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RESUMO 

 

A doença de Parkinson (DP) é uma doença neurodegenerativa relacionada à perda 

da independência funcional, com fenômenos motores, como rigidez, desequilíbrio e 

alterações na marcha. Os automatismos posturais, incluindo os ajustes posturais 

antecipatórios (APA) e compensatórios (CPA) são essenciais para o equilíbrio em 

resposta a uma perturbação e seu uso eficiente pode reduzir a ocorrência de quedas 

em tarefas cotidianas, como iniciação da marcha e negociação de obstáculos. 

Evidências apontam os benefícios de programas de exercícios na melhora da 

locomoção e controle postural na DP, entretanto, poucos estudos investigaram os 

efeitos sobre os automatismos posturais. Assim, a presente dissertação tem o objetivo 

de caracterizar as estratégias de automatismos posturais e comportamento motor 

relacionados à iniciação da marcha e negociação de obstáculos de pessoas com DP 

e comparar os efeitos de três programas de treinamento sobre esses parâmetros. No 

capítulo I é feita a apresentação geral e contextualização do estudo. No capítulo II é 

apresentada uma revisão de literatura, com informações compiladas sobre a DP, os 

automatismos posturais, a locomoção e como diferentes intervenções podem auxiliar 

na melhora dos parâmetros alterados. As lacunas identificadas na literatura motivaram 

a escrita de dois estudos originais. Os objetivos dos estudos foram: 1) analisar e 

comparar os ajustes posturais e os parâmetros biomecânicos durante a iniciação da 

marcha e negociação de obstáculos de pessoas com DP rígido-acinética e 

hipercinética; e 2) analisar e comparar os efeitos de três programas baseados em 

exercício físico (dança, exercícios em água funda e caminhada Nórdica) sobre os 

ajustes posturais e os parâmetros biomecânicos na iniciação da marcha e negociação 

de obstáculos em pessoas com DP. No estudo 1, foram avaliadas, de forma 

transversal, pessoas com DP divididas por subtipos clínicos (rígidos-acinéticos e 

hipercinéticos). Para o estudo 2, um ensaio clínico, estes sujeitos foram randomizados 

em três grupos de intervenção de 22 sessões, sendo avaliados antes e depois. Em 

ambos os estudos as avaliações incluíram variáveis eletromiográficas, cinéticas e 

cinemáticas. No estudo I, observamos que o grupo rígido-acinético apresentou maior 

comprometimento neuromotor, refletido por menor ação antecipatória e 

compensatória de músculos estabilizadores, menor deslocamento do centro de 

pressão, maior tempo de duplo apoio e menores comprimento e altura de passo 

durante as tarefas. Além disso, no estudo II as três intervenções mostraram melhoras 

nos parâmetros avaliados, sendo mais evidentes nos parâmetros espaço-temporais e 

músculos de tronco para exercícios em água funda e caminhada Nórdica, enquanto 

que a Dança promoveu melhores resultados na ação dos músculos de quadril. Nossos 

resultados são importantes para entender as diferenças no controle motor de 

pacientes com diferentes manifestações clínicas da DP e para auxiliar na prescrição 

de programas terapêuticos. Ainda, sugerimos que as três intervenções propostas 

possuem potencial para a manutenção e melhora neuromotora de pessoas com DP. 

 

Palavras-chave: desordens Parkinsonianas, automatismos posturais, equilíbrio 

postural, locomoção, exercício. 



 
 

ABSTRACT 
 

Parkinson's disease (PD) is a neurodegenerative disease related to loss of functional 

independence, with motor phenomena such as rigidity, imbalance and changes in gait. 

Postural automatisms, including anticipatory (APA) and compensatory (CPA) postural 

adjustments are essential for balance in response to a disturbance and their effective 

use can reduce the occurrence of falls in everyday tasks, such as gait initiation and 

obstacle negotiation. Evidence points to the benefits of exercise programs in improving 

locomotion and postural control in PD, however, few studies have investigated the 

effects on postural automatisms. Thus, the present dissertation aims to characterize 

the strategies of postural automatisms and motor behavior related to the gait initiation 

and obstacle negotiation in people with PD and to compare the effects of three training 

programs on these parameters. Chapter I presents the general presentation and 

context of the study. Chapter II presents a literature review, with information compiled 

about PD, postural automatisms, locomotion and how different interventions can help 

to improve altered parameters. The gaps identified in the literature motivated the 

writing of two original studies. The aims of the studies were: 1) to analyze and compare 

postural adjustments to biomechanical parameters during gait initiation and obstacle 

negotiation in people with akinetic-rigid (AK-R) and hyperkinetic (HYP) PD; and 2) to 

analyze and compare the effects of three programs based on physical exercise 

(Brazilian dance, deep water exercises and Nordic walking) on postural adjustments 

and biomechanical parameters in gait initiation and obstacle negotiation in people with 

PD. In study 1, people with PD divided by clinical subtypes (AK-R and HYP) were 

evaluated in a cross-sectional research. For study 2, a clinical trial, these subjects were 

randomized into three intervention groups of 22 sessions, being assessed pre and 

post. In both studies, evaluations included electromyographic, kinetic and kinematic 

variables. In study I, we observed that the AK-R group showed greater neuromotor 

impairment, reflected by less anticipatory and compensatory action of stabilizing 

muscles, less displacement of the center of pressure, longer double support time and 

shorter step length and height during tasks. Furthermore, in study II, the three 

interventions showed improvements in the parameters evaluated, being more evident 

in spatiotemporal parameters and trunk muscles for deep water exercises and Nordic 

walking, while dance promoted better results in the action of the hip muscles. Our 

results are important to understand the differences in motor control of patients with 

different clinical manifestations of PD and to assist in the prescription of therapeutic 

programs. In addition, we suggest that the three proposed interventions have the 

potential to maintain and improve neuromotor performance in people with PD. 

 

Keywords: Parkinsonian disorders, postural automatisms, postural balance, 

locomotion, exercise. 
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DEFINIÇÃO DE TERMOS 

 

• Akinetic-rigid (AK-R): clinical subtype of Parkinson's disease with 

predominant motor manifestation of rigidity and akinesia. 

• Anticipatory postural adjustments (APA): muscle responses or small 

displacements that occur before postural disturbances, in order to minimize the 

disturbances that are about to occur. 

• Brazilian dance (BD): Dance styles typical of Brazil, created from cultural 

diversity. Samba and Forró are two Brazilian dances, danced in pairs, 

originating in the customs of African songs and dances present in Brazilian 

popular culture. 

• Deep water exercises (DWE): modality of exercise performed in a deep pool, 

with the aid of a floating device, allowing the body to remain upright without 

contact with the ground. 

• Double support time: Stride period when both feet are in contact with the 

ground. 

• Electromyographic activity (EMG): Technique for monitoring the electrical 

activity of the excitable membranes of muscle cells, representing the action 

potentials triggered by reading the electrical voltage over time. 

• Gait initiation: Transition from the static situation to the dynamic gait 

mechanism. 

• Hyperkinetic (HYP): clinical subtype of Parkinson's disease with predominant 

motor manifestation of tremor and dyskinesia. 

• Kinematics: analysis of the position and orientation of the body segments in 

relation to time, carried out through the capture by image cameras connected 

to a computer. 

• Kinetics: Analysis of the forces acting on a system and the force that cause a 

movement. 

• Nordic walking (NW): refers to terrestrial locomotion with the use of two 

appropriate poles during the walk. 

• Obstacle negotiation: Walking with overcoming obstacle. Requires that one 

leg steps over the obstacle first, followed by the other leg. 

• Single support time: Stride period when one foot is in contact with the ground. 



 
 

• Step height: Vertical excursion (elevation) of the foot during the step. 

• Step length: Anteroposterior distance from the center of mass between 

successive steps. 

