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Resumo

A estimulagdo transcraniana por corrente continua (ETCC) e o exercicio fisico sdo
terapias eficazes para melhorar a coordenagdo de movimentos e os parametros do andar
em pessoas com doenca de Parkinson (DP), geralmente acompanhadas por mudangas na
atividade cortical. Contudo, a variabilidade nos protocolos de ETCC gera duvidas sobre
quais parametros sdo eficazes, e pouco se sabe sobre os efeitos da combinagao de ETCC
e exercicio na locomogao e na atividade cortical em DP. Esta tese investigou essas lacunas
em trés estudos. O Estudo #1 sintetizou achados de estudos sobre protocolos de ETCC
para melhorar a coordenagdo motora em parkinsonianos e idosos saudaveis por meio de
uma revisdo sistematica nas bases PubMed, Embase e Web of Science. O Estudo #2
investigou os efeitos agudos, e o Estudo #3 os efeitos cronicos, de um protocolo
combinado de ETCC e exercicio locomotor na coordenagdo intermembros, parametros
do andar e atividade cortical de 22 individuos com DP. No protocolo de ETCC, o dnodo
foiposicionado sobre o cortex motor contralateral ao lado mais afetado pela DP e o catodo
na area supraorbital contralateral. A corrente elétrica de 2 mA foi aplicada por 20 minutos
(ativo) ou 10 segundos (sham), concomitantemente ao exercicio (20 minutos). No
protocolo de exercicio, os participantes percorreram um circuito de 18 m em duas
condicdes: 1) andar aumentando amplitude dos bragos (10 min); i1) andar aumentando
velocidade dos bragos (10 min). No Estudo #2, os participantes realizaram ambas as
condicdes de estimulacao com sete dias de intervalo, sendo avaliados antes e apds cada
sessdo. No Estudo #3, 22 participantes foram divididos em dois grupos (ativo, n = 12;
sham, n = 10) e realizaram seis sessOes em dias alternados. As avaliagdes ocorreram antes
da primeira sessdo, 48 horas apds e 30 dias apos a ultima sessdo. O andar foi avaliado
com o sistema GaitRite posicionado em uma passarela de 8 m. A coordenagdo
intermembros foi analisada via fase relativa continua entre sinais de acelerOmetros nos
punhos e tornozelos contralaterais. A atividade cortical foi analisada por EEG de 64
canais, considerando a densidade do poder espectral (alpha, beta € gamma) nos canais Fz,
F3, F4, Cz, C3, C4, Pz, P3 e P4. O Estudo #1 mostrou que a ETCC melhora a coordenagao
motora, especialmente com protocolos de 20 min e 2 mA. O Estudo #2 revelou que uma
sessao de ETCC combinada com exercicio nao potencializou os efeitos do exercicio. O
Estudo #3 mostrou que seis sessdes potencializaram os efeitos do exercicio, com menor
variabilidade do angulo de fase e redugao do poder espectral na banda alfa do cortex pré-
frontal no grupo ativo. Conclui-se que exercicios focados na amplitude e velocidade dos
bracos promovem melhorias na marcha e na atividade cortical em DP. Contudo, multiplas
sessdes de ETCC sdo necessdrias para potencializar esses efeitos, sugerindo que
intervencdes combinadas e repetidas sao mais eficazes.

Palavras-Chave: Parkinson, Estimula¢do cortical, Locomo¢ao, Eletroencefalograma.



