). Todos os procedimentos de
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andlise dos sinais EEG foram realizados em ambiente Matalab usando scripts e funcGes
baseadas em uma toolbox de fonte aberta EEGLAB 13.0.1b (DELORME; MAKEIG, 2004).
Inicialmente, os dados da EEG foram segmentados em passos (época), de acordo com os dados
do acelerémetro. Dados individuais da EEG de ambas as condicdes foram agrupados em um
unico arquivo. O sinal bruto foi filtrado em passa banda de 1 Hz a 100 Hz, para minimizar o
drift de frequéncia baixa e remover os componentes de alta frequéncia. O filtro notch de 60 Hz
foi utilizado para remover o ruido da linha elétrica. Em seguida, canais com sinal corrompido
foram excluidos automaticamente por trés métodos de rejeicdo de canais: (i) canais com
magnitude < 30 ou > 2.000 uV; (ii) canais com kurtosis > 5 devios-padrao da média; (iii) canais
ndo correlacionados com o0s canais vizinhos (r < 0,4) por mais do que 1% do tempo total
(OLIVEIRA et al., 2017; OLIVEIRA; ARGUISSAIN; ANDERSEN, 2018). Apos rejeicdo dos
canais, foi realizada a analise de componentes independentes para identificar os diversos
componentes do sinal EEG. Os componentes indesejados (por exemplo, piscar dos olhos,
movimentos sacadicos dos olhos e contragfes de musculos da cabeca) foram removidos
(CHAUMON; BISHOP; BUSCH, 2015; PLOCHL; OSSANDON; KONIG, 2012; RIES et al.,
2014). Alem disso, epocas foram removidas por meio de inspecao visual.

Quatro passos antes da ultrapassagem do obstaculo foram selecionados e um nimero
correspondente de passos na condigdo andar usual foi selecionado aleatoriamente para
comparagdo com a condicdo de obstaculo. Quatro canais foram selecionados para todos
participantes (FCz, Cz, CPz e Oz). Esses canais foram escolhidos por serem regides cerebrais
relacionadas ao planejamento motor (area motora suplementar; SMA), execucdao motora (cortex
motor primario; M1), processamento sensorio-motor (cértex parietal) e informacdo visual
(cortex visual). O valor absoluto do espectro de poténcia de cada canal foi calculado para as
bandas alfa (9-13 Hz), beta (14-30 Hz) e gama (31-50 Hz).

4.2.5.3 Espectroscopia funcional de luz proxima ao infravermelho (fNIRS)

Os dados da fNIRS (mudancas hemodindmicas do cérebro) foram coletados pelo
equipamento OctaMon, que detecta as mudancas na concentracgao cortical de oxihemoglobina
(HbO>) e desoxihemoglobina (HHb). Este sistema utiliza luz infravermelha que transmite dois
comprimentos de ondas, 760 nm e 850 nm, e possui 2 emissores e 8 receptores de luz. A
frequéncia de coleta de dados foi de 10 Hz. Os optodos da fNIRS foram posicionados no cortex
pré-frontal do participante. O software Oxysoft™ foi utilizado para a coleta de dados. Os
procedimentos para a coleta e analise dos dados seguiram as recomendacdes de Vitorio e

colaboradores (2017). Os procedimentos de anélise dos sinais da fNIRS (correg¢des de artefatos
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e filtragem) foram realizados no NIRS-SPM (http://www.fil.ion.ucl.ac.uk/spm/software/), uma
toolbox de fonte aberta do Matlab (YE et al., 2009). Os valores de HbO, e HHb foram
calculados empregando a lei modificada de Beer-Lambert. Um filtro wavelet-minimum
description length (BRIGADOI et al., 2014; COOPER et al., 2012; JANG et al., 2009) foi
utilizado para decompor o sinal em tendéncia global, resposta hemodindmica e componentes
de ruido. Ainda, ruidos de alta frequéncia foram reduzidos/removidos por meio de um filtro
passa-baixa (0,15Hz) baseado na funcéo candnica da resposta hemodinamica (FRISTON et al.,
2000; YE et al., 2009).

Apos a filtragem e correcdo, os dados foram processados usando um algoritmo
customizado escrito em linguagem Matlab. A HbO> foi considerada na anélise, pois, estudos
prévios tém demonstrado que esta variavel é mais sensivel para detectar mudancas na atividade
cortical (HARADA et al., 2009; MIYAI et al., 2001; SUZUKI et al., 2004). A concentracdo de
HbO- dos oito canais foi calculada e a media dos canais foi considerada na anélise. O dado foi
normalizado pela amplitude durante todo o experimento. Este procedimento foi utilizado para
diminuir as diferencas de amplitude entre os individuo (KOENRAADT et al., 2014; VITORIO
et al., 2018). Para andlise dos dados, a tarefa foi dividida em trés periodos: (i) baseline (Gltimos
10 segundos antes do inicio do andar; posi¢do em pé parado); (ii) fase inicial (periodo entre o
5° e 15° segundo apos o inicio do andar); (iii) fase final (periodo entre 0 15° e 25° segundo apds
0 inicio do andar) (HAWKINS et al., 2018). A média do sinal normalizado de cada periodo
analisado (considerando a média de todas as tentativas realizadas) foi calculada. A diferenca de
concentracdo de HbO- entre os periodos (fases do andar - baseline) foi calculada para avaliar a

mudancga relativa da atividade cortical entre o0 andar e o baseline.

4.2.6 Andlise estatistica

O programa SPSS para Windows 22.0 (SPSS, Inc.) foi utilizado para o tratamento
estatistico. Os dados de caracterizacdo da amostra (varidveis antropomeétricas, clinicas e
cognitivas) dos grupos experimental e controle foram analisados por meio do teste t de Student
e do teste U de Mann-Whitney. ANOVAs two way, com fatores grupo (grupo experimental x
grupo controle) e momento (Pré X P6s exercicio), com medidas repetidas para o fator momento,
foram empregadas para analise das variaveis dependentes do andar, da EEG e da fNIRS. Tais
ANOVAS foram empregadas separadamente por condicao (usual e adaptativo). Testes post hoc
de Tukey foram utilizados para localizar as diferengas quando o efeito de interacdo foi indicado

na andlise.
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4.3 RESULTADOS
4.3.1 Caracterizacao da amostra e variaveis de controle do exercicio
Os dados demograficos, cognitivos e neuropsiquiatricos dos participantes estdo

apresentados na Tabela 1. A analise estatistica ndo apontou diferenca entre os grupos.

Tabela 1. Médias, desvios-padréo e estatisticas dos dados demogréaficos, cognitivos e
neuropsiquiatricos dos participantes.

Caracterizacao Grupo Experimental Grupo Controle  Valor de P

Sexo (Masculino/Feminino) 12/5 10/7 0,721
Idade (anos) 69,0+6,4 71,1459 0,326
Altura (cm) 166,9+11,4 164,8+10,2 0,585
Peso corporal (kg) 73,4£10,1 71,6£10,2 0,615
FC de repouso (bpm) 65+10 69+10 0,278
Clinica

MDS-UPDRS 111 (0-132) 35,9+10,8 36,1+14,8 0,892
LED (mg/dia) 628,3+363,9 523,4+352,9 0,400
Tempo de doenca (anos) 4,6£2,6 4,4+3,0 0,883
Cognicéo global

MEEM (0-30) 25,7+2,6 25,9422 0,786
Funcdes executivas

TMT - parte B-A (s) 128,8+96,3 107,5+82,2 0,494
Sintomas Neuropsiquiatricos

HAD ansiedade (0-21) 5,9+2,6 59+3,4 0,708
HAD depressdo (0-21) 6,1+4,5 7,5+£3,4 0,259

FC: Frequéncia cardiaca; MDS-UPDRS: Movement Disorders Society — Unified Parkinson's Disease
Rating Scale; LED: dose equivalente de levodopa diaria; MEEM: Mini Exame do Estado Mental;
TMT: Trail Making Test; HAD: Escala Hospitalar de Ansiedade e Depresséo.

As variaveis de controle do exercicio demonstraram que 0s idosos do grupo
Experimental, durante a sessdo de exercicio fisico, apresentaram maior frequéncia cardiaca,
pontuacdo na escala de OMNI (percepcdo de esforgo), rotagcGes por minuto (rpm) e poténcia
(Watts) durante a pedalada e distancia percorrida comparado ao grupo controle (Tabela 2). Vale
ressaltar que 14 idosos do grupo Experimental atingiram entre 8 a 10 pontos (dificil — muito
dificil) na escala de percepcao de esfor¢o durante o protocolo de exercicio.
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Tabela 2. Médias, desvios-padrao e estatisticas dos dados de controle da sessdo de exercicio.

Grupo Experimental Grupo Controle Valor p
AFC (bpm) 21+7 5+4 <0,001
AFCmax (%) 32+14 615 <0,001
Percepcéo de esforco (0-10) 71 212 <0,001
Cadéncia (rpm) 53,1+12,3 19,5+10,8 <0,001
Poténcia (Watts) 50,0+19,5 10,0£6,7 <0,001
Distancia percorrida (km) 11,5+2,7 4,4+2.6 <0,001

A (delta) = exercicio — repouso; FC: frequéncia cardiaca; bpm: batimentos por minuto; rpm: rotagdes
por minuto.