• Step width: Maximum mediolateral distance between segmental center of 

mass of the feet. 

• Stride: Begins when the reference foot contacts the ground and ends with 

subsequent floor contact of the same foot. 
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CHAPTER I 
 

1 GENERAL INTRODUCTION 

 

This chapter comprises three sections: 1. General Presentation, 2. Problem and 

Importance of Research, and 3. Aims. 

 

1.1 GENERAL PRESENTATION 

1.1.1 Contextualization and delimitation of the study 

The present dissertation is the result of an experimental study for the conclusion 

of the master's course in the Graduate Program in Human Movement Sciences 

(PPGCMH), in the line Physical Activity and Performance, by Marcela Zimmermann 

Casal, supervised by Professor Leonardo Alexandre Peyré-Tartaruga and co-

supervised by Professor Flávia Gomes Martinez. 

This study followed the recommendations of resolution 93/2007, which 

regulates the scientific work developed at the Universidade Federal do Rio Grande do 

Sul (UFRGS) and, for the development of this study, the guidelines recommended by 

Resolution 466/12 and 510/16 of the National Health Council were followed. This 

research is part of a project approved by the Research Ethics Committee Involving 

Human Beings at UFRGS (CAAE 69919017.3.0000.5347 with approval number: 

2.522.087). After ethical approval, this research was carried out in the city of Porto 

Alegre, at the UFRGS School of Physical Education, Physiotherapy and Dance 

(ESEFID) and was developed with the logistical and intellectual support of the 

LOCOMOTION Research Group - Mechanics and Energetics of Terrestrial Locomotion 

and the Research Group on Motor Behavior and Aquatic Therapy (GPCOMFA), both 

located at ESEFID / UFRGS. 

This master's research is a line of the project entitled PPT - PARKINSON 

(Parkinson's Disease Prevention and Treatment Program), which seeks to investigate 

the effects of three intervention programs based on physical exercise (Brazilian Dance, 

Deep Water Exercises and Nordic Walking) on motor and non-motor symptoms of 

people with Parkinson's disease (PD). This project was created and carried out at 

ESEFID / UFRGS and is an interdisciplinary project, based on the teaching-research-

extension tripod, promoting actions aimed at the academic and external community. 

This project is coordinated by Prof. Aline Nogueira Hass, Prof. Flávia Gomes Martinez 
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and Prof. Leonardo Alexandre Peyré-Tartaruga, combining the practical experience 

and intellectual construction of the three research groups mentioned above. This 

project, with its different lines, has already generated course completion papers, 

dissertations, presentations at national and international events and articles published 

in journals. Still, it has other undergraduate, masters and doctoral work in progress 

linked to this. 

The interest in this research emerged from the practical work with this 

population in the area of Physiotherapy and the need for new management possibilities 

with exercises that promote the physical, emotional and social well-being of 

populations with chronic neurological diseases. In addition, previous experience in the 

GPCOMFA group and the study with postural automatisms, previously in young and 

healthy individuals, aroused the interest in expanding these studies to populations with 

changes in motor behavior. During this period studying for a master's degree, I had the 

opportunity to get involved in different research and extension projects, experience 

teaching through internships, participate in events as a poster or oral presenter and 

lecturer, as well as participate in the coordination of Deep Water Exercises and Nordic 

Walking projects and co-mentoring undergraduate and Specialization students in 

Neurofunctional Physiotherapy.  

It is important to note that this dissertation is the result of my involvement with 

these different opportunities, but more than that, it is the result of collective work, 

involving several other researchers and, here, I quote the main people involved: Ivan 

Oliveira dos Santos (Scientific Initiation), Georgio Anibal Alves Micaella (Scientific 

Initiation), Mariana Wolffenbuttel (Scientific Initiation), Mayara dos Santos Abrantes 

(Scientific Initiation), Lucas Liz Alves (Scientific Initiation), André Ivaniski Mello 

(Master’s student), Ana Paula Janner Zanardi (Master), Rebeca Guimenes Donida 

(Master), Alex de Oliveira Fagundes (Doctoral student), Marcela dos Santos Delabary 

(Doctoral student), Valéria Feijó Martins (Doctoral student), Elren Passos Monteiro 

(collaborator researcher), Gabriela Lovis Black (volunteer researcher), Glaucus 

Tassinari Corrêa (volunteer researcher), Daniela Faustino (volunteer researcher), 

Aline Nogueira Haas (professor), Flavia Gomes Martinez (professor), Leonardo 

Alexandre Peyré-Tartaruga (professor) and more than 100 people with PD who 

dedicated themselves and participated in the PPT-PARKINSON studies. 
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1.1.2 Structure of the dissertation 

This dissertation is divided into six chapters: 

Chapter I presents a general introduction and establishes the relationship 

between the research problem, the justification and the objectives of this dissertation.  

Chapter II covers the literature review with the aim of describing the 

pathophysiology of Parkinson’s disease (PD) and its motor and non-motor symptoms, 

as well as the biomechanical aspects of motor behavior and locomotion of people with 

PD, especially the kinematic, kinetic and muscle activation parameters. In addition, the 

effects of intervention programs with physical exercise, especially the Brazilian dance 

(BD), deep water exercises (DWE) and Nordic walking (NW) programs, on the 

symptoms of the disease will be discussed. 

Chapter III presents Study A, entitled “Postural automatisms and biomechanics 

during gait initiation and obstacle negotiation: a comparison between akinetic-rigid and 

hyperkinetic Parkinson’s disease". This is a cross-sectional study, which aimed to 

analyze and compare postural adjustments and biomechanical parameters during the 

gait initiation and obstacle negotiation of people with akinetic-rigid and hyperkinetic 

PD. 

Chapter IV presents Study B: “Deep water exercises, Brazilian dance and 

Nordic walking: effects on postural automatisms, gait initiation and obstacle negotiation 

in Parkinson's disease”. This is a clinical trial, which aimed to analyze and compare 

the effects of three exercise-based programs (dance, deep water exercises and Nordic 

walking) on biomechanical parameters and postural automatisms in gait initiation and 

obstacle negotiation in people with PD. 

Chapter V comprises a session for final considerations, containing the 

limitations of the study, contributions of this dissertation for the clinical management of 

PD and for the advancement of new research in the area of health and neuromotor 

rehabilitation. 

And, finally, Chapter VI lists scientific production during the academic master's 

period at PPGCMH / UFRGS. 

 

 

1.2 CENTRAL QUESTION 

Parkinson's disease (PD) is a neurodegenerative, chronic and progressive 

disease, related to loss of functional independence (PARKINSON, 1817; CHARCOT, 
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1880). Its pathophysiology consists of a complex neurochemical disorder, marked by 

dopamine depletion in the substantia nigra pars compacta in the nuclei of the base, 

resulting in symptoms such as bradykinesia, rest tremor and muscle stiffness (CHO et 

al., 2010). In addition, postural instability, loss of balance and changes in gait are motor 

phenomena that can result in high energy expenditure during locomotion and a high 

rate of morbidity and risk of falls (JANKOVIC, 2008; SHINE et al., 2012; WILD et al., 

2013). 

The risk of falls can be minimized through the efficient use of motor control (MC) 

strategies, with an emphasis on postural automatisms, which are essential for the 

balance of the body in response to postural disturbances (LATASH et al., 1995). They 

include anticipatory postural adjustment (APA) and compensatory postural adjustment 

(CPA). The APA involves muscular responses or small displacements that occur 

before postural disorders, in order to minimize the disturbances that are about to occur 

(MASSION, 1992). CPA is associated with muscle activity and body movements that 

occur after predictable and unpredictable postural disorders (CLAUDINO et al., 2013). 

