
1 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

NEUROFUNCTIONAL REHABILITATION  

IN CHRONIC STROKE 

 

 

 

 

 

 

 

 

 

 

 

 

Fellipe Bandeira Lima 

2021 



 
 

  



III 
 

Faculty of Sport, University of Porto 

Centre of Research, Education, Innovation and Intervention in Sport 

Porto Biomechanics Laboratory 

 

 

 

 

 

NEUROFUNCTIONAL REHABILITATION IN CHRONIC STROKE 

 

 

 

 

 

 

 

 

Academic thesis with the purpose of obtaining a doctoral 

degree in Physiotherapy under the law n° 74/2006 from 

March 24th.  

 

 

Supervisor: Claudia Isabel Costa da Silva, PhD. 

Co-Supervisor: Ricardo Jorge Pinto Fernandes, PhD. 

Co-Supervisor: João Paulo Vilas-Boas, PhD. 

 

 

 

Fellipe Bandeira Lima 

2021 

  



IV 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bandeira-Lima, F. (2021). Neurofunctional rehabilitation in chronic stroke. PhD Dissertation 

in Physiotherapy presented to the Faculty of Sports of the University of Porto 

 

KEY WORDS: stroke, physical therapy techniques, upper extremity, neurological 

rehabilitation, quality of life, physical activity, kinematics. 

 

  



V 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“The thoughts of an author should enter our soul like the light in 

our eyes, with pleasure and without effort; and metaphors should 

be like a glass that covers the objects, but lets us see them.” 

Voltaire 

 

 

 

 

 

 



VI 
 

  



VII 
 

DEDICATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“Everything which has been achieved in this world, was done 

thanks to exaggerated hopes”. Jules Verne. 

 

To my family, base of everything.



 
 



IX 
 

ACKNOWLEDGEMENTS 

I would like to firstly thank my supervisor Professor Doctor Claudia Isabel Costa da 

Silva, for the enriching support throughout this journey. Thank you for your leadership and 

work, I am immensely grateful. Thank you also to my co-supervisors, Professor Doctor Ricardo 

Jorge Pinto Fernandes and Professor Doctor João Paulo Vila-Boas, for the reception and 

teaching throughout the course. Thank you to the Faculty of Sport of the University of Porto 

(FADEUP), to the Porto Biomechanics Laboratory (LABIOMEP-UP), thank you also to the 

Professor Doctor José Alberto Ramos Duarte, for the continuous quality training and 

competence.  

I would like to thank the State University of Maringá (UEM) and the Laboratory of 

Biomechanics and Motor Behavior (LABICOM), where the project was carried out. Thank you 

Professor Doctor Pedro Paulo Deprá for accepting to be my international internship supervisor, 

for the time dedicated and knowledge transmitted. I would like to thank the printed, radio and 

television media from Maringá for supporting recruitment. Especially, I would like to thank the 

esteemed and loved volunteers, for their cooperation, participation, trust and willpower. 

I would also like to thank my friends from Portugal, Isabel, Eric, Louise, Fernanda, 

Filipe, Álvaro, Felipe, Monick, Sunshine, Thiago, Valéria, Marisa and Beatriz for making this 

journey unforgettable during my stay in Portugal. To friends from Brazil, Arthur, Grégory, 

Franklin, Pedro, Gustavo, Vinícius and Gabriel for the absolute support in my journey, for 

dedicating me a lot of affection and proving that the geographical distance strengthens the good 

wishes. To the friends and companions of LABIOMEP-UP and LABICOM, Andrea, Jessy, 

Siwa, Gustavo and Wagner, for the support and company and in this challenge. "Each person 

who passes in our life, passes alone, it is because each person is unique and none substitutes 

the other! Each person who passes in our life passes alone and does not leave us just because 

he leaves a little of himself and takes a little of us. This is the most beautiful responsibility in 

life and the proof that people are not by chance" (Charles Chaplin). 

I would like to especially thank my parents Walcir and Silvia, for all the love, sweat and 

labor designed for this moment to come true. To my sister Flávia and my nephews, João Gabriel 

and Maria Gabriela, for being a reason of greater happiness in life. To my grandmother 

Terezinha, for unconditional love. In memorian, thank you to my grandparents Daniel, Salime 

and Irineu as well as my uncle Tuffic, for the teachings and examples in life. To my beloved 

Professor Doctor Amanda Santos, for the companionship, teachings, and unconditional love. 

 



X 
 

 



XI 
 

SUMMARY 

DEDICATION .............................................................................................................................. VII 

ACKNOWLEDGEMENTS ............................................................................................................ IX 

LIST OF TABLES ...................................................................................................................... XIII 

LIST OF FIGURES ..................................................................................................................... XV 

ABSTRACT .............................................................................................................................. XVII 

RESUMO ................................................................................................................................... XIX 

LIST OF ABREVIATIONS AND ACRONYMS .......................................................................... XXI 

CHAPTER I ................................................................................................................................. 23 

GENERAL INTRODUCTION ............................................................................................................ 23 

CHAPTER II ................................................................................................................................ 31 

METHODS ......................................................................................................................................... 31 

CHAPTER III ............................................................................................................................... 47 

ORIGINAL STUDIES ........................................................................................................................ 47 

1. UPPER LIMBS NEUROFUNCTIONAL REHABILITATION IN CHRONIC STROKE 

PATIENTS: A RANDOMIZED CONTROLLED TRIAL ....................................................... 49 

2. UPPER LIMB NEUROFUNCTONAL REHABILITATION IMPROVES MOTOR 

PERFORMANCE IN CHRONIC STROKE .......................................................................... 66 

3. DRINKING TASK AND NEUROFUNCTIONAL REHABILITATION IN CHRONIC STROKE

 …………………………………………………………………………………………………85 

CHAPTER IV ............................................................................................................................. 103 

GENERAL DISCUSSION AND FINAL CONSIDERATIONS ......................................................... 103 

DISCUSSION .................................................................................................................... 105 

LIMITATIONS .................................................................................................................... 110 

CONCLUSIONS ................................................................................................................ 110 

ANNEXES ................................................................................................................................. 115 

 

  



XII 
 

  



XIII 
 

LIST OF TABLES 

Methods 
 

Table 1. Exercises series used on the neurofunctional rehabilitation 

program………………………………………………………………………… 

 

42 

Original study 2 
 

Table 1. Comparisons between and within groups for the linear relation and 

movement smoothness variables of three-dimensional kinetics throughout the 

intervention mean values (standard deviation)…………………………………... 

 

 

75 

Table 2. Comparisons between and within groups for the mean and peak velocity 

variables of three-dimensional kinetics throughout the intervention…………….. 

 

76 

Original study 3  

Table 1. Comparisons between control and intervention groups for the movement 

smoothness in anteroposterior, cephalocaudal and mediolateral movements and its 

phases throughout the intervention........................................................................... 

 

 

95 

 

 

 

 

 

 

 

 

 

 

 

 



XIV 
 

 



XV 
 

LIST OF FIGURES 

Methods 
 

Figure 1. Positions of the retroreflective clusters in landmarks studied………………… 37 

Figure 2. Initial and final position and phases of the “turning on the light” (A, B, C, D 

and E) and “drinking” (F, G and H) tasks performed…………………………………… 

 

39 

Figure 3. Randomization and allocation………………………………………..………. 40 

Original study 1  

Figure 1. Samples randomization and allocation……………………………………….. 56 

Figure 2. Comparisons between control and intervention groups (circles and squares, 

respectively) for the variables of quality of life and motor function throughout the 

intervention: Time in upper extremity function activities (1), Quality of Life (2), Score 

in upper extremity function activities (3) and upper extremity function 

(4).…………………………………………………...................................................... 

 

 

 

 

58 

Original study 2  

Figure 1. The randomization and data collection procedures.………………………….. 72 

Figure 2. Mean values (standard deviation) of the “turning on the light” task 

movement……………………………………………………………………………… 

 

74 

Original study 3  

Figure 1. The randomization and allocation.…………………………………………… 90 

Figure 2. Drinking movement time mean values (standard deviation)..……………….. 94 

 

  



XVI 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



XVII 
 

ABSTRACT 

Introduction: The stroke is the major cause of disability worldwide. Currently, ~15 million people 

suffer from stroke each year. From these ~70-80% of stroke patients present upper limbs functional 

alterations and the recovery of functional independence with movement patterns as similar as possible 

to prior the episode, represents an extremely challenging goal. Objective: To analyze the effect of a 

neurofunctional rehabilitation program in the upper limb’s functional capacity and motor performance 

of chronic stroke patients. Methods: A randomized controlled clinical trial with chronic participants 

presenting neuromotor dysfunction after stroke of the middle cerebral artery, randomly assigned to a 

control (CG) and intervention group (IG) (n=8 and n=15, respectively), was conducted. An eight-week 

neurofunctional rehabilitation program was delivered to IG, consisting of 16 sessions (of 1h each), and 

four moments were analyzed: before the intervention (M0), after the first session of neurofunctional 

rehabilitation (M1), after the 16th program session (M2) and after eight weeks of follow-up for IG (M3). 

The program was based on different postures experiences, with the adequate facilitation by the therapist. 

Sensorimotor and proprioceptive stimuli, within typical movement patterns, through functional tasks 

(reaching for an object, , combing hair, brushing teeth, bathing, dressing a T-shirt, putting on shoes, 

carrying a plate, a tray, pushing a cart, etc.) were performed, with the necessary repetitions and cognitive 

stimuli. The Fugl-Meyer Upper Extremity Assessment and the Wolf Motor Function Test were used to 

assess upper limbs motor impairment and set as sensory-motor impairment, speed, and movement 

quality variables, respectively. The Modified Ashworth Scale was used to classify muscle resistance to 

passive movement. The Stroke-Specific Quality of Life Scale was used to assess the quality of life in 

stroke patients. The International Physical Activity Questionnaire evaluated the moderate-to-vigorous 

physical activity and the sitting time. Vicon Motion System was used for kinematic evaluation of the 

two functional tasks: “turning on the light” and “drinking”. Relevant variables were analyzed: linear 

relationship between joint displacements (shoulder-hand and elbow-hand); movement time; mean total 

movement velocity; peak velocity; movement smoothness (relation between mean velocity and peak 

velocity). Results: The quality of life improved over time in control and intervention groups (F2;42 = 

5.658; p = 0.019; η2 = 0.212; Observed power = 0.694). Regarding the speed, differences were found 

for both groups over time (p = 0.012 vs 0.006 for CG and IG, respectively), but only the intervention 

group showed improvement in movement quality (CG: p = 0.0001). Concerning the “turning on the 

light” task, the linear relation of elbow/hand (F3,63 = 10.32; p < 0.0001; η2 = 0.329; observed power = 

0.995) improved over time for both groups and of shoulder/hand in the returning phase (IG: p = 0.043). 

The movement time improved for IG in the “turning on the light” movement (total (s): M0: 3.18 (1.16) 

and M1: 2.28 (0.66) vs M3: 2.28 (0.60) p = 0.001; “turning on the light” phase: M0: 1.98 (0.77) vs M3: 

1.44 (0.47) p = 0.043 and returning phase: M0: 1.19 (0.45) vs M3: 0.83 (0.15) p = 0.001). The peak 

velocity (anteroposterior: F2,37 = 6.37; p < 0.005; η2 = 0.233; observed power = 0.848); (mediolateral: 

F2,36 = 6.13; p < 0.007; η2 = 0.226; observed power = 0.820) and movement smoothness (CG: p = 0.012; 
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IG: p = 0.043) increased after the intervention, regardless the group. In “drinking” task, the movement 

time at the returning phase decreased over time for IG (p = 0.012) and the forward transportation 

increased over time for CG (p = 0.06). The smoothness of anteroposterior movement improved over 

time for IG (p = 0.040). Conclusions: There was an improvement in upper limbs function, over time, 

both in CG and IG. However, only the IG evidenced improvement in movement quality, after the 

neurofunctional rehabilitation program. This research has contributed to reinforce the need for 

continuous and specialized physiotherapy assessment and intervention for chronic stroke patients. 

Keywords: stroke, physiotherapy intervention, upper extremity, neurological rehabilitation, 

biomechanics. 
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RESUMO 

Introdução: O acidente vascular cerebral (AVC) é a principal causa de incapacidade em todo o mundo. 

Atualmente, cerca de 15 milhões de pessoas sofrem um episódio de AVC a cada ano. Destes ~ 70-80% 

dos pacientes com AVC apresentam alterações funcionais dos membros superiores e a próximas batalha 

dos pacientes é a recuperação da independência funcional, com padrões de movimento os mais 

semelhantes possíveis aos anteriores ao episódio. Objetivo: Analisar o efeito de um programa de 

reabilitação neurofuncional na capacidade funcional dos membros superiores e no desempenho motor 

de pacientes com acidente vascular cerebral crónico. Métodos: Foi realizado um ensaio clínico 

randomizado controlado com participantes crónicos que apresentavam disfunção neuromotora após 

acidente vascular cerebral da artéria cerebral média, distribuídos aleatoriamente para um grupo controlo 

(GC) e intervenção (GI) (n=8 e n=15, respectivamente). Foi elaborado um programa de reabilitação 

neurofuncional de oito semanas, composto por 16 sessões (de 1 hora cada), aplicado ao GI, ocorreram 

em quatro momentos: antes da intervenção (M0), após a primeira sessão de reabilitação neurofuncional 

(M1), após a 16ª sessão do programa (M2) e após oito semanas de seguimento para GI (M3).. A terapia 

baseou-se em diferentes posturas de tratamento, com facilitação e manipulação pelo terapeuta. 

Estímulos sensório-motores e proprioceptivos, dentro de padrões típicos de movimento, usando tarefas 

funcionais (bater em um objeto, apoiar e transferir peso corporal sobre os membros superiores, pentear 

o cabelo, escovar os dentes, tomar banho, vestir uma camiseta, calçar sapatos, carregar um prato, uma 

bandeja, empurrando um carrinho, etc.) com repetições e estímulos cognitivos. Para a recolha de dados, 

recorreu-se a escalas Fugl-Meyer Upper Extremity Assessment e Wolf Motor Function Test para avaliar 

o comprometimento motor dos membros superiores e definidos como comprometimento sensório-motor 

e variáveis de velocidade e qualidade do movimento, respectivamente. A Escala de Ashworth 

Modificada foi utilizada para classificar a resistência muscular ao movimento passivo. A Escala de 

Qualidade de Vida Específica para AVC foi usada para avaliar a qualidade de vida em pacientes com 

AVC. O International Physical Activity Questionnaire avaliou a atividade física moderada a vigorosa e 

o tempo sentado. O instrumento de avaliação cinemática 3D foi o Vicon Motion System e foram 

analisados os movimentos de alcançar e beber, nomeadamente das variáveis: relação linear entre 

articulações; tempo de movimento; média da velocidade do movimento completo; velocidade máxima 

atingida; suavidade do movimento. Resultados: A qualidade de vida melhorou ao longo do tempo nos 

grupos controlo e intervenção (F2;42 = 5,658; p = 0,019; η2 = 0,212; poder observado = 0,694). Em 

relação à velocidade, foram encontradas diferenças nos dois grupos (p = 0,012 vs 0,006 para GC e GI, 

respectivamente), mas apenas o GI apresentou melhoria na qualidade do movimento (GC: p = 0,0001). 