4.3.2 Atividade hemodindmica do cérebro — fNIRS

Dados da fNIRS de um participante do grupo Experimental foram excluidos devido a
presenca de ruidos ndo corrigidos pelo processamento de sinal. N&o houve interagao entre grupo
e momento, efeito principal de grupo e efeito principal de momento no andar usual e adaptativo
(Tabela 3).

Tabela 3. Médias e erros-padrdo da concentracao de HbO- nas fases inicial (FI) e final (FF) do
Grupo Experimental e do Grupo Controle, nas condi¢des andar usual e adaptativo, nos
momentos Pré e Pos exercicio.

Grupo Experimental Grupo Controle Efeito Efeito
Principal  Principal de
Pré-treino  Pos-treino  Pre-treino  Pos-treino  de Grupo Momento

Andar Usual

AHboz F! 013004  013:003 008005 007004 0614 0,850
(MMol/L) rr 014004  011+004 0113005 0,12+005 0,49 0,973
Andar Adaptativo

AHbOz F! 0182005 014004  01:005 007005 0,555 0,746
(MMol/L) ke 0114005 0,13+0,05 012006  0,12+0.05 0,750 0,729

4.3.3 Atividade elétrica cerebral - EEG
Dados da EEG de um participante do grupo Experimental e de trés participantes do
grupo Controle foram excluidos devido a presenca de ruidos ndo corrigidos pelo processamento

de sinal.
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Andar usual — A ANOVA revelou tendéncia de interagdo entre grupo e momento na
banda Alfa do canal FCz (F120=3,599; p=0,068; pn?=0,110; Figura 4A). O teste post hoc
indicou que, no momento pos exercicio, o grupo Experimental apresentou maior poder absoluto
da banda Alfa em relacdo ao grupo Controle (p=0,041). No canal CPz foi observado efeito
principal de momento (F1,20=4,493; p=0,043; pn?=0,134; Figura 4C), sendo que, 0s idosos com
DP apresentaram maior poder absoluto da banda Alfa no momento pds exercicio comparado ao
momento pré exercicio.

Efeito principal de momento também foi encontrado na banda Gama do FCz
(F1,20=6,529; p=0,016; pn?=0,184; Figura 4A) e do Oz (F129=3,593; p=0,068 - tendéncia,;
pn2=0,110; Figura 4D). Os idosos com DP diminuiram o poder absoluto da banda Gama no
momento pds exercicio comparado ao momento pré. Nao foi apontado interacdo ou efeito
principal de momento para a banda Gama. Além disso, ndo houve interacdo, efeito principal de
grupo e momento para a banda Beta.

Andar Adaptativo — A ANOVA revelou interacdo entre grupo e momento na banda Alfa
do canal FCz (F1,20=5,862; p=0,022; pn?=0,168; Figura 5A) e Cz (F120=4,084; p=0,053;
pn2=0,123; Figura 5B). O teste post hoc indicou que o grupo Experimental aumentou a banda
Alfa no Cz no momento pos exercicio comparado ao momento pré exercicio (p=0,048). Ainda,
no momento pos exercicio, 0 grupo Experimental apresentou maior poder absoluto da banda
Alfa no FCz em relacéo ao grupo Controle (p=0,028). A ANOVA também revelou tendéncia
de efeito principal de momento para a banda Alfa no CPz (F1,20=3,368; p=0,077; pn?=0,104;
Figura 5C), sendo que, no momento pds exercicio, 0s idosos aumentaram o poder absoluto da
banda Alfa comparado ao momento pré exercicio.

A ANOVA indicou interacdo entre grupo e momento na banda Gama do canal FCz
(F1,28=4,680; p=0,039; pn?=0.139; Figura 5A). O teste post hoc apontou que, no momento pré
exercicio, o grupo Controle apresentou maior poder absoluto em relacdo ao grupo Experimental
(p=0,046) e, também, demonstrou que o grupo Controle diminuiu o poder absoluto banda Gama
no momento pds exercicio comparado ao momento pré exercicio (p=0,004). No canal Oz foi
observado efeito principal de momento (F1,20=5,524; p=0,026; pn?=0,160; Figura 5D), sendo
gue, os idosos com DP apresentaram menor poder absoluto da banda Gama no momento pds
exercicio comparado ao momento pré exercicio. N&o foi apontado interagéo, efeito principal de

grupo e momento para a banda Beta.
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Figura 4. Medias e erros-padrdo do poder absoluto das bandas do EEG dos canais (A) FCz, (B)
Cz, (C) CPz e (D) Oz durante o andar usual, nos momentos pré (barra preta) e pos exercicio

(barra cinza). * indica interagdo entre grupo e momento e # efeito principal de momento.
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Figura 5. Medias e erros-padrdo do poder absoluto das bandas do EEG dos canais (A) FCz, (B)
Cz, (C) CPz e (D) Oz durante o andar adaptativo, nos momentos pré (barra preta) e pos exercicio
(barra cinza). * indica interagdo entre grupo e momento e # efeito principal de momento.
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4.3.4 Desempenho do andar

A Tabela 3 apresenta as variaveis espago-temporais do andar durante o andar usual e
adaptativo. Efeito principal de momento foi indicado pela ANOVA no andar usual, mostrando
que os idosos aumentaram o0 comprimento do passo no momento pos em relacdo ao momento
pré exercicio (F1,32=6,657; p=0,015; pn?=0,172). N&o foi apontado efeito principal de grupo ou
interacdo para o andar usual. Além disso, ndo houve interagdo, efeito principal de grupo e

momento para o andar adaptativo.

Tabela 3. Médias e desvios-padrdo dos parametros do andar usual (AU) e adaptativo (AA) de
cada grupo nos periodos pré e pds exercicio.

Grupo Controle Grupo Experimental

Variaveis Condicao ) ) ) )

Pré Pds Pré Pos
Média
Comprimento do AU 59,9+10,7  61,3#10,2 61,3382 62,37,
passo (cm) AA 55,8+12,7 57,4498 59,349.8 60,5+7,5
Duracéo do passo AU 525,4+36,5 529,9+34,5 546,1+39,3 546,3x40,3
(ms) AA 526,2+351 539,7+44,5 5451+454  546+47,2
Velocidade do passo AU 11454221 116,2+215 113,1+18,7 1145154
(cm/s) AA 106,9+27 107,623  109,6+21,2 111,6+17,5
Variabilidade
Comprimento do AU 5,8+3,8 5,242,2 5,242,6 5,242,5
passo (%) AA 13+10 10,8+4,2 11,346 1043
Dura@é_o do passo AU 5,5i3,6 4,812,4 4,912,8 5,813,9
(%) AA 7.8+4,2 8,2+4.7 7,843,3 9+6,2
Velocidade do passo Y 8,9+7,8 6,8+2,8 6,743,1 7,624
(%) AA 12+10,3 10,15 10,4+6,6 8,5+3,1

4.4 DISCUSSAO

O objetivo deste estudo foi analisar o efeito de uma sessdo de exercicio aerobio na
atividade cortical durante o andar de idosos com DP. Inesperadamente, uma sessédo de exercicio
fisico ndo aumentou a atividade do cortex pré-frontal e, também, ndo alterou os parametros do
andar. Nos dados da EEG, contrario a hipotese, o exercicio fisico agudo aumentou o poder da
banda Alfa nos canais FCz, Cz e CPz.

Estudos prévios mostram que a atividade do cortex pre-frontal aumenta apds uma sessé@o

de exercicio aerobio. Yanagisawa et al. (2010) reportaram que, apds 10 min de exercicio
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moderado realizado em bicicleta ergométrica, adultos jovens aumentaram a atividade do cortex
pré-frontal durante uma tarefa cognitiva (tarefa de Stroop) e melhoraram as fungdes executivas.
Achados similares foram encontrados ap6s 10 min de exercicio aerobio leve em adultos jovens
(BYUN et al., 2014). Um estudo recente também demonstrou que 15 min de exercicio aerébio
moderado melhora o desempenho no teste de Stroop e aumenta a atividade do cortex pré-frontal
em idosos saudaveis (JI et al., 2019). Porém, alguns estudos indicaram que 0 aumento da
atividade cortical parece ser responsiva a intensidade do exercicio. Moriarty e colaboradores
(2019) demonstraram que a atividade do cortex pré-frontal de adultos jovens durante uma
bateria de testes cognitivos, foi maior apds a realizacdo de 30 min de exercicio moderado em
bicicleta ergométrica quando comparado ao grupo controle (sem exercicio) e ao exercicio de
alta intensidade. Ainda, Endo et al. (2013) observaram resultados semelhantes, sendo que a
atividade do cortex pré-frontal durante o teste de Stroop foi aumentada ap0s o exercicio de
intensidade moderada, mas ndo apds exercicio de leve e alta intensidade. Entretanto, os achados
do presente estudo ndo corroboram com os estudos prévios. Alguns fatores que podem explicar
estas diferencas sao:

(i) Jovens e idosos saudaveis podem apresentar maior capacidade (margem) de aumento
da atividade neural comparado aos idosos com DP. Isto é consistente com o conceito de reserva
neural (STERN, 2002). A reserva neural esta relacionada com as diferencas individuais na
eficiéncia e capacidade de processamento cognitivo (STERN, 2002; STERN et al., 2005). Na
auséncia de patologia, individuos com maior reserva neural sdo capazes de processar uma tarefa
de maneira mais eficiente e apresentam maior capacidade de ativacdo neural quando a tarefa
exige, porém, na presenca de patologias, como a DP, isso é diminuido (STERN et al., 2005;
TUCKER; STERN, 2011). Nos estudos mencionados acima, os individuos sem problemas
neuroldgicos aumentaram a atividade do cortex pré-frontal e melhoraram as funcées cognitivas,
sugerindo que o exercicio fisico foi capaz de aumentar a disponibilidade de recursos cognitivos
para desempenhar a tarefa. Assim, especula-se que, devido aos recursos neurais limitados, os
idosos com DP atingiram o “teto” da atividade cortical e por isso ndo foi observado aumento
da atividade do cortex pré-frontal.