In the process of gait initiation, changes in support conditions require an 

adaptation of the muscular activity of the lower limbs and trunk, seeking to maintain 

posture and control movement in order to maintain balance during the execution of the 

task (CHONG et al., 1999; MILLE et al., 2005). In the healthy population, the 

mechanism of APA involves reciprocal inhibition, with an increase in the activity of the 

agonist muscles corresponding to a decrease in the activity of its antagonist (ARUIN 

et al., 1998). Authors argue that the mechanism of co-activation of agonist and 

antagonist muscles may be an adaptation of the central nervous system (CNS) for 

cases in which there is a decrease in the ability to generate an effective corrective 

reaction in the face of a disturbance, which may be a strategy used by people with PD 

(GIBB, 1992; AZEVEDO et al., 2016). 

Changes in gait biomechanics are also seen in PD and are related to poor 

spatiotemporal regulation, reduced length and higher stride frequency, greater double 

support time and greater variability of spatiotemporal parameters in relation to healthy 

individuals (CHO et al., 2010; KLEINER et al., 2015). Neurofunctional factors, such as 

bradykinesia and difficulty in initiating movements, impair locomotion in PD (SOFUWA 

et al., 2005). Evidence suggests that in people with PD there is greater co-contraction 

of the tibialis anterior and plantar flexors muscles in the support phase when compared 

to healthy individuals, and, consequently, in PD there is less propulsion force and 
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lesser balance strategy during walking, which can affect functionality parameters such 

as step length and self-selected speed (SSS) (PETERSON & HORAK, 2016; 

MONTEIRO et al, 2016). 

Given these characteristics, therapeutic strategies to improve motor control and 

locomotion of individuals with PD become important. Scientific evidence shows that 

exercise programs are beneficial in improving kinematic parameters of locomotion and 

postural control (BARTOLO et al., 2010; BELLO et al., 2013). Among these, group 

programs such as Nordic Walking (MONTEIRO et al., 2016; ZANARDI et al, 2019), 

Dance (SHANAHAN et al., 2015; DELABARY et al, 2020) and Deep Water Exercises 

(BROMAN et al., 2006; OLIVEIRA et al, 2020) are likely to be useful to improve 

functional mobility in this population. 

Recent studies have demonstrated the potential of Nordic Walking - a training 

modality that uses two poles during locomotion - as an efficient intervention strategy 

for walking mobility, balance, posture, improvement of cardiorespiratory variables and 

improvement in the quality of life of patients affected by several diseases, including PD 

(EBERSBACH et al., 2010; ANDRIANOPOULOS et al., 2014; PIOTROWICZ et al., 

2015; MONTEIRO et al., 2016; ZANARDI et al., 2019). The practice of Dance has also 

emerged as a possibility of an accessible therapeutic strategy for parkinsonians, 

capable of improving motor parameters - such as balance and functional mobility - and 

reducing symptoms of depression, increasing socialization (SHANAHAN et al., 2015; 

SHARP & HEWITT, 2014; HACKNEY et al, 2007; DELABARY et al., 2020).  

In addition to these, exercises in the aquatic environment seem to be an 

interesting therapeutic option due to the effects obtained through immersion. Deep 

water exercises, especially Deep Water Running - a modality that simulates walking / 

running in a deep pool, without the feet touching the bottom - although little explored 

in neurological patients, have relevant effects for the elderly population, which are 

related to pain relief, maintaining or increasing the angular range of joints, 

strengthening weakened muscles and increasing exercise tolerance, improving 

circulation, encouraging functional activities, improving balance, motor coordination 

and body posture (BROMAN et al., 2006; KANITZ et al., 2015; REICHERT et al., 2016; 

JORGIC et al., 2012). Recently, a study that investigated the effects of a deep water 

exercises program in people with PD associated or not with grape juice consumption 

found an improvement in functional capacity, balance and BDNF levels in both groups 

that performed the intervention (OLIVEIRA, et al., 2020). 



24 
 

Although positive adaptations are found in endurance training (FRANZONI et 

al., 2018; KANITZ et al., 2015), the effects of training programs on postural 

automatisms in balance and locomotion tasks of individuals with PD are inconclusive. 

Among the studies on this topic, some considerations are highlighted: 

i) Because PD is polysymptomatic and can be manifested in different ways, 

it is interesting to divide patients by clinical manifestations to more accurately assess 

responses to stimuli and interventions, although most of the existing studies do not 

make this differentiation. 

ii) Although changes in postural automatisms related to locomotion tasks 

are studied in the population with PD, no longitudinal study that investigated the effects 

of physical exercise-based intervention programs on these parameters was found;  

iii) Differences and methodological limitations, the lack of description of the 

periodization, volume and intensity of the training seems inconclusive, especially in 

studies that used dance or aquatic exercises for people with PD, making it difficult to 

reproduce in clinical practice and pointing out a most appropriate program; 

iv) Only one study investigated the application of deep water exercises for 

people with PD, which evaluated functional parameters and biochemical markers; 

v) The knowledge of the mechanisms of postural automatisms to perform 

tasks, particularly the initiation of gait with or without obstacles, may be important for 

the rehabilitation of this population, as this information can be used in the evaluation, 

design of an effective intervention and monitoring the benefits of this intervention in 

PD; 

vi) Knowledge of the effects of exercise programs such as Brazilian Dance, 

Deep Water Exercises and Nordic Walking on these mechanisms may contribute to 

the clinical routine and to the determination of new management strategies for this 

pathology. 

Given these considerations, we define these two research problems: A) Does 

the motor manifestation of symptoms influence postural automatisms and the 

biomechanics of gait initiation and obstacle negotiation in people with PD?; and B) 

What are the effects of Brazilian Dance, Deep Water Exercises and Nordic Walking on 

motor behavior during gait initiation with and without obstacle negotiation in people 

with PD? 
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1.3 DISSERTATION AIM 

The general aim of this study was to characterize the strategies of postural 

automatisms and biomechanics related to the gait initiation and obstacle negotiation of 

people with PD and to compare the effects of three training programs on these 

parameters. 

To reach the central theme of this dissertation, the specific aims served as the 

basis for the development of two studies and will be presented below. 

 

1.3.1 Study A: 

1.3.1.1 General Aim 

 To analyze the postural adjustments and biomechanical parameters during the 

gait initiation and obstacle negotiation of people with akinetic-rigid and hyperkinetic 

PD. 

 

1.3.1.2 Specific Aims 

i) Neuromuscular: 

- To describe the integral of EMG signal of the erector spinae longissimus 

(ESL), obliquus internus (OI), gluteus medius (GLM), rectus femuralis (RF), 

biceps femuralis (BF), tibialis anterior (TA) and gastrocnemius medialis 

(GAM) during APA and CPA phases in the tasks of gait initiation and 

obstacles negotiation; 

- To correlate EMG parameters with performance parameters (SSS, TUG and 

FES-I); 

 

ii) Kinetics: 

- To describe the following kinetic variables during the tasks of gait initiation 

and obstacles negotiation in the APA and CPA phases: mediolateral and 

anteroposterior displacements of the center of pressure (CoP) and vertical 

force peak; 

- To correlate kinetic parameters with performance parameters (SSS, TUG 

and FES-I); 
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iii) Kinematics: 

- To describe the following kinematic variables during the tasks of gait 

initiation and obstacles negotiation: step length, step height, step width, 

stride time, double support time, single support time and range of hip, knee 

and ankle motion; 

- To correlate kinematic parameters with performance parameters (SSS, TUG 

and FES-I); 

 

1.3.2 Study B: 

1.3.2.1 General Aim 

 To analyze the effects of three physical exercise-based programs on postural 

adjustments and biomechanical parameters during the gait initiation and obstacle 

negotiation in people with PD. 