No que se refere à tarefa de alcançar, a relação linear cotovelo / mão (F3,63 = 10,32; p <0,0001; η2 = 

0,329; poder observado = 0,995) aumentou ao longo do tempo para os dois grupos e diminuiu para a 

fase de retorno ao nível do ombro / mão (GI: p = 0,043). O tempo de movimento melhorou para o GI no 

movimento de alcance (total: M0: 3,18 (1,16) e M1: 2,28 (0,66) vs M3: 2,28 (0,60) p = 0,001; fase de 
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alcance: M0: 1,98 (0,77) vs M3: 1,44 (0,47) p = 0,043; fase de retorno: M0: 1,19 (0,45) vs M3: 0,83 

(0,15) p = 0,001). A velocidade máxima (anteroposterior: F2,37 = 6,37; p <0,005; η2 = 0,233; poder 

observada = 0,848; mediolateral: F2,36 = 6,13; p <0,007; η2 = 0,226; poder observado = 0,820) e a 

suavidade do movimento (GC: p = 0,012; GI: p = 0,043) aumentaram após a intervenção, 

independentemente do grupo. Em relação à tarefa de beber, o tempo de movimento na fase de retorno 

diminuiu ao longo do tempo para o GI (p = 0,012) após a intervenção e a fase de transporte para a frente 

apresentou um nível de significância limítrofe para aumentar ao longo do tempo para o GC (p = 0,06). 

A suavidade do movimento anteroposterior melhorou ao longo do tempo no GI (p = 0,040). Conclusões: 

O programa de reabilitação neurofuncional foi eficaz para melhorar a o comprometimento sensório-

motor, velocidade, qualidade do movimento, velocidade de movimento do membro superior, tempo, 

suavidade e relação de deslocamento articular. Além disso, a função do membro superior no CG deve 

ser mais explorada ao longo do tempo. Como perspectivas futuras, esta pesquisa reforça a necessidade 

da reabilitação contínua e especializada para pacientes com AVE crônico realizada por um fisioterapeuta 

que compreenda as possibilidades de avaliações (escalas e 3D) da capacidade funcional e motora de 

seus pacientes com AVE crônico e, assim, contribuindo para seu retorno às atividades da vida diária. 

Palavras-chave: acidente vascular cerebral, intervenção em fisioterapia, extremidade superior, 

reabilitação neurológica, biomecânica.  
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GENERAL INTRODUCTION 
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 The scientific community is increasingly expanding the research and knowledge 

about stroke, pushed by the fact that stroke is the major cause of disability, worldwide1,2. 

Currently, ~15 million people suffer from stroke each year1,3. After surviving one stroke 

episode, the patients' next battles are the recovery of functional independence with 

movement patterns as similar as possible to prior the episode4. However, many stroke 

survivors remain with complex neurological deficits, leading to poor movement quality, 

muscle weakness, sensory dysfunction and cognitive impairment5. From these ~70-80% 

of stroke patients present upper limbs functional alterations2,6.  

 Accordingly, the upper limbs evaluation and rehabilitation are extremely relevant 

to the functional capacity, particularly for daily life activities3,5. The upper limb 

movement dysfunction can be mainly related with a single aspect of the motor control 

(e.g. reduced speed, coordination, range of motion, or force), which directly influences 

the assessment procedures as well as the clinical reasoning process2,7. In this context, 

proper assessment of motor performance is important for correct decision making in 

neurofunctional rehabilitation, especially after stroke3,7-9. 

An appropriate assessment is required to well characterize the impairment level 

and to contribute to a proper decision making by the health professionals to be established 

underpinning neurofunctional rehabilitation3,7,8. Added the importance of evaluation, 

there is also a need of randomized controlled trials studies in this area, specifically in 

chronic stroke patients, that are often described as having no potential for change after 

chronicity 5,10,11. Subjective clinical scales such as the Fugl-Meyer Upper Extremity 

Assessment and the Wolf Motor Function Test are essentials for clinical and scientific 

purposes and are used to assess general and/or patient-specific functionality7,12-14.  

The Fugl-Meyer Upper Extremity Assessment scale is a well-designed, feasible 

and efficient clinical measurement tool for post stroke motor function, containing five 
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domains, where the motor domain has the primary value for motor recovery monitoring 

in a 100-point score15. The Wolf Motor Function Test evaluates the upper limb motor 

skills through time and quality of functional tasks movement7. In addition to these scales, 

the three-dimensional kinematics analysis appears as an important tool to express 

objectively the clinically outcomes and changes in functional status after stroke7,8,16. 

Indeed, as a gold standard assessment of the motor control parameters10,16-18, it allows 

sight into movement patterns, quality and strategies16-18, through spatial and temporal 

information about the movement performed by the individual17,18 and contributes to 

continuously looking forward the best decision-making in clinical practice. 

Therefore, regarding the three-dimensional kinematics analysis, assessing two 

simple upper limbs movements, such as “drinking” and turning off the switch, allows the 

possibility to address changes in motor control and might provide a better image of the 

patient recovery4,19. Indeed, the combination of the analysis of smoothness, peak velocity, 

movement time, and joint coordination during “turning on the light” and drinking tasks 

can contribute to explain upper limbs motor functions19. Moreover, movement time and 

smoothness allow a reproducible description of the minimum motor changes and 

rehabilitation responses4,19. 

Regarding rehabilitation, health professionals, namely physiotherapists, should 

integrate the principles of motor learning theories, such as repetitive training and guided 

activities3,9,20, in the neurofunctional rehabilitation programs. These principles must be 

applied intensively by the physiotherapist based on the central nervous system 

plasticity13, and focused on maximizing the functional motor sensory ability9, with 

movements within the so-called typical patterns. Increased or reduced movement 

velocity, longer time to accomplish functional tasks and reduced smoothness are 

characteristics of an impaired upper limb7,8. To overcome these deficits and the 
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consequent functional limitations, the neurofunctional rehabilitation program is a 

response aimed to the individual needs as the basis for skill acquisition and recovery21-23. 

The present thesis is the result of a broad concern of health professional and 

researchers in the area, about the importance of having a functional independence to carry 

out daily living activities in all stages of life, especially among the elderly and individuals 

who have had a stroke. This reflects on the quality of life for all of us. Thus, after these 

personal and scientific considerations, the present thesis general objective is: 

 To analyze the effect of an eight-week program of neurofunctional rehabilitation in 

the upper limbs of chronic stroke patients.  

And the specifics objectives are: 

 To analyze upper limbs functional capacity of chronic stroke patients after 

neurofunctional rehabilitation. 

 To evaluate upper limb motor performance of chronic stroke patients after 

neurofunctional rehabilitation.  

 To evaluate upper limb movement time and smoothness in chronic stroke patients 

after neurofunctional rehabilitation. 

 The present thesis is organized into four chapters. The general introduction to the 

theme and the main aims of the thesis are presented in chapter 1. The methods, with all 

the instruments and protocols used, are described in chapter 2. Regarding chapter 2, 

details about studies design, sampling, data collection procedures and intervention 

procedures are presented. Also, details about the instruments used for the evaluations and 

their specifications are described. The fieldwork is presented into three original studies, 

in chapter 3. Based on a methodological neurofunctional rehabilitation and the assessment 

order applied, the first study brings clinical assessments and obtaining scores using only 

the assessment scales. The proposal for this study was to compare the scales since it is 
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the most accessible method for physiotherapists and clinics to assess and compare the 

patients’ evolution.  

The second study used the kinematic analysis of “turning on the light”, to assess 

neuromotor behavior of both groups. The choice of the task “turning on the light” allowed 

to cover the entire sample, including participants that presented lower functional capacity, 

since the demands of this task in terms of complexity are lower than other upper limbs 

functional tasks, like drinking. The third study used kinematic analysis with the 

“drinking” task movement, covering stroke survivors who managed to complete this task. 

The choice of the “drinking” task was to specifically assess patients who have motor 

control to perform a daily activity with a higher level of demand and greater complexity 

in terms of intersegmental and muscular organization than the task of “turning on the 

light”. In addition, it is one of the functional tasks most frequently analyzed in terms of 

research in this area. 

The general discussion, encompassing the overall results, limitations and main 

conclusions of the thesis are outlined in chapter 4.   
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Original studies 

To accomplish the above-mentioned aims, the objective of each study was 

designed considering a methodological sequence for the upper limbs neurofunctional 

rehabilitation in chronic stroke patients. First, analyzing the data collected from the motor 

assessment scales (n=15), secondly, analyzing the data collected from the kinematic 

analysis of the “turning on the light” task (n=15) and, lastly, the kinematic analysis of a 

“drinking” task because not all patients were able to take the glass grabbing action (n=8). 

 

Study design, sampling, and randomization 

 

A randomized controlled clinical trial was conducted with chronic stroke patients 

with neuromotor dysfunction of the middle cerebral artery in a biomechanics laboratory 

and followed the CONSORT guidelines. Recruitment was carried out by radio 

communication, internet, and television. The inclusion and exclusion criteria were 

selected to minimize the heterogeneity of the stroke sample as much as possible, 

considering the great variability of movement patterns, clinical conditions and biological 

individualities associated with the stroke. The choice to study individuals with stroke in 

the chronic state was for the purpose of reaffirming the need to continue rehabilitation 

and make progress at this stage. Another important exclusion criterion chosen, individuals 

should have a minimum of upper limb function to complete “drinking” and/or “turning 

on the light” tasks1, and so, the lack of both were important exclusion criteria. 

The inclusion criteria were: (i) to have clinical diagnosis of a single stroke 

affecting the middle cerebral artery; (ii) to have a time evolution superior to six months; 

(iii) to present upper limbs neuromotor dysfunction resulting from the stroke, with at least 

minimal initiation of shoulder flexion and elbow extension, allowing the  accomplishing 
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of the selected tasks (Fugl-Meyer Upper Extremity Assessment)1; (iv) to score over 18 

points on the Mini-Mental Test and (v) to sign the voluntary participation consent form 

(annex B)2,3. The exclusion criteria were: (i) to have a neurological or cardiovascular 

instability and/or exercise contraindication; and (ii) to have severe neuropsychological 

alterations interfering with the ability to follow instructions or understand the performed 

tasks. Fifteen volunteers were selected according to the criteria, with the sample size 

being estimated a priori by the G*Power software (version 3.1.9.2). All volunteers who 

did not meet the criteria were referred to other physiotherapy services free of charge. 

From the 107 individuals attending the screening evaluation, 36 subjects had a 

clinical diagnosis of stroke affecting other cerebral arteries than the middle cerebral artery 

and 12 were diagnosed with another neurological lesion. Of the remaining 59 subjects, 

29 had a time evolution lower than six months, 11 had an upper limb plegia sequelae and 

four scored below 18 on the Mini-Mental Test (annex A)2,3. The recruitment was 

conducted between August 1st and September 10th, 2018. The request for clinical trial 

retrospective registration 15 was sent to clinicaltrials.gov on September 17, 2019, and the 

trial last updated was on November 19, 2019, because of an administrative error, lack of 

awareness and error of omission by the research team. 

The total physical activity level of the recruited subjects was computed using the 

equation [(walk: min/week*frequency) + (moderate physical activity: 

min/week*frequency) + (vigorous physical activity: min/week*frequency)], allowing to 

categorize them as physically inactive or active (< and ≥ 150 min/week, respectively)4-6. 

Complementarily, it was assessed the sedentary behavior after stroke through the sitting 

time module of the International Physical Activity Questionnaire (annex C)5 (considered 

as non-sedentary and sedentary, respectively, if  < and ≥ 7.0 hours/day, a cut-off value 

associated with the risk of death from different causes)7,8. These two confounding 
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variables were evaluated to control the possible influence of rehabilitation8,9. The 15 

participants, physically inactive and sedentary, were simple randomized using the online 

platform www.randomizer.org10 and allocated to control and intervention groups (n = 8 

and n = 7, respectively). The CG participants were invited to participate in the IG after 

the controlled period, totaling 15 individuals receiving the neurofunctional rehabilitation 

program. 

 

Instruments and data collection procedures 

 

The instruments and protocols used were designed to cover both clinical scales 

and 3D kinematics for motor evaluation. Firstly, an anamnesis was performed with each 

participant to collect socio-demographic and anthropometric variables (age, gender, body 

mass, height, ethnicity, date of birth, marital status and profession before and after stroke), 

as well as data on patient admission (when the stroke occurred, how was the care length 

of stay, hospitalization interventions, other types of treatment, prior physical therapy 

and/or stroke) and clinical diagnosis (current disease history, type and location of stroke, 

symptoms, other diagnosed diseases, and associated medications, drugs used and in use 

and complications during treatment, lifestyle, main complaint) with an author evaluation 

form and semi-structured interview.  

The functional assessment (skin inspection, respiratory and heart rate, blood 

pressure, muscle tone, reflexes, sensitivity, range of motion, involuntary and voluntary 

motor control, functional activities, daily living, and locomotion) was performed and 

documented in the same form (annex D). Then, the motor scales and kinematic data 

collection were performed. The Fugl-Meyer Upper Extremity Assessment (annex E)11,12 

and the Wolf Motor Function Test (time and score) (annex F)3,13 were used to assess upper 
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limbs motor impairment and set as sensory-motor impairment and speed and movement 

quality variables, respectively. The Modified Ashworth Scale (annex G)14,15 was used to 

classify muscle resistance to passive movement3,13,16. The Stroke-Specific Quality of Life 

Scale was used to assess the quality of life in stroke patients (annex H)17,18 and the 

International Physical Activity Questionnaire evaluated the moderate-to-vigorous 

physical activity and the sitting time4-6.  

The instrument for kinematic evaluation were the Vicon Motion System13,19-21. 

After calibration, three-dimensional kinematical analysis was performed with six MX T-

series – T10 cameras with capture frequency of 100 Hz and one Bonita camera13,20,21. The 

three-dimensional coordinate positions of the markers were calculated instantly in camera 

units with high spatial resolution, with the admitted error for each camera below 0.2 mm, 

throughout the measured movement. The data were collected automatically by Nexus 

Track Manager (Vicon®), which enabled image capture, camera synchronization and 

biomechanical model marker coordinates three-dimensional reconstruction. Joint 

kinematics were obtained by Euler angles and the capture data were transferred to 

MATLAB (The MathWorks Inc) software for custom-made analysis. A total of 19 

spherical 12 mm retroreflective clusters were positioned in landmarks, following the 

International Society Biomechanics recommendations22 that is shown in the Figure 1.  
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Figure 1. Positions of the retroreflective clusters in landmarks studied. (i) head – 

frontolateral (1) –, occipitolateral (2) –; (ii) thorax – processus spinosus of the 7th cervical 

vertebra (3) –, processus spinosus of the 10th thoracic vertebra (4) –,  right posterior thorax 

– region between right scapula and spine (5) –, deepest point of incisura jugularis 

(suprasternal notch) (6) – and processus xiphoideus – most caudal point on the sternum 

(7) –; (iii) scapula – angulus acromialis – most laterodorsal point of the scapula (8) –; (iv) 

humerus – most caudal point on lateral epicondyle (9) –, at the upper limb between the 

elbow and shoulder markers (10) –; (v) forearm – most caudal-lateral point on the radial 

styloid (11) –, most caudal-medial point on the ulnar styloid (12) –, at the forearm 

between the wrist and elbow markers (13) – and (vi) hand – head of 3rd metacarpal (14).  

