
Therapy Approaches in 
Neurological Disorders

Edited by Mario Bernardo-Filho, Redha Taiar, 
Danúbia da Cunha de Sá-Caputo  

and Adérito Seixas

Edited by Mario Bernardo-Filho, Redha Taiar, 
Danúbia da Cunha de Sá-Caputo  

and Adérito Seixas

Neurological disorders are conditions affecting the central or peripheral nervous 
system, with undesirable consequences for the quality of life. This book highlights 
and discusses several approaches for managing these conditions and improving the 
functional capacity and quality of life of patients, including whole-body vibration 

exercise, biofeedback, sagittal plane spine alignment, allopathic and non-allopathic 
medications, phytotherapy, and more.

Published in London, UK 

©  2021 IntechOpen 
©  Filip_Krstic / iStock

ISBN 978-1-83968-668-9

Th
erapy A

pproaches in N
eurological D

isorders





Therapy Approaches in 
Neurological Disorders

Edited by Mario Bernardo-Filho, Redha 
Taiar, Danúbia da Cunha de Sá-Caputo 

and Adérito Seixas

Published in London, United Kingdom





Supporting open minds since 2005



Therapy Approaches in Neurological Disorders
http://dx.doi.org/10.5772/intechopen.91533
Edited by Mario Bernardo-Filho, Redha Taiar, Danúbia da Cunha de Sá-Caputo and Adérito Seixas

Contributors
Vadim I. Ershov, Terry Ellapen, Adele Jordaan, Mariette Swanepoel, Yvonne Paul, Katherine Quiñones, 
Aydee Robayo, Paul A. Oakley, Ibrahim M. Moustafa, Deed E. Harrison, Noureddine Chaachouay, Lahcen 
Zidane, James P. Patrick Dickey, Liliana Alvarez, James W.G. Thompson, Marquise M. Bonn, Tahani 
K. K. Alshammari, Nouf M. Alrasheed, Lina Alhushan, Reema Alhoutah, Anfal F. Bin Dayel, Asma S. 
Alonazi, Musaad A. Alshammari, Mario Bernardo-Filho, Redha Taiar, Adérito Seixas, Danúbia Da Cunha 
De Sá-Caputo

© The Editor(s) and the Author(s) 2021
The rights of the editor(s) and the author(s) have been asserted in accordance with the Copyright, 
Designs and Patents Act 1988. All rights to the book as a whole are reserved by INTECHOPEN LIMITED. 
The book as a whole (compilation) cannot be reproduced, distributed or used for commercial or 
non-commercial purposes without INTECHOPEN LIMITED’s written permission. Enquiries concerning 
the use of the book should be directed to INTECHOPEN LIMITED rights and permissions department 
(permissions@intechopen.com).
Violations are liable to prosecution under the governing Copyright Law.

Individual chapters of this publication are distributed under the terms of the Creative Commons 
Attribution 3.0 Unported License which permits commercial use, distribution and reproduction of 
the individual chapters, provided the original author(s) and source publication are appropriately 
acknowledged. If so indicated, certain images may not be included under the Creative Commons 
license. In such cases users will need to obtain permission from the license holder to reproduce 
the material. More details and guidelines concerning content reuse and adaptation can be found at 
http://www.intechopen.com/copyright-policy.html.

Notice
Statements and opinions expressed in the chapters are these of the individual contributors and not 
necessarily those of the editors or publisher. No responsibility is accepted for the accuracy of 
information contained in the published chapters. The publisher assumes no responsibility for any 
damage or injury to persons or property arising out of the use of any materials, instructions, methods 
or ideas contained in the book.

First published in London, United Kingdom, 2021 by IntechOpen
IntechOpen is the global imprint of INTECHOPEN LIMITED, registered in England and Wales, 
registration number: 11086078, 5 Princes Gate Court, London, SW7 2QJ, United Kingdom
Printed in Croatia

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

Additional hard and PDF copies can be obtained from orders@intechopen.com

Therapy Approaches in Neurological Disorders
Edited by Mario Bernardo-Filho, Redha Taiar, Danúbia da Cunha de Sá-Caputo and Adérito Seixas
p. cm.
Print ISBN 978-1-83968-668-9
Online ISBN 978-1-83968-669-6
eBook (PDF) ISBN 978-1-83968-670-2



Selection of our books indexed in the Book Citation Index 
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 
For more information visit www.intechopen.com

5,300+ 
Open access books available

156
Countries delivered to

12.2%
Contributors from top 500 universities

Our authors are among the

Top 1%
most cited scientists

131,000+
International  authors and editors

155M+ 
Downloads

We are IntechOpen,
the world’s leading publisher of 

Open Access books
Built by scientists, for scientists

BOOK
CITATION

INDEX

 

CL
AR

IVATE ANALYTICS

IN D E X E D





Meet the editors

Mario Bernardo-Filho is the head of the Laboratório de Vibrações 
Mecânicas e Práticas Integrativas-LAVIMPI, Instituto de Biologia 
Roberto Alcantara Gomes, Departamento de Biofísica e Biome-
tria, and Policlínica Piquet Carneiro, Universidade do Estado do 
Rio de Janeiro (UERJ). He completed academic courses in Bio-
medicine and Physiotherapy and obtained his Ph.D. in 1988. In 
1999, he participated in a competition to become a full professor 

at UERJ. He supervises research since 2010 involving integrative and complementa-
ry medicine (auriculotherapy and acupuncture) and mechanical vibrations gener-
ated in vibrating platforms that produce whole-body vibration exercises (WBVE) 
when a subject is in contact with a vibrating platform. Studies to evaluate the 
consequences of WBVE and extracts of medicinal plants in rats are ongoing, as are 
investigations about the effects of WBVE in individuals with different diseases as 
well as healthy people. Dr. Bernardo-Filho supervises masters of science and Ph.D. 
theses. He has participated in and lectured at various national and international 
congresses. He is editor in chief of the Brazilian Journal of Health and Biomedical 
Sciences, and guest editor of some scientific journals. He is also a reviewer for several 
scientific journals indexed in PubMed and Scopus.

Prof. Redha Taiar has a Ph.D. in Biomechanics and is a professor 
at the University of Reims Champagne-Ardenne (URCA). He has 
been head of the European Master of Biomechanics, Ergonomics 
and Clinical Research; the university diplomas of Podiatrics and 
Ergonomics; the Laboratory of Biomechanics at the University of 
Reims; and the Redha Taiar Biomechanical Engineering Society 
(RTBE) developed for sport and medical advice for the industry. 

He has been also the vice head of the Department of Sport Science (University of Re-
ims). His research focuses on industry engineering for medicine and high-level sports.  
He is a specialist in biomechanics, health disease, and rehabilitation. His researches 
publications can be found at:
https://publons.com/researcher/Q-6769-2016/ 
https://orcid.org/0000-0002-0227-3884 
 https://pubmed.ncbi.nlm.nih.gov/?term=taiar+r 
 https://www.scopus.com/authid/detail.uri?authorId=15823162100 
 https://www.researchgate.net/profile/Redha_Taiar 
https://scholar.google.fr/citations?user=2FP-NPQAAAAJ&hl=fr&oi=ao

Dr. Danúbia da Cunha de Sá-Caputo graduated in Physiotherapy 
with a specialization in Acupuncture. She received an MSc from 
Rio de Janeiro State University, Brazil, for a thesis focused on 
the use of whole-body vibration exercise in cerebral palsy and 
metabolic syndrome patients. She received a Ph.D. from the same 
university for a thesis focused on the use of whole-body vibration 
exercises in chronic diseases. She is pursuing her post-doctorate 

at the Laboratório de Vibrações Mecânicas e Práticas Integrativas, Rio de Janeiro 
State University. She is a professor and the head of a scientific research group at the 
Bezerra de Araújo Faculty, Brazil. She is a vice-president of Associação Brasileira de 



Fisioterapia Integrativa e Práticas Integrativas e Complementares em Saúde, Brazil. 
She is also a supervisor of graduate, MSc, and Ph.D. students. She is a reviewer and 
editorial board member of scientific journals.  

Dr. Adérito Seixas graduated in Physiotherapy with a special-
ization in Neuromusculoskeletal Rehabilitation. He received his 
MSc from the University of Porto, Portugal, for a thesis on the 
assessment of sensorimotor skills of athletes with and with-
out disabilities. He also specialized in data analysis at the same 
university. He is the president of the Portuguese Association of 
Physiotherapists, a board member of the European Association 

of Thermology, and a member of several scientific societies. Currently, alongside 
his work as a full-time professor of a graduate course on Physiotherapy and a mas-
ter’s program at Escola Superior de Saúde, Universidade Fernando Pessoa, Porto, 
Portugal, he is carrying out research for his Ph.D., focusing on the biomechanical 
and thermophysiological assessment of the foot in diabetic patients at risk of devel-
oping foot ulcers. His research interests lie in evidence-based practice, assessment 
of the neuromusculoskeletal system, and the role of cognitive assessment in human 
adaptation to performance situations. 

Contents

Preface XI

Section 1
Introduction 1

Chapter 1 3
Introductory Chapter: Neurological Disorders - Therapy Approaches
by Danúbia da Cunha de Sá-Caputo, Mario Bernardo-Filho, Adérito Seixas 
and Redha Taiar

Section 2
Non-Pharmacological Interventions in Neurological Disorders 13

Chapter 2 15
Whole-Body Vibration Approaches in Neurological Disorders
by Mario Bernardo-Filho, Danúbia da Cunha de Sá-Caputo, Adérito Seixas 
and Redha Taiar

Chapter 3 31
Impact of Biofeedback Interventions on Driving Performance in 
Individuals with Persistent Post-Concussive Symptoms
by Marquise M. Bonn, Liliana Alvarez, James W.G. Thompson  
and James P. Dickey

Chapter 4 47
The Influence of Sagittal Plane Spine Alignment on Neurophysiology  
and Sensorimotor Control Measures: Optimization of Function through 
Structural Correction
by Paul A. Oakley, Ibrahim M. Moustafa and Deed E. Harrison

Section 3
Approaches Related to Specific Neurological Disorders 75

Chapter 5 77
Design of a Standing Device for Children with Spinal Dysraphysm
by Aydeé Robayo-Torres and Katherine Quiñones-Argote

Chapter 6 91
Dysphagia Associated with Neurological Disorders
by Vadim I. Ershov



Contents

Preface XIII

Section 1
Introduction 1

Chapter 1 3
Introductory Chapter: Neurological Disorders - Therapy Approaches
by Danúbia da Cunha de Sá-Caputo, Mario Bernardo-Filho, Adérito Seixas 
and Redha Taiar

Section 2
Non-Pharmacological Interventions in Neurological Disorders 13

Chapter 2 15
Whole-Body Vibration Approaches in Neurological Disorders
by Mario Bernardo-Filho, Danúbia da Cunha de Sá-Caputo, Adérito Seixas 
and Redha Taiar

Chapter 3 31
Impact of Biofeedback Interventions on Driving Performance in 
Individuals with Persistent Post-Concussive Symptoms
by Marquise M. Bonn, Liliana Alvarez, James W.G. Thompson  
and James P. Dickey

Chapter 4 47
The Influence of Sagittal Plane Spine Alignment on Neurophysiology  
and Sensorimotor Control Measures: Optimization of Function through 
Structural Correction
by Paul A. Oakley, Ibrahim M. Moustafa and Deed E. Harrison

Section 3
Approaches Related to Specific Neurological Disorders 75

Chapter 5 77
Design of a Standing Device for Children with Spinal Dysraphysm
by Aydeé Robayo-Torres and Katherine Quiñones-Argote

Chapter 6 91
Dysphagia Associated with Neurological Disorders
by Vadim I. Ershov



II

Chapter 7 107
The Interprofessional Clinical and Therapeutic Team Strategy to  
Manage Spinal Cord Injuries
by Adele Jordaan, Mariette Swanepoel, Yvonne Paul and Terry Jeremy Ellapen

Section 4
Allopathic and Non-Allopathic Medications in Neurological Disorders 121

Chapter 8 123
Neurological Phytotherapy by Indigenous People of Rif, Morocco
by Noureddine Chaachouay and Lahcen Zidane

Chapter 9 139
Pharmacological Modulation of Toll-Like Receptors in Brain Disorders
by Tahani K. Alshammari, Nouf M. Alrasheed, Lina Alhushan,  
Reema Alhoutah, Anfal F. Bin Dayel, Asma S. Alonazi  
and Musaad A. Alshammari

Preface

Neurological disorders and related sequelae affect an important number of individuals 
worldwide with generally catastrophic consequences to quality of life and wellbeing. 
Individuals with neurological conditions often experience negative consequences such 
as social and economic burdens, often implying social exclusion and discrimination. 
This book contributes to the understanding and management of some neurological 
disorders. It is divided into four sections exploring nonpharmacological and pharma-
cological interventions and other approaches to managing neurological conditions.

The first section includes an introductory chapter that covers various topics with 
high relevance in the field of neurological disorders. 

The second section includes chapters on the relevance and impact of whole-body 
vibration exercise, biofeedback, and sagittal plane spine alignment on people with 
neurological conditions. Whole-body vibration exercise is a safe management tool and 
biofeedback has proven to reduce the severity of post-concussive symptoms. Sagittal 
spine alignment restoration plays a relevant role in improving neurophysiology, 
sensorimotor control, and autonomic nervous system function. 

The third section includes a chapter on how a prototype for a standing device in 
children with spinal dysraphism seems to facilitate the maintenance of a standing 
position. It also includes chapters on the complications of dysphagia in individuals 
with neurological disorders and the relevance of a multidisciplinary team approach 
to managing spinal cord injuries. 

The fourth section includes chapters on allopathic and non-allopathic medications 
for managing neurological conditions, the use of phytotherapy by indigenous people 
in Morocco, and pharmacological modulation of toll-like receptors in brain disorders.

The editors would like to thank Author Service Manager Maja Bozicevic at IntechOpen 
for her fantastic work and assistance throughout the preparation of this book. 

Mario Bernardo-Filho
Instituto de Biologia Roberto Alcantara Gomes and Policlínica Piquet Carneiro,

Universidade do Estado do Rio de Janeiro,
Rio de Janeiro, Brazil

Redha Taiar
Université de Reims Champagne Ardennes,

Reims, France

XII



II

Chapter 7 107
The Interprofessional Clinical and Therapeutic Team Strategy to  
Manage Spinal Cord Injuries
by Adele Jordaan, Mariette Swanepoel, Yvonne Paul and Terry Jeremy Ellapen

Section 4
Allopathic and Non-Allopathic Medications in Neurological Disorders 121

Chapter 8 123
Neurological Phytotherapy by Indigenous People of Rif, Morocco
by Noureddine Chaachouay and Lahcen Zidane

Chapter 9 139
Pharmacological Modulation of Toll-Like Receptors in Brain Disorders
by Tahani K. Alshammari, Nouf M. Alrasheed, Lina Alhushan,  
Reema Alhoutah, Anfal F. Bin Dayel, Asma S. Alonazi  
and Musaad A. Alshammari

Preface

Neurological disorders and related sequelae affect an important number of individuals 
worldwide with generally catastrophic consequences to quality of life and wellbeing. 
Individuals with neurological conditions often experience negative consequences such 
as social and economic burdens, often implying social exclusion and discrimination. 
This book contributes to the understanding and management of some neurological 
disorders. It is divided into four sections exploring nonpharmacological and pharma-
cological interventions and other approaches to managing neurological conditions.

The first section includes an introductory chapter that covers various topics with 
high relevance in the field of neurological disorders. 

The second section includes chapters on the relevance and impact of whole-body 
vibration exercise, biofeedback, and sagittal plane spine alignment on people with 
neurological conditions. Whole-body vibration exercise is a safe management tool and 
biofeedback has proven to reduce the severity of post-concussive symptoms. Sagittal 
spine alignment restoration plays a relevant role in improving neurophysiology, 
sensorimotor control, and autonomic nervous system function. 

The third section includes a chapter on how a prototype for a standing device in 
children with spinal dysraphism seems to facilitate the maintenance of a standing 
position. It also includes chapters on the complications of dysphagia in individuals 
with neurological disorders and the relevance of a multidisciplinary team approach 
to managing spinal cord injuries. 

The fourth section includes chapters on allopathic and non-allopathic medications 
for managing neurological conditions, the use of phytotherapy by indigenous people 
in Morocco, and pharmacological modulation of toll-like receptors in brain disorders.

The editors would like to thank Author Service Manager Maja Bozicevic at IntechOpen 
for her fantastic work and assistance throughout the preparation of this book. 

Mario Bernardo-Filho
Instituto de Biologia Roberto Alcantara Gomes and Policlínica Piquet Carneiro,

Universidade do Estado do Rio de Janeiro,
Rio de Janeiro, Brazil

Redha Taiar
Université de Reims Champagne Ardennes,

Reims, France



IV

Danúbia da Cunha de Sá-Caputo
Instituto de Biologia Roberto Alcantara Gomes and Policlínica Piquet Carneiro,

Universidade do Estado do Rio de Janeiro; and Faculdade Bezerra de Araújo,
Rio de Janeiro, Brazil

Adérito Seixas
Escola Superior de Saúde Fernando Pessoa,

Porto, Portugal

1

Section 1

Introduction

XIV



1

Section 1

Introduction



3

Chapter 1

Introductory Chapter: 
Neurological  
Disorders - Therapy Approaches
Danúbia da Cunha de Sá-Caputo, Mario Bernardo-Filho, 
Adérito Seixas and Redha Taiar

1. Introduction

Neurological disorders (ND) are diseases of the central or peripheral nervous 
system. In other words, they affect the brain, spinal cord, cranial nerves, periph-
eral nerves, nerve roots, vegetative nervous system, neuro-muscular junction, 
and muscles. These disorders include epilepsy, Alzheimer’s disease and other 
dementias, cerebrovascular diseases including stroke, migraine and other head-
aches, multiple sclerosis, Parkinson’s disease, nervous system infections, brain 
tumors, traumatic nervous system disorders such as head injuries, and neurologi-
cal disorders related to malnutrition. The result of these imbalances is that human 
voluntary daily life movement is affected. In fact, the achievement of the human 
voluntary movement seemingly simple rather it is considerably complex. As it is a 
very complex mechanism which allows many nerve structures to make decisional 
and/or reflexional choices. Then this mechanism “defines” and “controls” the 
movement, through the nerve impulses intended for the musculoskeletal system. 
It is also known that ND are the main cause of disability and the second cause of 
death in the world [1–4]. Some approaches and relationships about the ND are 
presented Figure 1.