 

1.3.2.2 Specific Aims 

i) Neuromuscular: 

- To compare the integral of the EMG signal of the EEL, OI, GLM, RF, BF, TA 

and GAM during APA and CPA phases in the tasks of gait initiation and 

obstacles negotiation pre and post training for the different interventions; 

 

ii) Kinetics: 

- To compare the following kinetic variables during the tasks of gait initiation 

and obstacles negotiation in the APA and CPA phases pre and post training 

for the different interventions: mediolateral and anteroposterior CoP 

displacements and vertical force peak; 

 

iii) Kinematics: 

- To compare the following kinematic variables during the tasks of gait 

initiation and obstacles negotiation pre and post training for the different 

interventions: step length, step height, step width, stride time, double support 

time, single support time and range of motion of the hip, knee and ankle; 
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CHAPTER II 

 

2 LITERATURE REVIEW 

 

 The literature review of this study was structured with the aim of presenting a 

theoretical basis that allows understanding about the research topic. Thus, it was 

divided into four main topics: 1 - Parkinson's disease; 2 – Postural automatisms; 3 – 

Locomotion; 4 - Therapeutic strategies for PD. 

 

2.1 PARKINSON'S DISEASE (PD) 

Population aging is a worldwide phenomenon, resulting from social changes 

and scientific advances, especially in the field of health sciences (UNITED NATIONS, 

2019). In Brazil, the current estimates are that the country exceeds 29 million older 

adults and the expectation is that, by 2060, this number will rise to 73 million people 

aged 60 or over (IBGE, 2018). According to the Brazilian Institute of Geography and 

Statistics (IBGE), Rio Grande do Sul is in first place in the ranking of Brazilian states 

with the largest share of the population over 60, representing 18.6% (about 2 million 

people) of the total population of the state (11,412,044), with a life expectancy of 78.8 

years. The IBGE estimate is that, by 2030, the State will have about 1 million more 

elderly people than at present, which means that the population over 60 years old can 

reach 24% of the total in a decade. In Porto Alegre, the elderly represent about 15% 

of the population (222,566) (IBGE, 2018).  

The growth in life expectancy is accompanied by a higher incidence of chronic 

and disabling diseases, such as neurodegenerative diseases, including PD, being an 

increasingly common reality in clinical practice (SOARES & PEYRÉ-TARTARUGA, 

2010). Worldwide, PD is the most frequent neurodegenerative disease after 

Alzheimer's disease, affecting around 10 million people (ZIGMOND & SMEYNE, 

2014), with an incidence of new cases ranging from 8 to 18 for every 100,000 

individuals per year (ILKE et al., 2008), the which makes it necessary to plan and adapt 

and effective methods to control their development, in view of the compromised quality 

of life resulting from their symptoms. 

This neurodegenerative, chronic and progressive disorder of the extrapyramidal 

system, whose etiology is still poorly understood, causes impairment in the cells of the 

substantia nigra pars compacta, resulting in a deficit in the production of dopaminergic 
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neurons located in the nuclei of the base (NAGANO-SAITO et al., 2014). 

Physiopathologically it must be considered as a condition characterized by the 

presence of multiple monoaminergic dysfunctions, including deficits in the 

dopaminergic, cholinergic, serotonergic and noradrenergic systems (TEIVE, 2005). 

The disease is associated with the degeneration of neurons responsible for the 

production of dopamine, which have their cell bodies in the substantia nigra pars 

compacta and send their axons to the nuclei of the base. The loss of cells of the 

substantia nigra pars compacta is more prevalent in the ventral cell group and the loss 

of neurons that contain melanin produces characteristic changes in depigmentation. 

As the disease progresses and neurons degenerate, they develop cytoplasmic bodies, 

Lewy bodies (O´SULLIVAN & SCHMITZ, 1993). 

 The nuclei of the base perform the function of programming and automating 

movement, either activating or inhibiting (MORRIS et al., 2005) and have an important 

participation in cognitive processes essential for the vital functioning of the human 

being (NAGANO-SAITO et al., 2014). In PD, there would be a decrease in the activity 

of stimulation of the putamen over the direct route, and the loss of dopaminergic 

inhibition at the origin of the indirect route (CAMBIER et al., 1999). When approximately 

60 to 80% of these cells that produce dopamine are damaged, the onset of the first 

motor symptoms begins (ROWLAND, 2007). The final effect of dopamine loss in the 

putamen on both pathways causes an increase in the inhibition of thalamic projections 

to the motor cortex (inhibition of the cortical motor pathways and the brain stem), 

showing bradykinesia and rigidity (CAMBIER et al., 2005), generating changes at the 

beginning, speed and fine adjustment of movements. The tremor is relatively 

independent of these elements and its cause is due to changes located from the 

intermediate ventral thalamic nucleus (JIANG et al., 2006). Thus, PD is characterized 

by a movement disorder, which can be hyperkinetic or hypokinetic. 

The progression of motor symptoms has a non-linear pattern over the course of 

the disease, being faster in individuals in the early stage of PD when compared to 

those who progress with a longer duration of the disease. This is largely due to a 

greater loss of the pigmented neurons of the substantia nigra pars compacta that occur 

in the first decade of the disease (around 45%), with a 4.7% percent progression of 

loss per subsequent decade (XIA & MAO, 2012). 

Studies demonstrate that in PD several brain areas undergo degeneration at 

different levels and stages (HAUSDORFF et al., 2003; MORRIS et al., 2005; ALBERTS 
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et al., 2011; NAGANO-SAITO et al., 2014). Such neuropathological degenerations 

result in non-motor symptoms that include cognitive changes, sleep disorders, 

neuropsychiatric manifestations and depression (MARGIS et al., 2010; WILD et al., 

2013; EBERSBACH et al., 2014; TUON et al., 2014), in addition to motor symptoms, 

such as bradykinesia, rest tremor and muscle rigidity (HAUSDORFF et al., 2003; CHO 

et al., 2010). In addition to these symptoms, postural instability, loss of balance and 

changes in gait are quite common motor phenomena in those affected by PD, which 

causes high energy expenditure during locomotion, risk of falls and a high rate of 

morbidity (SHINE et al., 2012; WILD et al., 2013). 

Proprioceptive changes can occur due to impairment of the nuclei of the base 

and motor cortex, causing these individuals to have deficits in both peripheral sensory 

function and sensory-motor integration, leading to decreased motor feedback in these 

individuals (JENKINS et al., 2009; PRÄTORIUS et al., 2003; ABBRUZZESE & 

BERARDELLI, 2003). The sense of static articular position and perception of 

movement are altered, which compromises in particular the proprioception of this 

population (ABBRUZZESE & BERARDELLI, 2003). 

The decrease in the production of the neurotransmitter dopamine causes 

disorders that act mainly in the control of movements. The lack of this neurotransmitter 

reflects changes in the region of movement planning and sequencing, in addition to 

increased cerebellar activity (PETERSON & HORAK, 2016; HAMMOND et al., 2017), 

which reflects in bradykinesia, akinesia, tremors, postural changes, freezing and 

mainly axial and intersegmental rigidity (PETERSON & HORAK, 2016). In general, 

patients do not have all the cardinal motor signs characteristic of PD in their diagnosis. 

Tremor at regular rest (4 to 5 cycles / second) is present in the extremities and occurs 

in approximately 75% of patients, being one of the most characteristic manifestations 

of PD (PONT-SUNYER et al., 2015). It occurs asymmetrically and decreases or 

disappears with voluntary movements, being accentuated by fatigue, efforts of 

intellectual concentration, emotions and disappearing during sleep (CAMBIER et al., 

2005). It affects the upper limbs most commonly, and can also be triggered in the lower 

limbs, jaw, lips and tongue. The tremor in the hands increases when walking and can 

be an early sign when others are not yet present (ROWLAND, 2007). 