 
 

The volunteers performed two basic movements for data collection. The choice of 

tasks for three-dimensional kinematic analysis was to assess motor skill, functional range 

and quality of movement based on two daily life activities that are apparently simple, but 

very demanding for individuals with chronic stroke. In addition, the two tasks present 

different complexities, one of the tasks is feasible even in the absence of hand function, 

while the other presupposes functional capacity at the hand level, which is therefore more 

demanding. Thus, data of different complexities and requirements were obtained with 

both tasks. The movement of “turning on the light” and the movement of grabbing a glass 

and “drinking”. 
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For motion capture, after verbal command, the volunteer performed the “turning 

on the light” and the “drinking” tasks23, three times, returning to the starting position in 

each attempt. The initial and final position and the phases of each movement are shown 

in Figure 2. The evaluation protocol was formulated to consider, as much as possible, a 

standardization of the experimental set up, considering the anthropometric characteristics 

of the participants, thinking about the greater validity of the data presented. So, kinematic 

collections were performed with participants seated in a hydraulic chair, adjustable to a 

height of 100% of each subject’s leg length24. The standardized initial posture: three-

quarter support of the femur in the seat and feet parallel to the width of the hips, with the 

hands resting on the respective ipsilateral thighs, facing downwards24. The switch and the 

drinking glass were on a table, adjustable in height, at the volunteer’s olecranon level, at 

a distance corresponding to the upper limb length. A 7 cm diameter and 9.5 cm high (240 

mL volume) drinking glass was filled with 120 mL of water (half full)25-27.  

The selection of kinematic variables and data analysis calculations were based on 

the literature23,28,29. The kinematic variables analyzed for the current research were linear 

relationship between joint displacements (shoulder-hand and elbow-hand); movement 

time; mean total movement velocity; peak velocity; movement smoothness (relation 

between mean velocity and peak velocity)23. The variables chosen, in addition to being 

the most used in the literature23,28,29, are variables in which their results are considered 

easier to be interpreted by professionals who are not used to the terms of three-

dimensional kinematics, increasing the reach of the results. 

Among the chosen variables, the relationship between joint displacements was 

used to determine the different linear joint movements, resulting in coordinated 

movement23,28,29. A metric with high validity, reproducibility and sensitivity to the 

clinical changes obtained23,28,29. Regarding the variables that evaluate the movement 
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speed, the metrics movement time, mean total movement velocity and peak velocity 

represent the time spent to perform a certain motor function 23,30,31. Those variables are 

extremely sensitive and valid for translating functional clinical changes and improving 

motor control23,30,31. Also, the movement smoothness variable, through the relation 

between mean velocity and peak velocity, describes the quality of the movement under 

analysis. This metric can reproduce the presence, even if minimal, of movement disorder, 

which can cause loss or functional minimization23,30,31. 

 

 
Figure 2. Initial and final position and phases of the “drinking” (A, B, C, D and E) and 

“turning on the light” (F, G and H) tasks. The “drinking” task was broken down into five 

logical phases: (A) reaching for the glass, (B) forward transport of the glass to the mouth; 

(C) drinking, (D) back transport of the glass to the table and (E) returning the hand to the 

initial position. The “turning on the light” task was broken down into two logical phases: 

(F) the reaching phase (movement onset until minimal distance at the switch and hand 

markers) and (G) the returning phase (touch the switch until the movement offset) (H)26. 

 

Intervention protocol 

A single clinician specialized in neurofunctional physiotherapy conducted the 

evaluations and the neurofunctional rehabilitation program between August/2018 and 

January/2019, along the following moments: before the intervention (M0), after the first 

session of neurofunctional rehabilitation (M1), after the 16th program session (M2) and 

after eight weeks of follow-up for IG (M3)6,32,33. Both groups were assessed 

concomitantly at the four moments6,33 and, after the controlled period, the CG was merged 

in the IG, receiving the same neurofunctional rehabilitation program, and the same 
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intervals between evaluations and follow-up. The Figure 3 presents the diagram of sample 

randomization and data collection procedures. 

 

Figure 3. Randomization and allocation. 

 

The intervention program consisted of 16 sessions (of 1 h each) of neurofunctional 

rehabilitation, lasting eight weeks (twice a week, but not on consecutive days)6,32,34. This 

program intended to provide adequate movement experiences, with components of 

sensory re-education, tactile orientation and repetitive sensory practice, respecting 

individual needs3,32,35,36. The intervention followed a worksheet with accompanying 

guidelines used on rehabilitation32,36,37 and the exercises are described in Table 1. All 

tasks and activities selected for the rehabilitation program were focused on minimizing 

the sequelae of neurological disorders, providing a greater degree of independence for 
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people in their activities38-40. Also stimulating the central nervous system and 

neuroplasticity, preventing musculoskeletal deformities, improving postural control 

responses, to prepare the patient for functional movements, where typical patterns of 

movements were facilitated38-40. 

The neurofunctional rehabilitation program36,41,42 respected the individuality and 

the need checked in the individual evaluation3,43-46. The therapy was based on different 

treatment postures, with a facilitation and manipulation by therapist. Sensorimotor and 

proprioceptive stimuli, within typical movement patterns, using functional tasks (hitting 

an object, supporting, and transferring body weight on the upper limbs, combing hair, 

brushing teeth, bathing, wearing a T-shirt, putting on shoes, carrying a plate, a tray, 

pushing a cart, etc.) with repetitions and cognitive stimuli6,32,33. 
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Table 1. Exercises series used on the neurofunctional rehabilitation program. 

Decubitus Material Exercises Exercise Evolution 

Dorsal 

Rigid roll, empty and 

full water bottle 

Mobilization of the shoulder girdle; Active stretching of shortened muscles; Extension, abduction, 

external rotation and shoulder reach, and selective flexion, adduction, and internal rotation of the 

shoulder; Elbow, wrist and finger extension and selective flexion of the elbow, wrist, and fingers; 

Forearm supination and selective forearm pronation; Flexion, bilateral upper trunk rotation, 

flexion, bilateral lower trunk rotation and dissociation of the shoulder and pelvic girdle; 

Facilitating functional tasks such as rolling and sitting. 

Associate the exercises with 

selective control, involving 

trunk movements, during the 

execution of the movement 

Lateral 

(contralesional) 

Rigid roll, empty and 

full water bottle 

Functional reach with weight transfer on the contralesional side (positioned at 90 ° of shoulder 

flexion and with slight scapular protraction); Seated training with weight transfer to the 

contralesional side, with selective elbow and shoulder control. 

Associate the exercises with 

selective control during the 

execution of the movement 

and dissociation of the 

shoulder and pelvic girdle 

during the execution of the 

movement 

Lateral (ipsilesional) 

Rigid roll, empty and 

full water bottle 

Functional reach associated with selective flexion, extension, external rotation, internal rotation, 

abduction, and shoulder adduction; Seated training with weight transfer to the contralesional side, 

with selective elbow and shoulder control; Active Stretching of shortened muscles. 

Seated 

Rigid roll, empty and 

full water bottle, and a 

light table. 

Flexion, extension, and rotation of the trunk with shoulder flexion and scapular protraction, 

pushing the table; Lateral flexion of the trunk with weight transfer to the upper limb, bilateral and 

with trunk corrections; Anterior trunk flexion, associated with lateral flexion and trunk rotation, 

keeping the upper limbs at 90º of shoulder flexion and elbow extension; Sit to stand with the weight 

transfer to the lower limbs pushing the table; Pick up and release the rigid roll, full and empty 

water bottle, positioned on the table; Bilateral handling of water bottle and rigid roller. 

Associate the exercises with 

selective control and stops 

during the execution of the 

movement; Combining two or 

more of the previous 

exercises: increasing the 

difficulty of handling the 

rigid roll and water bottle 

Four support position 

Weight transfer to the upper limbs; Remove the contralesional upper limb from the support and 

reach the rigid roller; Remove the ipsilesional upper limb from the support and reach the rigid roll; 

Neck flexion, extension, and rotation; Bilateral protraction and retraction of the scapulae. 

Orthostatic 

Rigid roll, empty and 

full water bottle, and a 

light table. 

Anterior trunk flexion, associated with lateral trunk flexion and trunk rotation, keeping the upper 

limbs at 90° shoulder flexion and elbow extension (with slight bilateral knee flexion); Pick up and 

release the rigid roll, full and empty water bottle, positioned on the table; Bilateral handling of 

water bottle and rigid roller. 
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Statistical Procedures 

 

The current study aimed to analyze the effect of an eight-week program of 

neurofunctional rehabilitation in the upper limb’s functional capacity, motor performance and 

movement time and smoothness of chronic stroke patients. To answer these objectives, the 

following statistical procedures were used: all data were checked for normality by the Shapiro-

Wilk test that best fit due to the small sample size. Descriptive data were in mean, standard 

deviation and percentage to characterize the sample of all variables included in the study, i.e. 

quality of life, sensory-motor impairment, speed, and movement quality in study 1, the linear 

relationship between joint displacements (shoulder-hand and elbow-hand), movement time, 

mean total movement velocity, peak velocity, and movement smoothness (relation between 

mean velocity and peak velocity) in study 2 and movement time and smoothness in study 3.  

Statistical analysis allows different types of null hypothesis tests. Each test has 

assumptions for better adequacy and reliability of the results. Knowing this, at baseline, 

parametric (Students t-test for continuous variables and Chi-square for categorical variables) 

and non-parametric tests (Mann-Whitney test) were used for comparison between groups and 

one way repeated-measures ANOVA was conducted to analyze the intervention effects over 

time and between CG and IG. The comparison of two or more population averages based on 

paired samples can be performed using an ANOVA of repeated measures47, to analyze the data 

collection for the same sample over time, verifying the sample longitudinal/temporal 

modifications. The intervention was the two levels factor between-subject to analyze the effect 

of an eight-week program of neurofunctional rehabilitation in the upper limbs of chronic stroke 

patients (CG and IG) and time was the three or four repeated measure levels factor (M0, M1, 

M2 and M3) within-subject, i.e. comparing the volunteer at baseline (M0) with another moment 

of intervention. Subsequently, Bonferroni correction for multiple comparisons was used to 
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verify the main effects of time and the interaction time*group was assessed by the Greenhouse-

Geisser test. Friedman tests were used to test variables with non-normal distribution (followed 

by Mann-Whitney test for comparisons between moments and groups) and the Cochran Test 

was performed for categorical variables. The statistical analysis was performed using the 

version 26.0 Statistical Package for the Social Sciences software, with the significance level 

being set at p < 0.05.  
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ABSTRACT 

Introduction: Stroke leads to ~70-80% of patients presenting upper limbs dysfunction with huge 

implications on activities of daily living. Objective: To analyze the effect of an eight-week 

neurofunctional rehabilitation program in the upper limb’s functional capacity of chronic stroke 

patients. Methods: A randomized controlled clinical trial with 15 chronic stroke patients with 

neuromotor dysfunction of the middle cerebral artery chronic stroke was conducted. The Fugl-

Meyer Upper Extremity Assessment and the Wolf Motor Function Test were used to assess 

upper limbs motor impairment and set as sensory-motor impairment and speed and movement 

quality variables, respectively. The Modified Ashworth Scale was used to classify muscle 

resistance to passive movement. The Stroke-Specific Quality of Life Scale was used to assess 

the quality of life in stroke patients. The International Physical Activity Questionnaire evaluated 

the moderate-to-vigorous physical activity and the sitting time. The eight-week neurofunctional 

rehabilitation program was based on motor function and quality of life scales were used in data 

collection. Results: The quality of life improved over time in control and intervention groups 

(F2;42 = 5.658; p = 0.019; η2 = 0.212; Observed power = 0.694), no differences were found in 

sensory-motor impairment (F3;63 = 0.328; p = 0.741; η2 = 0.015; Observed power = 0.101). 

Regarding the speed, differences were found for both groups over time (p = 0.012 vs 0.006 for 

CG and IG respectively). But only the intervention group showed improvement in movement 

quality (CG: p = 0.0001). Interpretation: The selected neurofunctional rehabilitation program 

was effective in improving upper limbs function, expressed by sensory-motor impairment, 

speed and movement quality. 

Clinicaltrials.gov identifier Retrospective Clinical Trial Registration: RBR-2hth8p Brazilian 

Registry of Clinical Trials (ReBEC) http://www.ensaiosclinicos.gov.br/rg/RBR-2hth8p/. 

Keywords: stroke, upper extremity, neurological rehabilitation. 
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INTRODUCTION 

 

 Stroke is the most common cause of disability worldwide1,2, with 15 million people 

suffering from this cerebrovascular accident each year1,3. A large proportion of survivors 

present long-term disabilities with complex neurological deficits4, leading to poor movement 

quality, muscle weakness, sensory dysfunction and cognitive impairment2. In fact, ~70-80% of 

stroke patients present upper limbs functional alterations2,5, with its evaluation and 

rehabilitation being extremely relevant to their functional capacity and daily life activities3,4. 

The upper limbs movement dysfunction is mainly related with a single aspect of the motor 

control (e.g. reduced speed, coordination, range of motion or force) or can result from the 

combination of some. Different patterns of neuromotor behaviour presented by stroke patients 

are not only dependent on the affected brain area, but also on the movement opportunities and 

experiences after lesion4,6,7. This directly influences the clinical reasoning and decision-making 

process in neurofunctional rehabilitation programs (especially after stroke)2,3,6. 

The lack of randomized controlled trials in this area, specifically in chronic stroke 

patients (that are often described as having no potential for change after chronicity) remains a 

barrier to overcome4,8,9. The movement performance would contribute to a better understanding 

of clinical condition and indicate the neurofunctional rehabilitation program effectiveness6,10. 

The neurofunctional rehabilitation principles derive from motor learning theories3,4,11 and the 

repetitive training and guided activities3 should be applied intensively. Physiotherapists should 

focus on the central nervous system plasticity12, aiming maximizing the functional sensory 

motor ability4 through variable movement experiences. 

Complementarily, assessing the patient status properly (using appropriate instruments 

and protocols) is fundamental to guide the clinical reasoning process within rehabilitation and 

to monitor the neuromotor evolution of chronic stroke individuals. Thus, a proper assessment 
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is essential for clinical practice, enhancing the intervention results. The current study aimed to 

analyze the effect of an eight-week program of neurofunctional rehabilitation in the upper limbs 

functional capacity of chronic stroke patients. It was expected that participants engaged in such 

a program would present an overall rising of their functionality. 

 

SUBJECTS/MATERIALS AND METHODS 

 

Ethics statement, study design, sampling and randomization 

The current study obtained ethics approvals from the host universities (10.2018 and 

2.759.798) and participants gave their informed consent. A randomized controlled clinical trial 

was conducted with chronic stroke patients with neuromotor dysfunction of the middle cerebral 

artery in a biomechanics laboratory. Recruitment was carried out by radio communication, 

internet, and television. The inclusion criteria were: (i) to have clinical diagnosis of a single 

stroke affecting the middle cerebral artery; (ii) to have a time evolution superior to six months; 

(iii) to present upper limbs neuromotor dysfunction resulting from the stroke, with at least 

minimal initiation of shoulder flexion and elbow extension (Fugl-Meyer Upper Extremity 

Assessment)16; (iv) to score over 18 points on the Mini-Mental Test; and (v) to sign the 

voluntary participation consent form13,14.  