(if) Natureza das tarefas. Os estudos que observaram aumento da atividade do cortex
pré-frontal apos uma sesséo de exercicio aerobio utilizaram tarefas estritamente cognitivas, que
envolve predominantemente o cortex pre-frontal. No presente estudo foi utilizada uma tarefa
motora (andar com e sem ultrapassagem de obstaculos), que, além de envolver recursos
cognitivos (CHEN et al., 2017; MAIDAN et al., 2016; MIRELMAN et al., 2017; ORCIOLI-

SILVA etal., 2020), também esta associada com a ativacao da area motora suplementar, cortex
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parietal e cortex visual (DREW et al., 2008; DREW; MARIGOLD, 2015; MARIGOLD;
DREW, 2017; NORDIN; HAIRSTON; FERRIS, 2019). Portanto, a especificidade da tarefa
poderia explicar a diferenca entre os estudos, pois outras areas podem ter sido alteradas para
desempenhar o andar, o que foi confirmado pelos dados de EEG (aumento da banda Alfa nos
canais FCz, Cz e CPz).

(iii) Intensidade do exercicio. Exercicios moderados foram mais eficazes em aumentar
a atividade do cortex pré-frontal quando comparado aos exercicios de alta intensidade (ENDO
et al., 2013; MORIARTY et al., 2019). Exercicios de altas intensidades podem causar fadiga,
sendo esses relacionados com o declinio das funcgbes cognitivas (ABD-ELFATTAH;
ABDELAZEIM; ELSHENNAWY, 2015; MOORE et al., 2012; MORIARTY et al., 2019).
Embora o exercicio no presente estudo ser considerado como intensidade moderada (65 e 70%
da FCmax), o mesmo pode ter sido mais intenso (intensidade mais alta) para os idosos com DP,
0 que foi confirmado pelos dados de EEG (ver discussao abaixo). De fato, idosos com DP s&o
mais suscetiveis a fadiga em relagdo a idosos saudaveis (SANTOS et al., 2016). Assim, pode-
se especular que exercicios de menor intensidade possam ser mais benéficos para esta
populacdo. Portanto, futuros estudos devem investigar a intensidade alvo para ganhos na
atividade cortical especificamente para os idosos com DP.

Interessantemente, foi observado aumento da banda Alfa nos canais FCz, Cz e CPz da
EEG ap0s o exercicio fisico agudo. Estes canais sdo referentes as areas motoras/sensorio-
motoras. O aumento da banda Alfa ap6s uma sessdo de exercicio aerobio foi demonstrado em
estudos anteriores (CRABBE; DISHMAN, 2004), principalmente, apds exercicios aerébios
exaustivos (GUTMANN et al., 2015, 2018; MORAES et al., 2007), e tem sido associado com
estado de fadiga (BOUTCHER; LANDERS, 1988; CRABBE; DISHMAN, 2004,
GHARAGOZLOU et al., 2015; PETRUZZELLO et al., 1991). Esse achado em conjunto com
resultados da fNIRS, pode sugerir que apds o exercicio aerdbio, os idosos com DP apresentaram
estado de fadiga, resultando em alteracGes eletrocorticais.

Outra possivel explicagdo pode ser a eficiéncia na utilizacdo dos recursos neurais. O
aumento da banda Alfa promovido pelo exercicio também pode indicar diminuig&o da atividade
cortical (CRABBE; DISHMAN, 2004; KUBITZ; MOTT, 1996). Como ndo houve mudanca
nos parametros do andar apds a sessdo de exercicio, é possivel que os idosos com DP foram
capazes de executar o andar com menor recrutamento de areas corticais, utilizando de maneira
mais eficaz os recursos cerebrais (LUDYGA; HOTTENROTT; GRONWALD, 2017). Isto é
consistente com o conceito de eficiéncia neural (ZARAHN et al., 2007), o qual indica que

individuos com maior capacidade neural apresentam menor ativacdo cortical para executar a
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mesma tarefa que individuos com menor capacidade neural. Desta forma, a reducdo da
atividade cortical nas areas motoras/sensorio-motoras (representada pelos canais FCz, Cz e
CPz) ap0s a realizacdo do exercicio aerébio pode ser um indicativo de que os idosos com DP
melhoraram a eficiéncia da atividade cortical.

Nossos achados também demonstraram que os idosos com DP reduziram a banda Gama
no canal Oz apds a sessdo de exercicio fisico, 0 que pode representar menor atividade do cortex
visual. Como a reducdo aconteceu em ambos 0S grupos, sugere-se que a experiéncia prévia
reduziu a atencdo visual para a tarefa. Além disso, ndo foram observadas alteracdes na banda
Beta. Estudo prévios reportaram que a banda Beta € aumentada durante o exercicio (BAILEY
etal., 2008; CRABBE; DISHMAN, 2004; KUBITZ; MOTT, 1996), mas retorna ao nivel inicial
(pré exercicio) apos o término do exercicio, 0 que nao ocorre com a banda Alfa, a qual ¢ alterada
durante e ap6s o exercicio (BAILEY et al., 2008). Assim, pode-se especular que, em idosos
com DP, a banda Beta é alterada durante o exercicio, mas retorna ao nivel inicial ap6s o
exercicio. Porém, futuros estudos devem investigar a atividade eletrocortical durante o
exercicio para verificar esta hipotese.

Beneficios nos parametros do andar podem ser especificos ao tipo de treinamento.
Embora uma sessdo de exercicio em bicicleta ergométrica tem se mostrado eficaz em melhorar
0s sinais motores da DP (como tremor e bradicinesia) (ALBERTS et al., 2011, 2016; RIDGEL
etal., 2011a, 2012, 2015) e as funcbes executivas (RIDGEL et al., 2011b), o efeito no andar é
nulo. Diferente da bicicleta ergométrica, onde o individuo executa o exercicio sentado, na
esteira, o individuo executa o ato motor do andar, portanto, mais especifico a tarefa. De fato,
exercicios em esteira tém sido efetivo em melhorar nos parametros do andar de forma aguda e
cronica (HERMAN; GILADI; HAUSDORFF, 2009; NI et al., 2018). Estudos prévios tém
relatado que, apds 20-30 min de exercicio fisico moderado em esteira, os idosos com DP
aumentaram o comprimento do passo e velocidade do andar (BELLO; SANCHEZ;
FERNANDEZ-DEL-OLMO, 2008; BRYANT et al., 2016; FERNANDEZ-LAGO et al., 2019;
POHL et al., 2003). Estes achados sugerem gque uma sesséo de exercicio especifico para o andar
é capaz de compensar os déficits no andar de idosos com DP. Porém, exercicios utilizando
bicicleta ergométrica tém se mostrado efetivo em melhorar o andar em idosos com DP ap06s
algumas sessbes. Estudos previos demonstraram que exercicios de intensidade moderada em
bicicleta, realizado 30 min por dia, durante 3 ou 12 semanas, melhorou o comprimento do passo
e velocidade andar de idosos com DP (ARCOLIN et al., 2015; SAGE; ALMEIDA, 2009).
Portanto, estes fatores (especificidade e duragdo) devem ser levados em consideragdo em

estudos futuros, assim como na prescricdo de exercicios para os idosos com DP.
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Apesar de relevantes evidéncias e de fatores ja levantados ao longo da discussdo que
devem ser considerados em futuros estudos (especificidade, duracdo, intensidade do exercicio,
natureza da tarefa e analise cortical durante a execucdo do exercicio), o presente estudo
apresenta outras limitacfes. No presente estudo, como os idosos com DP foram avaliados no
estado Otimo do medicamento (estado ON), os beneficios do exercicio podem ter sido
minimizados. Estudos prévios, que utilizaram bicicleta ergométrica durante o treinamento e que
encontraram resultados positivos, avaliaram os idosos sem o efeito do medicamento especifico
paraa DP (ALBERTS etal., 2011, 2016; RIDGEL et al., 2011a, 2012). Outra possivel limitacao
é o efeito retardado do exercicio (RIDGEL et al., 2012). Ridgel e colaboradores (2012)
sugeriram que muitos idosos se sentem melhor no dia depois da sessao de exercicio, ou seja, 0S
efeitos do exercicio podem ndo ter sido detectado imediatamente apds o exercicio. Desta forma,
futuros estudos devem monitorar o desempenho do andar horas depois e nos dias seguintes ao
exercicio a fim de determinar o curso da melhora motora.

Como conclusédo, nossos resultados indicam que uma sessao de exercicio aerébio de
intensidade moderada em bicicleta altera a atividade eletrocortical durante o andar em idosos
com DP, mas ndo altera a atividade do cortex pré-frontal e os parametros do andar.
Especificamente, a banda Alfa nos canais FCz, Cz e CPz, referentes as areas motoras/sensorio-
motoras, € aumentada apds o exercicio, o que pode indicar estado de fadiga e menor atividade

cortical durante o andar.