Rigidity, also known as plastic hypertonia, causes an increase in muscle tone 

observed in the limbs, trunk and neck, evidenced mainly by passive mobilization at the 

level of the wrist and elbow where increased resistance to passive movement occurs 
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(BARBOSA & SALLEM, 2005). This rigidity of the passive member increases while the 

other member performs an active voluntary movement (CAMBIER et al., 2005; 

ROWLAND, 2007). Another related aspect is the exacerbation of segmental tonic 

reflexes, which can be more easily observed when dorsal flexion of the ankle is 

performed passively. This movement can trigger a prolonged contraction of the 

involved muscles leading to the persistence of this posture for some time (BARBOSA 

& SALLEM, 2005). 

 The term bradykinesia, or hypokinesia, is described by the slowness and 

difficulty in initiating movements, in addition to loss of automatic movements 

(ROWLAND, 2007). The person can course of the disease, progressive immobility, 

whose gestural expression is reduced, evidenced at the level of the face by hypomimia. 

Speech may become low (hypophony), with greater difficulty in understanding 

(CAMBIER et al, 2005; ROWLAND, 2007). The presence of rigidity combined with 

bradykinesia and tremor, makes complex integrative or repeated movements difficult 

(ROWLAND, 2007). 

Bradykinesia is the main clinical sign and causes functional limitation in PD 

(BERARDELLI et al., 2001), affecting more than 80% of individuals (KEUS et al., 

2014). It includes the hesitation or delay to start the movement (akinesia) and the 

reduction of the movement amplitude or poverty (hypokinesia) (ESPAY et al., 2009; 

HELDMAN et al., 2011) and is related to difficulties in planning, initiation and execution 

movement (ALVES et al., 2008) and the performance of sequential or simultaneous 

tasks. It manifests itself by slowing down the performance of the activities of daily living 

(ADL) and the reaction time; loss of spontaneous and gestural movements, 

micrograph, decreased oscillation of the upper limbs during gait and reduced gait 

speed (BOHLHALTER & KAGI, 2011). 

Rigidity is defined as an increased resistance to passive movement of a limb, 

constant and uniform, that persists over the full range of motion. Its assessment is 

based on the examiner's perception of the resistance to movements imposed on the 

patient's wrist, elbow, neck and ankle joints (GOETZ et al., 2008) and the nature of this 

assessment is qualitative and highly subjective (PROCHAZKA et al., 1997). It occurs 

mainly in the neck and trunk, being called axial rigidity and resulting in postural 

abnormalities (KEUS et al., 2014). The severity of axial rigidity is related to difficulties 

in turning and rolling (FRANZEN et al., 2009). An inflexible pattern of excessive 

postural tone and a consequent reduction in movement mechanically reduces the 
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ability to perform postural reactions effectively. For example, rigidity is associated with 

co-contracting the muscles around the joints in response to postural disturbances, 

rather than efficient postural synergies on one side of the body, making patients 

vulnerable to loss of balance and falls (HORAK et al., 1996). 

Resting tremor, often located in the distal segments of the limbs (JANKOVIC, 

2008), has a frequency of 4-6 Hz, is usually prone-supination and asymmetric and can 

be exacerbated by anxiety and apprehension (ALVES et al., 2008). The hallmark of 

resting tremor is its disappearance with the voluntary movement of the affected 

segment. In addition, many patients have postural tremor, which is more prominent 

and disabling than resting tremor and can be the first manifestation of the disease 

(JANKOVIC, 2008). 

PD is not only characterized by neuromusculoskeletal impairments and 

functions related to movement, but also by a wide variety of non-motor symptoms that 

are responsible for considerably impacting the quality of life of these individuals (KEUS 

et al., 2014), which involve: olfactory dysfunctions; cognitive decline; depression; sleep 

disorders; visual impairments; fatigue; apathy and anxiety (ZIEMSSEN & 

REICHMANN, 2007), sensory fluctuations; central pain; impairments in proprioceptive 

function; tingling; orthostatic hypotension; voice and speech disorders; dyspnea; cold; 

urge incontinence (KEUS et al., 2014). Although many of these symptoms correlate 

with old age, disease severity and falls, they can precede motor symptoms by more 

than a decade (ZIEMSSEN & REICHMANN, 2007).  

 

2.2 POSTURAL AUTOMATISMS 

Postural control includes sensorimotor and musculoskeletal components 

involved in the control of two behavioral objectives: postural orientation and postural 

balance (HORAK, 2006). Postural orientation is defined as the ability to maintain an 

appropriate relationship between body segments and between the body and the task 

environment, while postural balance is the state in which all forces acting on the body 

are balanced, so that the body tends to remain in the desired position and orientation 

(static balance) or to move in a controlled manner (dynamic balance). 

 Postural control detects and uses information from multiple sensory systems. 

Central sensory integration involves the active interpretation of visual, vestibular and 

somatosensory inputs to orient the body in space. When sensory information is not 

available or in conflict, a process of sensory re-weighting occurs so that the nervous 
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system ignores ambiguous and useless information and relies more on useful sensory 

information. Parkinson’s disease patients may take longer for the sensory re-weighting 

process than healthy individuals and have difficulty perceiving small changes in the 

slope of the surface, that is, decreased kinesthesia (MANCINI et al., 2019), which is 

compensated by an excessive reliance on vision for postural orientation. 

Sensory-motor coordination for dynamic balance includes energy-efficient 

movement strategies and control of the body's many degrees of freedom of 

stabilization, including automatic responses to unexpected disturbances, as well as 

anticipatory postural adjustments. Automatic postural reactions are associated with 

muscle activity and body movements after postural disorders, minimizing the 

destabilizing effects caused by postural disturbance, and may manifest after 

predictable and unpredictable disorders (CLAUDINO et al., 2013). The anticipatory 

postural adjustments follow voluntary and focal movements (HORAK & 

MACPHERSON, 2011), attenuating the effects of future disturbances before the onset 

of the disturbance and are an integral part of the movement, necessary to achieve the 

objectives of the task in a harmonious way (HORAK & MACPHERSON, 2011). PD 

patients may have poor anticipatory postural adjustments and inadequately organized 

automatic postural reactions (KIM et al., 2013), presenting in the early stages of PD an 

exaggerated movement preparation when performing tasks such as sitting to standing. 

(INKSTER & ENG, 2004). The reactive movements of the trunk are markedly reduced, 

causing the trunk to fall as a block in the direction of postural disturbance 

(CARPENTER et al., 2004). Additional deficits may be evident after the imbalance, 

including slower compensatory step reactions, direction-specific instability and 

incorrectly directed arm protection movements (GRIMBERGEN et al., 2009; HORAK 

et al., 2005; MANCINI et al., 2008; ROCCHI et al., 2012). Like postural responses, 

anticipatory postural adjustments are bradykinetic. 

There are several destabilizing sources in the body: external forces due to 

gravity and interactions with the surrounding environment, as well as internal forces 

generated by the body's own movements. All forces, external or internal, end up 

accelerating the body to its center of mass. Postural instability in PD is a sign of 

worsening motor limitations (FALL et al., 2003), becoming more prevalent in later 

stages (HELY et al., 2005), although it may be present even at the beginning of the 

disease. Along with other contributing factors, including gait disorders and dyskinesias, 

postural instability puts PD patients at a high risk of falls (BLOEM et al., 2001). In 
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addition, it not only correlates with falls, but also with the fear of future falls (ADKIN et 

al., 2003). As the disease advances, the axial and postural impairment becomes 

increasingly prominent. PD is characterized by postural disorders that affect orientation 

and stabilization and that typically include cervical anteriorization and flexion, elbow 

and knee semiflexion, anterior and sometimes lateral trunk flexion. Such changes are 

generally related to rigidity, being more marked in more advanced stages of PD 

(JANKOVIC, 2008). The trunk flexion posture, presented by parkinsonians, despite not 

being solely responsible for postural instability, can be considered as a factor that 

favors destabilization (JACOBS et al., 2009). 