The exclusion criteria were: (i) to have a neurological or cardiovascular instability 

and/or exercise contraindication; (ii) to have severe neuropsychological alterations interfering 

with the ability to follow instructions or understand the performed tasks and (iii) to have an 

upper limb articular disability and/or plegia preventing accomplishing both tasks (Fugl-Meyer 

Upper Extremity Assessment)16. Fifteen volunteers were selected according to the criteria, with 

the sample size being estimated a priori by the G*Power software (version 3.1.9.2). All 
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volunteers who did not meet the criteria were referred to other physiotherapy services free of 

charge. 

From the 107 individuals attending the screening evaluation, 36 subjects had a clinical 

diagnosis of stroke affecting other cerebral arteries than the middle cerebral artery and 12 were 

diagnosed with another neurological lesion. Of the 59 subjects that met the inclusion criterion, 

29 had a time evolution lower than six months, 11 had an upper limb plegia sequelae and four 

scored below 18 on the Mini-Mental Test13,14. The recruitment was conducted between August 

1st and September 10, 2018; The request for clinical trial retrospective registration15 was sent 

to clinicaltrials.gov on September 17, 2019, and the trial last updated was on November 19, 

2019, because of an administrative error, lack of awareness and error of omission by the 

research team. 

The total physical activity level of the recruited subjects was computed using the 

equation [(walk: min/week*frequency) + (moderate physical activity: min/week*frequency) + 

(vigorous physical activity: min/week*frequency)], allowing to categorize them as physically 

inactive or active (< and ≥ 150 min/week, respectively)20. Complementarily, it was assessed the 

sedentary behavior after stroke through the sitting time module of the International Physical 

Activity Questionnaire3,19,20 (considered as non-sedentary and sedentary, respectively, if < and 

≥ 7.0 hours/day, a cut-off value associated with the risk of death from different causes)18,22. 

These two confounding variables were evaluated to control the possible influence of 

rehabilitation17,18, with the 15 participants classified as physically inactive and sedentary at 

baseline.  

Patients were simple randomized using the online platform www.randomizer.org23 and 

allocated to control (CG, n = 8) and intervention groups (IG, n = 7). The CG participants were 

invited to participate in the IG after the controlled period, totaling 15 individuals receiving the 

neurofunctional rehabilitation program. Therefore, the sample consisted of 23 individuals aged 
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61.8 ± 17.0 and 62.7 ± 12.8 years old (CG vs. IG; p = 0.877). The groups were composed of 

five and nine (62.5 and 60.0%) male participants, respectively.  

 

Data collection procedures and intervention protocol 

A single clinician specialized in neurofunctional physiotherapy conducted the 

evaluations and the neurofunctional rehabilitation program along the following moments: 

before the intervention (M0), after the first session of neurofunctional rehabilitation (M1), after 

the 16th program session (M2) and after eight weeks of follow-up for IG (M3)3,4,11. Both groups 

were assessed concomitantly at the four moments3,10 and, after the controlled period, the CG 

was merged in the IG, receiving the same neurofunctional rehabilitation program, intervals 

between evaluations and follow-up. Figure 1 presents the diagram of sample randomization and 

data collection procedures. 

An anamnesis was also conducted to collect participants socio-demographic and 

anthropometric variables (age, gender, body mass, height, ethnicity, date of birth, marital status 

and profession), as well as their admission data (stroke occurrence date, time spent in hospital, 

hospitalization interventions, other types of treatment and prior physical therapy) and clinical 

diagnosis (current disease history, stroke type and location, symptoms, other diagnosed 

diseases, medications used and in use, complications during treatment, lifestyle and main 

complaint). Then, a functional assessment (skin inspection, respiratory and heart rate, blood 

pressure, muscle tone, reflexes, sensitivity, range of motion, involuntary and voluntary motor 

control, functional activities, daily living, and locomotion) was performed and documented. 

Most CG and IG participants were married (62.5 and 60%), had altered cholesterol (87.5 

and 73.3%), diabetes (62.5 and 66.7%) and high blood pressure (87.5 and 86.7%). Regarding 

the educational level, 37.5 and 33.3% completed the elementary and high school levels and 
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33.3% had a university graduation. About the body mass index, CG and IG were categorized 

as: 50.0 and 40% normal weigh, 25 and 40% overweigh and 25 and 20% obesity (respectively). 

The Fugl-Meyer Upper Extremity Assessment24,25 and the Wolf Motor Function Test 

(time and score)25,26 were used to assess upper limbs motor impairment (primary outcome) and 

set as sensory-motor impairment, speed and movement quality, respectively8,14. The Modified 

Ashworth Scale28,29 helped classifying muscle resistance to passive movement (secondary 

outcome)6,8,14. The Stroke-Specific Quality of Life Scale was used to assess the quality of life 

in stroke patients (secondary outcome)30,31 and the International Physical Activity 

Questionnaire evaluated the moderate-to-vigorous physical activity and the sitting time 

(secondary outcome)3,19,20. 

Participants did not previously undergo neurological physiotherapy, although 13% 

underwent neurosurgery and 50% had thrombolysis protocol. For CG and IG (respectively), the 

time since stroke episode was 61.8 ± 44.9 and 62.5 ± 54.4 months, the ischemic was the most 

frequent stroke type (87.5 and 80.0%), the lesioned hemisphere was the left one (62.5 and 

60.0%) and they were without aphasia (62.5 and 66.7%). The kinetic functional diagnosis was 

25.0 and 33.3%, 37.5 and 40.0%, and 37.5 and 26.7% with light, moderate and severe 

hemiparesis at the sensory-motor impairment score (The Fugl-Meyer Upper Extremity 

Assessment)24,25 in CG and IG (respectively). The modified Ashworth scale classified the 

individuals as 25.0% with slight increase in tone with minimal resistance and 25% with 

remarkable increase in tone in the CG and IG as 26.7% with remarkable increase in tone and 

25.0% with considerable increase in tone.  

Regarding the CG and IG functional capacity, most individuals presented semi-

dependence regarding the supine to lateral position transition (70.0 and 66.7%), from supine to 

seated position (75.0 and 66.7%) and from lateral to prone position (62.5 and 53.3%), 

dependence from prone to four supports positions (62.5 and 60.0%) and four supports to seated 
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position (62.5 and 53.3%) in CG and IG (respectively). In addition, CG and IG individuals 

presented semi-independence for daily living activities (62.5 and 53.3%) and independence for 

locomotion (62.5 and 66.7%), respectively. No differences were found between groups at M0 

for the studied variables. 

The intervention program consisted of 16 sessions (of 1 h each) of neurofunctional 

rehabilitation, lasting eight weeks (twice a week but not on consecutive days)3,4,32. This program 

was based on neurofunctional rehabilitation with components of sensory re-education, tactile 

orientation and repetitive sensory practice, respecting individual needs4,5,14,33. The therapy 

involved facilitation procedures within different treatment postures, integrating proprioceptive 

stimuli within typical movement patterns. Performance of functional tasks (to reach an object, 

to brush the hair and teeth, to put on a t-shirt, to put on shoes, to carry a plate or a tray and to 

push a table or a chair) with repetitions and dual task cognitive stimulation were facilitated3,4,11. 

The intervention followed a worksheet with accompanying guidelines used on 

rehabilitation4,33,34. 
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Figure 1. Samples randomization and allocation. 
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Statistical Procedures 

All data were checked for normality by the Shapiro-Wilk test. Descriptive data were in 

mean, standard deviation and percentage to characterize the sample. At baseline, parametric 

(Students t-test for continuous variables and Chi-square for categorical variables) and non-

parametric tests (Mann-Whitney test) were used for comparison between groups. A one way 

repeated-measures ANOVA was conducted to analyze the intervention effects over time. The 

intervention was the two levels factor between-subject (CG and IG) and time was the three or 

four repeated measure levels factor (M0, M1, M2 and M3) within-subject. Subsequently, 

Bonferroni correction for multiple comparisons was used to verify the main effects of time and 

the interaction time*group was assessed by the Greenhouse-Geisser test. Friedman tests were 

used to test variables with non-normal distribution (followed by Mann-Whitney test for 

comparisons between moments and groups) and the Cochran Test was performed for 

categorical variables. The statistical analysis was performed using the version 26.0 Statistical 

Package for the Social Sciences software, with the significance level being set at p < 0.05. 

 

RESULTS 

 

In Figure 2 it is possible to verify that the quality of life score improved over time 

regardless of the group (F2;42 = 5.658; p = 0.019; η2 = 0.212; Observed power = 0.694), but no 

interaction was found when considering time and group (F2;42 = 0.342; p = 0.615; η2 = 0.016; 

Observed power = 0.091). In the same direction, no differences were found in the sensory-

motor impairment over time (F3;63 = 0.328; p = 0.741; η2 = 0.015; Observed power = 0.101), as 

well as for speed and group interaction (F3;63 = 1.031; p = 0.370; η2 = 0.047; Observed power = 

0.227). 
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Over time, differences were found for both groups regarding the speed (p = 0.012 vs p 

= 0.006 for CG and IG respectively), yet only IG showed improvement in movement quality (p 

= 0.375 vs p = 0.0001 for CG and IG respectively). Complementarily, no differences were 

found between groups within each evaluation moment (Figure 2). Considering the categories 

of total physical activity level and sedentary behavior, only IG individuals migrated from 100% 

inactive and sedentary to 33 and 26.4% active (p = 0.368 vs p = 0.042) and non-sedentary 

respectively (p = 0.368 vs p = 0.049), for CG and IG respectively. IG individuals were better 

ranked than the CG in the M2 and M3 for the functional activities evaluated, from dependent 

or semi-dependent to independent category (p < 0.05). 

 

 

Figure 2. Comparisons between control and intervention groups (circles and squares, 

respectively) for the variables of quality of life and motor function throughout the intervention: 

Time in upper extremity function activities (1), Quality of Life (2), Score in upper extremity 

function activities (3) and upper extremity function (4). M0, M1, M2 and M3: Baseline and, 

after a rehabilitation session, eight weeks of rehabilitation and eight weeks of follow-up. p < 

0.05 for repeated measures ANOVA* and Friedman test**;***. 
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DISCUSSION 

 

The current study aimed to compare upper limbs functional capacity before and after an 

eight-week program of neurofunctional rehabilitation, with changes in lifestyle and physical 

condition improvements as secondary outcomes. No differences were found between CG and 

IG at M0 for the studied variables (such as the general sample characterization, stroke data and 

comorbidities, motor function, quality of life and functional capacity), which made the two 

groups comparable. Main outcomes of this study showed that while the quality of life improved 

over time in both groups, the sensory-motor impairment remained stable over time. However, 

differences were found for both groups regarding the speed, yet only IG showed improvement 

on the movement quality. 

At M0, the total sample was classified as sedentary and physically inactive, with no 

differences for characteristics such as hypertension, diabetes, heart disease, cholesterol, and 

stroke time, between the CG and the IG. Considering the multifactor character that influences 

the motor function of individuals with chronic stroke sequelae, it was important to control these 

confounding variables, to allow the discussion of the effects of the intervention1,2. It is known 

that stroke is responsible for the individual functional decline. In fact, in a recent study, it was 

found that more than one-fifth of stroke survivors showed a decline in physical activity level2. 

The functional decline and the subsequent change in lifestyle can be explained by the lack of 

knowledge by stroke patients that exercise is viable and also extremely beneficial. Another 

factor that can influence functional decline is the lack of access to resources and guidance after 

a stroke2. In the current study, there was an improvement between the total physical activity at 

the baseline and at the M3, for the IG, where some individuals were reclassified as physically 

active, as well as non-sedentary. Thus, it seems that the intervention was effective regarding 

changes in lifestyle and possible improvement in the physical condition of the volunteers. 
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Regarding the outcomes related with upper limb function, individuals from the CG and 

GI showed improvement over time in speed and movement quality, i.e. there was an improve 

in speed requested to perform the 15 pre-established tasks, with a greater power in the IG. The 

improvement in both groups may be related to the learning effect due to repetition of the test 

tasks4,16, which had better power in the IG because there were more training and functional 

repetitions inherent to the task. However, when considering the score attributed to movement 

quality, only the IG showed improvement over time due to intervention itself. This category 

refers to the quantification of movement quality in each test task6,8. On the other hand, the 

sensory-motor impairment results showed no differences over time and between groups, despite 

the improvement over time shown by IG. 

Regarding these results it is important to highlight that the motor outcomes related to 

the assessment provided by the Wolf Motor Functional Test were the most expressive about the 

influence of the intervention program, and in fact there is evidence that this scale seems to be 

the most appropriate to assess movement function and quality, especially in cases of moderate 

impairment, as it demonstrates a high level of quality of motion measurement and clinical 

utility6,8. On the other hand, the results about sensory-motor impairment may be supported by 

previous findings8,35 that considered the scale that assesses this outcome as ideal for individuals 

in acute and subacute phases, but has failed sensitivity to assess changes in individuals at 

chronic phase. The sensory-motor impairment has been considered essential for the motor 

function classification in stroke individuals, very efficiently in the acute and subacute periods36 

and for its characteristic of identifying major functional changes35. 

Individuals with chronic stroke sequelae have a 37 to 55% impairment in the ability to 

perform daily and functional activities, such as postural transitions, locomotion and related to 

personal hygiene, food and wearing clothes, due to the planning and sequencing actions being 

impaired14. In the current study, regarding the functional activities and body positions 
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transitions, there were differences between groups at moments 2 and 3 (supine to lateral 

position; supine to seated position; prone to four supports positions; four supports to seated 

position), in which the IG presented more subjects classified as independent than the CG. The 

same results occurred with respect to activities of daily living. Although IG improved over time, 

no differences were found in the locomotion category between groups. Positive results related 

to functional changes can be found in the literature, with the application of specific task training 

and the repetition of movements aiming at relearning the movement, apparently bringing the 

best results of therapies for stroke patients3,4,16,32. 

A meta-analysis suggested that specialized rehabilitation ensures an improvement in 

stroke patients and that a longer amount of rehabilitation time may further benefit the 

individual, especially in terms of their quality of life11. The stroke specific quality of life scale 

is considered a specific and ideal assessment tool for stroke patients37,38, however, individuals 

with stroke are considered a heterogeneous group in relation to their functional dimension4,16. 

The term health-related quality of life refers to individuals perceptions of their disease and its 

effects on their lives, including personal satisfaction associated with physical, functional, 

emotional and social well-being37,38. The quality of life variation showed increased scores over 

time, but there was no difference between groups. Despite the statistical analysis, the 

improvement over time in the perception of quality of life of all study participants was well 

received because it is an evaluation of a construct with complex and multifactor characteristics 

in a group of individuals who needs this improvement. 