Abstract

Transcranial direct current stimulation (tDCS) and physical exercise are effective
therapies for improving motor coordination and gait parameters in people with
Parkinson’s disease (PD), often accompanied by changes in cortical activity. However,
variability in tDCS protocols raises questions about which parameters are effective, and
little is known about the effects of combining tDCS and exercise on locomotion and
cortical activity in PD. This thesis investigated these gaps through three studies. Study #1
synthesized findings from studies on tDCS protocols aimed at improving motor
coordination in individuals with parkinsonism and healthy older adults through a
systematic review of PubMed, Embase, and Web of Science databases. Study #2
investigated the acute effects, and Study #3 the chronic effects, of a combined tDCS and
locomotor exercise protocol on interlimb coordination, gait parameters, and cortical
activity in 22 individuals with PD. In the tDCS protocol, the anode was positioned over
the motor cortex contralateral to the most affected side and the cathode over the
contralateral supraorbital area. A 2 mA current was applied for 20 minutes (active) or 10
seconds (sham) during 20 minutes of exercise. In the exercise protocol, participants
walked an 18 m circuit under two conditions: i) walking with increased arm swing
amplitude (10 min); i1) walking with increased arm swing speed (10 min). In Study #2,
participants performed both stimulation conditions seven days apart, with assessments
conducted before and after each session. In Study #3, 22 participants were divided into
two groups (active, n = 12; sham, n = 10) and completed six sessions on alternate days.
Assessments were performed before the first session, 48 hours after, and 30 days after the
final session. Gait was assessed using the GaitRite system positioned on an 8§ m walkway.
Interlimb coordination was analyzed via continuous relative phase between signals from
accelerometers placed on contralateral wrists and ankles. Cortical activity was analyzed
using 64-channel EEG, considering spectral power density (alpha, beta, gamma) in
channels Fz, F3, F4, Cz, C3, C4, Pz, P3, and P4. Study #1 showed that tDCS improves
motor coordination, particularly with 20-minute, 2 mA protocols. Study #2 revealed that
one tDCS session combined with exercise did not enhance exercise effects. Study #3
demonstrated that six sessions amplified exercise effects, with the active group showing
lower phase angle variability and reduced alpha-band power in the prefrontal cortex. In
conclusion, exercise protocols focusing on arm amplitude and speed improve gait and
cortical activity in PD. However, multiple tDCS sessions are necessary to enhance these
effects, suggesting that combined and repeated interventions are more effective.

Keywords: Parkinson, Cortical Stimulation, Locomotion, Electroencephalogram.
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1. Chapter 1

General introduction

Locomotion is a type of motor behavior activated by signals sent from various
cortical regions (Takakusaki, Tomita, & Yano, 2008). It requires visuomotor cognitive
processing regulated by neural networks involving the cerebral cortex, basal ganglia,
cerebellum, brainstem, and spinal cord (Takakusaki, 2017). The frontal areas of the cortex
are responsible for visuospatial movement control, whereas motor areas, such as the
supplementary motor area (SMA), premotor area, and primary motor cortex (M1), are
involved in motor planning (Takakusaki, 2017). The cerebellum plays a role in executing
cyclic movements following preestablished motor plans, controlled unconsciously
(Linsberger & Thach, 2014). These regions are connected to basal ganglia structures such
as the thalamus and substantia nigra pars reticulata (Takakusaki et al., 2004). The basal
ganglia receive inputs from the cortex and send projections to brainstem structures,
including the pedunculopontine nucleus, which regulates muscle tone, and the
mesencephalic locomotor region, responsible for rhythmic movement control.
Furthermore, they influence spinal cord structures such as the central pattern generator
(CPG), which modulates rhythmicity by coordinating flexor and extensor muscle activity
during gait (Pearson & Gordon, 2014; Takakusaki et al., 2003). When basal ganglia
function is impaired, as in Parkinson’s disease (PD), individuals exhibit movement
execution impairments, including slowness (bradykinesia) and reduced amplitude

(hypometria) (Takakusaki, 2017).