4.5 AGRADECIMENTOS

Este estudo teve financiamento da CAPES (Coordenacdo de Aperfeicoamento de
Pessoal de Nivel Superior; Codigo 001), FAPESP (Fundagdo de Amparo a Pesquisa do Estado
de Sdo Paulo; processo # 2017/19845-1, #2016/21499-1) e CNPq (Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico (processo #429549/2018-0).

4.6 REFERENCIAS

ABD-ELFATTAH, H. M.; ABDELAZEIM, F. H.; ELSHENNAWY, S. Physical and cognitive
consequences of fatigue: A review. Journal of advanced research, v. 6, n. 3, p. 351-358, maio
2015.

ALBERTS, J. L. et al. It is not about the bike, it is about the pedaling: Forced exercise and
Parkinson’s disease. Exercise and Sport Sciences Reviews, v. 39, n. 4, p. 177-186, 2011.

ALBERTS, J. L. et al. Cortical and motor responses to acute forced exercise in Parkinson’s
disease. Parkinsonism and Related Disorders, v. 24, p. 56-62, 2016.

ARCOLIN, I. et al. Intensive cycle ergometer training improves gait speed and endurance in



79

patients with Parkinson’s disease: A comparison with treadmill training. Restorative
neurology and neuroscience, v. 34, n. 1, p. 125-138, 2015.

BAILEY, S. P. et al. Changes in EEG during graded exercise on a recumbent cycle ergometer.
Journal of sports science & medicine, v. 7, n. 4, p. 505-511, 2008.

BASSO, J. C.; SUZUKI, W. A. The Effects of Acute Exercise on Mood, Cognition,
Neurophysiology, and Neurochemical Pathways: A Review. Brain plasticity (Amsterdam,
Netherlands), v. 2, n. 2, p. 127-152, mar. 2017.

BELL, P. T. et al. Dopaminergic basis for impairments in functional connectivity across
subdivisions of the striatum in Parkinson’s disease. Human Brain Mapping, v. 36, n. 4, p.
1278-1291, 2015.

BELLO, O.; SANCHEZ, J. A.; FERNANDEZ-DEL-OLMO, M. Treadmill walking in
Parkinson’s disease patients: adaptation and generalization effect. Movement disorders :
official journal of the Movement Disorder Society, v. 23, n. 9, p. 1243-1249, jul. 2008.

BHERER, L.; ERICKSON, K. I.; LIU-AMBROSE, T. A review of the effects of physical
activity and exercise on cognitive and brain functions in older adults. Journal of Aging
Research, 2013:657508, 2013.

BOUTCHER, S. H.; LANDERS, D. M. The effects of vigorous exercise on anxiety, heart rate,
and alpha activity of runners and nonrunners. Psychophysiology, v. 25, n. 6, p. 696-702, nov.
1988.

BRAWNER, C. A. et al. Predicting maximum heart rate among patients with coronary heart
disease receiving beta-adrenergic blockade therapy. American heart journal, v. 148, n. 5, p.
910-914, 2004.

BRIGADOI, S. et al. Motion artifacts in functional near-infrared spectroscopy: A comparison
of motion correction techniques applied to real cognitive data. Neurolmage, v. 85, p. 181-191,
2014.

BRUCKI, S. M. D. et al. [Suggestions for utilization of the mini-mental state examination in
Brazil]. Arquivos de neuro-psiquiatria, v. 61, n. 3B, p. 777-81, set. 2003.

BRYANT, M. S. et al. Acute and Long-Term Effects of Multidirectional Treadmill Training
on Gait and Balance in Parkinson Disease. PM & R : the journal of injury, function, and
rehabilitation, v. 8, n. 12, p. 1151-1158, dez. 2016.

BYUN, K. et al. Positive effect of acute mild exercise on executive function via arousal-related
prefrontal activations: an fNIRS study. Neurolmage, v. 98, p. 336-345, set. 2014.

CHAUMON, M.; BISHOP, D. V. M.; BUSCH, N. A. A practical guide to the selection of
independent components of the electroencephalogram for artifact correction. Journal of
Neuroscience Methods, v. 250, p. 47-63, 2015.

CHEN, M. et al. Neural correlates of obstacle negotiation in older adults: An fNIRS study. Gait
and Posture, v. 58, p. 130-135, 2017.

CHRISTENSEN, L. O. D. et al. Cerebral activation during bicycle movements in man.
Experimental Brain Research, v. 135, n. 1, p. 66-72, 2000.



80

COOPER, R. J. et al. A systematic comparison of motion artifact correction techniques for
functional near-infrared spectroscopy. Frontiers in Neuroscience, n. OCT, 2012.

CRABBE, J. B.; DISHMAN, R. K. Brain electrocortical activity during and after exercise: a
quantitative synthesis. Psychophysiology, v. 41, n. 4, p. 563-574, jul. 2004.

CURTZE, C. et al. Levodopa Is a Double-Edged Sword for Balance and Gait in People With
Parkinson’s Disease. Movement Disorders, v. 30, n. 10, p. 1361-1370, 2015.

DEL DIN, S.; GODFREY, A.; ROCHESTER, L. Validation of an Accelerometer to Quantify
a Comprehensive Battery of Gait Characteristics in Healthy Older Adults and Parkinson’s
Disease: Toward Clinical and at Home Use. IEEE Journal of Biomedical and Health
Informatics, v. 20, n. 3, p. 838-847, 1 maio 2016.

DELORME, A.; MAKEIG, S. EEGLAB: An open source toolbox for analysis of single-trial
EEG dynamics including independent component analysis. Journal of Neuroscience
Methods, v. 134, n. 1, p. 9-21, 2004.

DREW, T. et al. Cortical mechanisms involved in visuomotor coordination during precision
walking. Brain Research Reviews, v. 57, n. 1, p. 199-211, 2008.

DREW, T.; MARIGOLD, D. S. Taking the next step: Cortical contributions to the control of
locomotion. Current Opinion in Neurobiology, v. 33, p.25-33, 2015.

EL-SAYES, J. et al. Exercise-Induced Neuroplasticity: A Mechanistic Model and Prospects for
Promoting Plasticity. Neuroscientist, v. 25, n. 1, p. 65-85, 2019.

ENDO, K. et al. Dynamic exercise improves cognitive function in association with increased
prefrontal oxygenation. The journal of physiological sciences : JPS, v. 63, n. 4, p. 287-298,
jul. 2013.

FERNANDEZ-LAGO, H. et al. Acute kinematic and neurophysiological effects of treadmill
and overground walking in Parkinson’s disease. NeuroRehabilitation, v. 44, n. 3, p. 433-443,
2019.

FITZHUGH, K. B.; FITZHUGH, L. C.; REITAN, R. M. Relation of acuteness of organic brain
dysfunction to Trail Making Test performances. Perceptual and motor skills, v. 15, p. 399—
403, 1962.

FOLEY, T. E.; FLESHNER, M. Neuroplasticity of dopamine circuits after exercise:
implications for central fatigue. Neuromolecular medicine, v. 10, n. 2, p. 67-80, 2008.

FRISTON, K. J. et al. To smooth or not to smooth? Bias and efficiency in fMRI time-series
analysis. Neurolmage, v. 12, n. 2, p. 196-208, 2000.

GHARAGOZLOU, F. et al. Detecting Driver Mental Fatigue Based on EEG Alpha Power
Changes during Simulated Driving. Iranian journal of public health, v. 44, n. 12, p. 1693—
1700, dez. 2015.

GILAT, M. et al. Dopamine depletion impairs gait automaticity by altering cortico-striatal and
cerebellar processing in Parkinson’s disease. Neurolmage, v. 152, p. 207-220, 15 maio 2017.

GOETZ, C. G. et al. Movement Disorder Society-Sponsored Revision of the Unified
Parkinson’s Disease Rating Scale (MDS-UPDRS): Scale presentation and clinimetric testing



81

results. Movement Disorders, v. 23, n. 15, p. 2129-2170, 2008.

GUTMANN, B. et al. Effects of physical exercise on individual resting state EEG alpha peak
frequency. Neural plasticity, v. 2015, p. 717312, 2015.

GUTMANN, B. et al. Exercise-induced changes in EEG alpha power depend on frequency
band definition mode. Neuroscience letters, v. 662, p. 271-275, jan. 2018.

HAMACHER, D. et al. Brain activity during walking: A systematic review. Neuroscience and
Biobehavioral Reviews, v. 57, p. 310-327, 2015.

HARADA, T. et al. Gait capacity affects cortical activation patterns related to speed control in
the elderly. Experimental Brain Research, v. 193, n. 3, p. 445-454, mar. 2009.

HAUSDORFF, J. M. Gait variability: Methods, modeling and meaning. Journal of
NeuroEngineering and Rehabilitation, v. 20, 2005.

HAWKINS, K. A. et al. Prefrontal over-activation during walking in people with mobility
deficits: Interpretation and functional implications. Human Movement Science, v. 59, p. 46—
55, 1 jun. 2018.

HERMAN, T.; GILADI, N.; HAUSDORFF, J. M. Treadmill training for the treatment of gait
disturbances in people with Parkinson’s disease: a mini-review. Journal of neural
transmission (Vienna, Austria : 1996), v. 116, n. 3, p. 307-318, mar. 2009.

JANG, K. E. et al. Wavelet minimum description length detrending for near-infrared
spectroscopy. Journal of Biomedical Optics, v. 14, n. 3, p. 034004, 2009.

JI, Z. et al. Influence of acute combined physical and cognitive exercise on cognitive function:
an NIRS study. PeerJ, v. 7, p. 7418, 20109.