This study is not without limitations. Although it was not underpowered, the small 

sample size may not be representative of the whole stroke population. The small and unequal 

sizes of the groups also warrant caution in the interpretation of results. For instance, chi-square 

statistical test results should not be extrapolated because some categories do not meet test 

assumptions (n=0). Therefore, we conclude that a neurofunctional rehabilitation in chronic 
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stroke patients was effective in improving upper limbs function, expressed by sensory-motor 

impairment, speed and movement quality, in daily life functional activities, in the participants’ 

physical activity level and sedentary behavior. 
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ABSTRACT 

Introduction: Upper limb function assessment in post-stroke subjects is extremely relevant to 

characterize motor strategies used, following central nervous system damage. Three-

dimensional kinematics appears as the gold standard option to express important outcomes 

through spatial and temporal information about movement performance 

Objective: To evaluate the effect of an eight-week program of upper limb neurofunctional 

rehabilitation on chronic stroke patients motor performance through the use of three-

dimensional kinematics. Methods: A randomized controlled clinical trial at a general 

community and ambulatory care was conducted. Fifteen subjects presenting clinical diagnosis 

of chronic middle cerebral artery stroke allocated to a control group (CG = 8) and an 

intervention group (IG = 15). IG was engaged in an eight weeks program of neurofunctional 

rehabilitation. The assessment was through a “turning on the light” task (turning on the light) 

three-dimensional motion analysis, using the variables linear relationship between joint 

displacement, movement time, mean velocity, peak velocity and smoothness. Results: The 

linear relation of elbow/hand (F3,63 = 10.32; p < 0.0001; square partial eta 0.329; observed power 

= 0.995) decreased over time for both groups and shoulder/hand increased in the returning phase 

(IG: p = 0.043). The movement time of the task improved for IG (total: M0: 3.18(1.16) and M1: 

2.28(0.66) vs M3: 2.28(0.60) p = 0.001; reaching phase: M0: 1.98(0.77) vs M3: 1.44(0.47) p = 

0.043; returning phase: M0: 1.19(0.45) vs M3: 0.83(0.15) p = 0.001). The peak velocity 

(anteroposterior: F2,37 = 6.37; p < 0.005; square partial eta = 0.233; observed power = 0.848), 

(mediolateral: F2,36 = 6.13; p < 0.007; square partial eta = 0.226; observed power = 0.820) and 

movement smoothness (CG: p = 0.012; IG: p = 0.043) increased after the intervention, 

regardless the group. Conclusions: An eight-week neurofunctional rehabilitation using specific 

training, oriented and repeated tasks in chronic stroke patients was effective in improving upper 

limb movement velocity, time and joint displacement relation.  
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INTRODUCTION 

 

 Stroke survivors struggle to achieve functional independence and full recovery of their 

lives patterns prior to the episode1. Health professionals pursue for the best stroke-specific 

rehabilitation, requiring proper assessment of motor function and performance2-4. Regarding 

functional status, 70-80% of stroke patients present upper limbs dysfunction and 40% remain 

with it chronically5,6. A single upper limb movement aspect could be impaired, such as reduced 

velocity, coordination, smoothness, or a combination of these components, requiring different 

strategies to measure induced deficits5,7. Moreover, health professionals, namely 

physiotherapists, should integrate the principles of motor learning theories, such as repetitive 

training and guided activities on the neurofunctional rehabilitation programs2,3,8. These 

principles should be applied intensively by the physiotherapist based on the central nervous 

system plasticity9 and focused on maximizing the functional motor sensory ability2, with 

movements within the so-called typical patterns.  

An appropriate assessment is required to well characterize the impairment level and to 

contribute to a proper decision making, underpinning neurofunctional rehabilitation3,5,7. 

Clinical assessment by scales is essential and widely used to assess general and/or patient-

specific functionality9-11. However, the observational or ordinal rating scales present the 

disadvantage of scoring subjectivity4 and lack of sensitivity to detect small changes in motor 

performance12, eventually not having the desired sensitivity for clinical practice and specially 

for research purposes13,14. Thus, kinematic analysis based on quantitative motion capture 

procedures appears as an option to express important outcomes and changes in functional status 

after stroke14. Among the biomechanical assessments, the three-dimensional stand out, allowing 



69 
 

a detailed gold standard assessment of the motor control parameters, providing insight into 

movement variables, quality and strategies through spatial and temporal information about the 

individual performed movements13-16. 

Reaching kinematics contribute to an objective, quantitative and reproducible 

assessment of sensorimotor impairments1,12. Addressing changes in motor control might 

provide a complete image of the recovery related to functional gestures assessment1,12. In fact, 

this gesture is one of the most common movements studied at the kinematical assessment field, 

with properties that allows the movement performance analysis4. Therefore, assessing tasks that 

integrate this gesture could provide important knowledge about the performance of post stroke 

subjects. In fact, the combination of smoothness, peak velocity, movement time and joint 

coordination within functional tasks performance could explain upper limbs motor functions12. 

These variables detect small variations in motor performance and provide important 

information on recovery and therapy response after stroke12. The current study aimed to 

evaluate the effect of an eight-week program of upper limb neurofunctional rehabilitation, on 

the motor performance of chronic stroke patients, through the use of three-dimensional 

kinematics. 

 

SUBJECTS/MATERIAL AND METHODS 

  

Ethics statement, study design, sampling and randomization 

This study, a randomized controlled clinical trial17, obtained ethics approval (registered 

protocols 10.2018 and 2.759.798). The target sample size consisted of at least 12 individuals 

with clinical diagnosis of chronic middle cerebral artery stroke18, estimated a priori by the 

G*Power software version 3.1.9.2, with α level set at 0.05 and statistical power of 80%. To 

have clinical diagnosis of a single stroke affecting the middle cerebral artery superior to six 
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months and an upper limb neuro motor dysfunction resulting from the stroke were established 

as inclusion criteria. The volunteer needed to score over 18 points on the Mini-Mental Test (test 

that assesses the cognitive state of patients) and to agree and sign the voluntary participation 

consent form18,19. Furthermore, to have diagnosis of a neurological or cardiovascular instability 

and/or exercise contraindication, severe neuropsychological dysfunction were established as 

exclusion criteria. The request for clinical trial retrospective registration20 was performed. 

A total of 107 individuals attended the screening assessment. Of these, 36 had a stroke 

affecting other cerebral arteries (28 at the anterior cerebral artery, six at the posterior cerebral 

artery, two at the basilar artery) and 12 were diagnosed with another neurological lesion. Of the 

remaining 59 subjects, 29 had a time evolution inferior to six months, 11 had an upper limb 

plegia sequelae and four scored below 18 on the Mini-Mental Test. All volunteers who did not 

meet the inclusion criteria were referred to other physiotherapy services, free of charge. Finally, 

the total of 15 volunteers were selected according to the inclusion and exclusion criteria of the 

research and allocated to an intervention group and a control group (n = 7 and 8, respectively). 

CG members participated at the IG after the controlled period, totaling 15 individuals engaged 

at the rehabilitation program. Subjects included in the study did not previously undergo 

neurological physiotherapy. The mean age for the CG was 61.8 (17.0) years old and 62.7 (12.8) 

for the IG. The time of stroke was 61.8 (44.9) months for the CG and 62.5 (54.4) for the IG (p 

> 0.05).  At baseline, all variables included in the current study were similar (p > 0.05). 

To verify the sedentary behavior and physical activity level after stroke and control the 

potential confounding effect of these behaviors21,22, the volunteers answered the International 

Physical Activity Questionnaire short version23,24 before the randomization of the groups. The 

total physical activity level was categorized as physically inactive and physically active (< 150  

and ≥ 150 min/week respectively)25 and the sedentary behavior regarding sitting time was 

categorized as non-sedentary and sedentary (< 7.0 and ≥ 7.0 h/day respectively) because this 
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cut-off have been associated with the risk of death from different causes22,26. All subjects were 

classified as physically inactive and sedentary. 

 

Data collection procedures and rehabilitation protocol 

A single physiotherapist specialized in Neurofunctional Physiotherapy performed the 

assessments and the neurofunctional rehabilitation within a time-window of five months. The 

assessments were performed at the baseline (M0), after the first session of neurofunctional 

physical therapy (M1), after the 16th session of neurofunctional rehabilitation (M2) and after 

eight weeks of follow-up (M3)2,3,8. Both groups were assessed concomitantly at the four 

moments3,8 and, after the controlled period, the CG volunteers were included in the IG, 

receiving the same neurofunctional rehabilitation program and follow-up (with the same 

intervals between evaluations). Figure 1 presents the randomization and data collection 

procedures diagram. 

After calibration, three-dimensional kinematical analysis was performed with a Vicon 

Motion System six MX T-series – T10 cameras with capture frequency of 100 Hz and one 

Bonita camera (primary outcome)13,15,16. The three-dimensional coordinate positions of the 

markers were calculated instantly in camera units with high spatial resolution, with the admitted 

error for each camera below 0.2 mm, throughout the measured movement. The data were 

collected automatically by Nexus Track Manager (Vicon®) that enabled image capture, camera 

synchronization and biomechanical model marker coordinates three-dimensional 

reconstruction. Joint kinematics is obtained by Euler angles and the capture data were 

transferred to MATLAB (The MathWorks Inc) software for custom made analysis. 

A total of 19 spherical 12 mm retroreflective clusters were positioned in landmarks27: 

(i) thorax – Processus Spinosus of the 7th cervical vertebra –, Processus Spinosus of the 10th 

thoracic vertebra –,  right posterior thorax – region between scapula and right spine –, deepest 
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point of Incisura Jugularis (suprasternal notch) – and Processus Xiphoideus – most caudal point 

on the sternum –; (ii) scapula – Angulus Acromialis  – most laterodorsal point of the scapula –

; (iii) humerus – most caudal point on lateral epicondyle –, at the upper limb between the elbow 

and shoulder markers –; (iv) forearm – most caudal-lateral point on the radial styloid –, most 

caudal-medial point on the ulnar styloid –, at the forearm between the wrist and elbow markers 

– and (v) hand – head of 3rd metacarpal.  

For motion capture, after verbal command, the volunteer performed a functional 

“turning on the light” task28, with the contralesional upper limb (turning the switch on, which 

was attached to a lamp, over the table), three times, returning to the starting position in each 

attempt. Kinematic collections were performed with participants seated in a hydraulic chair, 

adjustable to a height of 100% of each subjects leg length29. The standardized initial posture 

was: three-quarter support of the femur in the seat and feet parallel to the width of the hips, with 

the hands resting on the respective ipsilateral thighs, facing downwards29. The switch was on a 

table, adjustable in height, at the volunteers olecranon level, at a distance corresponding to the 

upper limb length.  

The selection of kinematic variables and data analysis calculations were based on the 

literature12,28,30. The movement was divided into two logical phases, the reaching phase 

(movement onset until the hand touches the switch) and the returning phase (after the hand 

touches the switch and until the movement offset)1. Movement onset was defined as the time 

when the tangential velocity of the hand marker exceeded 2% of the maximum velocity in the 

reaching phase31. Movement offset was detected when the velocity of the hand was less than 

2% of the maximum velocity in the returning phase31. The kinematic variables analyzed were: 

(i) linear relationship between joint displacements (shoulder-hand and elbow-hand); (ii) 

movement time; (iii) mean total movement velocity; (iv) peak velocity; (v) movement 

smoothness (relation between mean velocity and peak velocity)28. 
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The intervention program consisted of 16 sessions of the neurofunctional rehabilitation 

program (eight weeks), lasting 1 h each, twice a week, not on consecutive days2,3,32. The 

program was based on neurofunctional rehabilitation with components of sensory re-education, 

tactile orientation and repetitive sensory practice, respecting individual needs2,6,19,33. The 

therapy involved facilitation procedures within different treatment postures, integrating 

proprioceptive stimuli within typical movement patterns. Performance of functional tasks (to 

reach an object, to brush the hair and teeth, to put on a t-shirt, to put on shoes, to carry a plate 

or a tray, to push a table or a chair) with repetitions and dual task cognitive stimulation were 

facilitated2,3,8. The intervention followed a worksheet with accompanying guidelines used on 

rehabilitation2,33,34. 

 

 

Figure 1. The randomization and data collection procedures. 
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Statistical Procedures 

The kinematics data were checked for normality by the Shapiro-Wilk test and described 

with mean and standard deviation for parametric variables and median and interquartile range 

for nonparametric variables. The repeated-measures analysis of variances (RM-ANOVA) were 

conducted between groups and within subjects at the different experimental moments. For 

variables with non-normal distribution, Friedman tests were performed, followed by Bonferroni 

adjustment to verify the main effects within groups. All statistics analyses were performed using 

the Statistical Package for the Social Sciences – SPSS software, version 26.0. The significance 

level was set at p < 0.05. 

 

RESULTS 

 

In Table 1 it is possible to observe the linear relation of shoulder/hand (returning phase) 

decreased and the elbow/hand (total and returning phase) increased over time for the IG. 

Meantime, the linear relation of elbow/hand (reaching phase) and the movement smoothness 

increased over time, regardless the group. In Figure 2 it is possible to observe that the movement 

time for total, reaching and returning phases improved for the IG after the rehabilitation 

program. As well, in Table 2 it is possible to observe that the peak velocity decreased over time 

on the anteroposterior and mediolateral movements (total and reaching phase), whereas the IG 

presented lower descriptive means although without differences between groups. Also, in Table 

2 the mean velocity presented no differences between and within groups. 
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Figure 2. Mean (standard deviation) of the “turning on the light” task movement. M0 at the 

baseline. M1: after the first session of neurofunctional physical therapy; M2: after the 16th 

session of neurofunctional rehabilitation. M3: after eight weeks of follow-up. *Friedman test, 

within intervention group: (1) Time - total task M3 < M0 (Test = 0.001; p = 0.001); M1 (p = 

0.043); (2) Time - Reaching phase M3 < M0 (Test = 0.039; p = 0.043); (3) Time - Returning 

phase M3 < M0 (Test = 0.002; p = 0.001). 
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Table 1. Comparisons between and within groups for the linear relation and movement smoothness variables of three-dimensional kinetics 

throughout the intervention. 