PD is characterized by progressive and asymmetric degeneration of dopaminergic
neurons located in the substantia nigra pars compacta of the basal ganglia (Wichmann &
DeLong, 2014). Dopamine is a critical neurotransmitter for regulating cortical activity.
Its reduced production impairs inhibitory stimulus transmission from the substantia nigra
pars compacta to the internal globus pallidus and substantia nigra pars reticulata, leading
to increased inhibitory stimuli sent to the thalamus (Takakusaki, Tomita, & Yano, 2008).
Consequently, there is greater inhibition of the thalamo-cortical pathway, reducing
stimulus transmission to the cortex and decreasing basal ganglia activation (Blandini et
al., 2000; Takakusaki, Tomita, & Yano, 2008). This dysfunction is associated with resting

tremor, a hallmark symptom of PD. In gait-related circuitry deficits, inhibition of the
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pedunculopontine nucleus and mesencephalic locomotor region is reduced. With
diminished dopaminergic activity, these structures, which typically receive inhibitory
projections from the basal ganglia, increase inhibitory signals sent to the reticular
formation (Takakusaki et al., 2004). As a result, gait deficits arise, including reduced
stride length and speed, increased double support time, decreased and asymmetric arm
swing, and impaired interlimb coordination (Huang et al., 2012; Lewek et al., 2010). The
dense connectivity between the cortex and basal ganglia explains why, in the presence of
motor dysfunction, individuals with PD exhibit altered cortical activity (Karimi et al.,
2022; Stuart et al., 2021). Compared to healthy older adults, individuals with PD show
increased alpha-band (8—12 Hz) and beta-band (13-30 Hz) power in frontal, motor, and
parietal cortical regions (Karimi et al., 2022; Stuart et al., 2021). This increased cortical
activity is interpreted as a compensatory mechanism for the basal ganglia’s deficient
circuitry, aimed at maintaining performance during motor tasks such as gait (Stuart et al.,

2018).

Several studies have focused on treating gait characteristics in individuals with
PD (Li et al., 2020; Luna et al., 2020; Nonnekes et al., 2016). The most commonly used
therapy for managing PD signs and symptoms involves medications that compensate for
dopamine deficits (Tarazi et al., 2014). This pharmacological approach effectively
alleviates symptoms such as resting tremor and gait deficits, resulting in increased stride
length and speed in older adults with PD (Nonnekes et al., 2016). Regarding cortical
activity, medication reduces alpha-band spectral power in the frontal cortex of individuals
with PD, reflecting decreased executive control demand and restoration of automatic gait
patterns (Orcioli-Silva et al., 2021). However, continuous use of these medications can
lead to side effects such as hallucinations and dyskinesia, while failing to improve static
and dynamic balance (Nonnekes et al., 2016; Smulders et al., 2016). Consequently, other
therapies that complement medication are gaining prominence in treating PD symptoms.
Studies have shown that various physical exercise protocols improve gait parameters in
individuals with PD, including increased stride length and speed, as well as enhanced
strength in the lower and upper limbs (Ni et al., 2018). However, many exercise protocols
developed to date focus on lower limb movement, disregarding upper limb movement

and the interaction between these two body segments.

The Arm movement plays a crucial role in controlling key aspects of locomotion,

such as dynamic balance and energy efficiency during walking, counterbalancing leg
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movement and reducing trunk rotation (Meyns et al., 2013; Pontzer et al., 2009). In
neurodegenerative diseases such as PD, neural impairments affect arm movement,
contributing to gait and movement coordination deficits (Espinosa et al., 2023). Ospinna
et al. (2018) observed that individuals with PD exhibit reduced movement magnitude and
speed and increased arm swing asymmetry compared to neurologically healthy older
adults (Lewek et al., 2010). However, when individuals with PD are instructed to walk
with increased arm movement amplitude and speed, improvements are observed in gait
parameters such as stride length and speed (Zampier et al., 2018), interlimb coordination
parameters such as decreased coordination pattern variability and increased arm-leg
coupling (Zampier, 2019), accompanied by changes in alpha and beta bands in the
supplementary motor area, indicating functional restoration of this region’s activity
(Wersink et al., 2020). Despite the relationship between upper and lower limb
movements, the effects of exercise protocols targeting upper limb movement on gait

parameters and interlimb coordination remain poorly understood.