The etiology of ND is very varied due to complexity of nervous system. Among 
the causes of ND there are: lifestyle, infections, genetics, food and/or environmen-
tal influences. Genetic, epigenetic, and various external factors, such as physical 
trauma, infection, and different aspects of the environmental surroundings can be 
involved with the initiation and the progression of the ND. Hormonal, immune, 
and molecular/cellular pathways impact the clinical presentation of the ND involv-
ing various systems [5]. Moreover, gut dysbiosis (microbiota dysregulation) has 
been associated with some neurodegenerative diseases [6]. ND can negatively 
influence the bone physiology favoring decrease of the bone mineral density and 
bone mineral content, altered bone microarchitecture, and decrease bone strength, 
contributing to the development of osteopenia/osteoporosis and increased of risk 
of fracture [5].

The neurodegeneration is presented in several ND [6]. This condition occurs 
when the nervous system or neuron loses its structure, function, or both, leading to 
progressive degeneration or the death of neurons, and well-defined associations of 
tissue system, resulting in clinical manifestations. Studies have been reported that the 
neuroinflammation precede neurodegeneration in various ND [5]. In this context, 
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appears that matrix metalloproteinases have a crucial role in the progression of ND 
related to neurodegeneration, although the etiology and potential causes remain 
widely indefinable [7].

According to the type of ND and the specific affected area, the symptoms are 
presented. The symptoms can be: i) complete or partial paralysis, ii) muscle weak-
ness, iii) partial or complete loss of sensitivity, iv) convulsions, v) headache, vi) 
pain without apparent causes, vii) poor coordination and viii) reduced state of 
consciousness [8]. They can be individually observed or together. As the nervous 
system is strongly related of the behavior, some neurological diseases also manifest 
themselves with emotional or behavioral changes. In this context, the symptoms 
can be sudden changes in mood, or sudden outbursts of anger, depression, altered 
memory, hallucinations, sleep disorders, mental confusion, among others [9].

The evaluation in ND can identify signs that suggest alteration of the nervous 
system and can indicate the most appropriate complementary examinations to 
stablish an accurate diagnosis. Among the complementary exams there are: i) imag-
ing studies [10–13] (such as Magnetic Resonance Imaging, Computed Tomography, 
positron emission tomography, Ultrasonography and Doppler); ii) physiological 
studies (such as neurophysiological examinations [14]: electroencephalogram, 
electroneuromyography, evoked potentials); iii) neuropsychological tests (tests 
that involve interviews, questionnaire applications and specific tests, with the aim 
of testing areas such as attention, memory, language, reasoning, and learning); iv) 
analysis of cerebrospinal fluid; v) blood tests (including genetic tests, research of 
therapeutic levels of drugs in the body, tests for specific antibodies, and general 
tests for numerous other diseases that can cause neurological symptoms); and vi) 
biopsies (of nervous tissue, skin, or muscles). The rapid and accurate diagnosis of 
ND allows for early treatment, improving the quality of life and the prognosis of the 
disease, often being the difference between life and death [15].

ND are multifactorial and can affect several areas of functionality and if left 
untreated, they can result in serious consequences. The evolution and the results are 
depending on the severity of the disease, the type of the disease, the time between 
onset of symptoms and treatment, among other factors. Thus, the treatment of ND 
can involve medication, surgeries, multidisciplinary interventions, and other types 

Figure 1. 
APPROACHES and relationships about the neurological disorders.
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appears that matrix metalloproteinases have a crucial role in the progression of ND 
related to neurodegeneration, although the etiology and potential causes remain 
widely indefinable [7].

According to the type of ND and the specific affected area, the symptoms are 
presented. The symptoms can be: i) complete or partial paralysis, ii) muscle weak-
ness, iii) partial or complete loss of sensitivity, iv) convulsions, v) headache, vi) 
pain without apparent causes, vii) poor coordination and viii) reduced state of 
consciousness [8]. They can be individually observed or together. As the nervous 
system is strongly related of the behavior, some neurological diseases also manifest 
themselves with emotional or behavioral changes. In this context, the symptoms 
can be sudden changes in mood, or sudden outbursts of anger, depression, altered 
memory, hallucinations, sleep disorders, mental confusion, among others [9].

The evaluation in ND can identify signs that suggest alteration of the nervous 
system and can indicate the most appropriate complementary examinations to 
stablish an accurate diagnosis. Among the complementary exams there are: i) imag-
ing studies [10–13] (such as Magnetic Resonance Imaging, Computed Tomography, 
positron emission tomography, Ultrasonography and Doppler); ii) physiological 
studies (such as neurophysiological examinations [14]: electroencephalogram, 
electroneuromyography, evoked potentials); iii) neuropsychological tests (tests 
that involve interviews, questionnaire applications and specific tests, with the aim 
of testing areas such as attention, memory, language, reasoning, and learning); iv) 
analysis of cerebrospinal fluid; v) blood tests (including genetic tests, research of 
therapeutic levels of drugs in the body, tests for specific antibodies, and general 
tests for numerous other diseases that can cause neurological symptoms); and vi) 
biopsies (of nervous tissue, skin, or muscles). The rapid and accurate diagnosis of 
ND allows for early treatment, improving the quality of life and the prognosis of the 
disease, often being the difference between life and death [15].

ND are multifactorial and can affect several areas of functionality and if left 
untreated, they can result in serious consequences. The evolution and the results are 
depending on the severity of the disease, the type of the disease, the time between 
onset of symptoms and treatment, among other factors. Thus, the treatment of ND 
can involve medication, surgeries, multidisciplinary interventions, and other types 

Figure 1. 
APPROACHES and relationships about the neurological disorders.
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na
pp

ro
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em

en
ts

, r
ep
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f m
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 re
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r p
er

sis
te

nt
 re

pe
tit

io
n 

of
 

w
or

ds
 o

r a
ct

io
ns

; r
el

at
ed

 to
 th

e d
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m
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h 
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t c
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r o
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ca
l 

sy
m
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t d
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 p
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 o
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ra
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ro
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te
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re
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iv
e n
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e d
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l c
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g 
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e 
m
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t c

om
pr
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s 
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is 
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s p
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om
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r t
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 p
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at
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 5 
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St
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; b
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ou
t 3

0,
00

0 
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vi

du
al

s 
pr
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s c
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e c

om
m

on
 sy

m
pt

om
s a

re
 fa

sc
ic

ul
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, l
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cl
e c
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m
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d 
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ic
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 m
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cl
e 

w
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s a
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ec
tin
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m
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 le
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r d
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ed

 an
d 
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ff
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w
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ra
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e d
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m
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m
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ar
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n 
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e t
ra
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m
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n 
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m
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t p
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 d
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s p
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, c
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e a

ff
ec

te
d 

m
or

e o
ft

en
.

Th
e m

ai
nl

y 
sy

m
pt

om
 is

 m
us

cl
e w

ea
kn

es
s t

ha
t w

or
se

ns
 af

te
r p
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r p
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t c
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d 
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t c
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 d
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f m
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s m
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e r
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t o
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l d
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t c
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e c
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 d
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a c
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, f
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l i
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 d
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m
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r l
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m
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s o
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 p
re
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e b
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 m
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s. 

Th
e m

ai
nl

y 
m

ec
ha

ni
sm

 re
sp

on
sib

le
 fo

r n
eu

ro
na

l d
am

ag
e i

n 
th

is 
co

nd
iti

on
 is

 an
 in

cr
ea

se
 in

 o
xi

da
tiv

e r
ea

ct
io

ns
 in

iti
at

ed
 b
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at
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at
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 p
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d 
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s r
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 m
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: p
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r d
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w
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m
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w
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, d
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f b
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m
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m
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as

 b
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ed
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st
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n 
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r c
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ng
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l
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; c
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f c
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 m
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es

; w
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t a
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e o
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ng

 d
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d 
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ed

; m
em

or
y 

or
 

co
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en
tr

at
io

n 
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ob
le

m
s; 

m
oo

d 
ch

an
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s o
r m
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d 

sw
in
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; f
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g 
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d 

or
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s; 
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ff
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ul
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g 

m
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us

ua
l. 
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g 

m
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s c
an

 b
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m
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s; 

lo
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f 
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ns
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m
 se
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l m
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ou
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; p
er
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nt
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ea
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e o

r h
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e 
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d 
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m
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ng

 o
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se
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s; 
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tio
n 
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r b
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ls 
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s d
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e n
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e o
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s o
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n 
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; l
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r m

en
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s; 
pr
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f c
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s o
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e b
ra

in
 b

ec
om

es
 b

lo
ck

ed
, s

uc
h 

as
 b

lo
od

 cl
ot

s)
; h

em
or

rh
ag

ic
 st

ro
ke

 (w
he

n 
an

 a
rt

er
y 

in
 th

e b
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 p
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 d
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e b
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r b
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, d
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 p
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r t
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 p
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; b
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s c
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e c
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, l
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e c
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 m
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r d
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e d
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e t
ra
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t p
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 d
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r p
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of available treatments to help the improvement of these patients. Among the physi-
cal therapies and other treatments, there are: i) movement, exercise, and physical 
activity therapies to improve the individual’s motor capacity; ii) speech therapy, 
which improves the functioning of swallowing and a language; iii) occupational/
cognitive therapies to stimulate functionality, working on the affected cognitive 
areas, such as memory, verbal and written communication, language, etc.; iv) 
psychotherapy for the treatment of the emotional components of the disease. Drug 
treatments for many ND, such as selective serotonin reuptake inhibitors, antipsy-
chotics, anti-epilepsy drugs have independent and overlapping roles in mediating 
bone loss [5, 16].

In this introductory chapter, some considerations about determined ND will be 
presented and discussed, as indicated in Table 1.

2. General approaches in ND

The functional capacity and quality of life of individuals with ND can be 
affected in different ways according to the injured area, the extension of the injury, 
the time of the injury and the age of the patient. The symptoms associated differing 
to each ND and can be related to impairments in movements, cognition, behavior, 
balance, tonus, bone and spasticity among others [41, 42].

The therapeutical approaches are stablished according to the type of ND and 
evolution of them. These approaches can involve pharmacological and non-phar-
macological interventions, neurological physical therapy, biological and molecular 
approaches, among other that aim to management of the ND, improving function-
ality, daily activities, and quality of life of these individuals [43, 44].

3. Conclusion

It is known that Neurological disorders include all diseases and dysfunctions 
of the central or peripheral nervous system under the same name. It is known that 
Hundreds of millions of people worldwide suffer from neurological disorders. It 
is also known that neurological conditions pose an economic burden to society. 
The purpose of this chapter is to summarize the impact of neurological disorders 
on patients’ quality of life and to acknowledge their importance. This chapter will 
provide a better understanding of neurological disorders, assessments, preven-
tion decisions, medical consultation, and treatments. In our present chapter, it is 
concluded that ND can impact the life of the individual in all aspects and the lesions 
are related to the area, injury, time, and age of them. The therapeutical approaches 
are selected according to type and evolution of ND and involves multidisciplinary 
treatments. These approaches seek to promote a cure or the autonomy of individual 
for a long time as possible with quality of life.
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Abstract

Bipedalism in humans is associated with an upright spine, however, this  
condition is not found in other animals with that skill. This may have favored 
the ability to harness the influence of the gravitational forces on the body. 
Furthermore, it is suggested that human feet have evolved to facilitate bipedal loco-
motion, losing an opposable digit that grasped branches in favor of a longitudinal 
arch that stiffens the foot and aids bipedal gait. Gait is a repetition of sequences of 
body segments to move the body forward while maintaining balance. The bipedal 
gait favors the contact of the feet of the individual with the floor. As a result, the 
mechanical vibration (MV) generated during walking, running or other activity 
with the feet are, normally, are added to the body. In these various situations, the 
forces would induce the production of MV with consequent transmission to the 
whole body of the individual and there is the generation of whole-body vibration 
(WBV) exercise naturally. However, when a person has a disability, this normal 
addition of the MV to body does not occur. This also happens with the sedentary or 
bedridden individual due to illness. In this case, there are the MV yielded in vibrat-
ing platforms. The exposure of the individual to the WBV leads to physiological 
responses at musculoskeletal, neurological, endocrinological, and vascular levels. 
Considering the state of the art of this theme and the previously cited scientific 
information, it is plausible to assume that WBV could be a useful tool to be used on 
the management of individuals with neurological conditions, such as in Parkinson’s 
disease, stroke, cerebral palsy, multiple sclerosis, spinal cord injuries, spinocer-
ebellar ataxia and Duchenne muscular dystrophy, and neuropathy (diabetes- and 
chemotherapy-related), among others. Indeed, improvements due to the WBV have 
been described regarding motor, and other impairments, in patients with neuro-
logical conditions, and these approaches will be presented in this chapter.

Keywords: neurological diseases, whole-body vibration, clinical intervention, 
bipedalism, gait

1. Introduction

Bipedalism in humans is associated with an upright spine, however, this 
condition is not found in other animals with that skill. This may have favored 
the ability to harness the influence of the gravitational forces on the body [1]. 
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Moreover, Bernardo-Filho et al. [2] have suggested that the increase of the load 
transmitted to the body due to the bipedal movement could be associated with 
the evolution of human beings on our planet. Furthermore, it is suggested that 
human feet have evolved to facilitate bipedal locomotion, losing an opposable 
digit that grasped branches in favor of a longitudinal arch that stiffens the foot 
and aids bipedal gait [3].

The Biomechanical bipedal gait involves several steps, as it is shown in 
Figures 1 and 2. Gait action can be defined as a displacement consisting on the 
translation of the whole body, following rotational movements. Gait is a repeti-
tion of sequences of body segments to move the body forward while maintaining 
balance. Walking is a complex locomotor task that depends on the satisfactory 
functioning of the locomotor system at all levels. It also depends on other factors 
such as age, size, morphology, speed. Gait is a cyclic motor activity that alternates 
a supporting phase (foot in contact with the ground) and an oscillating phase 
(no foot contact with the ground). The locomotor cycle (stride) represents all the 
articular and muscular events that occur between two successive strides on the 
ground [4].

Biomechanically, this cycle can be divided in two phases, the support or stance 
phase (the limb is in contact with the ground) and the transfer phase (swing phase) 
called oscillation or rocking phase (the limb moves above the ground). The support 
phase represents 60% of the gait cycle and the swing phase 40% of the gait cycle. 
Whether it is for the support phase or the swing phase, several sub-phases can be 
described [5].

The loading phase (0 to 10% of the running cycle). This phase begins with 
the initial contact of the foot with the ground (0 to 2%) and is determined by the 
lifting of the opposite foot (first bipodal support). The role is to transfer weight to 
the leg during the support phase, absorb shocks and maintain walking speed while 
maintaining balance. The middle support phase (10 to 30% of the gait cycle). This 
is the first half of the unipodal support. It allows the body to move forward over the 
supported foot and ends when the body’s center of gravity is aligned with the fore-
foot. The end phase (30 to 50% of the gait cycle) is the second half of the unipodal 
support. This phase allows the body to move forward until the opposite foot touches 
the ground. The pre-oscillating phase (50 to 60% of the gait cycle). This phase 
corresponds to the second bipodal support. The role is to propel the body forward 
with the transfer of weight to the leg during the support phase. The oscillation start 
phase (60 to 73% of the gait cycle). It corresponds to the first third of the oscillation 
phase and ends when the foot passes by the contralateral foot. The role of this phase 
and the two following phases is to allow the oscillating limb to advance without 
contact with the ground. The middle phase of oscillation (73 to 86% of the gait 
cycle) and corresponds to the second third of the oscillating phase. It ends when 
the tibialis is vertical. Follow, the oscillation end phase (86 to 100% of the walking 
cycle). This phase corresponds to the third of the oscillating phase. According to 

Figure 1. 
Musculoskeletal complex system represented by the association of segmental movement and the complicated 
contact with the ground during the gait cycle. The pressure zones indicate the solicited zones during gait.
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the above description, gait movement, must have integrated and complex actions of 
the neuro-musculoskeletal system, and when there are dysfunctions or disabilities 
related to this system, the gait movement is impaired [6].

The bipedal gait favors the contact of the feet of the individual with the floor 
[7]. As a result, the mechanical vibration (MV) generated during walking, running 
or other activity with the feet are, normally, are added to the body. Cardinale and 
Wakeling [8], have pointed out that in the sporting activities the body interact with 
the external environmental and experience the action of external forces. In these 
various situations, the forces would induce the production of MV with consequent 
transmission to the whole body of the individual and there is the generation of 
whole-body vibration (WBV) exercise naturally. In consequence, as it would be 
expected, this addition of mechanical vibration has been important to the life and 
desirable physiological responses occur. However, when a person has a disability, this 
normal addition of the MV to body does not occur. This also happens with the seden-
tary or bedridden individual due to illness. In this case, there are the MV yielded in 
vibrating platforms, which types can be side alternating or vertical [9–15].

MV is a physical agent and, as a vibratory stimulus, has oscillatory and sinu-
soidal displacement in relation to an equilibrium position. Furthermore, the MV 
produced in the vibrating platform has also deterministic displacement. In conse-
quence, it is possible to establish the biomechanical parameters, such as frequency, 
peak-to-peak displacement and peak acceleration to define personalized and 
controlled protocols that will be used in WBV exercise interventions, as it pointed 
out in Table 1 [16, 17]. In a MV, the displacement between two successive points is 
named the cycle, without a dimension. The number of the cycles in a considered 

Figure 2. 
Kinematics and kinetics of the normal gait.

Biomechanical Temporal

Frequency Work time

Peak-to-peak displacement Rest time

Peak acceleration Number of sessions and time of each session

Number of bouts in a session and the time of each bout

Total time of the intervention

Week periodicity

Table 1. 
Biomechanical and temporal parameters to be considered in the protocols of whole-body vibration exercises.
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time is the frequency, that might express in cycle per second (s−1), that is the Hertz 
(Hz). The displacement of the mechanical vibration has two peaks, a higher and a 
lower, and the vertical distance between these peaks is the peak-to-peak displace-
ment, measured, for example, in mm. In the highest peak, it is found the maximal 
rate of change in velocity during a cycle, the highest acceleration, that can used 
to characterize the intensity of the exposition, that is the magnitude effect. As an 
acceleration, it is measured directly in m/s2, or in number of times of the Earth 
acceleration (×g).

In the protocols involving WBV exercises, temporal parameters would be also 
considered, as it is also indicated in Table 1.

The exposure of the individual to the whole-body vibration leads to physiologi-
cal responses at musculoskeletal, neurological, endocrinological, and vascular 
levels, as is shown in Figure 3.