Variables 
Control Group (n=8) Intervention Group (n=15)  

M0 M1 M2 M3 M0 M1 M2 M3  

Linear 

Relation 

Shoulder/hand 0.832 (0.636) 0.740 (0.562) 0.591 (1.018) 0.559 (0.506) 0.475 (0.900) 0.452 (0.676) 0.682 (1.081) 0.504 (0.793) 

   Reaching phase 0.103 (0.166) 0.072 (0.080) 0.072 (0.106) 0.086 (0.063) 0.093 (0.088) 0.083 (0.097) 0.090 (0.071) 0.089 (0.063) 

   Returning phase 0.083 (0.133) 0.068 (0.059) 0.074 (0.089) 0.072 (0.048) 0.095 (0.062)#2 0.075 (0.070) 0.067 (0.071) 0.073 (0.067) 

Elbow/hand 1.115 (0.811) 1.139 (0.627) 0.916 (0.504) 0.933 (0.444) 0.953 (0.542)#2 1.183 (0.392) 1.541 (1.136) 1.130 (0.708) 

   Reaching phase 0.709 (0.187) 0.641 (0.166) 0.626 (0.177) 0.609 (0.187) 0.668 (0.139) 0.627 (0.138) 0.599 (0.112) 0.589 (0.144)* 

   Returning phase 0.710 (0.245) 0.692 (0.178) 0.629 (0.173) 0.679 (0.132) 0.707 (0.133) 0.663 (0.134) 0.636 (0.154) 0.660 (0.121) 

Movement 

Smoothness 

Anteroposterior  0.0001 (0.0001) 0.0001 (0.0001) 0.0001 (0.0001) 0.011 (0.007) 0.0001 (0.0001) 0.0001 (0.0001) 0.0001 (0.0001) 0.0001 (0.0001) 

   Reaching phase 0.003 (0.001) 0.003 (0.001) 0.003 (0.001) 0.091 (0.080) 0.003 (0.001) 0.003 (0.001) 0.003 (0.001) 0.003 (0.001) 

   Returning phase 0.005 (0.001) 0.005 (0.003) 0.004 (0.002) 0.002 (0.125) 0.005 (0.002) 0.005 (0.002) 0.005 (0.003) 0.006 (0.003) 

Cephalocaudal 0.0001 (0.0001) 0.0001 (0.0002) 0.0002 (0.0001) 0.0006 (0.008) 0.0002 (0.0002) 0.0001 (0.0001) 0.0001 (0.0002) 0.0001 (0.0002) 

   Reaching phase 0.003 (0.001) 0.003 (0.001) 0.003 (0.001) 0.012 (0.089) 0.003 (0.002) 0.003 (0.001) 0.003 (0.001) 0.004 (0.001) 

   Returning phase 0.004 (0.001) 0.005 (0.002) 0.005 (0.002) 0.012 (0.108) 0.005 (0.001) 0.005 (0.002) 0.005 (0.002) 0.005 (0.002) 

Mediolateral 0.00003 (0.00002) 0.00002 (0.0001) 0.00004 (0.0001) 0.0002 (0.004) 0.00003 (0.00004) 0.00003 (0.00004) 0.00002 (0.00002) 0.00002 (0.00005) 

   Reaching phase 0.002 (0.001)#1 0.002 (0.001) 0.002 (0.001) 0.001 (0.072) 0.002 (0.001)#3 0.002 (0.001) 0.002 (0.0004) 0.002 (0.001) 

   Returning phase 0.004 (0.0004) 0.004 (0.0005) 0.004 (0.001) 0.009 (0.072) 0.004 (0.001) 0.005 (0.001) 0.004 (0.001) 0.005 (0.001) 

M0 at the baseline. M1: after the first session of neurofunctional physical therapy; M2: after the 16th session of neurofunctional rehabilitation. M3: 

after eight weeks of follow-up. Mean values (standard deviation) for *RM ANOVA. over time (F3.63 = 10.32; p < 0.0001; square partial eta 0.329; 

observed power = 0.995); linear relation – elbow/hand – reaching phase M3 > M0 (p = 0.003); M1 (p = 0.002) and M2 (p = 0.015). Median 

(interquartile range) for #Friedman test. within group. Linear relation: Intervention group: shoulder/hand – returning phase M0 > M2 (Test = 8.84; 

p = 0.043); elbow/hand M0 < M2 (Test = 11.96; p = 0.004). Movement Smoothness – reaching phase: Control group M0 < M1 (Test = 11.00; p = 

0.012) and intervention group: M0 < M3 (Test = 8.68; p = 0.043). 
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Table 2. Comparisons between and within groups for the mean and peak velocity variables of three-dimensional kinetics throughout the 

intervention. 

Variables 
Control Group (n=8) Intervention Group (n=15)  

M0 M1 M2 M3 M0 M1 M2 M3  

Mean 

Velocity 

Anteroposterior -0.16 (1.22) -0.84 (0.76) -0.40 (1.03) -0.38 (0.97) -0.31 (0.87) -1.12 (1.12) -0.69 (0.77) -0.65 (1.27) 

   Reaching phase 57.90 (13.38) 55.68 (13.09) 48.16 (17.33) 48.78 (12.38) 53.07 (14.61) 48.39 (11.88) 49.23 (12.46) 47.77 (10.77) 

   Returning phase -58.46 (13.09) -58.20 (14.22) -49.34 (17.86) -47.01 (13.05) -54.00 (14.71) -51.78 (12.96) -51.28 (11.98) -49.72 (9.82) 

Cephalocaudal -0.01 (0.70) 0.08 (0.59) -0.03 (0.86) -0.02 (1.46) 0.03 (1.22) -0.02 (0.60) -0.03 (0.68) 0.20 (0.95) 

   Reaching phase -0.87 (26.65) 4.69 (26.07) 8.39 (30.50) 6.29 (45.05) 5.65 (30.70) 3.38 (24.54) 3.31 (25.15) 3.85 (24.21) 

   Returning phase 0.87 (27.20) -4.47 (25.17) -8.48 (29.32) -7.48 (16,31) -5.59 (29.05) -3.41 (25.40) -3.38 (25.17) -3.27 (23.50) 

Mediolateral 0.14 (0.52) 0.31 (0.56) -0.03 (0.63) -0.04 (0.53) 0.08 (0.74) 0.26 (0.69) 0.14 (0.36) 0.17 (0.45) 

   Reaching phase 58.95 (7.78) 61.38 (11.90) 56.41 (9.47) 57.41 (8.01) 57.75 (10.12) 59.28 (9.23) 57.05 (9.28) 57.99 (8.32) 

   Returning phase -58.50 (8.46) -60.47 (12.76) -56.50 (10.20) -58.50 (09.50) -57.55 (9.95) -58.48 (9.04) -56.68 (9.07) -57.44 (7.82) 

Peak 

Velocity 

Anteroposterior 111.74 (25.34) 92.87 (12.04) 94.05 (21.21) 91.09 (19.31) 96.84 (18.89) 83.21 (15.44) 92.74 (19.64) 76.42 (16.11)* 

   Reaching phase 203.44 (42.19) 167.47 (31.20) 166.09 (39.05) 152.49 (79.03) 174.31 (36.54) 151.41 (34.37) 167.85 (37.68) 147.23 (33.68)* 

   Returning phase 3.87 (14.78) 2.49 (15.66) 6.96 (14.31) 7.01 (14.01) 3.59 (12.70) 0.22 (10.80) 5.70 (16.66) -3.45 (14.58) 

Cephalocaudal 54.69 (32.93) 41.19 (9.68) 53.12 (21.04) 50.19 (17.09) 50.42 (23.47) 40.37 (19.11) 41.68 (17.67) 40.30 (15.38) 

   Reaching phase 77.66 (79.92) 46.40 (33.07) 66.95 (60.20) 62.90 (40.74) 58.88 (51.03) 47.41 (44.98) 46.35 (39.16) 49.38 (34.08) 

   Returning phase 37.56 (27.07) 26.08 (22.54) 21.10 (27.84) 19.18 (20.48) 23.29 (28.14) 21.70 (25.58) 23.21 (26.75) 19.74 (23.65) 

Mediolateral 186.28 (58.23) 142.58 (45.48) 140.78 (34.87) 142.38 (31.09) 146.56 (31.73) 141.93 (34.95) 139.56 (32.49) 121.52 (30.30)* 

   Reaching phase 335.90 (91.47) 256.94 (76.97) 257.93 (63.47) 234.77 (73.98) 266.19 (55.10) 264.15 (72.51) 256.80 (55.55) 230.20 (61.54)* 

   Returning phase 13.44 (10.61) 8.56 (10.60) 7.41 (7.14) 6.91 (12.94) 8.59 (6.99) 8.94 (7.80) 8.17 (7.18) 6.87 (10.56) 

Mean values (standard deviation). M0: baseline; M1: After a rehabilitation session; M2: After eight weeks of rehabilitation; M3: Follow-up. *RM 

ANOVA. over time; Anteroposterior Peak Velocity (F2.37 = 6.37; p < 0.005; square partial eta = 0.233; observed power = 0.848); M0 > M1 (p = 

0.015) and M3 (p = 0.032); M2 > M3 (p = 0.016); Anteroposterior – Reaching phase (F2.42 = 6.34; p < 0.004; square partial eta = 0.232; observed 

power = 0.880); M0 > M1 (p = 0.009) and M3 (p = 0.028); Mediolateral (F2.36 = 6.13; p < 0.007; square partial eta = 0.226; observed power = 

0.820); M0 > M3 (p = 0.021); Reaching phase (F2.39 = 6.65; p < 0.002; square partial eta = 0.212; observed power = 0.816); M0 > M3 (p = 0.021). 
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DISCUSSION 

The current study aimed to evaluate the effect of an eight-week program of upper limb 

neurofunctional rehabilitation on the motor performance of chronic stroke patients through the 

use of three-dimensional kinematics. Therefore. considering the proper assessment importance 

stated in a recent systematic review on this topic. which documented that the most commonly 

assessed stroke physiological constructs and metrics were. task/movement time and peak 

velocity35. the current study found improvements in IG for the “turning on the light” variables. 

linear relation. movement time and peak velocity.  

The shoulder/hand and elbow/hand linear relation are metrics used to analyze the 

coordination between joints during “turning on the light” movements, since there is a linear 

relation between upper limbs joints displacement28. At the current study, the linear relation of 

elbow/hand increased over time, indicating a more balanced use, without compensations of the 

middle and distal segments of the upper limb during the task12,28. While the linear relation of 

shoulder/hand decreased, which at the beginning had a large participation in the movement, due 

to the compensation with the trunk12. after rehabilitation, the relation between the joint 

displacements became more organized12,28 and translated into a better motor function28,30. Thus, 

the observed kinematic changes at the “turning on the light” movement and the relationship 

between the joints may indicate a new optimal movement coordination12,28 and decrease the 

elicit pathological synergy patterns and compensatory movements35. The evolution found at the 

current study could be due to the functional, repetitive training and sensory motor stimuli and 

should be used as an ally for the rehabilitation of chronic stroke individuals2,3,8. 

The neurofunctional rehabilitation program led to the movement improvement of the 

patients in the current study2,3,8. The optimization in motor planning and sequencing due to 

better inter-hemispheric communication that translates to better contralesional upper limb 

control5,9. The interaction between movement and sensory perception is a key to improving 
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motor performance2,3,8. The neurofunctional rehabilitation program works with problem 

solving, which when applied to the training of repetitive and functional tasks, enhances the 

components of skill acquisition5,9,33. The rehabilitation of the upper limb of chronic stroke is 

complex, multifactorial and requires the integration of different neurofunctional therapeutic 

techniques, allowing the optimization of results for patients15,33. Associating biological 

individuality to the therapeutic program is essential to achieve the best result3,8,33. 

Furthermore, the “turning on the light” movement time is a quantitative variable often 

used in clinical research assessments and is frequently described as longer in stroke patients12. 

In the current study, the movement time decreased over time for total, “turning on the light” 

and returning phase after the neurofunctional rehabilitation program. A meta-analysis showed 

that there is a big difference between the time of “turning on the light” movement between 

individuals with and without stroke36. Stroke survivors had better movement times after 

neurofunctional reabilithation36, due to the information processing which may increase with the 

task complexity28,37. Likewise, the stroke may also imply impairment of the parametrization 

capacity, which an individual may add specific values to the motor program to meet the specific 

environmental demands and stroke survivors have less movement variability, thus showing less 

ability to choose the best movement / parameter to achieve normal motor control37. Movement 

time metric has high quality of evidence to chronic stroke survivours35. Besides that, movement 

time provide insight that ineffective functional tasks are characterized by poor velocity profile 

in stroke patients12.  

Thereby, velocity profiles are assumed to reflect efficiency of motor control35 and the 

chronic stage improvements are generally reliant on intense task repetition38. Stroke survivors 

with lower speed movements could be related of a greater percentage of maximum voluntary 

contraction and decreased coherence between muscle pairs36. The findings at the current study 

showed that the peak velocity decreased on both groups. On the other hand, another study shows 
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that the peak velocity has increased after rehabilitation39. that indicates motor recovery over 

time after the initial insult38. An important possibility raised in a previous study is that middle 

cerebral artery stroke survivors are able to form and run a motor program, but with limitation 

in parameterizing it which explain the barrier to be overcome by survivors and their therapists37. 

For the purpose of facilitating coordination and motor learning, therapies that aim to reorganize 

the cortical representations may result in an easier control of the muscles5. 

In the same sense, it is possible to state that the “turning on the light” movement acquires 

a greater control during its trajectory or it is smoother when the peak velocity of the movement 

approaches the mean velocity5,7,36. This relationship would describe movement smoothness, 

that indicates differences between a functional upper limb and an impaired one12,30,35, even as 

a meta-analysis showed that people after stroke exhibit less accurate reaches36. The movement 

smoothness increased for both groups that could be explained by the learning factor2, 40 and 

movement rehabilitation for IG. As seen at the current study, the kinematics movement 

smoothness provides an evolution of the recovery on multiple levels for upper extremity chronic 

stroke rehabilitation12,36. A smoothness improvement was able to be related with a better 

movement performance after rehabilitation12. Attention, planning, problem solving, integration 

of sensory information, retention and transfer are some of the in structural and functional 

damage after stroke and could affect directly and indirectly the movement quality37, hence the 

importance of applying the neurofunctional rehabilitation program in stroke survivors. The 

neurofunctional rehabilitation program improves task performance, facilitates the integration 

of sensory information during movement and improves perception and motor control of daily 

tasks33,41,42. 
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Study Limitations 

The sample size may be a limitation to extrapolate the findings in the population of other 

locations. The use of the physical activity and sedentary behavior questionnaire may have a 

bias in the respondent’s memory. 

 

CONCLUSIONS 

 

An eight-week neurofunctional rehabilitation in chronic stroke patients was effective in 

improving upper limb peak velocity, movement time and joint displacement relationships. The 

need to extrapolate the findings of the upper limbs with a larger sample could be a way to 

understand the motor control processes and compensations. 
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ABSTRACT 

Introduction: The functional independence is the aim of all stroke patients and health 

professionals, even with all obstacles. Within the process of clinical reasoning and decision 

making, the kinematical analysis is an essential tool to allow the expression of important clinical 

outcomes and changes in functional status after stroke. Therefore, the current study aimed to 

verify the effect of an eight-week neurofunctional rehabilitation program on upper limb 

movement time and smoothness in chronic stroke patients during the drinking task. Methods: 

This is a randomized controlled clinical trial assessing the effect of a neurofunctional 

rehabilitation program, with eight chronic stroke patients with neuromotor dysfunction 

resulting of the middle cerebral artery lesion. Three-dimensional motion capture of “drinking” 

was performed, and the variables movement time and smoothness were analyzed during five 

logical phases of the task. Results: The movement time at the returning phase decreased over 

time for IG (p = 0.012) after the intervention and the forward transportation phase presented a 

borderline significance level to increase over time for CG (p = 0.06). The smoothness of 

anteroposterior movement improved over time for IG (p = 0.040). Conclusion: The 

neurofunctional rehabilitation program in chronic stroke patients was effective to improve 

movement time and smoothness of the upper limb function. 