In addition to physical exercise, other techniques have been explored to address
gait deficits in older adults with PD, including invasive and non-invasive cortical
stimulation techniques. Transcranial direct current stimulation (tDCS) (Beretta et al.,
2020; Broeder et al., 2015; Lattari et al., 2017) is a non-invasive technique that applies
low-intensity electrical currents (typically between 1-2 mA) through the scalp, altering
neuronal membrane potentials and consequently increasing or decreasing excitability in
specific cortical areas (Nitsche & Paulus, 2000). tDCS has gained popularity due to its
ease of application, safety, and relatively low cost compared to other techniques, such as
transcranial magnetic stimulation and deep brain stimulation (Broeder et al., 2015;
Hanakawa, 2015). Studies suggest tDCS as a promising technique for improving
movement coordination and gait in individuals with PD (Barreto et al., 2019; Pol et al.,
2021). For instance, Leenus et al. (2014) reported that a 20-minute tDCS session over the
prefrontal cortex reduced errors and increased accuracy in interlimb coordination tasks
involving opposing arm and leg movements. Barreto et al. (2019) found that five
consecutive sessions of cathodal tDCS over the motor cortex improved the coordination
of rapid movements executed with a single limb. Additionally, Ferrucci et al. (2019)
reported that a single tDCS session applied to the cerebellum improved coordination
between movements of a single limb. In terms of gait, tDCS has been associated with

increased step length and speed in older adults with PD (Pol et al., 2021). Although these
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findings demonstrate tDCS’s efficacy in improving coordination-related characteristics,
varying results, procedures, and stimulated areas suggest a need for studies that
consolidate this information to facilitate understanding and exploration of tDCS effects

on coordination.

Given the positive effects of tDCS on motor aspects, studies have examined the
effects of combining tDCS with physical exercise on locomotor characteristics and
cortical activity in individuals with PD (Beretta et al., 2020). When combined with
aerobic exercise, tDCS enhances prefrontal cortex activity in the stimulated region
(Conceigao et al., 2021). This cortical activity alteration is accompanied by reduced
variability in step duration and reaction time (Conceigdo et al., 2021). Beyond gait and
cortical activity changes, combining tDCS with exercise protocols also shows synergistic
effects on upper limb function and postural control in older adults with PD (Beretta et al.,
2020). However, the wide variety of tDCS protocols used makes findings on the
combined effects of tDCS and physical exercise on locomotor aspects and cortical activity
in individuals with PD inconsistent, highlighting the need for further research.
Additionally, most studies combining tDCS with physical exercise have employed
exercise protocols focusing on lower limb movement, such as cycling (Conceicao et al.,
2021), without considering upper limb movement. To date, no studies have reported on
the combined effects of tDCS and arm-focused locomotor exercises on gait parameters,

interlimb coordination, and cortical electrical activity in individuals with PD.

Considering these points, this doctoral thesis aims to address three primary
questions regarding the type of tDCS protocol that should be employed to improve
movement coordination in individuals with PD: (1) How does tDCS alone influence gait
parameters and interlimb coordination in older adults with PD? (2) How do exercise
protocols involving the arms affect interlimb coordination and cortical activity in
individuals with PD? (3) How does a combined tDCS and arm-focused locomotor
exercise protocol affect gait parameters, interlimb coordination, and cortical activity in

older adults with PD?

- Study #1: Effectiveness of transcranial direct and alternate current stimulation
on movement coordination in older people and individuals with Parkinsonism: A

systematic review.
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- Study #2: The acute effects of transcranial direct current stimulation combined
with locomotor exercise on people with Parkinson’s disease locomotion and

cortical activity.