KOENRAADT, K. L. M. et al. Cortical control of normal gait and precision stepping: an fNIRS
study. Neurolmage, v. 85 Pt 1, p. 415-422, jan. 2014.

KUBITZ, K. A.; MOTT, A. A. EEG power spectral densities during and after cycle ergometer
exercise. Research quarterly for exercise and sport, v. 67, n. 1, p. 91-96, mar. 1996.

LAMOTTE, G. et al. Effects of endurance exercise training on the motor and non-motor

features of Parkinson’s disease: A review. Journal of Parkinson’s Disease, v. 5, n. 1, p. 21-
41, 2015.

LUDYGA, S.; HOTTENROTT, K.; GRONWALD, T. Four weeks of high cadence training
alter brain cortical activity in cyclists. Journal of sports sciences, v. 35, n. 14, p. 1377-1382,
jul. 2017.

MAIDAN, I. et al. The Role of the Frontal Lobe in Complex Walking among Patients with
Parkinson’s Disease and Healthy Older Adults: An fNIRS Study. Neurorehabilitation and
Neural Repair, v. 30, n. 10, p. 963-971, 2016.

MARIGOLD, D. S.; DREW, T. Posterior parietal cortex estimates the relationship between
object and body location during locomotion. eL.ife, v. 6, 20 out. 2017.

MENDONCA, M. E. et al. Transcranial direct current stimulation combined with aerobic
exercise to optimize analgesic responses in fibromyalgia: A randomized placebo-controlled
clinical trial. Frontiers in Human Neuroscience, v. 10, n. MAR2016, 2016.



82

MIRELMAN, A. et al. Effects of aging on prefrontal brain activation during challenging
walking conditions. Brain and Cognition, v. 115, p. 41-46, 2017.

MIYAL, 1. et al. Cortical mapping of gait in humans: A near-infrared spectroscopic topography
study. Neurolmage, v. 14, n. 5, p. 1186-1192, 2001.

MONDOLDO, F. et al. The validity of the hospital anxiety and depression scale and the geriatric
depression scale in Parkinson’s disease. Behavioural Neurology, v. 17, n. 2, p. 109-115, 2006.

MOORE, R. D. et al. The influence of exercise-induced fatigue on cognitive function. Journal
of sports sciences, v. 30, n. 9, p. 841-850, maio 2012.

MORAES, H. et al. Beta and alpha electroencephalographic activity changes after acute
exercise. Arquivos de neuro-psiquiatria, v. 65, n. 3A, p. 637641, set. 2007.

MORIARTY, T. et al. Exercise Intensity Influences Prefrontal Cortex Oxygenation during
Cognitive Testing. Behavioral sciences (Basel, Switzerland), v. 9, n. 8, jul. 2019.

NELSON, H. E. A Modified Card Sorting Test Sensitive to Frontal Lobe Defects. Cortex, V.
12, n. 4, p. 313-324, 1976.

NI, M. et al. Exercise Guidelines for Gait Function in Parkinson’s Disease: A Systematic
Review and Meta-analysis. Neurorehabilitation and neural repair, v. 32, n. 10, p. 872-886,
out. 2018.

NONNEKES, J. et al. Unmasking levodopa resistance in Parkinson’s disease. Movement
Disorders, v. 31, n. 11, p. 1602-1609, 2016.

NORDIN, A. D.; HAIRSTON, W. D.; FERRIS, D. P. Human electrocortical dynamics while
stepping over obstacles. Scientific Reports, v. 9, n. 1, 2019.

OLIVEIRA, A. S. et al. A channel rejection method for attenuating motion-related artifacts in
EEG recordings during walking. Frontiers in Neuroscience, v. 11, n. APR, 2017.

OLIVEIRA, A. S.; ARGUISSAIN, F. G.; ANDERSEN, O. K. Cognitive Processing for Step
Precision Increases Beta and Gamma Band Modulation During Overground Walking. Brain
Topography, v. 31, n. 4, p. 661-671, 2018.

ORCIOLI-SILVA, D. et al. Effect of dopaminergic medication on brain activity during obstacle
avoidance in Parkinson’s disease. Neurorehabilitation and Neural Repair, v. Submitted,
2020.

PETERSON, D. S.; HORAK, F. B. Neural control of walking in people with
parkinsonismPhysiology, 2016.

PETRUZZELLO, S. J. et al. A meta-analysis on the anxiety-reducing effects of acute and
chronic exercise. Outcomes and mechanisms. Sports medicine (Auckland, N.Z.), v. 11, n. 3,
p. 143-182, mar. 1991.

PETZINGER, G. M. et al. Exercise-enhanced neuroplasticity targeting motor and cognitive
circuitry in Parkinson’s disease. The Lancet Neurology, v. 12, n. 7, p. 716-726, 2013.

PLOCHL, M.; OSSANDON, J. P.. KONIG, P. Combining EEG and eye tracking:
Identification, characterization, and correction of eye movement artifacts in
electroencephalographic data. Frontiers in Human Neuroscience, n. OCTOBER 2012, 2012.



83

POHL, M. et al. Immediate effects of speed-dependent treadmill training on gait parameters in
early Parkinson’s disease. Archives of physical medicine and rehabilitation, v. 84, n. 12, p.
1760-1766, dez. 2003.

RIDGEL, A. L. et al. Acute effects of passive leg cycling on upper extremity tremor and
bradykinesia in Parkinson’s disease. The Physician and sportsmedicine, v. 39, n. 3, p. 83-93,
2011a.

RIDGEL, A. L. et al. Changes in executive function after acute bouts of passive cycling in
Parkinson’s disease. Journal of aging and physical activity, v. 19, n. 2, p. 87-98, abr. 2011b.

RIDGEL, A. L. et al. Active-assisted cycling improves tremor and bradykinesia in Parkinson’s
disease. Archives of Physical Medicine and Rehabilitation, v. 93, n. 11, p. 2049-2054, 2012.

RIDGEL, A. L. et al. Dynamic high-cadence cycling improves motor symptoms in Parkinson’s
disease. Frontiers in Neurology, v. 6, n. SEP, 2015.

RIES, A. J. et al. A Comparison of Electroencephalography Signals Acquired from
Conventional and Mobile Systems. Journal of Neuroscience and Neuroengineering, v. 3, n.
1, p. 10-20, 2014.

ROBERTSON, R. J. et al. Validation of the Adult OMNI Scale of Perceived Exertion for Cycle
Ergometer Exercise. Medicine and Science in Sports and Exercise, v. 36, n. 1, p. 102-108,
2004.

SAGE, M. D.; ALMEIDA, Q. J. Symptom and gait changes after sensory attention focused
exercise vs aerobic training in Parkinson’s disease. Movement disorders : official journal of
the Movement Disorder Society, v. 24, n. 8, p. 1132-1138, jun. 2009.

SANTOS, P. C. R. et al. Effects of leg muscle fatigue on gait in patients with Parkinson’s
disease and controls with high and low levels of daily physical activity. Gait and Posture, v.
47, p. 86-91, 2016.

SHU, H. F. et al. Aerobic exercise for Parkinson’s disease: A systematic review and meta-
analysis of randomized controlled trials. PLoS ONE, v. 9, n. 7, p. e100503, 2014.

SINGH, A. M.; STAINES, W. R. The effects of acute aerobic exercise on the primary motor
cortex. Journal of motor behavior, v. 47, n. 4, p. 328-339, 2015.

SMULDERS, K. et al. Pharmacological treatment in Parkinson’s disease: Effects on gait.
Parkinsonism and Related Disorders, v. 31, p. 3-13, 2016.

STERN, Y. What is cognitive reserve? Theory and research application of the reserve concept.
Journal of the International Neuropsychological Society : JINS, v. 8, n. 3, p. 448-460, mar.
2002.

STERN, Y. et al. Brain networks associated with cognitive reserve in healthy young and old
adults. Cerebral cortex (New York, N.Y.: 1991), v. 15, n. 4, p. 394-402, abr. 2005.

STUART, S. et al. Cortical activity during walking and balance tasks in older adults and in
people with Parkinson’s disease: A structured review. Maturitas, v. 113, p. 53-72, 2018.

SUZUKI, M. et al. Prefrontal and premotor cortices are involved in adapting walking and
running speed on the treadmill: An optical imaging study. Neurolmage, v. 23, n. 3, p. 1020—



84

1026, 2004.

TAKAKUSAKI, K.; TOMITA, N.; YANO, M. Substrates for normal gait and pathophysiology
of gait disturbances with respect to the basal ganglia dysfunction. Journal of Neurology, v.
255, p. 19-29, 2008.

TANAKA, H.; MONAHAN, K. D.; SEALS, D. R. Age-predicted maximal heart rate revisited.
Journal of the American College of Cardiology, v. 37, n. 1, p. 153-156, 2001.

TOMLINSON, C. L. et al. Systematic review of levodopa dose equivalency reporting in
Parkinson’s disease. Movement Disorders, v. 25, n. 15, p. 2649-2653, nov. 2010.

TUCKER, A. M.; STERN, Y. Cognitive reserve in aging. Current Alzheimer research, v. 8,
n. 4, p. 354-360, jun. 2011.

VITORIO, R. et al. fNIRS response during walking — Artefact or cortical activity? A
systematic review. Neuroscience and Biobehavioral Reviews, v.83, p.160-172, 2017.