The comprehension of these responses is important to clarify about the rel-
evance of the whole-body vibration also to the management of individuals with 
several clinical conditions, such as, chronic obstructive pulmonary disease and pel-
vic floor, metabolic (metabolic syndrome, obesity, diabetes) and musculoskeletal 
disorders [2, 15, 18]. Furthermore, the individuals with neurological commitments 
have been also treated with interventions with whole-body vibration [11, 15, 19].

In general, related to the musculoskeletal level, whole-body vibration increases 
the muscle strength and the bone mineral density, endurance, and power; 
improves the balance and decreases the risk of falls and fractures. Furthermore, 
whole-body vibration also improves functionality, with an increase of the range of 
motion of the joints, flexibility, and improvement in gait parameters, such as gait 
speed [13, 15, 20–22].

Whole-body vibration induced through mechanical stimulus also induces 
endocrinological responses, increasing the concentration of various plasma 
biomarkers [23]. Furthermore, the improvement of the peripheral circulation 
with increase of the blood cells velocity [24–26] and peripheral microcirculation 
[27, 28] is relevant to facilitate the recovery of undesirable conditions related to 
the vascular system.

Figure 3. 
Possible physiological responses to the exposure to whole-body vibration.
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The purpose of this chapter was to show, considering the state of art of the 
theme and the scientific information, it is plausible to assume that whole-body 
vibration could be a useful tool to be used on the management of individuals with 
neurological conditions, such as in Parkinson’s disease, stroke, cerebral palsy, mul-
tiple sclerosis, spinal cord injuries, spinocerebellar ataxia and Duchenne muscular 
dystrophy, and neuropathy (diabetes- and chemotherapy-related), among others. 
Indeed, improvements due to the whole-body vibration have been described regard-
ing motor, and other impairments, in patients with neurological conditions [11, 29].

Considering the scientific information, accessed in relevant databases (PubMed, 
EMBASE, and SCOPUS), about the use of whole-body vibration on the manage-
ment of individuals with neurological diseases, some publications were selected and 
used in this chapter.

2. Whole-body vibration exercise in stroke individuals

Stroke is defined as an event that blood supply to part of your brain is reduced 
or interrupted, leading to brain tissue from getting oxygen and nutrients. In this 
situation the brain cells can die in minutes. This condition needs an early action to 
reduce brain damage and other complications [30].

There are three types of strokes: i) ischemic stroke, referring to a block of 
blood flow through the artery to the brain, such as blood clots; ii) hemorrhagic 
stroke, characterizing a damage of the artery in the brain and pressure on brain 
cells, favoring the intracerebral hemorrhage or the subarachnoid hemorrhage; and 
iii) transient ischemic attack, that occurs when blood flow to the brain is blocked 
for only a short time (usually no more than 5 minutes) [31].

The ischemic stroke corresponds to 87% of strokes. More than 795,000 indi-
viduals in the United States have a stroke, annually. The general symptoms related 
to stroke are: sudden numbness or weakness in the face, arm, or leg, especially on 
one side of the body; sudden confusion, trouble speaking, or difficulty understand-
ing speech; sudden trouble seeing in one or both eyes; sudden trouble walking, 
dizziness, loss of balance, or lack of coordination, and sudden severe headache with 
no known cause [32].

The WBV has been used in the management of stroke individuals and studies 
have reported improvement in functional mobility, muscle strength, spasticity. The 
vibration type used was vertical and side-alternating, the vibration amplitude from 
1 to 4 mm, the mechanical vibration frequency from 5 to 40 Hz, the duration of 
each bout from 30 seconds to 2.5 minutes, and the duration of WBV protocol from 4 
to 12 weeks [33–36].

3. Whole-body vibration exercise in cerebral palsy individuals

Cerebral palsy is a motor disorder at the level of the central nervous system 
caused by irreversible brain lesions that occur before, during or shortly after 
birth. Cerebral palsy has a prevalence of 1 in 700 live births, affecting about 
18 million people worldwidev [37]. The individuals can present compromising 
of body movement, muscle control, muscle coordination, muscle tone, reflex, 
posture, balance, cognitive impairment, or seizures. Some symptoms of cerebral 
palsy are permanent life-long, but some of them can improve or worsen over time. 
It is common the presence of reduction in the motor repertoire of gestures and a 
loss in the quality of movement with reduction of normal motor patterns, altera-
tions in posture and in stability. More alterations promote greater disability. Motor 



Therapy Approaches in Neurological Disorders

18

time is the frequency, that might express in cycle per second (s−1), that is the Hertz 
(Hz). The displacement of the mechanical vibration has two peaks, a higher and a 
lower, and the vertical distance between these peaks is the peak-to-peak displace-
ment, measured, for example, in mm. In the highest peak, it is found the maximal 
rate of change in velocity during a cycle, the highest acceleration, that can used 
to characterize the intensity of the exposition, that is the magnitude effect. As an 
acceleration, it is measured directly in m/s2, or in number of times of the Earth 
acceleration (×g).

In the protocols involving WBV exercises, temporal parameters would be also 
considered, as it is also indicated in Table 1.

The exposure of the individual to the whole-body vibration leads to physiologi-
cal responses at musculoskeletal, neurological, endocrinological, and vascular 
levels, as is shown in Figure 3.

The comprehension of these responses is important to clarify about the rel-
evance of the whole-body vibration also to the management of individuals with 
several clinical conditions, such as, chronic obstructive pulmonary disease and pel-
vic floor, metabolic (metabolic syndrome, obesity, diabetes) and musculoskeletal 
disorders [2, 15, 18]. Furthermore, the individuals with neurological commitments 
have been also treated with interventions with whole-body vibration [11, 15, 19].

In general, related to the musculoskeletal level, whole-body vibration increases 
the muscle strength and the bone mineral density, endurance, and power; 
improves the balance and decreases the risk of falls and fractures. Furthermore, 
whole-body vibration also improves functionality, with an increase of the range of 
motion of the joints, flexibility, and improvement in gait parameters, such as gait 
speed [13, 15, 20–22].

Whole-body vibration induced through mechanical stimulus also induces 
endocrinological responses, increasing the concentration of various plasma 
biomarkers [23]. Furthermore, the improvement of the peripheral circulation 
with increase of the blood cells velocity [24–26] and peripheral microcirculation 
[27, 28] is relevant to facilitate the recovery of undesirable conditions related to 
the vascular system.

Figure 3. 
Possible physiological responses to the exposure to whole-body vibration.

19

Whole-Body Vibration Approaches in Neurological Disorders
DOI: http://dx.doi.org/10.5772/intechopen.97534

The purpose of this chapter was to show, considering the state of art of the 
theme and the scientific information, it is plausible to assume that whole-body 
vibration could be a useful tool to be used on the management of individuals with 
neurological conditions, such as in Parkinson’s disease, stroke, cerebral palsy, mul-
tiple sclerosis, spinal cord injuries, spinocerebellar ataxia and Duchenne muscular 
dystrophy, and neuropathy (diabetes- and chemotherapy-related), among others. 
Indeed, improvements due to the whole-body vibration have been described regard-
ing motor, and other impairments, in patients with neurological conditions [11, 29].

Considering the scientific information, accessed in relevant databases (PubMed, 
EMBASE, and SCOPUS), about the use of whole-body vibration on the manage-
ment of individuals with neurological diseases, some publications were selected and 
used in this chapter.

2. Whole-body vibration exercise in stroke individuals

Stroke is defined as an event that blood supply to part of your brain is reduced 
or interrupted, leading to brain tissue from getting oxygen and nutrients. In this 
situation the brain cells can die in minutes. This condition needs an early action to 
reduce brain damage and other complications [30].

There are three types of strokes: i) ischemic stroke, referring to a block of 
blood flow through the artery to the brain, such as blood clots; ii) hemorrhagic 
stroke, characterizing a damage of the artery in the brain and pressure on brain 
cells, favoring the intracerebral hemorrhage or the subarachnoid hemorrhage; and 
iii) transient ischemic attack, that occurs when blood flow to the brain is blocked 
for only a short time (usually no more than 5 minutes) [31].

The ischemic stroke corresponds to 87% of strokes. More than 795,000 indi-
viduals in the United States have a stroke, annually. The general symptoms related 
to stroke are: sudden numbness or weakness in the face, arm, or leg, especially on 
one side of the body; sudden confusion, trouble speaking, or difficulty understand-
ing speech; sudden trouble seeing in one or both eyes; sudden trouble walking, 
dizziness, loss of balance, or lack of coordination, and sudden severe headache with 
no known cause [32].

The WBV has been used in the management of stroke individuals and studies 
have reported improvement in functional mobility, muscle strength, spasticity. The 
vibration type used was vertical and side-alternating, the vibration amplitude from 
1 to 4 mm, the mechanical vibration frequency from 5 to 40 Hz, the duration of 
each bout from 30 seconds to 2.5 minutes, and the duration of WBV protocol from 4 
to 12 weeks [33–36].

3. Whole-body vibration exercise in cerebral palsy individuals

Cerebral palsy is a motor disorder at the level of the central nervous system 
caused by irreversible brain lesions that occur before, during or shortly after 
birth. Cerebral palsy has a prevalence of 1 in 700 live births, affecting about 
18 million people worldwidev [37]. The individuals can present compromising 
of body movement, muscle control, muscle coordination, muscle tone, reflex, 
posture, balance, cognitive impairment, or seizures. Some symptoms of cerebral 
palsy are permanent life-long, but some of them can improve or worsen over time. 
It is common the presence of reduction in the motor repertoire of gestures and a 
loss in the quality of movement with reduction of normal motor patterns, altera-
tions in posture and in stability. More alterations promote greater disability. Motor 



Therapy Approaches in Neurological Disorders

20

effects of cerebral palsy varied by the individual and can be pyramidal/spastic or 
extrapyramidal/non-spastic [38–40].

These children present difficulty to achieve and maintain an upright position 
in a severe cerebral palsy. As the dynamic weight bearing is unavailable, there are a 
predisposition of them to reduce bone mineral density and development of osteo-
porosis. In consequence, they can present more prone to muscle weakness, which 
contributes to pain, deformity and functional loss [41, 42].

Studies have reported that whole body vibration can improve spasticity, muscle 
strength and coordination in cerebral palsy individuals. Considering the biome-
chanical parameters, the WBV exercise was performed using a side-alternating 
or vertical platform, frequency from 5 to 35 Hz, working time from 45 seconds to 
3 minutes, from 8 weeks to 6 months [19, 43–45].

4. Whole-body vibration exercise in spinal cord injury individuals

Spinal cord injury can be present because of an unpredictable accident or 
violent event and it is estimated that 327 million people are affected with this 
condition annually [46, 47]. Frequently is related to clinical-neurological deficits 
leading to persisting physical and psychological sequela. Spinal cordy injury can be 
present due: i) a violent attack, as a stabbing or a gunshot; ii) diving into water that 
is too, shallow and hitting the bottom; iii) trauma during a car accident, as a trauma 
to the face, head, and neck region, back, or chest area; iv) falling from a significant 
height, head or spinal injuries, as during sporting events; and v) electrical  
accidents [46, 47].

The symptoms can be i) difficult to walking; ii) loss of control of the bladder 
or bowels; iii) inability to move the arms or legs; iv) feelings of spreading numb-
ness or tingling in the extremities; v) headache; vi) pain, pressure, and stiffness 
in the back or neck area; vii) signs of shock; and viii) unnatural positioning of the 
head [46, 47].

WBV have been used to improve spasticity, balance and walking ability in 
individuals [48], peripheral arterial properties [49] and walking function [50]. The 
protocol used in these studies involved a side-alternating platform, working time 
from 30 seconds to 1 minute, frequency from 8 Hz to 50 Hz, amplitude from 2 to 
5 mm. The postures varied from squat position to seated in a chair with foot on the 
base of the platform.

5. Whole-body vibration exercise in patients with diabetic neuropathy

Nearly 15–20 million people in the United States have some type of neuropathy 
[51], a nerve injury affecting mostly the nerves that innervate the body extremities, 
in a “glove and stocking” distribution.

Hyperglycaemia, or raised blood sugar, in uncontrolled diabetes leads to serious 
damage to multiple body’s systems over time, especially the nerves and blood ves-
sels. Therefore, neuropathy is a common complication of diabetes, affecting up to 
50% of patients with type 1 and type 2 diabetes [52, 53]. In many cases, the involve-
ment is especially in small nerve fibers of the lower and upper limbs, with symp-
toms such as numbness, tingling, burning, and pain occurring first, but medium 
and large nerve fibers may also be affected. As disease progresses, motor symptoms 
such as muscle weakness in distal and then in more proximal areas, and autonomic 
symptoms, later on the disease course, appear (e.g. dry eyes, dry mouth, orthostatic 
dizziness, constipation, bladder incontinence, sexual dysfunction) [54, 55].
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Results from high level of evidence primary studies position WBV as an effective 
intervention for people with diabetic neuropathy. Studies have reported posi-
tive effects of WBV on balance and postural control [56–58], pain [58, 59], other 
neuropathy signs and symptoms [58] and quality of life [58]. The characteristics of 
the WBV interventions are summarized in Table 2.

6.  Whole-body vibration exercise in patients with chemotherapy-induced 
neuropathy

Cancer represents one of the main causes of morbidity and mortality worldwide 
[60]. Hopefully, the number of cancer survivors is increasing progressively due to 
the increasing ability to early detect and treat the conditions.

Chemotherapy-induced neuropathy (CIN) is a common side effect of cancer 
treatment with chemotherapy, with 68.1% of patients suffering from CIN in the 
first month after chemotherapy [61], 60% after 3 months and 30% after 6 months. 
The condition may express as sensoric and/or motor, and sometimes also autonomic 
dysfunction, leading to important limitations in activities of daily life [62, 63]. As 
other types of neuropathy CIN heavily impairs physical fitness due to the severe 
consequences of loss of peripheral somatosensory information on balance and 
locomotion [64, 65].

The relevance of WBV exercise in the management of cancer therapy-related 
morbidities has been addressed before [66], specifically its implications for cancer 
survivors suffering from CIN [67]. Evidence from high level of evidence primary 
studies suggest WBV to be a potentially effective intervention for cancer survivors 
with CIN. However, only two high level of evidence primary studies have analyzed 

Study WBV type WBV frequency and peak-
to-peak displacement, or 

magnitude

Other aspects

Lee et al. [56] Side 
alternating

15–30 Hz, 1–3 mm 3×3-min bouts,  
3 times/week for 6 weeks

Yoosefinejad  
et al. [57]

Vertical 30 Hz, 2 mm 30s-1 min bouts,  
twice/week for 6 weeks

Jamal et al. [58] Unknown 12 Hz, 5 mm 4×3 min bouts,  
3 times/week for 6 weeks

Kessler et al. [59] Unknown 25 Hz, 0.5–1.0 g 4×3 min bouts,  
3 times/week for 6 weeks

Table 2. 
WBV intervention characteristics of the studies including people with diabetic neuropathy.

Study WBV type WBV frequency and peak-
to-peak displacement, or 
magnitude

Other aspects

Schönsteiner  
et al. [62]

Side 
alternating

9–23 Hz, peak-to-peak 
displacement or magnitude 
not reported

18 minutes/session, 15 training 
sessions within 15 weeks

Streckmann  
et al. [68]

Side 
alternating

18–35 Hz, 2–4 mm 4×30s-1 min bouts, twice/week 
for 6 weeks

Table 3. 
WBV intervention characteristics of the studies including people with CIN.
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to the face, head, and neck region, back, or chest area; iv) falling from a significant 
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accidents [46, 47].
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or bowels; iii) inability to move the arms or legs; iv) feelings of spreading numb-
ness or tingling in the extremities; v) headache; vi) pain, pressure, and stiffness 
in the back or neck area; vii) signs of shock; and viii) unnatural positioning of the 
head [46, 47].

WBV have been used to improve spasticity, balance and walking ability in 
individuals [48], peripheral arterial properties [49] and walking function [50]. The 
protocol used in these studies involved a side-alternating platform, working time 
from 30 seconds to 1 minute, frequency from 8 Hz to 50 Hz, amplitude from 2 to 
5 mm. The postures varied from squat position to seated in a chair with foot on the 
base of the platform.

5. Whole-body vibration exercise in patients with diabetic neuropathy

Nearly 15–20 million people in the United States have some type of neuropathy 
[51], a nerve injury affecting mostly the nerves that innervate the body extremities, 
in a “glove and stocking” distribution.

Hyperglycaemia, or raised blood sugar, in uncontrolled diabetes leads to serious 
damage to multiple body’s systems over time, especially the nerves and blood ves-
sels. Therefore, neuropathy is a common complication of diabetes, affecting up to 
50% of patients with type 1 and type 2 diabetes [52, 53]. In many cases, the involve-
ment is especially in small nerve fibers of the lower and upper limbs, with symp-
toms such as numbness, tingling, burning, and pain occurring first, but medium 
and large nerve fibers may also be affected. As disease progresses, motor symptoms 
such as muscle weakness in distal and then in more proximal areas, and autonomic 
symptoms, later on the disease course, appear (e.g. dry eyes, dry mouth, orthostatic 
dizziness, constipation, bladder incontinence, sexual dysfunction) [54, 55].
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other types of neuropathy CIN heavily impairs physical fitness due to the severe 
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morbidities has been addressed before [66], specifically its implications for cancer 
survivors suffering from CIN [67]. Evidence from high level of evidence primary 
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with CIN. However, only two high level of evidence primary studies have analyzed 
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the effectiveness of WBV in this population, suggesting that WBV could prove 
useful to reduce pain [68], sensory ability and strength and function [62]. These 
information are pointed out in Table 3.

Although evidence of the relevance of WBV in people with neuropathy (dia-
betes- and chemotherapy-related) arises from high level of evidence studies, 
evidence from high methodological quality studies is on demand, considering some 
methodological issues in the studies. Therefore, high quality studies are needed to 
strengthen the existing body of knowledge regarding the effectiveness of WBV in 
people with neuropathy.

7. Whole-body vibration exercise in patients with Parkinson’s disease

Neurodegenerative disorders have an high impact for both individuals and 
society [69] and Parkinson’s disease (PD) is among this type of conditions.

PD is a slowly progressive neurodegenerative disorder, which affects nearly 1 
million north Americans [70, 71]. Apart from the classic motor symptoms, such 
as rigidity, bradykinesia, resting tremor and postural instability, usually associ-
ated with nigrostriatal system degeneration, other non-motor symptoms, with 
more complex etiology, including neuroendocrine and metabolic disturbances are 
present [72, 73].