- Study #3: The chronic effects of transcranial direct current stimulation combined
with locomotor exercise on people with Parkinson’s disease locomotion and

cortical activity.
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5. Chapter S
5.1. Final Comentes

Table 1 summarizes the main findings e perspectives for further studies. The
present thesis investigated the effects of transcranial direct current stimulation (tDCS) on
gait parameters, interlimb coordination, and cortical activity in older adults with
Parkinson's disease (PD). The study was guided by three key questions regarding the
methods and effects of tDCS on locomotion and cortical activity in older adults with PD:
1) What are the characteristics of tDCS protocols (number and duration of sessions, type
of stimulation, and current intensity) that should be applied to improve movement
coordination in individuals with and without neurodegenerative diseases? i1) What are the
effects of a single session of tDCS combined with a locomotor exercise protocol focused
on arm movements on gait parameters, interlimb coordination, and cortical activity in
individuals with PD? ii1) What are the effects of multiple sessions of tDCS combined with
a locomotor exercise protocol focused on arm movements on gait parameters, interlimb
coordination, and cortical activity in individuals with PD? Based on the findings of this

thesis, it can be concluded that:

- The appropriate placement of tDCS electrodes should consider the specific brain

regions affected by each pathology.
- A current intensity of 2mA is more effective than higher or lower intensities.
- Sessions lasting 20 minutes are more effective than shorter sessions.

- Multiple sessions of tDCS combined with locomotor exercises demonstrate
greater efficacy in promoting synergistic and long-lasting effects on locomotion
and cortical activity in individuals with PD compared to single sessions. These
benefits include a reduction in alpha spectral power density in the prefrontal cortex
and decreased variability in the coordination pattern between arms and legs,
observed exclusively in the group that received active tDCS, 48 hours and 30 days

after the last session.

- Locomotor exercises focused on increasing the amplitude and speed of arm
movements are effective in promoting both acute and chronic improvements in
gait parameters, interlimb coordination, and cortical activity in individuals with

PD. Improvements in gait were evidenced by increased stride length and speed,
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as well as reduced double support phase, observed in both groups (active tDCS
and sham tDCS) after a single session and after six sessions of arm-focused
locomotor exercises. Improvements in coordination were demonstrated by
increased phase angle and reduced variability in the coordination pattern between
arm and contralateral leg movements after six non-consecutive sessions. Cortical
activity changes included a reduction in gamma spectral power density in the
motor cortex, as well as reductions in alpha, beta, and gamma spectral power
densities in the occipital cortex, after a single session. After six sessions,
reductions were also observed in beta spectral power density in the prefrontal

cortex and alpha spectral power density in the motor cortex.

Studies have shown that both tDCS and locomotor exercise are promising, safe, and cost-
effective tools for treating the signs and symptoms of PD (Ni et al., 2018; Broeder et al.,
2015). Moreover, the combination of tDCS and physical exercise has been investigated,
with evidence suggesting that tDCS can, in some cases, enhance the effects of exercise
(Bereta et al., 2020; Conceicao et al., 2021). However, findings on the effects of this
combination remain inconsistent, raising questions about whether a single session of
tDCS combined with exercise is sufficient to produce synergistic effects. Although there
is a strong relationship between arm movements and gait parameters in individuals with
PD (Zampieri et al., 2018; Ospina et al., 2018; Lewek et al., 2010; Ford et al., 2007),
many studies investigating the effects of various exercise protocols on locomotor
parameters in older adults with PD focus exclusively on modulating the lower limbs.
Examples include interventions such as stationary cycling (Conceicao et al., 2021) and
visually guided walking (Ni et al., 2018), often neglecting the potential benefits of

locomotor interventions focused on arm movements.