The ability to control and maintain the orthostatic position is fundamental for 

human movement, which is only possible due to effective motor control (KRISHNAN 

et al., 2012). Human beings suffer constant disturbances that defy balance, both in a 

static position and during gait, and these disturbances may be predictable or 

unpredictable. Such movements cause a displacement of the center of mass (COM), 

putting body stability at risk (SANTOS et al., 2010). 

To maintain orthostatic balance, it is necessary for the COM to be kept inside 

the support base, outlined by the feet. This location of the COM relative to the support 

base constitutes a variable controlled by the CNS through different systems and 

strategies (WINTER et al., 2001). The complexity of strategies to maintain postural 

stability has been the focus of many studies, and it is widely argued that posture and 

balance in orthostasis are maintained through mechanisms of postural automatisms 

(LORAM & LAKIE, 2002; MULLER & REDFERN, 2004).  

Faced with a situation of postural imbalance, the CNS can resort to motor control 

strategies (KRISHNAN et al., 2012), which involve postural automatisms, including 

APA and CPA. APA involve muscle activation or inhibition and small bodily dislocations 

that occur before predictable postural disorders, in order to minimize the disturbances 

that are about to occur (MASSION, 1998; SANTOS et al., 2010). CPA are associated 

with muscle activity and COM repairs that occur after predictable and unpredictable 

disturbances (CLAUDINO et al., 2013) and start with sensory feedback. 

Any motor action combines the displacement of one or more segments towards 

a given objective and the postural stabilization of other segments (MASSION 1992; 

BALDISSERA & TESIO, 2017). Postural stability is achieved during voluntary 

movement through anticipatory and compensatory strategies aimed at minimizing 
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predictable and unpredictable disturbances, respectively (BENNIS et al., 1996; 

KANEKAR & ARUIN, 2014).  

Several authors have investigated anticipatory and compensatory strategies 

using bilateral upper limb loading / unloading tasks (BENNIS et al., 1996; MASSION 

et al., 1998). When a loading / unloading disorder in the forearm is unexpectedly 

imposed by the experimenter, CPA are observed at the level of the forearm muscles 

after the disturbance. CPA reflect a feedback control in which changes in muscle 

activity are triggered by sensory signals in response to unpredictable postural 

disturbances (PARK et al., 2004; ALEXANDROV et al., 2005). In contrast, when the 

loading / unloading disturbance in the forearm is voluntarily performed by the 

individual's contralateral hand, the APA of the forearm muscles precede the onset of 

postural disturbance. APA reflect an anticipated control in which changes are seen in 

muscle activity before an expected external disturbance or a nearby self-initiated 

movement (MASSION, 1992; ARUIN & LATASH, 1995; ARUIN et al., 1998). 

 In the gait initiation, changes in support conditions require an adaptation of the 

muscular activity of the lower limbs, in order to maintain posture and control the 

movement of the COM in order to maintain balance during the task (CHONG et al., 

1999). This change in muscle activity occurs at the level of postural muscles and 

occurs prior to voluntary movement, which is why it is called a feedforward mechanism, 

which manifests itself through APA (ARUIN & LATASH, 1995). The APA are reflected 

in the oscillations of the pressure center (COP) and their purpose is to generate forces 

that act in order to keep the COM inside the support base, providing stability and 

balance to the body. 

The inputs involved in these reactions can come from upward or downward 

(LATASH, 2008). Populations with changes in these pathways commonly present a 

deficit in the body's response to adaptation to situations of imbalance. Individuals with 

neurological impairment, such as PD, may have variations in their motor control 

conditions (DICKSTEIN et al., 2004; GIBB, 1992) due to sensory, motor and muscle 

changes (CLAUDINO et al ., 2013). 

The mechanisms underlying motor control and postural stability have been the 

object of study in healthy populations with different affections. Its importance consists 

in the fact that this knowledge can determine the evolution of the postural control 

system and, in the case of the elderly and individuals with certain diseases, prevent 

the risk of falls and associated injuries (MILLE et al., 2005). 
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Studies argue that there is a decline in the capacity for balance related to the 

aging process, which has been attributed to changes in the CNS, deficits in the visual, 

vestibular and somatosensory systems, as well as musculoskeletal changes (MILLE 

et al., 2005; TJERNSTROM et al., 2002). In cases where advancing age is associated 

with PD, there is an even more evident declining trend, with deficits in postural control 

attributed to the inability to maintain the activity of motor cortex neurons in preparation 

for action, together with changes in timing and in the ability to maintain a stable position 

in the face of internal and external disturbances (MORRIS et al., 1998). These deficits 

in postural control often result in falls and gait instability (FRANK et al., 2000). 

The initiation of gait is a common difficulty in this population and the occurrence 

of falls, associated with the deficit of balance and postural instability, strongly 

compromise the quality of life (SUTEERWATTANANON et al., 2002). The ability to 

maintain the orthostatic position in the most varied contexts shows that the postural 

control system is adaptive to various parameters of the task, whether it is originated 

internally or externally (VUILLERME et al., 2005). Gait initiation is accompanied by 

APA, which are essential to release the swing leg and, thus, create necessary 

conditions for progression (DELVAL et al., 2014). In fact, the amplitude and duration 

of APA are predictive of the speed of the subsequent step (BRENIERE & DO, 1991).  

Deficit in gait initiation is a problem frequently seen in patients with advanced 

PD and is sometimes refractory to drug treatment (HALLIDAY et al., 1998; DELVAL et 

al., 2014). When starting to walk, patients with PD tend to have APA with less ground 

reaction force and mediolateral and anteroposterior displacement of the COP, 

characterizing longer and smaller magnitude adjustments (HALLIDAY et al., 1998; 

DIBBLE et al., 2004; HASS et al., 2005; KRYSTKOWIAK et al., 2006). APA in gait 

initiation are generally absent in PD patients who experience hesitation (BURLEIGH-

JACOBS et al., 1997) or very slow progression. Multiple PACs can also occur and 

correspond to a subtype of freezing called "knee trembling" (JACOBS et al., 2009). In 

addition, patients with advanced PD also experience impairment in obstacle 

negotiation, with lower foot elevation and lower initial speed (VITORIO et al., 2010). 

 

 

2.3 LOCOMOTION 

A functional and efficient gait (navigation through space, evasion of obstacles 

and adaptation to the objective), depends on upper level control centers, including 
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groups of nuclei at the base, cerebellum and parietal and cortical areas (TAKAKUSAKI 

et al., 2008). Gait difficulties have a major impact on the mobility of individuals with PD, 

leading to a progressive loss of autonomy and a decrease in quality of life (BLOEM et 

al., 2001). They are initially improved by dopaminergic medication, but they become 

progressively resistant to this therapy in advanced stages (FERRAYE et al., 2008). 

Changes in motor coordination and gait biomechanics are also commonly seen 

in PD, causing decreased mobility, level of independence and increased risk of falls. 

The literature defines motor coordination as the existence of spatiotemporal 

relationships between different body segments during the execution of a task 

(ANGULO-BARROSO et al., 2011). Thus, when there is no efficient synchronization 

and coordination of segments during gait, there is a greater risk of energy loss and 

less functionality for individuals. For an adequate walk it is necessary that the 

biomechanical parameters are synchronized, since changes in the space-time and / or 

angular parameters can cause kinematic consequences that will influence the 

independence and activities of daily living (ADL) of individuals. 

In the gait of people with PD, the most evident biomechanical changes are the 

asymmetries and decreased movement speed of the upper limbs, decreased range of 

motion (ROM) of the hip, knee and ankle joints (especially in the joint extension phase), 

asymmetry in the step, less effectiveness in changing strides, greater frequency of 

step, shorter step length, greater anterior trunk projection, greater rigidity and less 

trunk rotation (VAN EMMERIK et al., 1999; MORRIS et al., 2001; MONTEIRO et al., 

2017; LIN & WAGENAAR, 2018). These factors interfere with the variability of the 

space-time parameters of walking and promote greater energy expenditure during 

locomotion (MERELLO et al., 2010; HAMLET et al., 2011). 