The burden of PD to society, payers, patients, and health professionals is high 
and interventions to reduce PD incidence, delay disease progression, and alleviate 
the disease impact, may reduce the burden of the condition [71].

The benefits of WBV in this population has proven conflicting, with studies 
reporting greater effects in the WBV group and studies reporting a lack of real 
benefit when comparing with control groups.

Two studies [74, 75] compared the acute effects of a 1-session WBV program at 
different vibration frequencies on balance, gait or flexibility parameters in patients 
with PD. One of the studies [75] suggested that higher frequencies seem to produce 
more effective results but only reported significant effects in flexibility after a WBV 
session, when compared with the control group, and the other [74] showed that 
none of the vibration frequencies had better results than the placebo group.

Other studies have compared the benefits of a WBV program, over several 
weeks, with placebo [76, 77], with an aerobic exercise program [78], conventional 
balance training [79] and conventional therapy and combined (conventional 
+ WBV) therapy [80]. When compared to placebo, one study [76] reported no 
advantage of WBV but the other study [77] reported significantly better results 
in the WBV group regarding balance and gait parameters. When compared to an 
aerobic exercise program, the oxygen consumption during exercise was similar and 
the WBV group did not required a long time of recovery and led to less feeling of 
fatigue. When compared to conventional balance training the results were positive 
in both groups, however, posturography parameters only improved in the WBV 
group. Similarly, when compared to conventional therapy, both groups evidenced 
an improvement in balance. The combined therapy group (conventional + WBV) 
achieved significantly better results than the conventional therapy group, but not 
the WBV group, suggesting that WBV could be a useful co-adjuvant intervention to 
increase balance in PD patients. These information are indicated in Table 4.

WBV seems to be a promising intervention in PD, as an independent or co-
adjuvant modality, but the existing result heterogeneity does not allow a confident 
recommendation. More good quality, placebo controlled, studies are needed to 
establish the clinical effectiveness of WBV in improving functional parameters in 
people with PD.
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8. Summary

Whole-body vibration exercise is an exercise modality that induces musculo-
skeletal, endocrinological, vascular and neurologic responses, which are relevant 
in the context of neurological conditions. This intervention proved to be promising 
for people with multiple neurological conditions and its results have been discussed 
for people with stroke, cerebral palsy, spinal cord injury, neuropathy (diabetes- and 
chemotherapy-related) and Parkinson’s disease.

Study WBV type WBV frequency and peak-
to-peak displacement, or 

magnitude

Other aspects

Chouza et al. [74] Side 
alternating

3, 6 or 9 Hz, 13 mm 5× 1 min bouts, 1 session

Dincher et al. [75] Side 
alternating

6, 12 or 18 Hz, 4 mm 5× 1 min bouts, 1 session

Arias et al. [76] Side 
alternating

6 Hz, 13 mm 5× 1 min bouts, 12 
sessions/5 weeks

Gaßner et al. [77] Unknown 6 Hz, 3 mm 5× 1 min bouts, 12 
sessions/5 weeks

Corbianco  
et al. [78]

Side 
alternating

26 Hz, 4 mm 20× 1 min bouts,  
4 sessions/weeks for 4 weeks

Ebersbach  
et al. [79]

Side 
alternating

25 Hz, peak-to-peak 
displacement or magnitude 

not reported

15 min/session, 2 sessions/day, 
5 days/week for 3 weeks

Guadarrama-
Molina et al. [80]

Vertical 20 Hz, 2 mm 8× 20 sec bouts, 20 sessions,  
3 sessions/week

Table 4. 
WBV intervention characteristics of the studies including people with PD.
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benefit when comparing with control groups.
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session, when compared with the control group, and the other [74] showed that 
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+ WBV) therapy [80]. When compared to placebo, one study [76] reported no 
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in the WBV group regarding balance and gait parameters. When compared to an 
aerobic exercise program, the oxygen consumption during exercise was similar and 
the WBV group did not required a long time of recovery and led to less feeling of 
fatigue. When compared to conventional balance training the results were positive 
in both groups, however, posturography parameters only improved in the WBV 
group. Similarly, when compared to conventional therapy, both groups evidenced 
an improvement in balance. The combined therapy group (conventional + WBV) 
achieved significantly better results than the conventional therapy group, but not 
the WBV group, suggesting that WBV could be a useful co-adjuvant intervention to 
increase balance in PD patients. These information are indicated in Table 4.
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for people with multiple neurological conditions and its results have been discussed 
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Abstract

Low resolution electromagnetic tomography (LoRETA) neurofeedback and 
heart rate variability (HRV) biofeedback may improve driving ability by enhancing 
attention, impulse control, and peripheral vision, and reducing stress. However, it 
is unclear whether combined LoRETA neurofeedback and HRV biofeedback can 
improve driving performance for individuals experiencing persistent post-concus-
sive symptoms (PPCS). In this study, seven individuals with PPCS completed an 
eight-week LoRETA neurofeedback and HRV biofeedback intervention. Changes 
in participants’ simulated driving performance and self-reported symptoms were 
measured and compared to two control groups: individuals with PPCS (n = 9), and 
healthy control participants (n = 8). Individuals in the intervention and PPCS con-
trol groups reported reduced PPCS severity (p < .05) compared to healthy control 
participants. Interestingly, individuals in the intervention group responded vari-
ably. These results indicate that more research is necessary to identify the subgroup 
of individuals that respond to LoRETA neurofeedback and HRV biofeedback and 
confirm these preliminary results.

Keywords: concussion, persistent post-concussion symptoms, neurofeedback, 
biofeedback, driving

1. Introduction

A concussion is defined as a mild traumatic brain injury induced by biomechani-
cal forces, which results in an array of signs and symptoms that can include somatic, 
cognitive, behavioral or emotional changes, sleep disturbances and/or balance 
problems [1]. Most concussions resolve spontaneously, but some studies indicate 
that as many as 43% of individuals continue to experience persistent and disabling 
impairments months after their injury [2]. Persistent post-concussive symptoms 
(PPCS) refer to the lack of clinical recovery within 10–14 days for adults, and within 
four weeks for children [1]. As described in a recent review article [3], there is a lack 
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A concussion is defined as a mild traumatic brain injury induced by biomechani-
cal forces, which results in an array of signs and symptoms that can include somatic, 
cognitive, behavioral or emotional changes, sleep disturbances and/or balance 
problems [1]. Most concussions resolve spontaneously, but some studies indicate 
that as many as 43% of individuals continue to experience persistent and disabling 
impairments months after their injury [2]. Persistent post-concussive symptoms 
(PPCS) refer to the lack of clinical recovery within 10–14 days for adults, and within 
four weeks for children [1]. As described in a recent review article [3], there is a lack 
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of consensus about numerous issues related to PPCS including causation. However, 
considering predisposing, precipitating, and perpetuating factors appears to be a 
fruitful approach [4]. Nevertheless, PPCS are problematic because they decrease 
quality of life. For example, individuals with PPCS have reduced social interactions, 
difficulty continuing previously enjoyed past-times, and struggle resuming pre-
injury physical capabilities, employment, and daily tasks [5]. Driving can also be 
impacted, with one study reporting that 93% of individuals with PPCS experience 
at least one difficulty that negatively impacted their driving [6].

Driving requires the integration of motor, cognitive, perceptual, and sensory 
skills in response to environmental information [7]. Sustaining a concussion may 
impact these driving abilities and result in impaired driving performance [6, 8, 9]. 
Furthermore, individuals who experienced a concussion but are no longer symp-
tomatic exhibit impaired driving performance when assessed in a driving simulator 
[10]. Such impairments are also evident in on-road driving, where the number of 
motor vehicle collisions for persons six to nine years following a traumatic brain 
injury are more than double the reported average [11]. Accordingly, treatments are 
necessary to reduce the risk while driving following a concussion.

There are several challenges to treating individuals with PPCS. Individualized 
treatment plans that target physical and psychosocial symptoms are recommended 
[1, 12]. However, treatments focused on symptoms do not necessarily address 
their root cause, which may be altered brain physiology. Biofeedback approaches 
are designed to address physiological injury and may improve functional 
 performance [13].

Heart rate variability (HRV) describes the natural beat-to-beat variability in 
heart rate. It represents autonomic function and sympathetic-parasympathetic 
balance [14]. HRV is altered in individuals suffering concussions [15] and PPCS, 
including hyperactive sympathetic activity and reduced parasympathetic activity 
[16]. HRV biofeedback is designed to repair sympathetic-parasympathetic balance, 
as well as baroreflex activity [17]. It improves cognitive functioning and emotional 
regulation in some individuals experiencing a brain injury [18]. It may also contrib-
ute to improved attention [19] and problem-solving abilities [20], and enhanced 
executive functioning [21]. HRV biofeedback may also reduce symptoms and 
improve mood in individuals with PPCS [22, 23].

HRV biofeedback is often used in conjunction with electroencephalograph 
(EEG) biofeedback (neurofeedback) since neurofeedback can also influence 
the neuroanatomical networks and structures that affect HRV [13, 24, 25]. 
Neurofeedback has evolved from measuring and training brain activity using 
surface electrodes, to more robust methods including source localization neuro-
feedback. This form of neurofeedback is known as low-resolution electromagnetic 
tomography (LoRETA) neurofeedback [26]. LoRETA neurofeedback allows the 
participant to see the amplitude of electrical activity at specific brain regions in real 
time, and they can therefore self-regulate this electrical activity [26]. It is non-
invasive and enables individualized rehabilitation. Individualization is important as 
it is one of the biggest limitations of traditional brain injury interventions [12].

LoRETA neurofeedback corrects functional deficiencies in individuals with 
major depressive disorder [27]. When combined with HRV biofeedback, the 
intervention improves both depression and anxiety symptoms [28], which may 
contribute to improved driving performance and reduced driving errors [29, 30]. 
Additionally, the combined intervention may help individuals perceive, attend, 
and interpret a stimulus [7] by improving disorders of attentional processing [31, 
32]. Following the interpretation of a stimulus, the driver must plan an action to 
react to a stimulus, and then execute the action [7]. LoRETA neurofeedback and 
HRV biofeedback may improve planning by improving executive function [32], 
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and may improve execution by increasing motor [33] and impulse control [31]. 
Planning an action can also be improved through previous experience [7], and this 
may be improved through LoRETA neurofeedback and HRV biofeedback by way of 
improving working memory [34].

Therefore, this chapter describes a research study designed to determine 
whether HRV biofeedback in combination with LoRETA neurofeedback showed 
promise as an intervention to reduce self-reported concussive symptoms and 
improve simulated driving performance in individuals experiencing PPCS.

2. Materials and methods

Thirty-one individuals were recruited to participate in this study, which was 
approved by the Western University Health Science Research Ethics Board and 
registered with ClinicalTrials.gov (NCT03338036). Participants with PPCS had 
to be 18 years of age or older, experienced a clinically diagnosed concussion and 
completed a concussion rehabilitation program, and still experiencing ongoing 
symptoms. They also had to be fluent in English, hold a valid driver’s license, and 
capable of using hand-held devices. Healthy participants had to be 18 years of age 
or older, and could not have experienced a concussion in the last two years. They 
also had to be fluent in English and hold a valid driver’s license. All participants 
provided written informed consent.

Twenty-three individuals with PPCS were randomized into the intervention 
or active control group (11 in the intervention group and 12 in the PPCS control 
group). However, seven PPCS participants experienced a worsening of symptoms 
during the baseline testing and could not complete the driving simulator task, 
excluding them from participation. This resulted in seven participants in the 
intervention group (48.6 ± 14 years old, four females). The youngest participant 
in the intervention group was 30, while the oldest was 75. The PPCS control group 
had nine participants (54.7 ± 8 years old, six females), with the youngest being 
37 and the oldest being 65. Lastly, there were eight healthy control participants 
(49.6 ± 16.5 years old, four females). The youngest healthy control participant was 
25 while the oldest was 74.

2.1 Baseline and follow-up assessment

Participants were initially contacted via email about this study; their response 
prompted an informational email. They then met with a study investigator at the 
iMobile Research Lab at Western University, London, Ontario, Canada, where 
together they reviewed the letter of information. Once all questions were answered 
and they signed the consent form, the baseline assessment began.

The participant was first measured and fitted with a 19-lead EEG cap (Electro Cap 
International, Eaton, Ohio). Each electrode placement corresponded to specific loca-
tions on the scalp according to the 10–20 International System for electrode placement 
[35]. The electrodes were then filled with a water-soluble conducting gel (Electro-Gel, 
Electro Cap International, Eaton, Ohio). An abrasive gel (NuPrep) was used as skin 
preparation prior to attaching electrodes to both earlobes using clip electrodes; these 
sites acted as a reference. All leads used AFz as ground and passed through an ampli-
fier (Evoke Neurosciences, New York, NY). Additionally, one electrode was taped to 
the participants chest, inferior to the left clavicle, to monitor their electrocardiogram.

The participant then completed a brain function assessment, including a 
three-minute resting EEG measurement with their eyes-closed. Afterwards, the 
participant completed a Rivermead Post-Concussion Symptoms Questionnaire 
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(RPQ ) [36] and Generalized Anxiety Disorder 7-Item Scale (GAD-7) [37]. Next, 
they performed the driving simulation task on a CDS-200 DriveSafety™ simula-
tor, which included a steering wheel and dash display from a Ford Focus, a gas and 
brake pedal, and three computer screens for displaying the environment around the 
vehicle. The simulator was adjusted for the participant’s comfort, ensuring that they 
were the appropriate distance from the screens, and they were comfortable with the 
height and tilt of the steering wheel and distance to the pedals.

The simulation task began with a simulator acclimation protocol including 
dimmed lights to reduce visual strain, temperature control in the simulator room 
(21° C) to ensure comfort, utilization of a fan to increase air flow around the 
participant, and three acclimation drives totaling seven minutes. These factors 
have been identified to mitigate simulator sickness [38]. The acclimation drives 
increased in complexity, starting with a straight drive while maintaining a speed of 
approximately 50 kph with no other vehicles on the road and low visual complexity 
of the scenario. The next acclimation drive required navigating a city block with 
four consecutive left-hand turns, and ended with a drive requiring four consecutive 
right-hand turns. The left-hand and right-hand turn scenarios were completed with 
few vehicles on the road, thus introducing real driving situations. For example, the 
participant had to wait for an oncoming car to drive through the intersection before 
completing a left-hand turn. Participants were offered breaks between simulator 
tasks as needed. They were also screened for symptoms of simulator sickness before 
and after each acclimation drive using the Adapted Motion Sickness Assessment 
Questionnaire [39], adapted to an 11-point scale as done in previous research [40]. 
Participants rated their feelings of sweatiness, queasiness, dizziness, and nausea on 
a scale from 0 (not at all) to 10 (severely).

Finally, participants performed one of two simulator drives. Both drives con-
tained the same scripted events representing potentially hazardous situations: an 
unexpected pedestrian crossing the street in front of the car, and a car suddenly 
pulling out of a driveway in front of the participant. The scripted events were 
pseudorandomized across the two drives to control for any potential learning effect 
of the route. The drive was approximately 10 minutes in length. These drives have 
been used in other experiments, and were specifically designed to assess the driving 
performance of young adults [40, 41].

After eight weeks, all participants returned to complete another brain func-
tion assessment, RPQ and GAD-7, and driving simulator acclimation and drive. 
The final simulator drive was the alternate drive to their baseline assessment. For 
example, if they completed Drive 1 in their baseline assessment, then they com-
pleted Drive 2 in their follow-up assessment.

2.2 Intervention

Participants in the intervention group received an Android tablet (either a Craig 
7 inch 1 GB 6.0 “Marshmallow” Tablet, New York, New York or a Samsung Galaxy 
Tab A 7 inch 8 GB Android 5.1 “Lillipop” Tablet, Seoul, South Korea) and heart rate 
variability training tool (Evoke Waveband, Evoke Neurosciences, New York, New 
York) upon completion of their initial assessment. Participants in the intervention 
group were taught how to use the equipment, and instructed to perform a HRV bio-
feedback session every morning and night for eight weeks. Each HRV biofeedback 
session involved placing the Waveband just below their elbow, opening the applica-
tion (Mindja, Evoke Neurosciences, New York, New York) on their tablet, and doing 
a 5-minute exercise in which they were cued to breathe at their resonant frequency 
[42]. Points were awarded as their HRV improved. Participants were also provided 
with a log book to record the dates and times of their completed sessions.
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LoRETA neurofeedback sessions were performed in a private room at Parkwood 
Institute in London, Ontario. Each LoRETA neurofeedback session was broken 
up into 10 exposures, each two-minutes in duration, for a total of 20 minutes of 
training. Participants were instructed to “relax, focus, and turn on the green light”, 
which would appear on a computer screen in front of them. The light turned green 
when the participants were appropriately activating the target cerebral areas at the 
appropriate amplitude, as determined from their initial assessment. Each partici-
pant in the intervention group was scheduled to participate in three sessions per 
week (usually at the same time on Mondays, Wednesdays, and Fridays), for eight 
consecutive weeks. This resulted in a potential total of 24 LoRETA neurofeedback 
sessions and 112 HRV biofeedback sessions.

2.3 Data analysis

Total scores on the GAD-7 for each participant were summed, and the change 
from baseline to follow-up was calculated. These changes were compared between 
the intervention, PPCS control, and healthy control groups using a Kruskal-Wallis 
non-parametric analysis (SPSS 25, IBM Corp., Armonk, NY). RPQ outcomes were 
tallied as two scores, similarly to previous research [43]. The headache, nausea and 
dizziness scores were tallied together (RPQ-3), and the remaining questions were 
tallied separately (RPQ-13). The differences from baseline to follow-up between the 
three participant groups in both RPQ sub scores were also assessed using a Kruskal-
Wallis analysis.

Driving simulation analysis focused on two scripted events (an unexpected 
pedestrian crossing and a car suddenly pulling out of a driveway), as these events 
challenged the participant’s reactions. Three parameters were assessed for these 
events: reaction time, maximum brake applied and the distance from the event 
when the maximum brake was applied. Reaction times were quantified as the 
time difference between the start of the hazardous event and when the partici-
pant applied pressure to the brake or suddenly changed their lane deviation (i.e. 
swerving). Maximum brake applied was indicated on a zero to one scale, with zero 
representing no braking and one representing the maximum brake application pos-
sible. Differences from baseline to follow-up between the three participant groups 
were analyzed using a non-parametric Kruskal-Wallis analysis.