The results of this thesis support the literature highlighting the benefits of
locomotor exercise on gait and motor coordination in older adults with PD. The study
demonstrates that after engaging in a protocol of exercises aimed at increasing the
amplitude and speed of arm movements, individuals with PD showed improvements in
gait parameters and interlimb coordination. Furthermore, this work advances
understanding of the neural mechanisms involved in gait control in individuals with PD
by showing that these locomotor improvements are accompanied by reduced activity in
motor and sensory cortical areas. Finally, the findings suggest that multiple sessions of

tDCS are necessary to produce synergistic effects beyond those promoted by exercise

87



alone on locomotion and cortical activity in individuals with PD. Thus, it can be
concluded that locomotor exercises focused on increasing the amplitude and speed of arm
movements are effective for improving locomotion in individuals with PD, and that

combining this protocol with multiple sessions of tDCS amplifies these effects.
5.1.1. Practical Applications

The findings of this thesis are highly relevant for healthcare professionals,
providing important insights into the application and effects of tDCS on locomotor
characteristics and cortical activity in individuals with PD. This thesis demonstrates that
tDCS protocols with a duration of 20 minutes and a current intensity of 2mA yield positive
and consistent results in the literature. Moreover, more than one session of tDCS
combined with locomotor exercise is required to produce synergistic effects on locomotor
parameters and cortical activity in individuals with PD. Finally, this thesis shows that
locomotor exercises focusing attention on increasing the amplitude and speed of arm
movements can be considered an effective strategy for treating locomotor deficits caused

by PD.
5.1.2. Limitations and Future Studies

Despite the significant findings, this thesis has some limitations. The facility
where data were collected only allowed participants to walk a distance of 8 meters without
making turns, limiting the assessment of gait parameters, interlimb coordination, and
cortical activity. Future studies should consider using longer distances to evaluate changes
in locomotor parameters and cortical activity in PD individuals during longer tasks.
Additionally, the time required for patient preparation (e.g., EEG and accelerometer
placement and removal) and the execution of the combined tDCS and locomotor exercise
protocol limited the number of trials and the overall protocol length, as there was a risk
of participants transitioning out of the ON-medication state. Future studies should
consider using a tDCS system integrated with an EEG system, allowing the entire
experimental protocol to be conducted without removing the EEG equipment during the

procedure.
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Tablel. Summary of main findings and suggestions for future studies

Current Literature

|

Main Findings

Future Studies

Study 1

tDCS has been suggested as a promising therapy to
improve movement coordination (Alexoudi et al., 2019).

The vast number of available protocols makes it difficult
to define the most appropriate protocol to improve motor
coordination in older adults and people with
Parkinsonism.

- The electrode placement should
consider the participant individual status;
- The current intensity at 2mA seems to
be more effective than lower or higher
currents intensities; - Protocols lasting 20
minutes appear to be more effective than
shorter protocols.

- Future studies should consider:
- investigating the effects of
transcranial electrical stimulation on

locomotor parameters (e.g. movement

coordination and gait parameters)

during complex tasks such as walking.

Study 2

Locomotor exercise and tDCS have been show as
effective alternative therapies to improve locomotion and
to generate changes on cortical activity of PwPD
(Broeder et al., 2015; Ni et al., 2018)

Despite the strong relation between arm movement and
walking performance, no study yet investigate the effects
of locomotor exercise focused on arm swing amplitude
and speed on PwWPD locomotor behavior. (Zampier et al.,
2018)

It has been suggested that tDCS generates synergetic
effects on PwPD locomotor behavior when combined
with physical exercise. However, no study yet
investigated the acute effects of a combined tDCS and
over ground locomotor exercise on PwPD interlimb
coordination and cortical activity during walking.
(Beretta et al., 2020; Conceicdo et al., 2021).

- Only one session of combined tDCS
and locomotor exercise had no synergetic
effect on PwPD walking, interlimb
coordination and cortical activity
parameters;

- One session of locomotor exercise
protocol focused on the increase of arm
swing amplitude and speed generated
improvements on PwPD gait parameters,
such as the increase in stride length and
velocity and decrease double support
time and a decrease on their occipital
cortex activity.