The walk of people with PD is approximately 0.31m/s slower than in people 

without PD (VAN EMMERIK et al., 1999; MORRIS et al., 2001). Consequently, there 

is a change in the gait phases, longer contact time of the foot on the ground, both 

single and double support, shorter swing time which results in greater stride frequency 

and less stride length, increased width step, medial-lateral body displacement (DIETZ 

et al., 1995; MITOMA et al., 2000). 

In PD, the spatiotemporal parameters of gait are characterized by small steps 

in the absence of a broad base, reduced gait speed and the duration of the swing 

phase, together with an increase in cadence in an effort to compensate for these 

disorders, in addition to an associated and asymmetric loss of arm balance (MORRIS 



41 
 

et al., 1996). The average gait speed in individuals with PD is estimated at 0.88 m/s 

(HASS et al., 2012) and individuals with a self-selected speed less than 1.1 m/s are 

likely to have a higher risk of falls (NEMANICH et al., 2013). 

In addition to the typical Parkinsonian gait described, patients with PD may also 

experience episodic gait disorders: festination and freezing. Festination is described 

as small quick steps taken in an attempt to maintain the center of gravity between the 

feet while the torso is tilted forward involuntarily, being considered a manifestation of 

advanced PD (GILADI et al., 2001). Freezing of Gait (FOG) is defined as a brief, 

episodic absence or marked reduction in the forward progression of the feet, despite 

the intention to walk (GILADI & NIEUWBOER, 2008), which normally lasts for a few 

seconds, being strongly associated with falls (GRAY & HILDEBRAND, 2000). 

When FOG occurs at the beginning of gait, it is characterized by repeated and 

ineffective anticipatory postural adjustments, leading to a failure in gait initiation. It can 

also occur while patients are walking, leading to an abrupt decrease in step length, 

increased step frequency and step-by-step variability, which precedes a complete 

blockage of gait, which may result in falls. FOG is often triggered by characteristic 

circumstances such as obstacle clearance, spaces with narrow passage, unexpected 

visual or auditory stimuli, fatigue, stressful situations, cognitive load, anxiety and 

depression (GILADI & HAUSDORFF, 2006; SPILDOOREN et al., 2010). 

Even during gait, it is possible to observe that in people with PD there is greater 

co-contraction of the tibialis anterior and gastrocnemius medialis in the support phase 

when compared to people without PD. Consequently, in PD there is less propulsion 

force and less balance strategy during walking, which can affect parameters of 

functionality such as CP and VAS (PETERSON & HORAK, 2016; MONTEIRO et al., 

2017). For an adequate coordination it is necessary that the proximal and distal 

muscles are activating and deactivating in harmony (VAN EMMERIK et al., 1999; 

PETERSON & HORAK, 2016). 

Changes in speed, symmetry, coordination, mobility, muscle activation and 

motor control present in the walk of people with PD can lead to changes in ADL, greater 

risk of falls, depression and mainly loss of independence in functional activities 

(SOARES & PEYRÉ-TARTARUGA, 2010). Studies involving changes in locomotion 

kinematics become important for assessing mobility, risk of falls and response to 

therapeutic interventions for this population. However, there are still gaps in the 

literature regarding motor control, especially muscle activity and space-time 
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parameters during gait in people with PD. Thus, new studies are relevant and 

necessary, aiming at a better prescription of gait rehabilitation strategies, motor control 

and functional independence for these individuals. 

 

2.4 THERAPEUTIC STRATEGIES FOR PD  

There are several therapeutic interventions that seek greater functionality for 

PD patients. Medicinal (STANSLEY & YAMAMOTO, 2014), neurosurgical deep brain 

stimulation (DBS) (VERCRUYSSE et al., 2014) and conservative (ALBERTS et al., 

2011) interventions have been proposed in an attempt to contribute to the improvement 

of aspects of PD. However, strategies involving medications and surgeries are 

methods that, in the long term, cause complications and cause many undesirable side 

effects in about 80% of PD patients, such as fluctuations os sympthoms, dyskinesias 

and mental disorders (SANTOS et al., 2010). 

Drug therapy consists of dopamine replacement or the use of dopaminergic 

agonists (EMBORG, 2004). Most patients use Levodopa, considered to be the safest 

and most effective medication in the treatment of PD to date. People affected by PD 

uses two to three daily doses of levodopa and does not notice irregularities in its action 

during the day. However, with the progression of the disease, long-term treatment 

causes the development of dyskinesias (BARGIOTAS & KONITSIOTIS, 2013) and 

fluctuating motor responses to administration, the “time-off” phenomenon. Dyskinesia 

consists of involuntary movements, usually rhythmic and contorted in nature, which 

can affect the head, trunk and limbs. While for many patients dyskinesia can present 

mildly, for others it can become severe and be a cause of disability (OLANOW et al., 

2009), in addition to the possibility of contributing to falls (BLOEM et al., 2001). The 

“wearing-off” phenomenon consists of alternating periods when the patient responds 

well to the medication (“on” period) and times when the medication does not produce 

satisfactory control of symptoms (“off” period). Motor fluctuations bring up some 

symptoms, such as rigidity and bradykinesia, favoring the difficulty to walk and 

problems related to balance, impacting the performance of ADL and increasing the risk 

of falls. 

On the other hand, systematic and supervised physical exercise seems to be 

an effective and low-cost alternative to alleviate the deleterious symptoms of the 

disease (SOARES & PEYRÉ-TARTARUGA, 2010; ZIGMOND et al., 2014), with a 

greater impact on functional mobility (MONTEIRO et al., 2017), balance (EY et al., 
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2014), biomechanical kinematic parameters, depression (TUON et al., 2014), and, 

especially in the quality of life of patients with PD (EY et al., 2014). Traditional physical 

therapy through the prescription of therapeutic exercises such as stretching, muscle 

strengthening, gait training, mobility and balance promotes numerous benefits to 

patients with PD (DOMINGOS et al., 2013; TOMLINSON et al., 2012). 

In addition, studies that evaluated the effects of exercise on PD, although still in 

an animal model, suggest that this may be a therapeutic strategy for neurorehabilitation 

(MURRAY et al., 2014). Overall, the results of these studies in PD rodent models offer 

promising support for exercise to improve cognition in humans with PD, by promoting 

neuronal proliferation, neuroprotection, neurogenesis and a potential reduction in brain 

inflammation. These findings encourage further clinical trials based on the results of 

rodents in this field. The evidence from studies with rodents in the aforementioned 

systematic review cannot yet be applied directly to mechanisms in humans but suggest 

that patients with PD would likely experience significant improvement in aspects of the 

disease in response to exercise. 

Although positive adaptations are found in endurance training (FRANZONI et 

al., 2018; KANITZ et al., 2015), the effects of training programs on postural 

automatisms in balance and locomotion tasks of individuals with PD are inconclusive. 

Therefore, studies that investigate different therapeutic strategies to improve motor 

control and locomotion in individuals with PD become important. Scientific evidence 

points to the benefits of exercise programs in improving kinematic parameters of 

locomotion and postural control (BARTOLO et al., 2010; BELLO et al., 2013). Among 

these, programs carried out in groups, such as Nordic Walking (MONTEIRO et al., 

2016), Dance (SHANAHAN et al., 2015) and Exercises in deep water (BROMAN et al., 

2006) are an intervention with interesting potentialities for this population. 