3. Results

3.1 Compliance

Participants in the intervention group attended 88% of their LoRETA neuro-
feedback sessions (21 ± 2.6 of the 24 possible sessions; the 25, 50, and 75th percen-
tiles were 18.5, 22 and 23, respectively). The range extended from a low of 17 (one 
participant) to a maximum of 24 (two participants). Additionally, participants 
on average completed 86% of their HRV sessions (96.7 ± 10.1 of the 112 possible 
sessions; the 25, 50, and 75th percentiles were 86, 99, and 106, respectively). The 
range extended from a low of 83 (two participants) to a maximum of 111 (one 
participant).

3.2 GAD-7 and RPQ

There were no significant differences in GAD-7 or RPQ-13 between the 
intervention, PPCS control, and healthy control groups (Table 1). There were 
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After eight weeks, all participants returned to complete another brain func-
tion assessment, RPQ and GAD-7, and driving simulator acclimation and drive. 
The final simulator drive was the alternate drive to their baseline assessment. For 
example, if they completed Drive 1 in their baseline assessment, then they com-
pleted Drive 2 in their follow-up assessment.

2.2 Intervention

Participants in the intervention group received an Android tablet (either a Craig 
7 inch 1 GB 6.0 “Marshmallow” Tablet, New York, New York or a Samsung Galaxy 
Tab A 7 inch 8 GB Android 5.1 “Lillipop” Tablet, Seoul, South Korea) and heart rate 
variability training tool (Evoke Waveband, Evoke Neurosciences, New York, New 
York) upon completion of their initial assessment. Participants in the intervention 
group were taught how to use the equipment, and instructed to perform a HRV bio-
feedback session every morning and night for eight weeks. Each HRV biofeedback 
session involved placing the Waveband just below their elbow, opening the applica-
tion (Mindja, Evoke Neurosciences, New York, New York) on their tablet, and doing 
a 5-minute exercise in which they were cued to breathe at their resonant frequency 
[42]. Points were awarded as their HRV improved. Participants were also provided 
with a log book to record the dates and times of their completed sessions.
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significant differences in RPQ-3 outcomes. Post-hoc analysis revealed significant 
differences between the intervention group and healthy control group (p < .05) 
and the PPCS control and healthy control groups (p < .05). The difference 
between the intervention and PPCS control group was not significant (p = .83). 
Furthermore, participants demonstrated variable responses, therefore individual 
measures are presented for GAD-7 (Figure 1), RPQ-3 (Figure 2), and RPQ-13 
(Figure 3).

Outcome Intervention PPCS 
Control

Healthy 
Control

H Statistic p Value

GAD-7 (Median) −2.3 −0.6 −1.5 0.94 .62

RPQ-3 (Median) −1 −3 5.5 12.02 <.01*

RPQ-13 (Mean rank) 13.2 13.0 16.2 0.88 .65

Car pull out reaction time 
(Mean rank)

7.7 13.0 9.7 2.88 .24

Car pull out max brake  
(0–1; Median)

−.14 0.00 −.05 0.97 .62

Car pull out distance at 
brake max (m; Median)

2.47 −2.70 −0.65 3.66 .16

Pedestrian walk out reaction 
time (s; Median)

−0.48 0.53 −0.08 1.19 .55

Pedestrian walk out max 
brake (0–1; Median)

0.00 −.03 −.03 0.02 .99

Pedestrian walk out distance 
at brake max (Mean rank)

12.3 10.0 9.1 1.05 .59

Table 1. 
Statistical evaluations of the change in generalized anxiety disorder 7-item scale (GAD-7), Rivermead 
post-concussion symptoms questionnaire (RPQ ), and driving outcomes from baseline to follow-up. *indicates 
statistical significance.

Figure 1. 
GAD-7 scores for individual participants. Green indicates participants in the intervention group, gray indicates 
PPCS controls, and black indicates healthy controls.
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3.3 Driving simulation

Ten participants were involved in a collision during their driving simulator 
performances. Eight collisions occurred in the baseline assessment (two from the 
intervention group, two from the PPCS control group, and four from the healthy 
control group) and two occurred in their follow-up assessment (both from the 
PPCS control group). Collisions automatically terminated the simulation. Two col-
lisions occurred after the scripted events. Accordingly, full drive metrics were not 
available for eight participants. The analysis of changes in reaction time to the car 
suddenly pulling out of the driveway were based on seven intervention participants, 
six PPCS control participants, and six healthy controls. There were no differences 
between groups in reaction time to the car suddenly pulling out, or their maximum 
brake effort or distance (Table 1).

Collisions also effectively reduced the number of participants that were exposed 
to the unexpected pedestrian crossing. The change in reaction time in response to 

Figure 2. 
RPQ-3 scores for individual participants. Green indicates participants in the intervention group, gray indicates 
PPCS controls, and black indicates healthy controls.

Figure 3. 
RPQ-13 scores for individual participants. Green indicates participants in the intervention group, gray 
indicates PPCS controls, and black indicates healthy controls.
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and the PPCS control and healthy control groups (p < .05). The difference 
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Table 1. 
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post-concussion symptoms questionnaire (RPQ ), and driving outcomes from baseline to follow-up. *indicates 
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control group) and two occurred in their follow-up assessment (both from the 
PPCS control group). Collisions automatically terminated the simulation. Two col-
lisions occurred after the scripted events. Accordingly, full drive metrics were not 
available for eight participants. The analysis of changes in reaction time to the car 
suddenly pulling out of the driveway were based on seven intervention participants, 
six PPCS control participants, and six healthy controls. There were no differences 
between groups in reaction time to the car suddenly pulling out, or their maximum 
brake effort or distance (Table 1).

Collisions also effectively reduced the number of participants that were exposed 
to the unexpected pedestrian crossing. The change in reaction time in response to 
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the unexpected pedestrian crossing was based on six intervention participants, 
seven PPCS control participants, and eight healthy controls. There were no differ-
ences between groups in their reaction time, maximum brake effort or distance to 
an unexpected pedestrian crossing (Table 1).

4. Discussion

Our intervention evaluated a combination of LoRETA neurofeedback and HRV 
biofeedback in individuals with PPCS, and compared concussive symptoms and driv-
ing performance to participants with PPCS that did not receive the intervention, and 
a healthy control group. Individuals in the intervention group reported improvements 
in RPQ-3 outcomes compared to the healthy control group. However, the PPCS con-
trol group also had reduced RPQ-3 outcomes compared to the healthy control group, 
and the difference between the intervention and PPCS control group was not signifi-
cant. There were no statistically significant differences in GAD-7 scores or driving 
simulation outcomes (reaction time, maximum brake or distance at maximum brake) 
to the scripted events of the car suddenly pulling out of a driveway or the unexpected 
pedestrian crossing. Therefore, the results of this study indicate that LoRETA neu-
rofeedback and HRV biofeedback did not reduce symptom number or severity, nor 
did it improve simulated driving performance. However, outcomes varied between 
participants. Emerging models evaluating the predisposing, precipitating, and per-
petuating factors related to PPCS [4] may provide insights into the variable responses 
between participants, and should be considered in future investigations.

Previous research has shown that a single session of LoRETA neurofeedback 
results in acute changes in current densities in specific regions of the brain [27]. 
As well, previous intervention studies have indicated that LoRETA neurofeedback 
reduced symptoms in individuals with a brain injury [44, 45]. But, these studies 
tailored the LoRETA neurofeedback protocol for each individual. Furthermore, the 
target cerebral areas and training amplitudes also varied between studies based on 
the individual initial assessments. Despite our utilization of an initial EEG assess-
ment, other factors could have been considered to inform cerebral area and ampli-
tude selection, and further individualize our protocol.

Previous research has recommended considering initial symptom presentation 
when creating a LoRETA neurofeedback protocol to treat acute brain injuries [46]. 
Initial symptom presentation was difficult to attain in our study because partici-
pants were no longer in the acute phase of their injury. Therefore, this increased 
the risk of recall bias because of this population’s increased likelihood for impaired 
memory recall [47]. However, it is unclear whether considering initial symptom 
presentation, current symptom presentation, or a combination may be more 
appropriate when creating a LoRETA neurofeedback protocol for individuals with 
PPCS. Secondly, the number of sessions should be based on the rate of improve-
ment rather than a fixed number of sessions [46], which we chose to maintain 
for a consistent research protocol. The 24-session protocol was recommended by 
a licensed practitioner to balance intervention effects, research feasibility, and 
participant compliance. Lastly, consideration of persisting symptoms and their 
severity may further refine the intervention to increase participant’s improve-
ments. For example, there is a hyperbolic relationship between initial symptom 
presentation and number of neurofeedback sessions necessary [46], with increased 
initial symptoms requiring more neurofeedback sessions. Similarly, an increase in 
symptom persistence could increase the number of neurofeedback sessions required 
for improvement. Consideration of these three factors may have influenced the 
participants’ responses to the intervention.
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The lack of improvement in the driving simulation may have also been a result 
of the complex relationship between the outcome measures in this study. Outcomes 
(symptoms and driving simulation metrics) were evaluated independently, but 
there may not be a direct relationship between symptoms and driving simulation 
performance. Other studies have used structural equation modeling to evaluate 
similar types of relationships [48], but this was not possible in the current experi-
ment due to the limited number of participants.

Individuals with a concussion or PPCS often experience executive dysfunction 
[47], which may be exhibited by inappropriate driving speed, following others 
too closely, or braking at inappropriate times [49]. Participants in the intervention 
group exhibited the greatest decreases in reaction times to the hazardous events 
(pedestrian walking out and car pulling out). Although these changes were not 
statistically significant, improved reaction times may indicate improved processing 
times, which is associated with fewer collisions [50]. Additionally, participants in 
the intervention group had the largest increases in distance from the hazardous 
event when they maximally applied the brake. They also exhibited the largest 
decrease in maximum brake effort when the car pulled out (although not statisti-
cally significant). These improvements also indicate increased driving safety, as 
increased distance and decreased brake effort indicate improved decision-making 
and ultimately improved executive function [49]. These safety improvements are 
particularly important for the PPCS population as their risk of collision may be 
higher when compared to the normal population [51].

The results of this study further indicate that individuals with PPCS require 
specialized driving evaluations, as previously identified [6, 9, 52, 53]. However, only 
half of physicians ‘almost always’ provide driving guidance following a concussion 
[54]. The lack of universally accepted procedures may be related to the absence of 
return-to-drive guidelines. Current clinical practice guidelines suggest that indi-
viduals who experience a concussion should not drive for 24 hours post-injury [55]. 
However, there are no guidelines for individuals driving with persistent symptoms, 
nor graded return to driving. This absence of clinical guidelines to assist physicians 
in making fitness to drive determinations in this population may increase the risk 
of collisions in individuals with PPCS. Additionally, 30% of physicians have stated 
that they do not have clear ‘return-to-drive criteria’ when evaluating fitness to drive 
in recently concussed individuals [54]. This further illustrates the need for research 
on the driving performance of individuals with PPCS, which can inform evidence-
based return-to-drive guidelines. As indicated by this study, driving simulation 
research in this population is limited by the likelihood of simulator sickness, as 
occurred with seven of our recruited participants. This represents a barrier for 
completing this type of research. However, simulator sickness mitigation protocols 
can help reduce the incidence and improve retention.

Our study has shown some promising results, but does have some limitations. 
Most importantly, this study examined the effects of neurofeedback and HRV 
biofeedback on a small sample size. This represents a challenge with respect to both 
internal validity and generalizability [56]. For instance, our sample of participants 
may be biased towards high-functioning individuals that did not experience 
simulator sickness. Our study also did not consider medication usage that may have 
influenced participants’ outcome scores [1]. Another potential limitation was that 
we did not consider driving experience. Although there were no significant differ-
ences between age groups, some individuals may have had more experience driving 
or more driving training. This could have resulted in differences in driving simula-
tion performance prior to a brain injury. Additionally, although our parameteriza-
tion of the RPQ is similar to previous research [43], other research indicates the 
RPQ can be quantified using a four factor model, clustered as vision, vertigo, mood/
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the unexpected pedestrian crossing was based on six intervention participants, 
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target cerebral areas and training amplitudes also varied between studies based on 
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ment, other factors could have been considered to inform cerebral area and ampli-
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when creating a LoRETA neurofeedback protocol to treat acute brain injuries [46]. 
Initial symptom presentation was difficult to attain in our study because partici-
pants were no longer in the acute phase of their injury. Therefore, this increased 
the risk of recall bias because of this population’s increased likelihood for impaired 
memory recall [47]. However, it is unclear whether considering initial symptom 
presentation, current symptom presentation, or a combination may be more 
appropriate when creating a LoRETA neurofeedback protocol for individuals with 
PPCS. Secondly, the number of sessions should be based on the rate of improve-
ment rather than a fixed number of sessions [46], which we chose to maintain 
for a consistent research protocol. The 24-session protocol was recommended by 
a licensed practitioner to balance intervention effects, research feasibility, and 
participant compliance. Lastly, consideration of persisting symptoms and their 
severity may further refine the intervention to increase participant’s improve-
ments. For example, there is a hyperbolic relationship between initial symptom 
presentation and number of neurofeedback sessions necessary [46], with increased 
initial symptoms requiring more neurofeedback sessions. Similarly, an increase in 
symptom persistence could increase the number of neurofeedback sessions required 
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similar types of relationships [48], but this was not possible in the current experi-
ment due to the limited number of participants.

Individuals with a concussion or PPCS often experience executive dysfunction 
[47], which may be exhibited by inappropriate driving speed, following others 
too closely, or braking at inappropriate times [49]. Participants in the intervention 
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(pedestrian walking out and car pulling out). Although these changes were not 
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based return-to-drive guidelines. As indicated by this study, driving simulation 
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or more driving training. This could have resulted in differences in driving simula-
tion performance prior to a brain injury. Additionally, although our parameteriza-
tion of the RPQ is similar to previous research [43], other research indicates the 
RPQ can be quantified using a four factor model, clustered as vision, vertigo, mood/
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somatic and cognitive domains [57]. It is unclear how our parameterization of the 
RPQ scores may have influenced the findings. Lastly, this study only looked at the 
immediate effects of the LoRETA neurofeedback and HRV biofeedback interven-
tion. Although consistent with other neurofeedback studies [31, 58, 59], it is unclear 
whether short-term responses reflect long-term outcomes. Alternatively, there may 
be delays before symptoms change [1], and accordingly a reduction in symptoms 
could also be delayed.

This study is the first to systematically implement and evaluate the outcomes of 
a LORETA neurofeedback and HRV biofeedback protocol for civilians with PPCS. 
It is also noteworthy that this study evaluated the outcomes of LORETA neurofeed-
back and HRV biofeedback in individuals that completed a rehabilitation program 
and had ongoing PPCS; a population with symptoms that may be difficult to treat 
[47]. Considering the participant population, these results are especially valuable 
to healthcare practitioners because they include clinically relevant outcomes (i.e. 
self-reported symptoms and driving performance).

5. Conclusions

This study implemented an intervention involving a combination of LoRETA 
neurofeedback and HRV biofeedback for eight weeks, based on individual EEG 
baseline assessments. Eleven participants with PPCS were included in the interven-
tion group (seven that finished the protocol), 12 in the PPCS control group (nine 
that finished the protocol), and eight healthy control participants. Considering the 
PPCS intervention group as a whole, this combined intervention did not improve 
symptoms or driving simulation performance. However, some of the individuals 
did show improvements. This may indicate that this intervention is effective for a 
subgroup of individuals with PPCS, or perhaps that the intervention needs to be 
further individualized to optimize participants’ responses. Specifically, the nature 
of the symptoms, rate of improvement, and length of symptom persistence may 
need to be considered to individualize the protocol. The results of this study also 
emphasize the importance of evaluating fitness to drive following a concussion, as 
well as the need for return-to-drive guidelines for individuals experiencing symp-
toms following a concussion.
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Chapter 4

The Influence of Sagittal 
Plane Spine Alignment 
on Neurophysiology and 
Sensorimotor Control Measures: 
Optimization of Function through 
Structural Correction
Paul A. Oakley, Ibrahim M. Moustafa and Deed E. Harrison

Abstract

Increasingly, there is more attention being directed to the role that full spine 
sagittal alignment plays in causing or exacerbating a variety of musculoskeletal 
disorders. Similarly, spinal displacements, termed subluxation, are thought to cause 
dysfunctions in the entire neuromusculoskeletal system that may lead to altered 
neurophysiological function, abnormal sensorimotor control, and altered auto-
nomic nervous system function. Abnormalities in neutral upright spine alignment 
(sagittal translation or flexion deformities) are known to increase mechanical loads 
(stresses and strains) on the central nervous system. These increased mechanical 
loads may subtly or overtly impair neurophysiological function as measured with 
evoked potentials in terms of latency and amplitudes of potentials. Proprioceptive 
afferentation from spine ligaments, muscles and discs are considered a major 
component of sensorimotor control. The voluminous mechanoreceptors in spinal 
muscles, ligaments, and discs plays an intimate role, providing the necessary 
neurophysiological input in a feed forward and feedback system for sensorimotor 
control via connections to the vestibular, visual and central nervous systems. Of 
particular interest, a network of neurophysiological connections between spine 
mechanoreceptors and the sympathetic nervous system has been documented. This 
chapter explores the hypothesis and evidence that restoring normal posture and 
spine alignment has important influences on neurophysiology, sensorimotor control 
and autonomic nervous system functionality. There is limited but high-quality 
research identifying that sagittal spine alignment restoration plays an important 
role in improving neurophysiology, sensorimotor control, and autonomic nervous 
system function. Accordingly, in the current chapter, we review this work in hopes 
of stimulating further investigations into structural rehabilitation of the spine and 
posture.

Keywords: spinal deformity, sensorimotor control, sagittal plane alignment, 
sympathetic skin resistance, dermatomal somatosensory evoked potentials,  
spine rehabilitation
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1. Introduction

A normal spine alignment including coronal and sagittal balance is essential for 
optimal biomechanical function [1–7]. The spine, which allows for simultaneous 
stability and mobility, also has the inherent role of housing and protecting the brain 
and spinal cord. The alignment of the spine is critical in the context of allowing 
normal function of the central nervous system (CNS); that is, by not impeding its 
function by various loading mechanisms (i.e. overstretching the nervous tissues) 
[8, 9]. Clinical trials [10–16] and case reports [17–25] have demonstrated that 
corrections in patient posture have resulted in relief of neurological symptoms 
including for example, cervical spondylotic and discogenic radiculopathy, cervical 
spondylotic myelopathy (CSM), lumbosacral discogenic radiculopathy, trigeminal 
neuralgia (TN), dystonia, Parkinson’s disease (PD), carpal tunnel syndrome (CTS), 
and Tourette’s syndrome (TS). Although the precise mechanisms underlying 
improved neurological function in patients having improved postural alignment are 
not fully understood, they are thought to lie in the biomechanics of the CNS and in 
normalization of load sharing across tissues innervated by mechanoreceptors which 
are integral in sensorimotor control through somatosensory potentials.