Retrospective Clinical Trial Registration: RBR-2hth8p Brazilian Registry of Clinical Trials 

(ReBEC) 

http://www.ensaiosclinicos.gov.br/rg/RBR-2hth8p/  

 

Keywords: Stroke; Physiotherapy; Upper Extremity; Neurological Rehabilitation; Kinematics. 
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INTRODUCTION 

 

 The functional independence is the aim of all stroke patients and health professionals, 

even with all the obstacles usually faced1,3,4. To achieve this goal, adequate rehabilitation based 

on a gold standard assessment is essential2-4. Dysfunction of upper limb movement is present 

in 40% of all stroke survivors, which persists chronically5,6. Within the process of clinical 

reasoning and decision making in clinical practice, the kinematical analysis is essential to 

express important outcomes and changes in functional status after stroke5,7,14. Three-

dimensional kinematics allows sight into movement patterns, quality and strategies13,14,16, 

through spatial and temporal information about the movement performed by the individual13,16. 

Movement time and smoothness allows a reproducible description of changes in motor 

control and might provide a more complete recovery image1,12. “Turning on the light” to drink 

is one of the most common movements studied at the kinematical assessment with properties 

of natural and purposeful movement performance4. Small variations in motor performance 

could provide important information on recovery and therapy response after stroke12. Increased 

or reduced movement velocity, longer time to accomplish functional tasks and reduced 

smoothness are characteristics of an impaired upper limb5,7. 

Thus, the neurofunctional rehabilitation program is a response based to the individual 

needs as the basis for skill acquisition and recovery33,41,42. The neurofunctional rehabilitation 

program must be applied by the physiotherapist based on the central nervous system 

plasticity9,41,43. Therefore, the current study aimed to verify the effect of an eight-week 

neurofunctional rehabilitation program on upper limb movement time and smoothness in 

chronic stroke patients. 
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SUBJECTS/MATERIAL AND METHODS 

 

Ethics Statement, study design, sampling and randomization 

The current study obtained ethics approval by 10.2018 and 2.759.798 registered 

protocols. Before study enrolment, participants gave their informed consent. This is a 

randomized controlled clinical trial. The target population consisted of patients with clinical 

diagnosis of a single middle cerebral artery stroke with chronic neuromotor dysfunction 

sequelae18, from community centers, patient registration centers and support groups for stroke 

patients. The sample size was estimated by the G*Power software, version 3.1.9.2. The a priori 

calculations, with α level set at 0.05 and statistical power of 80% indicated the minimum sample 

size of 12 individuals. The request for clinical trial retrospective registration20 was sent to 

clinicaltrials.gov on September 17. 2019. and the trial last updated was on November 19. 2019. 

because of an administrative error, lack of awareness and error of omission by the research 

team. 

The inclusion criteria for patients in research were to: (i) have diagnosis of a single 

middle cerebral artery stroke; (ii) agree and sign the voluntary participation consent form; (iii) 

have a time evolution greater than six months; (iv) have contralesional upper limb movement 

dysfunction resulting from stroke and (v) score over 18 points on the Mini-Mental Test (that 

assesses the cognitive state of patients)18,19. The exclusion criteria were to have: (i) a diagnosis 

of neurological or cardiovascular instability and/or exercise contraindication; (ii) severe 

neuropsychological problems, that interfere with the ability to follow instructions or understand 

the demanded tasks; (iii) an upper limb articular dysfunction and/or complete plegia that 

prevents the “drinking” task accomplishment (no hand function). 

The volunteer’s recruitment for the research was carried out by print and digital media 

(radio, internet and television) without costs. A total of 107 individuals attended the screening 
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assessment. Of these, 28 subjects had a clinical diagnosis of anterior cerebral artery, six 

posterior cerebral artery, two basilar artery and 12 were diagnosed with another neurological 

lesion. Of the remaining 59 subjects, 29 had less than six months of diagnosis time, 11 had an 

upper limb plegia sequelae, seven did not have the hand function needed to complete the 

“drinking” task and four scored below 18 on the Mini-Mental Test. All volunteers who did not 

meet the inclusion criteria were referred to other physiotherapy services, free of charge. Finally, 

the total of eight volunteers were selected according to the inclusion and exclusion criteria of 

the research. 

Subjects included in the study did not previously undergo neurological physiotherapy, 

were right-handed and were classified as inactive and sedentary at baseline. The most frequent 

type of stroke was the ischemic and the most affected hemisphere was the left, in 75% of the 

subjects. For the sample characterization at M0, all variables included in the current study, did 

not showed difference between CG and IG (i.e. age, gender, body mass, type and quantity of 

the stroke and sensory-motor impairment score) (p > 0.05). 

Before the randomization, it was important to verify the physical activity levels and 

sedentary behavior after stroke, to control the possible influence of these two confounding 

variables on rehabilitation21,22. Thus, the volunteers were evaluated with the International 

Physical Activity Questionnaire short version3,23,24. The total physical activity level (total PAL: 

minutes/week) was computed by the equation: [(walk: min/week*frequency) + (moderate 

physical activity: min/week*frequency) + (vigorous physical activity: min/week*frequency)]. 

The total physical activity level was categorized as physically inactive and physically active 

(<150 and ≥150 min/week, respectively25. 

The sedentary behavior was assessed with the sitting time module of the International 

Physical Activity Questionnaire24. The sitting time (h/day) was computed by the equation: 

[(sitting time hours during the week*5) + (sitting time hours during the weekend*2)]/7. The 
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sitting time was categorized as non-sedentary and sedentary (< 7.0 and ≥ 7.0 h/day, 

respectively) because this cut-off has been associated with the risk of death from different 

causes22,26. The eight subjects were classified as physically inactive and sedentary. Then the 

volunteers were randomized by the online platform www.randomizer.org17 and allocated to a 

control group (CG=4) and an intervention group (IG=4). The volunteers allocated to the CG 

participated in the IG after the end of the controlled period. The sample consisted of 12 

individuals (CG=4; IG=8) and the mean age was 64.0 (20.3) years old for CG and 63.8 (14.0) 

for IG. 

 

Data collection procedures and intervention protocol 

One physiotherapist, specialized in Neurofunctional Physiotherapy, performed the 

neurofunctional rehabilitation program and the evaluations along the baseline (M0), after the 

first session of neurofunctional rehabilitation program (M1), after the 16th session (M2) and 

after eight weeks of follow-up (M3)2,3,8. The CG was assessed concomitantly with the IG, at 

M0, M1, M2 and M33,8. After the controlled period ended, the CG volunteers were included in 

the IG and received the same neurofunctional rehabilitation program and follow-up, with the 

same intervals between assessments. Figure 1 presents the randomization and data collection 

procedures diagram. 
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Figure 1. The randomization and allocation. 

 

An anamnesis was performed with each participant to collect demographic and 

anthropometric variables (age, gender, body mass, height, ethnicity, date of birth, marital status 

and profession before and after stroke), as well as data on patient admission (when the stroke 

occurred, how was the care length of stay, hospitalization interventions, other types of 

treatment, prior physical therapy) and clinical diagnosis (current disease history, type and 

location of stroke, symptoms, other diagnosed diseases and associated medications, drugs used 

and in use and complications during treatment, lifestyle, main complaint) as well the functional 

assessment (skin inspection, respiratory and heart rate, blood pressure, muscle tone, reflexes, 

sensitivity, range of motion, involuntary and voluntary motor control, functional activities, 

daily living and locomotion). 
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Three-dimensional motion capture analysis was performed with a Vicon Motion System 

six MX T-series – T10 cameras with capture frequency of 100 Hz and one Bonita camera13,15,16. 

The three-dimensional coordinate positions of the markers were calculated instantly in camera 

units with high spatial resolution, with the admitted error for each camera below 0.2mm. 

throughout the measured movement. The system was calibrated prior to every measurement 

session. The data were collected automatically by Nexus Track Manager (Vicon®) that enabled 

image capture, camera synchronization and biomechanical three-dimensional Reconstruction 

with model marker coordinates. Joint kinematics were obtained by Euler angles. The capture 

data were transferred to MATLAB (The MathWorks Inc) software for custom-made analysis, 

A total of 23 spherical 12 mm retroreflective clusters were positioned in landmarks, 

following the International Society Biomechanics recommendations27: (i) head – frontolateral 

region – occipitolateral region; (ii) thorax – processus spinosus of the 7th cervical vertebra – 

processus spinosus of the 10th thoracic vertebra –  right posterior thorax – region between right 

scapula and spine – deepest point of incisura jugularis (suprasternal notch) – and processus 

xiphoideus – most caudal point on the sternum; (iii) scapula – angulus acromialis  – most 

laterodorsal point of the scapula; (iv) humerus – most caudal point on lateral epicondyle –, at 

the upper limb between the elbow and shoulder markers; (v) forearm – most caudal-lateral point 

on the radial styloid, most caudal-medial point on the ulnar styloid, at the forearm between the 

wrist and elbow markers – and (vi) hand – head of 3rd metacarpal. 

For motion capture, after verbal command, the volunteer performed the functional task 

of “drinking”28 with contralesional upper limb, returning to the starting position after each 

attempt. Three valid repetitions were recorded. Kinematic collections were performed with 

participants seated in a hydraulic chair, adjustable to a height of 100% of each subjects leg 

length29. The standardized initial posture: three-quarter of the femur supported in the seat with 

feet parallel to the width of the hips, with the hands resting on the respective ipsilateral thighs, 
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with palms facing downwards29. The glass of drink was placed on the table that was adjustable 

in height, at the volunteer’s olecranon level, at a distance from this joint equal to the upper limb 

length. A 7 cm diameter and 9.5 cm high (240 mL volume) drinking glass was filled with 120 

mL of water (half full)44-46. The selection of kinematic variables and data analysis calculations 

were based on the literature12,28,30. 

The “drinking” task was broken down into five logical phases: (i) reaching for the glass, 

(ii) forward transport of the glass to the mouth, (iii) drinking, (vi) back transport of the glass to 

the table and (v) returning the hand to the initial position45. Movement onset was defined as the 

time when the tangential velocity of the hand marker exceeded 2% of the maximum velocity in 

the reaching phase31,47. Movement offset was detected when the velocity of the hand was less 

than 2% of the maximum velocity in the returning phase31,47. Forward transport phase onset 

was defined when the tangential velocity of the glass exceeded 15 mm/s31,47. The drinking phase 

was defined when 15% increase or decrease of the steady-state distance between the head and 

hand marker31,48. Backward transport phase onset was defined when the tangential velocity of 

the hand exceeded 15 mm/s4,31,47. Returning phase onset was defined the tangential velocity of 

the glass was under 10 mm/s31,47. The kinematic variables analyzed for the current study were: 

(i) Movement time and (ii) Movement Smoothness (mean velocity/peak velocity)28. 

The intervention program consisted of 16 sessions of the neurofunctional rehabilitation 

program (eight weeks), lasting one hour each, twice a week, not on consecutive days2,3,32. It 

was based on tactile orientation and repetitive sensory practice, respecting individual 

needs2,6,19,33. The therapy involved facilitation procedures within different treatment postures, 

integrating proprioceptive stimuli within typical movement patterns. Performance of functional 

tasks with repetitions and dual task cognitive stimulation were facilitated2,3,8. The intervention 

followed a worksheet with accompanying guidelines used on rehabilitation33,34,42.  
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Statistical Procedures 

All data were checked for normality by the Shapiro-Wilk test. Descriptive data were 

shown in median and interquartile range (calculated as the difference between the upper and 

lower quartiles) to characterize the sample. For variables with non-normal distribution, 

Friedman tests were performed for multiple comparisons for moments, followed by Mann-

Whitney test for comparisons between one moment assessment and groups. For categorical 

variables, the Cochran Test was performed. All statistics analyses were performed using the 

Statistical Package for the Social Sciences – SPSS software, version 26.0 and the significance 

level was set at p < 0.05. 

 

RESULTS 

 

In Figure 2 it is possible to observe the comparisons between groups for the “drinking” 

movement time and its phases throughout the intervention. Movement time in returning phase 

decreased over time for the IG (M0 > M3; p = 0.012), and in forward transporting phase 

presented a borderline significance level to increase over time for CG (p = 0.06). In Table 1 it 

is possible to observe the comparisons between groups for the movement smoothness, 

considering the X, Y and Z axis (anteroposterior, cephalocaudal and mediolateral movements 

respectively) and the “drinking” movement phases throughout the intervention. The movement 

smoothness (anteroposterior movement) in forward transport phase improved over time for IG 

(M0 > M2; p = 0.040). The movement smoothness (mediolateral movement) in backward 

transport phase decrease over time for CG with no significance level (p = 0.09), Table 2. For 

all other kinematic variables assessed in the current study, no differences were found over time 

(p > 0.05). 
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Figure 2. Drinking movement time in median (interquartile range). *Friedman test = 10.2. p = 0.017. within intervention group. M0: at the baseline; 

M1: after the first session of neurofunctional rehabilitation program; M2: after the 16th session. M3: after eight weeks of follow-up. (0): Drinking 

total movement time (seconds); (1) Reaching time (seconds); (2) Forward transporting time (seconds); (3) Drinking time (seconds); (4) Backward 

transporting time (seconds); (5) Returning time (seconds). 
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Table 1. Comparisons between control and intervention groups for the movement smoothness in anteroposterior, cephalocaudal and mediolateral 

movements and its phases throughout the intervention. 

Movement smoothness 
Control Group (n=4) Intervention Group (n=8)  

M0 M1 M2 M3 M0 M1 M2 M3 

Anteroposterior 

1. Reaching 0.34 (0.04) 0.34 (0.10) 0.35 (0.03) 0.36 (0.01) 0.35 (0.04) 0.33 (0.03) 0.33 (0.07) 0.35 (0.05) 

2. Forward transporting 0.56 (0.03) 0.60 (0.14) 0.57 (0.10) 0.53 (0.12) 0.55 (0.10) 0.57 (0.05) 0.61 (0.10)# 0.60 (0.03) 

3. Drinking 0.03 (0.10) 0.04 (0.03) 0.06 (0.08) 0.07 (0.03) 0.06 (0.08) 0.07 (0.07) 0.04 (0.06) 0.05 (0.03) 

4. Backward transporting 0.47 (0.08) 0.45 (0.09) 0.43 (0.07) 0.38 (0.09) 0.44 (0.03) 0.42 (0.04) 0.41 (0.08) 0.44 (0.08) 

5. Returning 0.36 (0.06) 0.31 (0.10) 0.33 (0.11) 0.29 (0.13) 0.37 (0.16) 0.35 (0.15) 0.36 (0.21) 0.41 (0.10) 

Cephalocaudal 

1. Reaching 0.33 (0.08) 0.40 (0.18) 0.29 (0.15) 0.31 (0.10) 0.32 (0.15) 0.28 (0.17) 0.31 (0.15) 0.37 (0.28) 

2. Forward transporting 0.52 (0.30) 0.36 (0.57) 0.35 (0.41) 0.30 (0.24) 0.33 (0.30) 0.24 (0.33) 0.29 (0.27) 0.38 (0.31) 

3. Drinking 
0.22 (0.31) 0.20 (0.22) 0.15 (0.26) 0.16 (0.07) 0.16 (0.20) 0.17 (0.19) 0.11 (0.11) 0.20 (0.21) 

4. Backward transporting 0.25 (0.41) 0.29 (0.27) 0.19 (0.35) 0.21 (0.15) 0.24 (0.36) 0.24 (0.25) 0.27 (0.18) 0.19 (0.21) 

5. Returning 0.37 (0.16) 0.44 (0.20) 0.41 (0.09) 0.38 (0.03) 0.38 (0.12) 0.43 (0.21) 0.33 (0.28) 0.45 (0.20) 

Mediolateral 

1. Reaching 0.21 (0.07) 0.20 (0.08) 0.22 (0.08) 0.21 (0.11) 0.22 (0.09) 0.20 (0.05) 0.20 (0.06) 0.24 (0.09) 

2. Forward transporting 0.61 (0.08) 0.62 (0.07) 0.63 (0.19) 0.60 (0.22) 0.53 (0.16) 0.54 (0.10) 0.54 (0.05) 0.57 (0.10) 

3. Drinking 0.09 (0.16) 0.15 (0.15) 0.12 (0.09) 0.14 (0.03) 0.07 (0.09) 0.04 (0.11) 0.05 (0.09) 0.03 (0.13) 

4. Backward transporting 0.47 (0.08) 0.47 (0.06) 0.43 (0.03) 0.41 (0.05) 0.46 (0.06) 0.46 (0.10) 0.49 (0.06) 0.47 (0.07) 

5. Returning 0.30 (0.05) 0.29 (0.05) 0.29 (0.04) 0.29 (0.01) 0.29 (0.08) 0.30 (0.08) 0.31 (0.09) 0.34 (0.05) 

Median (interquartile range). M0: at the baseline; M1: after the first session of neurofunctional rehabilitation program; M2: after the 16th session. 