 

2.4.1 Dance 

The practice of dance has emerged as a possibility of an accessible therapeutic 

strategy for parkinsonians, capable of providing physical and psychological benefits. It 

can assist in motor parameters - such as balance and functional mobility - in reducing 

symptoms of depression, increasing socialization. In addition, dance provides greater 

motivation for the practice of body experiences, better motor performance and quality 

of life for this population (SHANAHAN et al., 2015; HACKNEY et al., 2007).  
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The literature suggests that visual, auditory and somatosensory rhythmic 

activities, when used therapeutically in people with PD, stimulate an increase in gait 

speed, increase the step range and promote a tendency towards a lower stride 

frequency (NIEUWBOER et al., 2007). Dance activities such as tango can impact 

mobility, balance and walking speed of people with PD (SHARP & HEWITT, 2014; 

DELABARY et al., 2018). Brazilian dance, especially samba and forró rhythms, have 

also been the focus of studies on the effects on PD, with positive results on gait 

variability and improved quality of life (TILLMANN et al., 2017; TILLMANN et al., 2020; 

DELABARY et al., 2020). 

 

2.4.2 Deep Water Exercises 

Water exercise therapy for people with Parkinson's disease (PD) has become a 

focus of recent attention, given the emerging evidence that physical activity in this 

environment has the potential to be enjoyable and promote benefits on symptoms. The 

aquatic environment offers specific advantages for the prescription of physical 

exercises for this population due to the hydrostatic and hydrodynamic principles of 

buoyancy, viscosity and drag (DENNING et al., 2012). The decrease in joint 

compression forces generated by the buoyancy force also contributes to the facilitation 

of movement and, thus, the performance of muscle strengthening exercises and gait 

training (CAROMANO & NOWOTNY, 2002; SACCHELLI et al., 2007). Aquatic 

exercise, through the properties of water, such as hydrostatic pressure, turbulence and 

buoyancy, creates instability that increases sensory stimulation and, consequently, 

causes balance reactions that can contribute to improve postural control and mobility 

in patients with PD (VOLPE et al., 2014), as well as gait in adults with neurological 

problems, including PD (AYÁN et al., 2014). 

Deep Water Running is a therapeutic modality that has been growing for the 

rehabilitation of mobility and functionality of the elderly population (BROMAN et al., 

2006; KANITZ et al., 2015; REICHERT et al., 2016; JORGIC et al., 2012). This type of 

exercise simulates a run in the water, without the feet touching the bottom of the pool, 

and for that it uses float resources (PEYRÉ-TARTARUGA & KRUEL, 2006). Although 

only one study has been published investigating the effects of this modality in the 

management of PD (OLIVEIRA et al. 2020), this seems to be a viable and promising 

therapeutic alternative. In fact, the physical properties of water and the effects of 

immersion in the body help in relieving pain and muscle spasms, in maintaining or 
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increasing joint amplitudes, in strengthening muscles and resistance to exercise, 

improving circulation, encouraging functional activities, maintenance and improvement 

of balance, motor coordination and body posture (CAMPION, 2000). 

 

2.4.3 Nordic Walking 

Recent studies have demonstrated the potential of Nordic Walking (NW) as an 

efficient intervention strategy for walking mobility, balance, posture, reduced impact 

and lower limb myoarticular pain, improved cardiorespiratory variables and improved 

quality of life of patients affected by various diseases, including PD (EBERSBACH et 

al., 2010; MONTEIRO et al., 2016, ZANARDI et al., 2019). NW is characterized by 

walking with poles, which are used diagonally at the moment of walking, aiming that 

individuals press the pole on the ground in order to propel the body forward during the 

activity. Considered a physical activity, NW uses movements of the upper limbs, lower 

limbs and trunk and is defined by a practice that has rhythm and synchrony, providing 

movements of the whole body (CUGUSI et al., 2017; BOMBIERI et al., 2017).  

 

Dance, Deep Water Exercises and Nordic Walking through their rhythmic 

movements, synchronized and planned, have the potential to improve the coordinative 

and mechanical parameters of people with PD. Considering the advancement in life 

expectancy and the consequent increase in the number of individuals with PD, studies 

involving rehabilitation measures with better use of motor control, balance and 

locomotion may come to contribute to the clinical routine. 
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CHAPTER V 

 

5 GENERAL CONCLUSION AND FINAL CONSIDERATIONS 

 

The study of motor and biomechanical behavior in daily locomotion tasks in 

individuals with PD is essential for a better understanding and establishment of 

effective therapeutic strategies, assisting health professionals in planning, prescribing 

and developing physical exercise-based programs that can contribute to the 

improvement motor skills, functional independence and quality of life of this population. 

We conducted two studies with a focus on postural adjustments and biomechanical 

parameters related to gait initiation and obstacle negotiation for people with PD and 

each of these studies was designed to answer key questions. 

Because PD is polysymptomatic and can be manifested in different ways, it is 

interesting to divide patients by clinical manifestations to more accurately assess 

responses to stimuli and interventions, although most of the existing studies do not 

make this differentiation. In fact, our first study demonstrated differences between the 

akinetic-rigid and hyperkinetic subtypes, with greater damage on postural adjustments 

and biomechanical parameters for the group with a predominance of rigidity. This 

finding is interesting because it suggests that, although the importance of physical 

exercise in the treatment of PD is well established, studies are still needed to 

investigate how each clinical subtype responds to different stimuli, in order to assist 

health professionals in the best prescription and determination of most effective 

strategy in each clinical context. 

Still in the first study, our results obtained through correlation analysis infer that 

the magnitude of postural adjustments and performance during gait initiation are 

correlated with functional mobility and also with the fear of falling for people with PD. 

Thus, it is important to investigate the effects of different therapeutic strategies that 

can minimize the damage from these mechanisms.  

In order to improve or maintain the efficiency of postural automatisms and 

performance in daily tasks commonly related to episodes of falls in PD, the second 

study proposed three non-conventional interventions that provide different stimuli. Our 

main objective was to evaluate the effects of Nordic Walking, Deep Water Exercise 

and Brazilian Dance programs on muscular and kinetic APA and CPA, as well as the 

kinematics of the gait initiation and obstacle negotiation. In general, we found that NW 
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and DWE seem to promote more significant changes in muscle postural adjustments 

and in the movement kinematics, while the BD group was limited to increased muscle 

activity in hip abductors. 

Our training programs were periodized with a view to similar intensity among 

them. Thus, we believe that the particularities of each intervention were important in 

determining the effects. Although the three interventions have positive effects, it seems 

that cyclical modalities and gait simulation can have a greater impact on biomechanical 

variables and trunk muscles activity. On the other hand, BD showed improvement in 

postural adjustments, reflected in the greater integral activity of the middle gluteus, an 

important stabilizer, especially in situations that demand greater control of balance in 

single support. In general, the exercise programs seemed to cause improvements in 

postural control and movement performance of people with PD included in this study, 

especially NW and DWE. Resistance exercise has been widely advocated for the delay 

of degenerative processes and functional improvement. Thus, Nordic Walking, Deep 

Water Exercises and Brazilian Dance are group interventions that have the potential 

to improve postural automatisms in daily tasks. 

The limitations of this study involve: 1) The absence of a healthy control group 

(study 1) that did not receive any intervention with exercises or that performed 

conventional physical therapy (study 2); 2) The evaluations were carried out only 

during the period of validity of the medication, which may have mitigated the effects; 

and 3) The inclusion of only people with mild to moderate PD. Based on the results of 

the present study, we suggest new clinical trials that investigate these parameters with 

longer training and follow-up periods, as well as assess the effects on postural and 

biomechanical adjustments related to other daily tasks. In addition, we also suggest 

evaluating the acute effects of these interventions and their effects on each clinical 

subtype of the disease. 

Through this work we hope to contribute to a better understanding of the 

mechanisms related to the strategies of postural adjustment of individuals with 

Parkinson's disease with different clinical manifestations and how physical training 

programs with different characteristics can contribute to the improvement and / or 

maintenance of these parameters. Therefore, it is also expected to contribute to a more 

qualified and evidence-based approach by health professionals regarding the 

management of postural automatisms and their implications for the functional mobility 

of individuals with PD. 
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