In 1960, a monograph was published by Alf Breig documenting for the first 
time, the most comprehensive illustrative demonstrations of the biomechanics of 
the central nervous system (CNS) [8]. This seminal work laid the groundwork for 
the comprehensive understanding of how spine movement affects the CNS; that is, 
how physiologic deformation of the cord and brainstem simultaneously accompa-
nies normal postural movements of the spine (i.e. ‘neurodynamics’). In 1978, Breig 
published a second book expanding on the concepts outlined in 1960, and focused 
on ‘adverse mechanical tension’ in the CNS and how this produces common neuro-
logical symptoms and signs [9]. An exciting development by Breig was his invention 
of the ‘cervicolordodesis’ surgical procedure that increased the cervical lordosis and 
prevented cervical flexion to relieve tension within the cord, brainstem and nerve 
roots demonstrating dramatic improvements of neurological disorders including 
nerve root compression syndromes, TN, multiple sclerosis (MS) and other neuro-
musculoskeletal conditions [26].

A second prevailing theory on how normalization of spine/posture alignment can 
dramatically alter patient pain, disability, function, and neurophysiology is through 
cervical spine sensory afferent input (so called afferentation) and its influence on the 
motor system termed sensorimotor control. As a result of activation of mechanore-
ceptors contained in the various ligaments, discs, muscles and skin, changes in spine 
position-alignment has a major influence on motor control [27]. Intimate connections 
exist between afferent input (from the proprioceptive, visual and vestibular systems) 
and stable upright postures of the head and neck [28]. The mechanoreceptors in 
the cervical spine soft tissues provide necessary neurophysiological input in a feed 
forward and feedback system for sensorimotor control via connections to the ves-
tibular, visual and central nervous systems [29]. Furthermore, a complex network of 
neurophysiological connections between cervical spine mechanoreceptors and the 
sympathetic nervous system exists [30–32]. Though the effects of autonomic system 
activity on musculoskeletal function has been extensively studied, there is a paucity of 
research demonstrating that the autonomic nervous system is intimately responsive to 
changes in the afferent articular input due to spine joint dysfunction [33]. Alterations 
in afferent articular input driven by spine joint aberrant movement (altered kinemat-
ics) and subtle or overt tissue damage is generally referred to as ‘dysafferentation’ in 
the literature. The assumption that restoring normal posture and cervical spine align-
ment is important for a better afferentation process and improved autonomic nervous 
system function has some preliminary evidence in the recent literature [10, 34].
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Today there are non-surgical evidence-based techniques known to improve 
posture and spine alignment; in essence to accomplish what Breig was able to 
do, only without surgery (e.g. increase cervical lordosis). One of these methods 
is Chiropractic BioPhysics® (CBP®) technique which is a full-spine and posture 
treatment that utilizes mirror image® (i.e. ‘corrective’) exercises, adjustments and 
spinal traction procedures to restore normal spine alignment [35–39]. Due to the 
implicit interconnectedness of spine alignment and neurologic function, these 
methods are proving to be particularly effective in treating patients with neurologi-
cal and sensorimotor control disorders, where perhaps unknowingly, poor spine 
alignment is a causative factor in patients suffering from neurologic ailments in 
which their symptoms are exacerbated and/or directly caused by the adverse nerve 
tensions placed upon them and by dysafferentation caused by spine and postural 
deviations (i.e. adult spinal deformity/subluxation).

This chapter reviews the Harrison normal spinal model [40–47] that is used to 
assess a patient’s spine alignment as compared to the normal/ideal position (i.e. 
gold standard), how the central nervous system is housed in and biomechanically 
functions within the skeletal structure under normal and pathologic conditions, 
including mechanisms for neurologic symptom generation under pathologic biome-
chanical tensions, and altered sensorimotor control from dysafferentation driven 
by altered load sharing and spine kinematics. Simultaneously, the CBP structural 
rehabilitation approach to realigning the spine and postural position in order to 
treat patients who present with spinal subluxation that is suspected to be pathogno-
monic for their pain, disability, and generalized neurologic sensorimotor disorders 
will be a main theme.

2. The Harrison normal spinal model

Any contemporary discussion about the normal/ideal human spinal configura-
tion is regarding its precise orientation (i.e. precise shape of the different spinal 
regions). Although many research groups have attempted to model the shape of the 
normal human spine, few have done so as comprehensively and systematically as 
the Harrison group [40–47]. In a series of studies, elliptical shape modeling of the 
path of the posterior longitudinal ligament was performed on radiograph samples 
of asymptomatic subjects. Computer iterations of spine shape modeling was used 
to determine a best-fit geometric spinal shape by fitting various ellipses of altered 
minor-to-major axis ratios to the digitized posterior vertebral body corners of the 
cervical [40–42], thoracic [43, 44], and lumbar spinal regions [45–47] (Figure 1).

The Harrison normal spine model (Figure 1) features a circular cervical lordosis, 
and portions of an elliptical curve for both the thoracic kyphosis (more curvature 
cephalad), and lumbar lordosis (more curvature caudad). Consequently, features 
of the normal human spine reveal that the opposite thoracic and lumbar curves 
meet together at the thoraco-lumbar junction being essentially straight; the upper, 
deeper curve of the upper thoracic spine reflects oppositely at the cervico-thoracic 
junction (between T1 and T2) and continues into the cervical lordosis; the lower 
lumbar spine increases its lordotic alignment having two-thirds of its curve between 
L4-S1 as it meets the forward tilted sacral base. The spine is modeled as vertical in 
the front view. The spine alignment is easily quantified by repeatable and reliable 
methods from measuring its position from standing X-rays [48–52] (Figure 2).

The Harrison normal spine model has been validated in several ways. Simple 
analyses of alignment data of normal asymptomatic populations have been done 
[40–47, 53]. Comparison studies between normal samples to symptomatic samples 
[40, 41, 53]; as well as between normal samples to theoretical ideal models have 
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Figure 1. 
The Harrison normal sagittal spine model as the path of the posterior longitudinal ligament. The cervical, 
thoracic and lumbar curves are all portions of an elliptical curve having a unique minor-to-major axis ratio. 
The cervical curve is circular meaning the minor and major axes are equal.
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been done [40, 41, 43–46]. The statistical differentiation of asymptomatic subjects 
from symptomatic pain group patients based on alignment data have been per-
formed [42, 47]. The demonstration of paralleled spine alignment improvements 
with reduction in pain and disability, versus no change in untreated control groups 
in pre-post clinical trials have been performed [54–59]. The demonstration in 
randomized clinical trials that only patient groups achieving lordosis improvement 
(lumbar or cervical) and hyper-kyphosis (thoracic) reduction achieve long-term 
improvements in various outcome measures versus comparative treatment control 
groups not getting spine alignment improvement who experience regression in 
multiple outcome measures at follow-up have also been done [10–16, 60–64].

Chiropractors practicing Chiropractic BioPhysics® (CBP®) structural rehabili-
tation techniques have used this spine model as the goal of care for over 20 years; 
and more recently physical therapists and other manual medicine rehabilitation 
specialists have adopted components of this system as well. It is noted that this 
model serves as the baseline for patient comparison; specific patient comparisons, 
however, must include patient-specific considerations related to thoracic inlet 
parameters [65] as well as pelvic morphology [66] as these may dictate a structural 
modification to the model for a given patient. There are software programs (i.e. 
PostureRay Inc., Trinity FL, USA) that aid in the ability for practitioners to assess 
spine alignment quickly in daily practice (Figure 3). It must also be mentioned 

Figure 2. 
Harrison posterior tangent method involves lines drawn contiguous with the posterior vertebral body margins. 
Intersegmental as well as regional sagittal curves are easily quantified having a standard error of measurement 
within about 2° (Courtesy CBP seminars).
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that proper assessment of the spine includes the whole spine, that is, the cervical, 
thoracic and lumbar regions and femur heads. This is because spine balance and 
compensation mechanisms involve the whole spine; thus, regional X-rays to the 
‘problem area’ can mislead treatment and not account for distal spinopelvic com-
pensations that need to be considered prior to initiating a trial of spine care by these 
methods.

3. Biomechanics of the central nervous system

The brainstem (mesencephalon, pons, medulla oblongata), cranial nerves V-XII, 
spinal cord, cauda equina, and nerve roots may collectively be referred to as the 
pons-cord tissue tract. The static and dynamic characteristics of the pons-cord tract 
constitutes a self-contained compartment of biomechanics [8, 9, 67]. This results 
from the way the cord is maintained within the canal by its many attachments: 
from above (being continuous with the brainstem), from below (sacral and coccyx 
attachment through the cauda equina and filum terminale), as well as throughout 
its length (intermittent dural attachments to the posterior longitudinal ligament, 

Figure 3. 
Three patients demonstrating dramatically different spine alignment patterns. Left: Excessive lumbar 
hyperlordosis, L4 anterolisthesis, and excessive anterior sagittal balance in a mid-aged female with disabling 
low back pain; Middle: Excessive thoracolumbar kyphosis and early degenerative changes in a mid-aged male; 
Right: Excessive thoracic hyperkyphosis in a young male with Scheuermann’s disease. Red line is contiguous with 
posterior vertebral body margins; green line represents Harrison normal spinal model (Courtesy PAO).
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ventral attachments of the nerve root sleeves exiting the intervertebral foramina, and 
bilateral dentate ligament attachments ranging from the upper cervical region down 
to the level of L1). Under relatively normal static posture without pathological pro-
cesses, spine dynamics produce normal or ‘physiologic’ tension as transmitted by its 
constraining elements, and without neurological compromise (Figure 4) [8, 9, 68].

Only when normal neurodynamic aspects of the so-called pons-cord tract are 
understood can neuropathology from adverse tensions be fully understood. As 
Breig states “Internal deformation of the tissue cannot be ruled out as a factor in any 
disease of the nervous system even in inflammatory and degenerative conditions of 
the hindbrain, cord and associated nerves, and in some cases it will be of primary 
pathologic significance” [8] (p. 12). A key concept is that under normal circum-
stances, normal movements of the spine involve physiologic unfolding and folding 
of the cord and nerve roots. Head flexion causes instantaneous unfolding and 
normal elasticity of the neural tissues and head extension causes elastic rebound 
and a re-folding of the cord and nerve roots (Figure 4). In this way the CNS can 
preserve normal function while accommodating differing spinal positions. Breig 
also found that movements of the cord occur at the location of movement as well as 
throughout the entire pons-cord tract; cervical motions produce strains (deforma-
tions) caudally down to the cauda equina and movements of the lower spine cause 
strains as far up as the cervical cord and brainstem. In fact, deformation of the 
brain tissue below the tentorium (which can affect cranial nerves V-XII [8]) within 
the cerebellum occurs to accommodate spine movements (particularly maximal 
functional positions).

All ventral flexion movements throughout the spine (i.e. cervical, thoracic, 
lumbar) cause a lengthening of the spinal canal, and therefore, a transmission 
of axial tension onto the cord. Pathological processes, such as disc herniations 
and bone spurs, if severe enough, interfere with the pons-cord tract biomechan-
ics [69, 70], where the normal tension transmitted by the pons-cord restraining 
elements may then be referred to as ‘pathological’ tension [71]. Independent but 
equally as significant, abnormal spinal postures may create adverse tension within 
the neural elements as well. For instance, Stein found that “in a deformed kyphotic 
cervical spine, even a ‘normal’ amount of movement in the cervical spine may cause 
compression of the spinal cord” [72]. This is because the spinal cord adopts the 
length of the bony canal [73].

Figure 4. 
Left: Physiologic folding of the cord and nerve roots in normal lordosis. Right: A forward flexion in those 
with normal lordosis causes normal unfolding and elasticity of the pons, cord and nerve roots that remain 
‘physiologic’ or within tolerable tensions that do not overload the nervous system (Courtesy CBP Seminars).
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that proper assessment of the spine includes the whole spine, that is, the cervical, 
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ventral attachments of the nerve root sleeves exiting the intervertebral foramina, and 
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disease of the nervous system even in inflammatory and degenerative conditions of 
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of the cord and nerve roots. Head flexion causes instantaneous unfolding and 
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and bone spurs, if severe enough, interfere with the pons-cord tract biomechan-
ics [69, 70], where the normal tension transmitted by the pons-cord restraining 
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Further, as suggested by Harrison et al. [74] static neutral postures or dynami-
cally adopted combinations of postures; that is, rotations and translations of the 
head, thorax, or pelvis (Figures 5 and 6) [36], exert larger stresses and strains onto 
the pons-cord tissue tract. Thus, it can be deduced that the combination of patho-
logical processes (bone spurs, disc herniations, etc.) and aberrations in posture 
(forward head posture, thoracic hyperkyphosis, etc.) may disrupt normal CNS bio-
mechanics, and at levels below that at which either factor acting alone would elicit 
neurological symptoms. As it can be presumed when a patient has an accumulation 
of forward flexed spine positions, such as severe thoracic hyperkyphosis (THK) 
posture for example, the amount of spinal canal lengthening can be great and 
supersede the ‘normal’ or physiologic amount of unfolding and elastic deformation 
available within the pons-cord system. In this situation, normal physiologic ten-
sions transition to become pathologic tensions causing intermittent over-stretching 
and over-straining of the tissues and ultimately, causing or exacerbating neurologic 
symptoms.

Figure 5. 
If the head, thoracic cage, and pelvis are considered rigid bodies, then the possible rotations in 3-dimensions are 
illustrated. Flexion and extension are rotations on the x-axis, axial rotation is about the y-axis, and lateral 
flexion is rotation about the z-axis (Courtesy CBP Seminars).
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4. Pathophysiologic mechanisms from adverse CNS tension

Understanding the normal biomechanics of the CNS lays the foundation for 
the understanding of postural-induced neurological signs and symptoms. As 
discussed, two main events may individually, or in combination, lead to excessive 
stresses (longitudinal, torsional, pure bending, shear) and strains (longitudinal 
cross-sectional) that are sufficient to produce symptoms. In words, poor postures 
(lengthened spinal canal via forward flexed spinal positions) and space occupying 
lesions (bone spurs, intervertebral disc prolapse, etc.) combine to produce symp-
tomatology. The greater the spinal canal is flexed, or as discussed, the presence 
of combinations of rotations and translations in posture, the greater the forced 

Figure 6. 
If the head, thoracic cage, and pelvis are considered rigid bodies, then the possible translations in 3-dimensions 
are illustrated. Lateral translations occur along the x-axis, vertical translations occur along the y-axis, and 
anterior–posterior translations (protraction-retraction) occurs along the z-axis (Courtesy CBP Seminars).
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unfolding and elastically stretched pons-cord tract (Figure 7). With the addition of 
space occupying lesions, patients having deviations in postural alignment become 
much more likely to succumb to various pressure mechanisms, or how the nervous 
tissue is compressed upon certain positions and movements.

It is important to realize that those patients with poor spinal posture may 
at times be in positions that are tolerable by the pons-cord tract (i.e. not over-
stretched), and at other times perform movements that dynamically lengthen the 
spinal canal causing a pivotal transition to over-stress and over-strain the system 
(i.e. dynamic stress and strain). Therefore, successful symptomatic relief resulting 
from postural correction to a patient suffering from neurological complaints may 
be elucidated. Although some spinal pathologies will not change (e.g. bone spurs), 
the reduction of forward flexion of the neutral postural position (e.g. increasing 
cervical/lumbar hypo-lordosis; reducing thoracic hyper-kyphosis) will change the 
resting, and therefore the dynamic tensions throughout the pons-cord tract suf-
ficiently enough to reduce the tensions from surpassing some pathological tension 
threshold (maintaining physiologic or normal tensions), and therefore alleviate 
neurologic symptomatology [74, 75].

How does adverse mechanical tensions within the CNS produce symptoms? 
Ultimately, pathological CNS tensions affect the vascular supply and therefore 
the perfusion of the neural tissues or they may affect the actual nerve conduction 
ability of the nerve cells (causing hyper or hypo function). Mathematically, perfu-
sion = mean arteriole pressure (MAP) – cord interstitial pressure (CIP) [76]. Thus, 
for perfusion to remain adequate, the MAP must remain greater than CIP. However, 
as discussed by Harrison et al. [77], an increase in CIP can be caused by at least two 
forces, a longitudinal force causing unfolding and elastic elongation of the cord, 
and a transverse force usually by the cord being thrust into the posterior margin of 
the vertebral body at the anterior portion of the spinal canal. As stated, Stein found 
that cervical kyphosis, posture subluxation alone is enough to interfere with cord 
conduction [72], but with an accompanying space occupying lesion the likelihood 
for a transverse cord/nerve compression pressure mechanism to limit perfusion and 
compromise neural function is much greater.

Figure 7. 
Left: Cervical kyphosis subluxation in neutral posture results in the unfolding and elastic pre-tension present 
prior to flexion. Right: Forward flexion of a kyphotic neck may result in ‘pathologic’ or pons-cord-nerve root 
tensions that exceed physiologic limits and results in neurologic symptoms; particularly in the presence of a 
space-occupying lesion such as a bone spur or intervertebral disc prolapse (Courtesy CBP Seminars).
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5.  Postural correction to treat neurologic disorders by reducing  
pons-cord tensions

There have been several clinical controlled trials documenting the association 
with improved postural parameters (e.g. increasing cervical lordosis, increasing 
lumbar lordosis, decreasing thoracic hyperkyphosis) translating into improved 
physiological measures including specific tests indicative of neurologic function 
[10–16]. These measures include:

• Central somatosensory conduction time N13-N20 (Figure 8);

• Dermatomal somatosensory evoked potentials (DSSEPs) (Figures 9 and 10);

• H-reflex;

• Sensorimotor control measures (Figures 11 and 12);

• Sympathetic skin resistance response (Figure 13).

Figure 8. 
Central conduction time (N13-N20) also known as spinal cord velocity. In the top figure, a representative 
example of central conduction time (N13-N20) at three intervals of measurement: baseline, following 10-weeks 
of treatment, and 1-year follow-up. This is from the study by Moustafa et al. [13] on symptomatic patients with 
cervical spine disc herniation. Follow correction of the cervical lordosis, a 20% change in central conduction 
speed is shown in milliseconds (m sec) indicating a faster more efficient response. In the bottom graph a 
representative sample from the study of Moustafa et al. [78] is shown. Here, in asymptomatic participants, 
correction of the cervical lordosis and anterior head posture was found to result in a 10% faster response in 
the central conduction time potential. Comparative and placebo control groups not attaining spine correction 
showed no improvement in central conduction time.
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Here we briefly summarize the particulars of exemplary trials that demonstrate 
how improvement in targeted spinal and postural parameters have led to improved 
neurophysiological outcomes.