M3: after eight weeks of follow-up. #Friedman test; within group. CG: Test statistics = 5.667; p = 0.129; IG: Test statistics = 8.250; p = 0.041; M0 

> M2; p = 0.040. 
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DISCUSSION 

 

The current study aimed to verify the effect of an eight-week neurofunctional 

rehabilitation program on upper limb movement time and smoothness, in chronic stroke 

patients. Considering the multifactor character that influences the motor function of individuals 

with chronic stroke sequelae, all variables included in the current study, did not showed 

difference between CG and IG (i.e. age, gender, body mass, type and quantity of the stroke and 

sensory-motor impairment score). The movement time at the forward transport phase decreased 

over time for IG and presented a borderline significance level to increase over time for CG. The 

smoothness of anteroposterior movement improved over time for IG. 

According to a systematic review, the movement time and smoothness are most 

commonly used to assess upper limb in rehabilitation of chronic stroke patients at the three-

dimensional reach-to-grasp tasks35. The movement time is a measure successfully applied in 

several kinematics studies with stroke patients and its improvement is attributed to a better 

upper limb function within a given task28. At the current study, IG evidenced a decrease, over 

time, in the amount of time spent at the returning phase. Stroke survivors tend to prolong the 

“drinking” task due to upper limbs atypical pattern and functionality28,47, therefore, an 

improvement in this variable was due to the neurofunctional rehabilitation program. The 

clinical framework of neurofunctional rehabilitation program incorporates the integration of 

postural control and quality of task performance, selective movement, and the role of sensory 

information to promote typical movement that can decrease the movement time of a given 

task41. 

The CG almost reached the level of statistical significance established in the current 

study for the movement time in forward transporting to increase over time. This data should be 

carefully observed, because the non-intervention group showed a non-significant functional 
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decline. meanwhile the IG improved its functional level. The stroke sequelae cause a movement 

difference for the entire “drinking” task and may get worse over time47. Corroborating with the 

literature that highlight the importance of using the correct therapeutic strategies to improve or 

keep upper limb functionality45, the Bobath concept focuses on minimizing the effort in chronic 

post-stroke subjects and at the role of motor control and perception to optimize body schema 

and influence task performance often not allowing it to get worse33.  

Moreover, the movement smoothness is a movement quality measure and may be in 

dysfunction due to spasticity, muscle weakness and poor motor coordination46,47. It is strongly 

correlated with upper limbs motor impairment2,4. Likewise, improvements in movement 

smoothness could be an improvement sign of the recovery after stroke36,39,47. If the “drinking” 

task shows an improvement in its smoothness. That could indicate larger movement 

harmonicity, reflecting best movement trajectories36. The lack of smoothness could predict 

almost one-third of the performance in the gross manual dexterity42. Therefore, the current 

study corroborates with the literature regarding the forward transporting improvement of the 

“drinking” task movement smoothness during the intervention, indicating an improvement in 

body schema organization and better control because of the neurofunctional rehabilitation 

program. 

The literature of motor recovery suggests changes in movement smoothness during the 

process of motor learning or rehabilitation process and negative changes for those not attending 

a rehabilitation program39. In the current study, the mediolateral movement smoothness during 

the backward transporting phase, decreased over time for CG. Once again, this is another 

finding that should be carefully observed, whereas not maintaining the functionality may be 

resulting on lack of coherence between muscles36. that contributes to the kinematic differences 

over time on CG. Smooth movements are more efficient as they require less energy and 

comprise less sub movements and it is one of the main characteristics of healthy upper limb 
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movement and perceived competence47. Nevertheless, this study is not without limitations. 

Although it was not underpowered, the small sample size may not be representative of the whole 

stroke population and may have influenced during the different phases of time movement and 

smoothness analyzed. 

 

CONCLUSIONS 

 

A neurofunctional rehabilitation program in chronic stroke patients was effective in 

improving upper limb function, expressed by the kinematic variables movement time and 

smoothness. Moreover, the decreased of upper limb function on CG should be explored further 

and reinforces the need for continuous specialized rehabilitation for chronic stroke patients. 
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DISCUSSION 

 

The current thesis aimed to compare upper limbs functional capacity before and after an 

eight-week program of neurofunctional rehabilitation. through clinical scales and three-

dimensional kinematics assessments, with changes in lifestyle and physical condition 

improvements as secondary outcomes. Although every individual affected by stroke is unique. 

with specific complexity and characteristics, the control and intervention groups did not differ 

from each other in characterization and classification. Therefore, the comparison of the two 

groups became possible, to enable better understandings about the intervention results. 

The decline in the physical activity level in stroke survivors is one of the conditions that 

also interfere in the individual's functional decline1,2. There are still biopsychosocial barriers to 

be overcome by society, when it comes to the inclusion and social participation of stroke 

survivors, mainly related to maintaining a healthy lifestyle1,3. Changing habits and/or lifestyle 

is necessary for any individual seeking better quality of life and functionality, especially when 

referring to stroke survivors1-3. Even if minimal, any changes must be stimulated and sought by 

the multi-professional team as well as for the individual itself1-3. In the present work, it was 

possible to describe changes related to this aspect, namely the reclassification of physical 

activity level, which showed improvement for the IG, after the intervention. 

In a recent study, it was found that more than a fifth of stroke survivors showed a decline 

in the level of physical activity1. which relates stroke as one of the clinical conditions that is 

responsible for the individual's functional decline. Indeed, the difficulties subsequent to the 

episode can be explained by several possibilities, including the lack of knowledge of stroke 

patients that exercise is extremely beneficial and viable, and the lack of access to resources and 

adequate guidance after a stroke1. In the current thesis, there was an improvement between the 

total physical activity at the baseline and at the M3, for the IG, where some individuals were 
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reclassified as physically active, as well as non-sedentary. Thus, it seems that the intervention 

was effective regarding changes in lifestyle and possible improvement in the physical condition 

of the volunteers. 

This changes in lifestyle also appeared in the movement quality, in study 1, in the 

“turning on the light” task, for linear relation of shoulder/hand, elbow/hand, movement time 

and peak velocity variables, in study 2, and in the “drinking” task, for movement time and 

smoothness variables, in study 3. Regarding the results of the study 1, it is important to highlight 

that the motor outcomes related to the assessment provided by the Wolf Motor Functional Test 

were the most expressive about the influence of the intervention program. Indeed, there is 

evidence that this scale is the most appropriate to assess movement function and quality, 

especially in cases of moderate impairment, as it demonstrates a high level of quality of motion 

measurement and clinical utility6,8. However, in contradiction to our findings, other studies have 

shown great expressiveness of the Fugl-Meyer Upper Extremity Assessment4,5 for assessing 

chronic stroke survivors and low expressiveness of Wolf Motor Function Test5-8. In face of 

these results more research should be performed, to clarify which clinical scales the most 

suitable for assessing motor function and therefore avoid some wasting of time. 

Since the study 1 had its objective based on quantification of movement quality in each 

test task9,10, the results bring the due importance of the evaluations and indicate the need for 

their clinical application.  

In a recent systematic review it was shown that task/movement time and peak velocity 

were the most commonly assessed stroke physiological constructs and metrics11. Three-

dimensional kinematic analysis is considered a great complement to clinical scales, with the 

quality of better characterizing the structure of movement and understanding the underlying 

neural mechanisms of functional improvements4,7. 
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Thereby, at the study 2, to analyze the coordination between joints during reaching tasks 

performance, the shoulder/hand and elbow/hand linear relation12 were assessed, through 

reaching task three-dimensional motion analysis. The results seem to indicate that the 

rehabilitation program decreased shoulder movement excess at the “turning on the light” task, 

becoming the relation between the joint displacements more organized and coordinated12,13. 

This may indicate a new optimal movement with decreased pathological synergy patterns and 

compensatory movements11. Furthermore, the “turning on the light” movement time is a 

quantitative variable often used in clinical and research assessment and is frequently described 

as longer in stroke patients13. Then, an important finding was found here, since the “turning on 

the light” movement tend to be highly exacerbated after stroke13. 

At the study 3 the improvement of the “drinking” task movement was found in the 

amount of time spent at the returning phase, forward and backward transporting phases as well 

as in smoothness. All these variables presented better results after the intervention, which 

related to an improvement in movement time, movement quality and better control. These 

findings are important because stroke survivors tend to prolong the “drinking” task due to upper 

limbs atypical pattern and functionality12,14 and highlight the importance of using the correct 

therapeutic strategies to improve or keep upper limb functionality15, minimizing the effort in 

chronic post-stroke subjects and at the role of motor control and perception to optimize body 

schema and influence task performance often not allowing it to get worse16. As the “drinking” 

movement task shows an improvement in its smoothness, that could indicate greater movement 

harmony, reflecting better movement trajectories17. 

On the other hand, the quality of life improved over time in both groups, while the 

sensory-motor impairment remained stable. This happened regarding the movement speed in 

study 1, the peak velocity decreased, and the movement smoothness increased over time in both 

groups in study 2, and a borderline significance level for CG in movement smoothness in study 
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3. These findings may be related to the learning effect due to repetition of the test tasks18,19, i.e. 

there was an improvement in the speed requested to perform the pre-established tasks. The 

results about sensory-motor impairment are supported by previous findings10,20 that considered 

the scale that assesses this outcome as ideal for individuals in acute and subacute phases but 

has failed sensitivity to assess changes in individuals at chronic phase.  

The sensory-motor impairment has been considered essential for the motor function 

classification in stroke individuals, very efficiently in the acute and subacute periods21 and for 

its characteristic of identifying major functional changes20. Thereby, the movement smoothness 

increased for both groups, what could be explained by the test learning factor18,19 for CG and 

movement rehabilitation for IG, respectively, and velocity profiles are assumed to reflect 

efficient of motor control11 and the chronic stage improvements are generally reliant on intense 

task repetition22.  

Moreover, despite the statistical analysis, the improvement over time in the perception 

of quality of life of all study participants was well received, because it is an evaluation of a 

construct with complex and multifactor characteristics in a group of individuals who needs this 

improvement. The expression “quality of life useful to health” refers to the perceptions of 

patients about their disease and its effects on their lives, including a personal satisfaction 

associated with physical well-being, functional, emotional, and social23,24. A specialized and 

lasting rehabilitation can guarantee an improvement in stroke patients, mainly in terms of 

quality of life25. 

Furthermore, regarding the use of different assessment tools, in some studies, the 

kinematic analysis did not show changes, while the clinical scales did4,7. This result was 

attributed to the great variability of movement patterns after stroke4,7. The solution proposed by 

a study to minimize the wide range of movement patterns of stroke survivors was to stratify and 

segment the sample groups according to the sequelae, injury sites and movement patterns 
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presented7. Providing more power to find changes with three-dimensional kinematic 

variables4,7. Therefore, using the variability of stimuli for rehabilitation strategies, to benefit the 

best learning and relearned by stroke survivors6. 

Considering the variability of stimuli and rehabilitation strategies, training on a multiday 

skill task focused on activities of daily living and functional activities were considered essential 

to improve dexterity, reduce abnormal movement synergies and avoid compensatory 

movements26,27. The neurofunctional rehabilitation program efficiently uses the problem-

solving strategy for upper limb rehabilitation26,27. The effectiveness of the neurofunctional 

rehabilitation program approach should consider the therapist's ability to apply the concept and 

knowledge of how to use the appropriate tools for clinical evaluation and three-dimensional 

kinematics27. Aiming to minimize patients' disability after onset and quickly restore the 

performance of activities of daily living6 with the most appropriate assessment and 

rehabilitation tools. 

Lastly, the evolution found at the current thesis could be due to the functional, repetitive 

training and sensory motor stimuli and should be used as an ally for the rehabilitation of chronic 

stroke individuals18,25,28. Stroke survivors had better movement times after neurofunctional 

reabilithation29. due to the information processing which may increase with the task 

complexity12,30. Likewise, the stroke may also imply impairment of the parameterization 

capacity, based on the schema theory which an individual may add specific values to the motor 

program to meet the specific environmental demands30. Individuals with chronic stroke 

sequelae have a 37 to 55% impairment in the ability to perform daily and functional activities, 

such as postural transitions, locomotion and related to personal hygiene, food and wearing 

clothes, due to the planning and sequencing actions being impaired18,19,28,31,32. The main 

concern was the return of the patients/volunteers to daily living activities and this thesis was 

able to contribute to this aspect. 
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LIMITATIONS 

This study is not without limitations. In fact, although it was not underpowered, the 

ample size may not be representative to extrapolate the findings in the global population. The 

small and unequal sizes of the groups also warrant caution in the interpretation of results. The 

use of the physical activity and sedentary behavior questionnaire may have a bias in the 

respondents’ memory. For instance, chi-square statistical test results should not be extrapolated 

because some categories do not meet test assumptions (n = 0). 

 

CONCLUSIONS 

 

We conclude that a neurofunctional rehabilitation program in chronic stroke patients 

was effective in improving upper limbs function, expressed by functional activities, speed and 

movement quality, in daily life functional activities, in the participants physical activity level, 

sedentary behavior, upper limb peak velocity, movement time, smoothness and joint 

displacement relationships. Moreover, the decreased of upper limb function on CG should be 

explored further and reinforces the need for continuous specialized rehabilitation for chronic 

stroke patients. Future perspectives bring the need to extrapolate the findings of the upper limbs 

with the trunk kinematic data could be a way to understand the motor control processes and 

compensations. 
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ANNEXES 

Annex A: Mini Mental State Examination (MMSE) 
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Annex B: Informed Consent Form 
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Annex C: International Physical Activity Questionnaire (IPAQ) 
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Annex D: Evaluation Form. 
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Annex E: Fugl-Meyer Upper Extremity Motor Scale 
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Annex F: Wolf Motor Function Test (WMFT) 
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Annex G: Modified Ashworth Scale 
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Annex H: Specific quality of life scale for stroke 
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