VITORIO, R. et al. Reduced Gait Variability and Enhanced Brain Activity in Older Adults
With Auditory Cues: A Functional Near-Infrared Spectroscopy Study. Neurorehabilitation
and neural repair, v. 32, n. 11, p. 976-987, nov. 2018.

YANAGISAWA, H. et al. Acute moderate exercise elicits increased dorsolateral prefrontal
activation and improves cognitive performance with Stroop test. Neurolmage, v. 50, n. 4, p.
1702-1710, maio 2010.

YE, J. C. et al. NIRS-SPM: Statistical parametric mapping for near-infrared spectroscopy.
Neurolmage, v. 44, n. 2, p. 428-447, 2009.

ZARAHN, E. et al. Age-related changes in brain activation during a delayed item recognition
task. Neurobiology of aging, v. 28, n. 5, p. 784-798, maio 2007.



85

5 CAPITULO5
Considerac6es Finais

A presente tese investigou os correlatos neurais durante o andar de idosos com doenca

de Parkinson (DP) e fatores que poderiam influenciar a atividade cortical destes idosos. Trés

perguntas sobre a atividade cortical durante o andar guiaram esta tese: (i) a terapia

medicamentosa influencia a atividade cortical? (ii) a atividade cortical é diferente entre 0s

subtipos da DP? (iii) o exercicio fisico aerobio agudo melhora a atividade do cortex cerebral?

A partir dos resultados da presente tese, pode-se concluir que:

A medicacéo, o subtipo da DP e o exercicio fisico influenciam a atividade cortical
durante o andar de idosos com DP;

O medicamento dopaminérgico facilita o recrutamento de areas cognitivas adicionais
(aumento da atividade do cortex pré-frontal) durante tarefas mais desafiadoras, como
ultrapassar obstaculos;

A ingestdo de medicamento aumenta a atividade de areas sensdrio-motoras durante o
andar (representado pelo aumento do poder da banda Beta e Gama no canal CPz).
Idosos com DP com predominante comprometimento no andar, classificados como
subtipo Instabilidade postural e dificuldades no andar (IPDA), necessitam de maior
recrutamento do cortex pré-frontal para andar;

Idosos com DP classificados como Temor dominante (TD) apresentam reducdo do
poder da banda Beta nos canais Cz e CPz, e aumento da banda Gama no canal Cz
durante a ultrapassagem de obstaculos, o que pode indicar mudancas na atividade dos
cortices motor e sensorio-motor a fim de manter o equilibrio para a tarefa;

Uma sessdo de exercicio aer6bio em bicicleta ergométrica com intensidade entre 65-
70% da Frequéncia Cardiaca maxima (FCmax), ndo altera a atividade do cértex pré-
frontal e o desempenho do andar.

Parametros eletrocorticais sdo alterados pelo exercicio (aumento da banda alfa nos

canais FCz, Cz e CPz), indicando estado de fadiga.

A combinagdo de medidas de EEG e fNIRS é vidvel e oferece a possibilidade de

examinar a atividade do cértex cerebral de forma mais abrangente durante a locomocéo em

situacdo real. O nimero de estudos que tém investigado a atividade cortical durante o andar de

idosos com DP vem crescendo ano-a-ano. Porém, poucos estudos analisaram os subtipos da DP

e os efeitos do tratamento medicamentoso na atividade cortical durante a locomocgédo desses
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pacientes. Estas analises sdo importantes devido a caracteristica heterogénea dos sinais e
sintoma da DP. Neste contexto, a presente tese avangou o conhecimento na area por analisar
diferentes aspectos do controle locomotor na DP. Os estudos realizados possibilitam uma maior
generalizacdo e entendimento dos mecanismos corticais durante o andar de idosos com DP,
uma vez que os modelos experimentais realizados ponderaram fatores como ingestdo de
medicamentos, subtipos da DP, andar em diferentes complexidades e efeito agudo do exercicio
fisico. Assim, futuros estudos devem considerar estes fatores para ter um melhor entendimento
dos comprometimentos da DP.

Visando compreender os efeitos de uma sessdo de exercicio aerobio tanto no andar,
como na atividade cortical, foi proposto um protocolo de exercicio fisico em bicicleta
ergométrica. Porém os resultados ndo foram os esperados. Uma possivel explicacao foi devido
a um possivel estado de fadiga demonstrada pelos pacientes, o que sugere que o protocolo de
exercicio utilizado pode ter sido intenso para os idosos com DP. Portanto, s&o necessarios mais
estudos comparando os efeitos de sessdo aguda de exercicio aerdébio de diferentes intensidades
na atividade cortical e no andar de pacientes com DP, para entender se condi¢es como fadiga
sdo resultantes que podem influenciar os parametros corticais e locomotores. Além disso,
evidéncias recentes tém sugerido que ferramentas adicionais podem ser combinadas ao
exercicio e que podem potencializar os efeitos positivos do exercicio. Neste cenario, um
exemplo promissor pode ser a estimulacéo transcraniana por corrente continua (ETCC), que é
um método ndo invasivo, seguro e de baixo custo e que tem apresentado resultados positivos
em diferentes populacgdes, inclusive na DP (FREGNI et al., 2006; BROEDER et al., 2015;
TAHTIS, KASKI, 2017; VITORIO et al., 2019). Estudos prévios mostraram que a combinacao
de exercicio fisico e ETCC melhorou o andar, controle postural (KASKI et al., 2014a, 2014b)
e cognicdo (MANENT I et al., 2016; SCHABRUN, LAMONT, BRAUER, 2016; LAWRENCE
etal., 2018) em idosos com DP. Contudo, nenhum estudo investigou o efeito desta combinacgéo
na atividade cortical durante o andar. Ainda, a ETCC pode diminuir a percepc¢éo de fadiga, o
que poderia reduzir seus efeitos durante a realizacdo do exercicio e, consequentemente, 0s
resultados (OKANO et al., 2015). Assim, sugere-se que estudos futuros ampliem a investigacao
nesta area, uma vez que isto pode implicar em estratégias de reabilitacdo para melhora motora

e cognitiva em pacientes com DP.
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APENDICE 1 - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
IB/UNESP/Rio Claro
(Conselho Nacional de Saude, Resolugédo 466/12)

Eu, Prof. Me. Diego Orcioli da Silva, RG: 44.921.113-7, doutorando em Ciéncias da
Motricidade — UNESP de Rio Claro, pesquisador responsavel pelo estudo, convido o (a) Senhor
(2) a participar da pesquisa intitulada “Atividade cortical durante o andar usual e com obstaculos
em idosos com doenga de Parkinson: Efeito do subtipo da doenga, da terapia medicamentosa e
do exercicio fisico agudo”, que tem como membro participante da equipe de pesquisa a Prof.
Dra. Lilian Teresa Bucken Gobbi e o Prof. Dr. Rodrigo Vitério, a realizar-se no Instituto de
Biociéncias da UNESP/RC, no Departamento de Educacdo Fisica — LEPLO — Laboratério de
Estudos da Postura e Locomocéo, enderego: Av. 24-A, 1515, Bela Vista, CEP:13506-900 Fone:
(19) 3526-4365.

Os objetivos do presente projeto de pesquisa sdo: (i) analisar o efeito da terapia
medicamentosa (levodopa) na atividade cortical durante o andar com obstaculos em idosos com
doenca de Parkinson; (ii) comparar a atividade cortical durante o andar usual e com obstéaculo
e o efeito da ingestdo de medicamento de acordo com os subtipos da doenca de Parkinson
(Tremor Dominante — TD e Instabilidade Postural/Dificuldades no Andar — IPDA); (iii) analisar
0 impacto de uma sessdo aguda de exercicio fisico na atividade cortical durante as tarefas de
andar. Estudos desta natureza podem auxiliar na identificacdo de alteracdes patoldgicas da
atividade do coértex cerebral que resultam em comprometimentos no andar de idosos com
doenca de Parkinson e no desenvolvimento de estratégias de intervengdo por meio de exercicio
fisico. A fim de investigar os objetivos propostos, trés estudos serdo desenvolvidos.
Inicialmente serdo selecionados 20 idosos com doenca de Parkinson e 20 idosos sadios para
responder o primeiro objetivo. A posteriori, outros idosos com doencga de Parkinson (20 IPDA
e 20 TD) serdo incluidos para completar dois grupos, de acordo com o subtipo (Estudo #2).
Nestes estudos, todos os participantes realizardo avaliagdes cognitivas, clinicas e do andar. No
terceiro estudo serdo selecionados apenas idosos com doenca de Parkinson para realizagao de
uma sessdo aguda de exercicio fisico. Para melhor entendimento dos procedimentos que seréo

realizados, o (a) Senhor (a) esta convidado (a) a participar do seguinte plano de atividades:
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Estudo #1 e #2 - 12 fase — Serd aplicado um questionario sobre doencas, lesdes,
medicamentos em uso, tempo com a doenga de Parkinson, entre outras informagdes relevantes
para a pesquisa. Em seguida, serdo realizadas avaliacdes para rastreio cognitivo, que incluem:
testes para fungdes cognitivas globais por meio do Montreal Cognitive Assessment (MoCA),
funcdes executivas, incluindo atengéo, por meio do Teste Wisconsin de Classificagéo de Cartas
e o Trail Making Test, e ansiedade e depressdo por meio da Escala Hospitalar de Ansiedade e
Depressdo. Especificamente para os idosos com doenca de Parkinson, serdo aplicadas
avaliagoes clinicas utilizando a Unified Parkinson’s Disease Rating Scale (UPDRS) e a escala
de Hoehn & Yahr para conhecimento do grau do comprometimento e estagio da doenca. Se
desejado, este procedimento sera realizado juntamente com o acompanhante do participante.