5.1 Central somatosensory conduction time N13-N20

Using standardized clinical procedures for median nerve stimulation at the wrist, 
a subjects’ central somatosensory conduction time measurement, N13-N20, can be 
determined. Differences in peak latencies between N13 and N20 is measured as central 
conduction time or similarly called ‘cervical spinal cord velocity’. In 2016, Moustafa 
et al. reported on a randomized controlled trial using a cervical extension traction 
orthotic device (Denneroll™; Denneroll Ptdy, limited, Sydney, Australia) in a multi-
modal rehabilitation program for treating patients with discogenic radiculopathy 
[13]. Sixty patients were randomized to a treatment and comparison (control) group 
where both groups received TENS, thoracic spine manipulation, soft tissue mobiliza-
tion and strengthening exercises. Only the treatment group performed the additional 
Denneroll orthotic device to increase cervical lordosis and reduce forward head 
posture. After 30 treatment applications over the course of 10-weeks, only the treat-
ment group demonstrated significant improvements in N13-N20 (20% gain in veloc-
ity). Also, at a 1-year follow-up without further intervention, again only the treatment 
group demonstrated a statistically improved N13-N20 potential. Importantly, only the 
treatment group receiving the Denneroll had statistically improved cervical lordosis 
and reduced forward head posture at the 10-week and 1-year follow-up. Figure 8 
(top) demonstrates the improvement in the N13-N20 potential in this trial.

Figure 9. 
Dermatomal somatosensory evoked potential (DSSEPs) set up for C6, C7, and C8 nerve root assessment. In 
(A) Sites of recording: (1) active recording electrode at c3’, (2) reference electrode at Fz, and (3) grounding 
electrode at Fbz. Location of stimulation sites are indicated above: (B) for C6 dermatome, (C) for C7 
dermatome, (D) C8 dermatome. Sites of recording. Courtesy of Moustafa et al. [16].
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In another trial, Moustafa et al. reported on the unique treatment of asymp-
tomatic volunteers who had strictly defined anterior head translation and cervical 
hypolordosis [78]. Eighty persons were randomized into a treatment group who 
performed cervical extension traction on the Denneroll traction orthotic or a 
control group who lied on a rolled hydrocollator towel (placebo control). Both 
groups were treated for 30 sessions over 10-weeks and were then re-assessed after 
12 further weeks of no further treatment. Central somatosensory conduction 
time latency (N13-N20) and amplitudes of spinal (N13), brainstem (P14), parietal 
(N20 and P27), and frontal (N30) potentials were measured at baseline (prior to 
treatment), 10-weeks and 22-weeks. After the 10-weeks of treatment, the treat-
ment group had significantly better amplitudes of N13, P14, N20, N27 and N30 as 
well as central conduction time (10% faster conduction velocity of N13-N20). All 
significant differences between groups favouring the treatment group remained 
at the 12-week post-treatment follow-up. Lastly, a statistically significant multiple 

Figure 10. 
Example of Dermatomal somatosensory evoked potential (DSSEPs) of C6 dermatome at three intervals of 
measurement. Courtesy of Moustafa et al. [16]. The Pre-treatment DSSEPs from the RCT by Moustafa et al. 
[16] is shown. In the 10-week post treatment (Follow-up), the DSSEPs following cervical curve correction is 
shown. Finally, the 3-month (Post) follow-up, DSSEPs are shown where correction was stable over time.
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regression model to predict central conduction time changes, N13-N20, from cor-
rection in cervical lordosis and anterior head translation (AHT) was identified for 
the intervention group receiving the Denneroll orthotic at both the 10-week mark 
(p < .001) and the 3-month follow-up (p < .001) [78]. Figure 8 (bottom) demon-
strates the improvement in the N13-N20 potential in this trial.

5.2 Dermatomal somatosensory evoked potentials (DSSEPs)

In 2011, Moustafa et al. reported on the results of a pilot trial that showed patients 
with cervical spondylotic radiculopathy randomized to a rehabilitation program 
including cervical spine stretching exercises, infrared radiation and 3-point bend-
ing cervical extension traction had significantly improved peak-to-peak amplitude 
measures of DSSEPs after both 10-weeks of treatment (30 treatment sessions) and at a 
12-week follow-up [16]. The comparison (control) group receiving the same treatment 
less the neck traction did show an initial improvement in DSSEPs after the 10-week 
treatment period, however, this difference disappeared at the 12-week follow-up. Only 
the treatment group showed a statistically significant increase in cervical lordosis. 
Most importantly, Moustafa et al. identified a linear correlation between initial 

Figure 11. 
Postural stability characteristics were evaluated with a Biodex Balance System SD (BBS) (Biodex Medical 
Systems, Inc., Shirley, NY). Dynamic balance testing was performed on the unlocked platform to allow 
free movement concurrently both in the anterior–posterior (AP) and medial-lateral (ML) directions. The 
platform permits variable levels of resistance to movement perturbation ranging from one to eight (1 being 
the most restrictive). BBS measures the deviation of each axis during dynamic balance assessments. The BBS 
software measures an overall stability index (OSI) and is a representative index of balance performance. OSI 
is the best indicator of the overall ability of the subject to balance the platform whereby a reduced balance 
or stability correlates with large variation or large value of OSI [79] [80]. From the RCT by Moustafa et al. 
[10] participants randomized to and achieving cervical spine correction obtained statistically significant 
improvements in the OSI compared to a standard care group (Pre vs. 10-weeks post vs. 1-year follow up). 
Courtesy of Moustafa et al. [10, 34].
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DSSEPs and cervical lordosis magnitude for both groups (r = .65; p < 0.0001), whereas 
this relationship was only maintained in the study group receiving 2-way traction at 
final follow-up (r = .55; p = 0.033). This indicates that cervical spine lordotic cor-
rection linearly correlates to improvements in DSSEPs [16]. Figures 9 and 10 depict 
the experimental setup for the DSSEPs of C6, C7, and C8 as well as the changes in C6 
DSSEPs in the study group receiving the curve corrective traction.

As reported in the previous section (5.1), the 2016 trial reported by Moustafa 
et al. [13] treating patients with discogenic radiculopathy, both groups showed 
improvements in latency of DSSEPs at the 10-week post-treatment assessments, 
however only the treatment group showed statistically improved amplitude of 
DSSEPs. At a 1-year follow-up without intervention, only the treatment group dem-
onstrated statistically improved latency and amplitude of DSSEPs. Also, only the 
treatment group had improved cervical lordosis and reduced forward head posture 
at the 10-week and 1-year follow-up.

5.3 H-reflex

In a unique randomized trial, Moustafa and colleagues [14] investigated the 
hypothesis that improving the cervical lordosis and reducing forward head transla-
tion would improve low back pain, disability, and neurophysiology in a sample of 

Figure 12. 
In A, an example of the smooth pursuit neck torsion test (SPNT) is shown neutral, right turn, and left turn 
of the head indicated by the 45° torso rotated position. Middle and right image: A SPNT test eye velocity is 
shown as the uneven high amplitude curves. The ciphers indicate the length of the vertical part of the curve 
between two marks, i.e., the saccades. The forward head posture group (FHP group) has larger errors (≈30%) 
as compared to a match control group with normal head alignment (10% average error). Courtesy of Moustafa 
et al. [34].
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et al. [13] treating patients with discogenic radiculopathy, both groups showed 
improvements in latency of DSSEPs at the 10-week post-treatment assessments, 
however only the treatment group showed statistically improved amplitude of 
DSSEPs. At a 1-year follow-up without intervention, only the treatment group dem-
onstrated statistically improved latency and amplitude of DSSEPs. Also, only the 
treatment group had improved cervical lordosis and reduced forward head posture 
at the 10-week and 1-year follow-up.
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80 (35 female) patients between 40 and 55 years suffering signs and symptoms 
from chronic discogenic lumbar radiculopathy (CDLR). Both groups received TENS 
therapy and hot packs; additionally, the study group received the Denneroll cervi-
cal traction orthotic. All treatment interventions were applied at a frequency of 3 x 
per week for 10 weeks. Both groups were followed for 6 months after their 10-week 
re-evaluation. Statistically significant differences between the study groups and the 
control group’s postural measures were found favouring improved posture in the 
Denneroll group for: lumbar lordotic curve (p = .002), thoracic kyphosis (p = .001), 
trunk inclination (p = .01) and imbalance (p = .001), pelvic inclination (p = .005), 
and surface rotation (p = 0.01). The two radiographic measures of cervical lordosis 
(p = .001) and forward head posture (p = .002), and H reflex amplitude (p = .007) 
and H reflex latency (p = .001) were likewise statistically different between the 
groups at 10 weeks favoring improvement in the Denneroll study group. Restoring 
cervical lordosis and reduction of forward head posture with Denneroll traction 
was found to have a positive impact on 3D posture parameters, leg and back pain 

Figure 13. 
Sympathetic skin resistance response (SSR). For measurement of the SSR, EMG equipment was used [10]. 
Active surface electrodes were attached on the palmar side, and the references were placed on the dorsum of 
the hand. The stimulus was given at the wrist contralateral to the recording side. Measurements were taken 
from left and right arms. Latencies were measured from the stimulation artifact to the first deflection from 
the baseline. The amplitude is measured from the peak of the first deflection to the peak of the next one (peak 
to peak) as shown. Depicted are the results for the study group receiving cervical spine correction (lordosis 
and forward head posture). On the Top: the study group receiving spine corrective extension traction is shown 
at pre-study; Middle: after 10 weeks of treatment (30 sessions); and Bottom: at 1-year follow up with no 
further treatment. Only the group receiving extension traction obtained sagittal plane cervical correction and 
statistically significant improvement in SSR latency and amplitude. Courtesy of Moustafa et al. [10].
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scores, back disability, and H reflex latency and amplitude. Thus, improvement 
of sagittal cervical spine posture and alignment benefited the pain, disability, and 
postural imbalances in patients with CDLR.

In 2013, Moustafa et al. reported the results of a trial employing lumbar 
extension traction to increase the lumbar lordosis in patients suffering from 
MRI-verified lumbosacral radiculopathy [15]. Sixty-four patients were ran-
domly allocated to the treatment or comparison (control) group who both 
received hot packs and interferential therapy; only the treatment group received 
the lumbar extension traction. After 30 treatment sessions over 10-weeks, only 
the treatment group showed statistically improved latency and amplitude of the 
H-reflex. At the 6-month follow-up, again, only the treatment group showed 
statistically improved H-reflex outcomes. Only the treatment group demon-
strated improved lumbar lordosis after the 10-week treatment period and at the 
6-month follow-up.

5.4 Sensorimotor control measures

5.4.1 Cervicocephalic kinesthetic sense measured as head repositioning accuracy

Improvement in head repositioning accuracy (HRA) as a result of sagittal plane 
spine alignment correction has been assessed in three recent randomized trials 
by the Moustafa et al. group; two of these trials assessed cervical lordotic correc-
tion and anterior head translation reduction [10, 79], whereas, one trial assessed 
improvement in thoracic hyper-kyphosis [11]. In 2017, Moustafa et al. reported on 
the improvement in HRA, a measurement of cervicocephalic kinesthetic sensibility 
[79]. Seventy-two patients suffering from cervicogenic dizziness were random-
ized to a treatment or comparison (control) group and received TENS, hot packs, 
mobilization, myofascial and suboccipital release, and therapeutic functional 
exercises. Only the treatment group also received the Denneroll cervical extension 
traction orthotic device. The cervical range of motion (CROM) device was used to 
assess cervicocephalic kinesthetic sensibility by measuring the head repositioning 
average error (HRA). The participants (blindfolded) started with their head in 
the neutral head position (NHP) and were asked to actively move to the midpoint 
of their maximum rotation range, which was called the “target position.” After 
returning to the NHP, they were then asked to rotate their head to the target posi-
tion. The difference between the target position and the achieved position was 
recorded 3 times and averaged. The midpoint position was used rather than the 
NHP because it was considered a non-learned position. The CROM device has good 
criterion validity (r = 0.89–0.99) and reliability (intra-class correlation coefficient 
[ICC] = 0.92–0.96) [80].

After 30 treatment session over 10-weeks, both groups improved on the HRA 
test [79]. However, at the 1-year follow-up, the treatment group’s HRA to the 
left and right was statistically significantly better than the comparison group. 
Again, only the treatment group had a statistically improved cervical lordosis and 
improved forward head posture at both the 10-week and 1-year follow-up. In their 
more recent [10] randomized trial similar results were identified where improved 
HRA resulted from improved cervical lordosis and forward head translation reduc-
tion; herein, the improvement in the HRA was identified to be linearly correlated to 
the improvement in both cervical lordosis and reduction in forward head posture. 
The linear correlation between improved HRA and improved forward head posture 
magnitude is further supported by the results of a cross-sectional case control 
investigation which found a linear relationship between worsening HRA and 
increased magnitudes of forward head posture [34].
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scores, back disability, and H reflex latency and amplitude. Thus, improvement 
of sagittal cervical spine posture and alignment benefited the pain, disability, and 
postural imbalances in patients with CDLR.

In 2013, Moustafa et al. reported the results of a trial employing lumbar 
extension traction to increase the lumbar lordosis in patients suffering from 
MRI-verified lumbosacral radiculopathy [15]. Sixty-four patients were ran-
domly allocated to the treatment or comparison (control) group who both 
received hot packs and interferential therapy; only the treatment group received 
the lumbar extension traction. After 30 treatment sessions over 10-weeks, only 
the treatment group showed statistically improved latency and amplitude of the 
H-reflex. At the 6-month follow-up, again, only the treatment group showed 
statistically improved H-reflex outcomes. Only the treatment group demon-
strated improved lumbar lordosis after the 10-week treatment period and at the 
6-month follow-up.

5.4 Sensorimotor control measures

5.4.1 Cervicocephalic kinesthetic sense measured as head repositioning accuracy

Improvement in head repositioning accuracy (HRA) as a result of sagittal plane 
spine alignment correction has been assessed in three recent randomized trials 
by the Moustafa et al. group; two of these trials assessed cervical lordotic correc-
tion and anterior head translation reduction [10, 79], whereas, one trial assessed 
improvement in thoracic hyper-kyphosis [11]. In 2017, Moustafa et al. reported on 
the improvement in HRA, a measurement of cervicocephalic kinesthetic sensibility 
[79]. Seventy-two patients suffering from cervicogenic dizziness were random-
ized to a treatment or comparison (control) group and received TENS, hot packs, 
mobilization, myofascial and suboccipital release, and therapeutic functional 
exercises. Only the treatment group also received the Denneroll cervical extension 
traction orthotic device. The cervical range of motion (CROM) device was used to 
assess cervicocephalic kinesthetic sensibility by measuring the head repositioning 
average error (HRA). The participants (blindfolded) started with their head in 
the neutral head position (NHP) and were asked to actively move to the midpoint 
of their maximum rotation range, which was called the “target position.” After 
returning to the NHP, they were then asked to rotate their head to the target posi-
tion. The difference between the target position and the achieved position was 
recorded 3 times and averaged. The midpoint position was used rather than the 
NHP because it was considered a non-learned position. The CROM device has good 
criterion validity (r = 0.89–0.99) and reliability (intra-class correlation coefficient 
[ICC] = 0.92–0.96) [80].

After 30 treatment session over 10-weeks, both groups improved on the HRA 
test [79]. However, at the 1-year follow-up, the treatment group’s HRA to the 
left and right was statistically significantly better than the comparison group. 
Again, only the treatment group had a statistically improved cervical lordosis and 
improved forward head posture at both the 10-week and 1-year follow-up. In their 
more recent [10] randomized trial similar results were identified where improved 
HRA resulted from improved cervical lordosis and forward head translation reduc-
tion; herein, the improvement in the HRA was identified to be linearly correlated to 
the improvement in both cervical lordosis and reduction in forward head posture. 
The linear correlation between improved HRA and improved forward head posture 
magnitude is further supported by the results of a cross-sectional case control 
investigation which found a linear relationship between worsening HRA and 
increased magnitudes of forward head posture [34].
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In 2020, Moustafa et al. reported on the improvements in various senso-
rimotor control measures in patients treated for thoracic hyper-kyphosis [11]. 
Eighty patients with thoracic hyper-kyphosis were randomized to a treatment or 
comparison (control) group. Both groups were treated for 30 treatment sessions 
over a 10-week time period with TENS and hot packs, soft tissue mobilization, 
thoracic spine manipulation, and functional exercises. Only the treatment group 
also performed the Denneroll thoracic traction orthotic designed to reduce the 
thoracic curve. At the 10-week post-treatment assessment, no significant differ-
ences were found for left-sided HRA whereas, significant differences favouring 
the treatment group were found for the right sided HRA. At the 1-year follow-up 
without intervention, sensorimotor control measurement of HRA, bilaterally, was 
significantly superior for the intervention group. Also, only the treatment group 
experienced a reduction in thoracic hyper-kyphosis at the 10-week assessment 
that was maintained at the 1-year follow-up [11].

5.4.2 Biodex balance and stability measurement

Posture stability efficiency is a key measurement or performance variable of 
sensorimotor control. In recent randomized trials [10, 11] and case control [34] 
investigations by Moustafa and colleagues, postural stability characteristics were 
evaluated with a Biodex Balance System SD (BBS) (Biodex Medical Systems, Inc., 
Shirley, NY) (Figure 11). Dynamic balance testing was performed on the unlocked 
platform to allow free movement concurrently in both the anterior–posterior 
(AP) and medial-lateral (ML) directions. The platform permits variable levels 
of resistance to movement perturbation ranging from one to eight (1 being the 
most restrictive). BBS measures the deviation of each axis during dynamic bal-
ance assessments. The BBS software measures an overall stability index (OSI) and 
is a representative index of balance performance. OSI is the best indicator of the 
overall ability of the subject to balance the platform whereby a reduced balance or 
stability correlates with large variation or large value of OSI [81, 82]. From the RCT 
by Moustafa et al. [10], participants randomized to and achieving correction of 
both cervical lordosis and anterior head posture obtained statistically significant 
improvements in the OSI compared to a standard care group (pre vs. 10-weeks 
post vs. 1-year follow up). Likewise, in the RCT looking at thoracic hyper-kyphosis 
reduction, it was found that OSI was statistically improved only in the group 
achieving reduction of thoracic kyphosis and that this result was stable at 1-year 
follow-up [11].