Future studies should consider:

- investigate the effects of multiple
sessions of a combined tDCS and
locomotor exercise focused on arm
swing amplitude and speed protocols
on PwPD locomotor behavior

- Adopt longer walking distances to
acquire data from PwPD locomotion
and cortical activity.
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Study 3

The literature suggest that when combined with other
therapies tDCS generates synergetic effects on PwPD
motor parameters (Beretta et al., 2020; Conceicéo et al.,
2021). However the literature lacks the information
regarding the effects of multiple sessions of combined
tDCS with over ground locomotor exercise on PwPD
locomotor behavior and cortical activity.

The combination between tDCS and
locomotor exercise focused on the
increase of arm swing amplitude and
speed had synergetic effects on PwPD

locomotor behavior and cortical activity.

The a-tDCS group presented a decrease
on arm-leg movement coordination
followed by a decrease in PFC alpha
band PSD.

Future studies should consider:

- Adopt longer walking distances to
acquire data from PwPD locomotion
and cortical activity.

- Perform gait event related EEG
analysis to verify the brain activity
changes in different moments during
the walking task

90



6. General References

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, n. S4, p. 19-29, 30 ago. 2008

TAKAKUSAKI, K. Functional neuroanatomy for posture and gait control. Movement
Disorders, v. 10, n. 1, p. 1-17, 25 jan. 2017

LINSBERGER, S.; THACH, T. Cerebelo. In: KANDEL, E. et al. (Eds.).. Principios de
Neurociéncias. 5. ed. Porto Alegre: Mc Graw Hill Education,2014. p. 833-851.

TAKAKUSAKI, K. et al. Role of basal ganglia—brainstem systems in the control of
postural muscle tone and locomotion. In: Progress in Brain Research, v.143. p. 231

237, jun. 2004

PEARSON, K.; GORDON, J. Locomogao. In: KANDEL, E. et al. (Eds.). Principios de
Neurociéncias. 5. ed. Porto Alegre: Mc Graw Hill Education,2014. p. 704-723

WICHMANN, T.; DELONG, M. Ntcleos da Base. In: KANDEL, E. et al. (Eds.).
Principios de Neurociéncias. 5. ed. Porto Alegre: Mc Graw Hill Education, 2014. p.
811-832.

BLANDINI, F. et al. Functional changes of the basal ganglia circuitry in Parkinson’s
disease. Progress in Neurobiology, v. 62, n. 1, p. 63—88, set. 2000.

HUANG, X. et al. Both coordination and symmetry of arm swing are reduced in

Parkinson’s disease. Gait & Posture, v. 35, n. 3, p. 373-377, mar. 2012.

LEWEK, M. D. et al. Arm swing magnitude and asymmetry during gait in the early stages
of Parkinson’s disease. Gait & Posture, v. 31, n. 2, p. 256-260, fev. 2010.

KARIMI, Fatemeh; ALMEIDA, Quincy; JIANG, Ning. Large-scale frontoparietal theta,
alpha, and beta phase synchronization: A set of EEG differential characteristics for
freezing of gait in Parkinson’s disease?. Frontiers in Aging Neuroscience, v. 14, p.

988037, 2022.

STUART, Samuel et al. Brain activity response to visual cues for gait impairment in
Parkinson’s disease: an EEG study. Neurorehabilitation and neural repair, v. 35, n. 11,

p. 996-1009, 2021.

91



LI X. et al. Lower limb resistance training in individuals with Parkinson’s disease: An
updated systematic review and meta-analysis of randomized controlled trials. Frontiers

in Neurology, v. 11, 13 nov. 2020.

LUNA, N. M. S. et al. Effects of treadmill training on gait of elders with Parkinson’s

disease: a literature review. Einstein (Sao Paulo), v. 18, 18 nov.2020.

NONNEKES, J. et al. Unmasking levodopa resistance in Parkinson’s disease. Movement

Disorders, v. 31, n. 11, p. 1602-1609, nov. 2016

TARAZI F. I. et al. Emerging therapies for Parkinson’s disease: From bench to bedside.
Pharmacology & Therapeutics, v. 144, n. 2, p. 123—-133, nov. 2014.