2% fase — Apds as avaliagdes clinicas e cognitivas, serdo coletados dados de massa
corporal e estatura de cada participante. Em seguida, os participantes serdo preparados para o
registro da atividade do cortex cerebral. Para este registro, serd utilizada uma touca com
eletrodos ativos. Esta touca sera posicionada na cabeca do participante e adicionaremos um gel
condutor nos locais de contato dos eletrodos com o couro cabeludo. E vélido ressaltar que este
ndo € um método invasivo. O contato da touca é apenas superficial e ela ndo causa nenhum tipo
de sensacgéo de dor ou desconforto. Estes procedimentos de preparacdo durardo em torno de 20-
30 min. Apbs o posicionamento da touca, o (a) Senhor (a) serd convidado (a) a percorrer
andando um circuito oval de 26,8 metros de comprimento em duas condic¢des: andar usual e
andar com ultrapassagem de obstaculo, em sua velocidade habitual. Na condicdo de
ultrapassagem de obstaculo, serdo posicionados obstaculos a cada 6,45 metros que terdo a altura
15 cm. Um carpete com sensores de pressdo sera posicionado no circuito para o registro dos
parametros do andar.

Nestes estudos, as avaliagdes clinicas e do andar dos idosos com DP serdo realizadas no
estado “OFF” da medicagdo (no minimo 12 horas apos a tltima ingestao do medicamento) e no
estado “ON” da medicacdo especifica da doenca de Parkinson (aproximadamente uma hora
apos a ingestdo do medicamento). A dose do medicamento devera ser ingerida pelos idosos
com doenca de Parkinson apos o término da segunda fase. Os idosos com doenca de Parkinson
deverdo portar o proprio medicamento. Durante o tempo de espera do efeito do medicamento,
os idosos com doenga de Parkinson deverdo ficar nas dependéncias da Universidade. Os idosos
neurologicamente sadios irdo realizar as avaliagdes em apenas um momento.

Estudo #3 — Trés meses apos a realizagdo dos procedimentos dos Estudos #1 e #2,

apenas os idosos com doenca de Parkinson deverdo comparecer no LEPLO, onde seréo
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distribuidos em dois grupos: grupo experimental e grupo controle. A avaliacdo do andar sera
semelhante a dos estudos anteriores e sera realizada antes e apds a sessao de exercicio aerdbio
na bicicleta ergométrica, que tera 45 minutos de duracdo. A sessao sera dividida em parte inicial
(aquecimento - 5 minutos), parte principal (35 min) e parte final (volta a calma -5 minutos).
Um profissional de Educacdo Fisica estara presente durante para supervisdo. A frequéncia
cardiaca sera registrada por um monitor cardiaco durante toda a sess@o e a pressao arterial serd
mensurada imediatamente antes e a cada 10 minutos de exercicio. O grupo controle, durante o
mesmo periodo, ficara repousando em uma sala com disponibilidade de recursos para leitura e
audiovisuais.

Todos os procedimentos serdo conduzidos por avaliadores treinados para 0S
procedimentos e dispostos a lhe ajudar sempre que requisitado. A participacdo dos idosos com
doenca de Parkinson ndo devera exceder trés horas e trinta minutos de duragdo, contando o
tempo de espera do efeito do medicamento, e a participacdo dos idosos sadios ndo devera
exceder duas horas de duracdo. Apesar das atividades possuirem um alto grau de seguranca, é
necessario ressaltar que ha algum risco de queda, constrangimento ou desconforto. Para
minimizar estes riscos, algumas medidas serdo tomadas: as avaliacGes clinicas serdo conduzidas
apenas por avaliadores experientes e treinados por profissionais, como neuropsiquiatra e
psicélogo; durante a avaliacdo do andar haverd sempre um membro da equipe ao lado do
participante para auxiliar em qualquer evento inesperado; os obstaculos utilizados durante a
tarefa de ultrapassagem de obstaculo serdo confeccionados de espuma, o que diminui oS riscos
de acidente durante a realizacdo da tarefa, e serdo altamente contrastantes com o ambiente, para
facilitar sua identificagdo. Quando necessario, procedimentos de primeiros socorros serdo
prestados pelos membros da equipe e o participante serd encaminhado para o centro de satde
mais proximo. Os cuidadores/acompanhantes poderdo permanecer dentro da sala durante as
avaliacdes.

A participacdo no estudo ndo garante beneficio imediato para sua salde, porém os
resultados deste estudo poderdo auxiliar no melhor entendimento da atividade do cOrtex
cerebral em pacientes com doenca de Parkinson durante o andar e o efeito do tratamento
medicamentoso. Ainda, poderdo subsidiar o desenvolvimento de novos procedimentos de
tratamento e reabilitacdo que contribuam para problemas comumente observados no andar de
idosos com DP.

O (a) Senhor (a) podera receber esclarecimento de qualquer davida a respeito do estudo

e dos procedimentos acima descritos, pois teremos a obrigacdo de respondé-las a qualquer
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momento. O (a) Senhor (a) terd plena liberdade para recusar a participacdo no estudo ou
abandonéa-lo a qualquer momento sem nenhum prejuizo pessoal ou financeiro. A participacao
no estudo ndo tera qualquer tipo de remuneracédo, bem como, nenhum tipo de despesa por parte
do (a) Senhor (a). Ainda, o (a) Senhor (a) podera entrar em contato com o Comité de Etica em
Pesquisa da Universidade Estadual Paulista “Julio de Mesquita Filho™, pelo telefone (19)3526-
9678 ou (19)3526-9605, para qualquer esclarecimento sobre a pesquisa.

Para um maior controle deste estudo, o (a) Senhor (a) recebera um cddigo, o que
assegurard que a sua identidade se mantenha confidencial. Todos os resultados dos estudos
serdo usados, Unica e exclusivamente, para fins de ensino e pesquisa e todas as informac6es
pessoais serdo mantidas em sigilo. O (a) Senhor (a) terd a liberdade de solicitar, a qualquer
momento, informac@es sobre os resultados das tarefas realizadas.

Se o0 (a) Senhor (a) se sentir suficientemente esclarecido sobre esta pesquisa, seus
objetivos, eventuais riscos e beneficios, convido-o (a) a assinar este Termo, elaborado em duas

vias, sendo que uma ficard com o (a) Senhor (a) e outra com o pesquisador.

de de

Assinatura do participante Assinatura do pesquisador

Dados sobre a Pesquisa:

Titulo do projeto: Atividade cortical durante o andar usual e com obstaculos em idosos com
doenca de Parkinson: Efeito do subtipo da doenca, da terapia medicamentosa e do exercicio
fisico agudo.

Pesquisador responsavel: Prof. Me. Diego Orcioli da Silva

Cargo/Funcéo: Estudante de doutorado em Ciéncias da Motricidade

Instituicdo: LEPLO/Depto de Educacdo Fisica — Instituto de Biociéncias/fUNESP/RC
Endereco: Av. 24-A, n° 1515, Bela Vista, Rio Claro, CEP: 13.506-900

Dados para Contato: fone (19) 98819-9163 e-mail:

diego_orcioli@hotmail.com



Orientadora: Dra. Lilian Teresa Bucken Gobbi

Instituicdo: LEPLO/Depto de Educagéo Fisica — Instituto de BiociénciassfUNESP/RC
Endereco: Av. 24-A, 1515, Bela Vista, Rio Claro/SP

Dados para Contato: fone (19) 3526-4365 e-mail:ltbgobbi@rc.unesp.br
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Dados do participante da Pesquisa:

Nome:

Documento de Identidade:

Sexo:F() M()

Data de Nascimento: / /

Endereco:

Bairro: Cidade:
CEP: Fone: ( )
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ANEXO 1 - PARECER CONSUBSTANCIADO DO COMITE DE ETICA

UNESP - INSTITUTO DE
BIOCIENCIAS DE RIO CLARO “GREraAl -
DA UNIVERSIDADE ESTADUAL

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Alividade cortical durante o andar usual e com obstaculos em idosos com doenca de
Parkinson: Efeito do subtipo da doenca, da terapia medicamentosa e do exercicio fisico

agudo
Pesquisador: Diego Orcioli Silva
Area Tematica:
Versao: 1

CAAE: 78552117.6.0000.5465
Instituicao Proponente: UNIVERSIDADE ESTADUAL PAULISTA JULIO DE MESQUITA FILHO
Patrocinador Principal: MINISTERIO DA EDUCACAO

DADOS DO PARECER

Numero do Parecer: 2.375.380

Apresentacao do Projeto:

Trata-se de uma pesquisa (Doutorado) de Diego Orcioli da Silva, RG: 44.921.113-7, a ser realizada sob a
orientacao do(a) Profia). Dr(a). Dra. Lilian Teresa Bucken Gobbi. O projeto de pesquisa tem como tematica
“Atividade cortical durante o andar usual e com obstaculos em idosos com doenca de Parkinson: Efeito do
subtipo da doenca, da terapia medicamentosa e do exercicio fisico agudo.”

Objetivo da Pesquisa:

*(i) Analisar o efeito da terapia medicamentosa na atividade cortical durante o andar com obstaculo em
idosos com DP; (ii) comparar a atividade cortical durante o andar usual € com obstaculo e o efeito da
ingestao de medicamento de acordo com os subtipos da DP (Tremor Dominante e Instabilidade
Postural/Dificuldades no Andar); (iii) analisar o impacto de uma sessao aguda de exercicio fisico aerdbio na
atividade cortical durante o andar usual e adaptativo.”