ORCIOLI-SILVA, Diego et al. Cortical activity underlying gait improvements achieved
with dopaminergic medication during usual walking and obstacle avoidance in Parkinson

disease. Neurorehabilitation and neural repair, v. 35, n. 5, p. 406-418, 2021.

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

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, 28 out. 2018.

MEYNS, Pieter; BRUIJN, Sjoerd M.; DUYSENS, Jacques. The how and why of arm
swing during human walking. Gait & posture, v. 38, n. 4, p. 555-562, 2013.

PONTZER, Herman et al. Control and function of arm swing in human walking and

running. Journal of Experimental Biology, v. 212, n. 4, p. 523-534, 2009.

ESPINOZA-ARANEDA, Jessica et al. Arm swing asymmetry in people with Parkinson's
disease and its relationship with gait: A systematic review and meta-analysis. Brazilian

Journal of Physical Therapy, p. 100559, 2023.

OSPINA, Beatriz Muiioz et al. Objective arm swing analysis in early-stage Parkinson’s
disease using an RGB-D camera (Kinect®). Journal of Parkinson's disease, v. §, n. 4,

p. 563-570, 2018.

ZAMPIER, V. C. et al. Gait bradykinesia and hypometria decrease as arm swing

frequency and amplitude increase. Neuroscience Letters, v. 687, 2018.

92



ZAMPIER, V. C., MOCHIZUKI, L., ORCIOLI-SILVA, D., BERETTA, V. S., BELLI, V.,
& GOBBI, L. T. B. Arm swing instructions during walking increase interlimb
coordination but not the prefrontal cortex activity in people with Parkinson’s disease.

Submetido. 2020.

WEERSINK, J., et al. Pre-movement cortico-muscular dynamics underlying improved
Parkinson gait initiation after instructed arm swing. Journal of Parkinson's disease, v.

10, n. 4, p. 1675-1693, 2020

BERETTA, Victor Spiandor et al. Transcranial direct current stimulation combined with
physical or cognitive training in people with Parkinson’s disease: a systematic

review. Journal of neuroengineering and rehabilitation, v. 17, p. 1-15, 2020.

BROEDER, S. et al. Transcranial direct current stimulation in Parkinson’sdisease:
Neurophysiological mechanisms and behavioral effects. Neuroscience and

Biobehavioral Reviews, v. 57, p. 105-117, 2015.

LATTARI, E. et al. Can transcranial direct current stimulation on the dorsolateral
prefrontal cortex improves balance and functional mobility in Parkinson’s disease?

Neuroscience Letters, v. 636, p. 165-169, 2017.

NITSCHE, M. A.; PAULUS, W. Excitability changes induced in the human motor cortex
by weak transcranial direct current stimulation. The Journal of Physiology, v. 527, n. 3,

p. 633-639, set. 2000.

BARRETTO, T. L. et al. Transcranial direct current stimulation in the treatment of
cerebellar ataxia: A two-phase, double-blind, auto-matched, pilot study. Clinical

Neurology and Neurosurgery, v. 182, p. 123-129, jul. 2019.

POL, Fateme et al. The effects of transcranial direct current stimulation on gait in patients
with Parkinson’s disease: a systematic review. Translational neurodegeneration, v. 10,

p. 1-19, 2021.

FERRUCCI, R. et al. Noninvasive cerebellar stimulation as a complement tool to

pharmacotherapy. Current Neuropharmacology, v. 17, n. 1, p. 14-20, 5 dez. 2018.

CONCEICAO, Nubia Ribeiro et al. Aerobic exercise combined with transcranial direct

current stimulation over the prefrontal cortex in Parkinson disease: effects on cortical

93



activity, gait, and cognition. Neurorehabilitation and neural repair, v. 35, n. 8, p. 717-

728, 2021.

FORD, Matthew P.; WAGENAAR, Robert C.; NEWELL, Karl M. Arm constraint and
walking in healthy adults. Gait & posture, v. 26, n. 1, p. 135-141, 2007.

94