Avaliacao dos Riscos e Beneficios:

"Riscos:

Mesmo a tarefa possuindo um alto grau de seguranca, € necessario ressaltar que ha algum risco de tropeco
durante a ultrapassagem do obstaculo, devido ao proprio declinio inerente ao envelhecimento e ao
comprometimento da doenga. Contudo havera sempre um membro da equipe

Endereco: Av.24-An’ 1313

Bairro: seia vista CEP: 133005300
UF: sp Municipio: R0 CLARO
Telefone: [y3)326-9078 Fax: (19)3334-0009 E-mail: cepb@rc unespbr
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ao lado do participante para auxiliar em qualquer evento inesperado. Porém, caso ocorra qualquer tipo de
acidente, como entorses, escoriacoes ou contusdes, serao seguidos os procedimentos de primeiros
socorros. Se necessario, o participante sera encaminhado ao Pronto Atendimento pelo pesquisador e todo e
qualquer gasto referente a acidente que porventura possa ocorrer durante a coleta de dados sera coberto
pelo pesquisador.

Beneficios:

A presente proposta possui impactos cientificos, educacionais/tecnologicos, socioecondémicos e de saude.
Do ponto de vista cientifico, a presente proposta avanca a producao do conhecimento na area de Controle
Motor e podera gerar novos modelos tedricos. Os impactos educacionais/tecnolégicos referem-se,
diretamente, a continuidade da formacao do candidato e dos demais membros do Laboratério de Estudos da
Postura e Locomogao (LEPLO) pelo desenvolvimento de competéncias de coleta, analise e discussao dos
dados de atividade cortical e a transferéncia do conhecimento produzido para as atividades de ensino de
graduacao e pds-graduacao. Do ponto de vista socioeconémico, a analise do impacto da terapia
medicamentosa (levodopa) podera elucidar os mecanismos da reposicao dopaminérgica no controle do
andar de idosos com DP e, no futuro, influenciar a dosagem diaria e a rotina de ingestao do medicamento,
com possiveis reducoes dos gastos publicos com a salde. Para a saide dos idosos com DP, em especial a
atividade cortical melhorada por uma sessao aguda de exercicio fisico fornecera impactos expressivos
diretos, na saude fisica e mental, e indiretos, na qualidade de vida. Desta forma, a presente proposta
pretende, nao apenas contribuir para o entendimento do substrato neural dos comprometimentos do andar
na DP. mas também subsidiar o desenvolvimento de novos procedimentos de tratamento e reabilitacao.”

Comentarios e Consideracoes sobre a Pesquisa:

Trés estudos serao realizados: Estudo #1: Serao selecionados 20 idosos com doenga de Parkinson (DP)
idiopatica e 20 idosos sadios para responder o primeiro objetivo. Estudo #2: A posteriori, outros idosos com
DP serao incluidos para completar dois grupos de acordo com o subtipo (20 Tremor Dominante — TD e 20
Instabilidade Postural/Dificuldades no Andar — IPDA). As avaliagoes serao realizadas no estado “OFF da
medicacao (no minimo 12 horas apos a dltima ingestao do medicamento) e no estado “ON” da medicacao
especifica da doenca de Parkinson - Levodopa (aproximadamente uma hora apds a ingestao do
medicamento). Na avaliagao do andar, o participante sera instruido a andar, em velocidade preferida, sobre
um circuito oval de 26,8 m de comprimento, em duas condigcoes experimentais: (i) andar usual e (ii) com
ultrapassagem de

Enderego: Av.24-An’i513

Bairro: seia vista CEP: 13305-500
UF: sp Municipio: R0 CLARO
Telefone: (1s)3520-2078 Fax: (19)3334-0009 E-mail: cep@rounespbr
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obstaculo. Na condi¢ao de ultrapassagem de obstaculo, serao posicionados obstaculos a cada 6,45 metros.

Os obstaculos serao de espuma, com dimensdes: 3 cm de comprimento, 60 cm de largura e 15 cm de
altura. Um carpete de 5,74 m de comprimento com sensores de pressao (GAITRite®) sera posicionado no
centro de uma das retas para o registro de medidas espaco temporais do andar. Um obstaculo estara
posicionado imediatamente no final da area de registro do GAITRite®. Ainda, um acelerdmetro (TMSi
Mobita) sera posicionado na quinta vértebra lombar dos participantes para registrar a aceleracao do centro
de massa nos sentidos anteroposterior, médio lateral e vertical. Serao realizadas 10 tentativas
completamente randomizadas, sendo cinco tentativas para cada condigao experimental. Durante as
tentativas, a atividade do cortex cerebral sera registrada por meio dos equipamentos portateis e sem fio de
eletroencefalografia (EEG) e de espectroscopia funcional por infravermelho proximo(fNIRS), para isto, os
participantes vestirao um touca com eletrodos e optodos {emissores e receptores de luz), que sera
conectada a um amplificador para o registro combinado de sinais EEG e NIRS. O amplificador sera
carregado pelo proprio participante dentro de uma mochila de costas e enviara o sinal em tempo real para o
computador de controle. Estudo #3: Os idosos com DP serao distribuidos em 2 grupos: experimental e
controle. Os mesmos procedimentos experimentais (avaliagao do andar) serao realizados em diferentes
momentos: Avaliacao Pré e Avaliagao Pds sessao aguda de exercicio aerobio. Ambos os grupos serao
avaliados nos dois momentos. A avaliacao tera inicio 45 min apos a ingestao de uma dose da medicagao
especifica para a DP. A sessdo de exercicio aerobio para a avaliagao do efeito agudo do exercicio sera
realizada em bicicleta ergométrica (modelo RXS Protection Standard) e tera 45 min de duracgao.
Inicialmente, os participantes do grupo experimental farao um aquecimento durante 5 min; a frequéncia
cardiaca devera ficar entre 55 e 65% da FCmax. A parte principal da sessado durara 35 min e a intensidade
sera mantida entre 65 e 70% da FCmax. Por fim, os participantes terao 5 min de voita a calma, com a
intensidade mantida abaixo de 60% da FCmax. A frequéncia cardiaca sera registrada por um monitor
cardiaco (modelo FW30) durante toda a sessao. Um profissional de Educacao Fisica supervisionara a
sessao. A pressao arterial sera mensurada (meétodo auscultatorio) imediatamente antes e a cada 10 min de
exercicio. O grupo controle ficara, entre as avaliacoes Pré e Pos, repousando em uma sala com
disponibilidade de material para leitura.

Consideracoes sobre os Termos de apresentacao obrigatoria:
O TCLE esta em conformidade com as normas vigentes:

Informa o nome do pesquisador responsavel e RG; informa titulo, objetivos e beneficios; informa a

Enderego: Av.24-An’i513
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metodologia em linguagem clara e acessivel; informa sobre os riscos e forma de minimiza-los; informa que
nao havera custos para participacao na pesquisa e nem ressarcimento de qualquer natureza; garante a
privacidade e sigilo sobre dados do participante; informa sobre o direito de desisténcia da pesquisa a
qualquer memento; informa sobre o direito de pedir esclarecimentos da pesquisa; informa contatos com o
CEP local, informa sobre as duas vias do TCLE; termina o TCLE na forma de convite.

Recomendacoes:

nao ha.

Conclusoes ou Pendéncias e Lista de Inadequacoes:
O CEP REFERENDA O PARECER DO RELATOR:

"Sugiro aprovagao peio CEP".
Consideracoes Finais a critério do CEP:
O projeto encontra-se APROVADO para execugdo. Pedimos atencao aos seguintes itens:

1)  De acordo com a Resolugac CNS n® 466/12, o pesquisador devera apresentar relatorio final.

2) Eventuais emendas ( modificacoes ) ao protocolo devem ser apresentadas, com justificativa, ao CEP
de forma clara e sucinta, identificando a parte do protocolo a ser modificada.

3) Sobre o TCLE: caso o termo tenha DUAS paginas ou mais, lembramos que no momento da sua
assinatura, tanto o participante da pesquisa ( ou seu representante legal) quanto o pesquisador responsavel
deverao RUBRICAR todas as folhas , colocando as assinaturas na ultima pagina.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situacao
Informacoes Basicas| PB_INFORMACOES_BASICAS DO P | 07/10/2017 Aceito
do Projeto ROJETO 1010192 pdf 17:13:34
TCLE/ Termos de | TCLE_Projeto_doutorado.pdf 07/10/2017 |Diego Orcicli Silva Aceito
Assentimento / 17:11:13
Justificativa de
Auséncia
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Projeto Detalhado / | Projeto_doutorado.pdf 07/10/2017 |Diego Orcioli Silva Aceito

Brochyra 17:10:45

| nvestigador = = - s ’

Folha de Rosto Folha_de_Rosto.pdf 07/10/2017 | Diego Orcioli Silva Aceito
17:08:04

Situacao do Parecer:

Aprovado

Necessita Apreciacao da CONEP:

Nao

RIO CLARO, 10 de Novembro de 2017

Assinado por:
Flavio Soares Alves
(Coordenador)
Enderego: Av.24-An’1313
Bairro: seia vista CEP: 13306900
UF: sp Municipio: 10 CLARO
Telefone: [y3)3m26-9078 Fax: (19)3334-0009 E-mail: cep@rc unespbr
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