The fact that posture stability, as measured with OSI, improves due to correc-
tion of the sagittal cervical and thoracic spine alignments seems to make sense; as 
previously a linearly correlation between worsening OSI and increased magnitudes 
of forward head posture has been found [34].

5.4.3 Smooth pursuit neck torsion test or SPNT

The smooth pursuit neck torsion test (SPNT) is used to quantify alterations 
in and improvement in a person’s visual-motor control using electro-oculography 
equipment [83]. Figure 12 demostrates the SPNT procedure. First, participants 
perform the SPNT with the head and trunk in the neutral, forward facing posture. 
Next, while keeping the head facing forward, the torso is placed in a 45° rotation 
(about a vertical y-axis) position to each side in a consecutive manner. Participants 
typically perform three blinks of their eyes and are instructed to follow the path of 
a light source as close as possible with their eyes without movement of their head 
or neck. The accuracy of the SPNT is determined as the difference between the 
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average increase/decrease in the participants NHP vs. the torsioned positions; errors 
are termed ‘corrective saccades’ and are reported as a percentage difference from 
perfect. In a recent case control cohort sample, Moustafa et al. [34] identified that 
the forward head posture group (FHP group) had larger SPNT errors (≈30%) as 
compared to a matched control group with normal head alignment (10% average 
error). In fact, a linear correlation was identified between the magnitude of forward 
head posture subluxation and the percent error in SPNT.

Importantly, in the Moustafa et al. RCTs [10, 11], SPNT test eye velocity was 
shown to improve in the group receiving spine correction as compared to the com-
parison group not receiving and not achieving spine correction. The average SPNT 
errors in both the cervical spine [10] and the thoracic spine [11] correction groups 
improved down to bench-mark values for healthy persons (≈10%).

5.5  Dysafferentation, altered sensorimotor control and autonomic  
nervous system

Sympathetic skin resistance response (SSR) is a measurement of autonomic 
nervous system function or dysfunction. For measurement of the SSR, EMG equip-
ment is typically used [10, 34]. Active surface electrodes are attached on the palmar 
side, and the references are placed on the dorsum of the hand. A stimulus is given 
at the wrist contralateral to the recording side. Measurements should typically be 
taken from left and right arms. The SSR is assessed as: (1) a latency measurement 
from the stimulation artifact to the first deflection from the baseline; and (2) an 
amplitude is measured from the peak of the first deflection to the peak of the next 
one (peak to peak). Figure 13 depicts a typical measurement of SSR latency and 
amplitude.

In a recent case–control cohort investigation of 160 asymptomatic volunteers, 
Moustafa and colleagues [34] investigated the SSR and its relationship to the sever-
ity of forward head posture; a strong linear correlation was identified between the 
magnitude of forward head posture and increased amplitude and latency of the 
SSR evoked potentials. Thus, increased magnitudes of forward head posture have 
a negative impact on the autonomic nervous system in essence leading to a state of 
hyperactivity or increased excitability. Only one RCT on the effects of spine cor-
rection on SSR latency and amplitude could be identified. In the study by Moustafa 
et al. [10], the group receiving spine corrective extension traction obtained sagittal 
plane cervical correction and statistically significant improvement in SSR latency 
and amplitude; the results indicated a linear correlation between the amount of 
correction of the cervical lordosis and FHP and the concomitant improvement of 
the SSR potentials [10].

6. Strengths, applications, and perspectives

The above review of sagittal plane spine alignment and its impact on neurophys-
iology has several strengths. First, there is strong biomechanical evidence indicat-
ing that altered and sustained sagittal plane spine and posture alignment results in 
increasing the stresses and strains acting on the pons-cord tract system and that this 
impairs directly or indirectly neurophysiology; this evidence has existed since 1960 
[8, 9, 26, 68, 69, 71–75, 77]. Second, considering the results of the recent random-
ized trials reviewed above, it is clear, that rehabilitation techniques that increase 
the cervical lordosis and lumbar lordosis, have a profound and sustained effect of 
improving measurements of neurophysiology as measured with DSSEP’s, H-Reflex, 
and central conduction times [12–16, 78, 79]. Similarly, reducing the magnitudes 
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average increase/decrease in the participants NHP vs. the torsioned positions; errors 
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6. Strengths, applications, and perspectives

The above review of sagittal plane spine alignment and its impact on neurophys-
iology has several strengths. First, there is strong biomechanical evidence indicat-
ing that altered and sustained sagittal plane spine and posture alignment results in 
increasing the stresses and strains acting on the pons-cord tract system and that this 
impairs directly or indirectly neurophysiology; this evidence has existed since 1960 
[8, 9, 26, 68, 69, 71–75, 77]. Second, considering the results of the recent random-
ized trials reviewed above, it is clear, that rehabilitation techniques that increase 
the cervical lordosis and lumbar lordosis, have a profound and sustained effect of 
improving measurements of neurophysiology as measured with DSSEP’s, H-Reflex, 
and central conduction times [12–16, 78, 79]. Similarly, reducing the magnitudes 
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of thoracic hyper-kyphosis [11] and FHP [12–16, 78, 79] has been found in RCT’s to 
result in improved neurophysiological measurements. Finally, clinical management 
and improvement of several complex neurological disorders have been documented 
in multiple case reports where spine correction was suggested to be the important 
variable which improved the patient’s neurophysiological disorder [17–25]. Thus, 
considering the facts that biomechanics studies, randomized trials, and case reports 
all point to the same finding, clinically and scientifically one would need to con-
cede that improved neurophysiology following correction of the abnormal spine 
towards normal values is an evidence-based and logical approach to pursue with 
appropriate patients.

Similarly, the known intimate connections between afferent input (from the 
proprioceptive, visual and vestibular systems) and stable upright postures of the 
head and neck [28] and the fact that there exists a plethora of mechanoreceptors 
in the cervical spine soft tissues providing necessary neurophysiological input in 
a feed forward and feedback system provides a strong fundamental physiological 
basis for the concept that altered spine alignment can have a profound effect on 
sensorimotor control via connections to the vestibular, visual and central nervous 
systems [29]. Furthermore, and as explicitly stated in the introduction to this 
chapter, a complex network of neurophysiological connections between cervical 
spine mechanoreceptors and the sympathetic nervous system exists [30–32]. This 
information coupled with the findings of both case control investigations [34] and 
randomized trials [10, 11, 63, 79] provides strong clinical evidence that restoring 
normal sagittal plane posture and cervical spine alignment is important for a better 
afferentation process, improved sensorimotor control, and improved autonomic 
nervous system function.

Clinically, the astute reader should recognize the need to radiographically assess 
the full spine alignment, in particular the sagittal plane, to identify if a patient is a 
candidate and in need of true spine correction; that is, structural rehabilitation of 
the spine and posture. A comparison of the patient’s spine and posture should be 
made against tested normal alignment values such as the Harrison full spine model 
and posture displacement models discussed herein. Furthermore, the addition 
of fundamental neurophysiological testing and the basic parts of sensorimotor 
control measurements should be considered as important assessments during 
patient evaluations. Once an indication for corrective care has been identified, 
the clinical administration of specific spine mirror image corrective exercises and 
extension traction methods should be employed. Previously, we have discussed 
the techniques, indications and contraindications, timing of, and applications for 
several known spine corrective methods and the clinician should be willing to add 
these to their armamentarium for patient care; we refer the reader to this source 
[35]. Adding the goal and methods of true spine correction to the clinical outcomes 
of patient care should not be foreign, it should not be in disregard to traditional 
strength and functional conditioning; it should simply be part of the basic, funda-
mental treatment approach for abnormalities of the human frame in the effort to 
improve a variety of spine related and neurophysiological disorders.

7. Conclusion

This chapter has explored the hypothesis and evidence that restoring normal 
posture and spine alignment has important influences on neurophysiology, senso-
rimotor control and autonomic nervous system functionality. There is limited but 
high-quality research identifying that sagittal spine alignment restoration plays an 
important role in improving neurophysiology, sensorimotor control, and autonomic 
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nervous system function. Within the limitations of the fact that only a handful of 
clinical trials exist on the topics discussed in this chapter, the unique contribution 
and importance of this review is that it demonstrates that radiographic determined 
re-alignment of the sagittal spine and posture plays a significant role in long-term 
management outcomes in people suffering from a variety of musculoskeletal, 
and health related disorders. Improved neurophysiological function as measured 
via dermatomal somatosensory evoked potentials, spinal cord velocity (N13-N20 
potential), sensorimotor control, and sympathetic nervous system activity is 
directly influenced by and improved by full spine sagittal alignment in general and, 
more specifically, to cervical posture and spine alignment. This review identifies 
main issues that warrant further investigations to elucidate primary interactions 
and to identify ideal populations that would benefit from structural rehabilitation 
of the spine and posture techniques as discussed herein.
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Chapter 5

Design of a Standing Device for 
Children with Spinal Dysraphysm
Aydeé Robayo-Torres and Katherine Quiñones-Argote

Abstract

The standing posture is one of the most important factors in the maturation 
of the neuromotor system, and it is an evolutionary necessity that phylogeneti-
cally makes possible the differentiation of functions between the upper and lower 
limbs, influencing a greater development of the latter; with a fundamental change 
in the shape of the foot: it increases the importance of the tarsus and metatarsus 
and reduces the work of the fingers, which facilitates the movement, transfer and 
independence of the individual in their activities of daily life. The design and pro-
duction of the prototype of the device, the judgment of the experts, as well as the 
results of the physiotherapeutic evaluation before and after the standing program, 
are the threads that are woven in this research proposal. This study seeks to propose 
a prototype of a standing frame for pediatric patients with spina bifida. The design 
of a device for standing is proposed based on the individual characteristics of the 
users, which was evaluated by experts to later perform a case study on a stand-
ing program with this type of device in pediatric patients with spine bifida. The 
designed prototype seems to offer adequate conditions for maintaining standing 
and on some musculoskeletal conditions of the patient studied. The study concludes 
that assisted standing should be promoted through inexpensive, functional and 
continuous monitoring devices. A user-applied design is proposed and not a generic 
device model.

Keywords: standing, device, children, spinal dysraphysm, stander,  
Congenital abnormalities

1. Introduction

Children and adults who due to their motor disability situation, who cannot 
adopt the bipedal position, have a greater propensity to complications related to the 
decrease in bone mineral density, development of myo-tendon contractures, greater 
risk of gastrointestinal problems, less support of the diaphragm by the effect of 
gravity; increasing the risk of pressure ulcers because by not having the adequate 
redistribution of pressure in the ischial tuberosity, sacrum, spinous processes, 
scapulae and other bony prominences, blood perfusion that the tissues need is not 
allowed, thus increasing the risk of rupture of the skin in a seated individual. In 
addition, the possibility of presenting problems in the functioning of the bladder 
and greater predisposition to urinary tract infections [1].



77

Chapter 5

Design of a Standing Device for 
Children with Spinal Dysraphysm
Aydeé Robayo-Torres and Katherine Quiñones-Argote

Abstract

The standing posture is one of the most important factors in the maturation 
of the neuromotor system, and it is an evolutionary necessity that phylogeneti-
cally makes possible the differentiation of functions between the upper and lower 
limbs, influencing a greater development of the latter; with a fundamental change 
in the shape of the foot: it increases the importance of the tarsus and metatarsus 
and reduces the work of the fingers, which facilitates the movement, transfer and 
independence of the individual in their activities of daily life. The design and pro-
duction of the prototype of the device, the judgment of the experts, as well as the 
results of the physiotherapeutic evaluation before and after the standing program, 
are the threads that are woven in this research proposal. This study seeks to propose 
a prototype of a standing frame for pediatric patients with spina bifida. The design 
of a device for standing is proposed based on the individual characteristics of the 
users, which was evaluated by experts to later perform a case study on a stand-
ing program with this type of device in pediatric patients with spine bifida. The 
designed prototype seems to offer adequate conditions for maintaining standing 
and on some musculoskeletal conditions of the patient studied. The study concludes 
that assisted standing should be promoted through inexpensive, functional and 
continuous monitoring devices. A user-applied design is proposed and not a generic 
device model.

Keywords: standing, device, children, spinal dysraphysm, stander,  
Congenital abnormalities

1. Introduction

Children and adults who due to their motor disability situation, who cannot 
adopt the bipedal position, have a greater propensity to complications related to the 
decrease in bone mineral density, development of myo-tendon contractures, greater 
risk of gastrointestinal problems, less support of the diaphragm by the effect of 
gravity; increasing the risk of pressure ulcers because by not having the adequate 
redistribution of pressure in the ischial tuberosity, sacrum, spinous processes, 
scapulae and other bony prominences, blood perfusion that the tissues need is not 
allowed, thus increasing the risk of rupture of the skin in a seated individual. In 
addition, the possibility of presenting problems in the functioning of the bladder 
and greater predisposition to urinary tract infections [1].



Therapy Approaches in Neurological Disorders

78

One of the causes of disability is neural tube defects, which are the most 
serious congenital malformations of the central nervous system and the spine. 
They are the second major congenital anomaly after cardiac malformations, with 
a frequency that ranges between 0.5 and 2 per 1000 pregnancies, although in 
some geographical regions, for example, in northern China, frequencies of up to 
10 per 1000 births. Furthermore, they account for up to 29% of neonatal deaths 
associated with congenital anomalies in low-income settings. Both the clinical 
manifestations and the resulting disabilities and mortality depend on its level 
and extent [2]. The structural defect occurs at any level of the neuraxis, from the 
brain to the sacrum; These neural tube defects located in the spine are classified 
as occult spina bifida and open or cystic spina bifida, in the latter, spina bifida is 
present, but accompanied by a protrusion of a meningeal sac with cerebrospinal 
fluid with neural tissue inside or without it and are classified as Meningocele, 
Myelomeningocele and Rachischisis with Mieloschisis. Myelomeningocele is 
the most serious form of spina bifida cystica that presents as a chronic disease, 
it produces a strong psychosocial impact on the child and their family since the 
child may present motor, urological, orthopedic and sometimes cognitive  
impairment [3, 4]. This can be done damaging effects on a child’s well-being, 
education, and social engagement [5, 6].

Failure to adopt bipedal position implies the limitation of voluntary motor 
skills such as locomotion, transfers and self-care, sphincter involvement, restrict-
ing social and school participation. This is the reason why orthotic attachments or 
devices to achieve the maintenance of the bipedal position, have been proposed 
since time immemorial [7].

Recent research even recommends a “24-hour postural management program 
that you should consider including both a passive standing component and an active 
component using a stander that steps, vibrates, oscillates, sways, turns, bounces, 
moves from sit-to-stand under users’ own power, allows users to self-propel, and 
so on, or other devices that combine weight-bearing and movement such as a gait 
trainer/support walker” [8].

Assisted standing involves using a device to help place load through a person’s 
feet. Standing devices and orthoses provide a stable mechanical support for 
weight bearing in the supine, prone or upright positions, depending on the 
device chosen; however, a precise and timely evaluation of individual needs must 
select the most appropriate design of standing device, orthoses, or both. These 
benefits include preservation of muscle length and range of joint movement via 
the stretch that occurs during standing (predominantly of the hip and lower-
limb muscles), delayed onset of scoliosis, increased bone density (thereby  
reducing the risk of fractures), fewer muscle spasms and better respiratory  
function (including voice control). Research on standing for other conditions  
has also suggested improved circulation, digestion, and bowel and bladder func-
tion. Clinical opinion on standing indicates other benefits, including pressure 
relief (which improves skin integrity), improvement of well-being and better 
sleep [9, 10].

In addition, for these people, there is the social stigma of depending on 
others for functional mobility, which is why an assistive device is necessary that 
facilitates the bipedal position, ambulation in the environment and development 
of activities typical of age, without assistance from another person and who 
contribute positively to society as a whole [11, 12].

One of the fields of the human body movement professional is precisely the 
design, prescription and evaluation of the use of this type of device for standing, 
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known as Standing Stands. However, the limited and timid research that researchers 
have found in this field is surprising [13].

2. Material and methods

The approach to the design of machinery that was proposed in this project 
considered for its realization the steps of the engineering design flow [14], that 
is to say:

1. Recognition of a need.

2. Specifications and requirements that the machine must meet to solve the need.

3. Study of the possibilities.

The purpose of the probability study is to verify the possible success or failure 
of a proposal, both from a technical and economic perspective.

4. Synthesis of creative design.

In this phase of design, researchers must act as physiotherapists, “empirical 
engineers,” inventors, and artists, to create the machine.

5. Preliminary design and development.

Drawings of the machine as a whole and of the specific parts of it, the 
dimensions and important notations, as well as auxiliary sectional views, 
that fully explain the proposed design. In addition, kinematic studies are 
conducted, which include the design of the machine and the possible move-
ments that it should conduct.

6. Detailed design.

Detailed design refers to the actual rigging and sizing of all individual com-
ponents, both purchased and manufactured, that make up the total product, 
device, or system. The assistance of experts in the different areas was necessary 
in order to carry out the stander on the right track.

7. Prototype construction and testing.

At this stage, the parts were manufactured, the commercial components were 
purchased and the machine or system, after the assembly, is ready for evalua-
tion and testing. After the necessary changes and/or modifications have been 
made, the new components are incorporated into the prototype assembly to 
continue with the tests and evaluations. This process was performed until 
the designer, in this case the researchers, were satisfied with the stipulated 
specifications.

8. Production design, this stage is not part of this project as it is a pilot test.

This was the prototype of the standing frame that was used in the case, which 
was subjected to evaluation in the prototype workshop of the Faculty of Engi-
neering of the National University, and to an expert judgment (Figure 1).
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Based on the prototype, a case study was designed with a 10-year-old patient 
with myelomeningocele type spina bifida level T12 - L4, the most relevant sequelae 
of which were bilateral-grade IV/V vesicourethral reflux, flaccid neurogenic 
bladder in catheterization intermittent from the age of 4 years old, bilateral 
hydronephrosis, bilateral dysplasia of the hips and coxa varas, flaccid paraplegia, 
among others.

The researchers understood, assumed and classified this research  
project as minimal risk, given that other stanchions have been created in the 
world, which have facilitated the study and description of the risks derived from 
its use in the adult population [15], and to a lesser extent in the pediatric  
population, with an inability to acquire the bipedal position. The possible risks, 
their handling and control are known and foreseen by the researchers.  
These risks include signs of orthostatism, diaphoresis, emesis, pressure zones, 
allergy to materials, tinnitus, paresthesia, fall, tachycardia, bradypnea or  
polypnea [16].

The benefit derived from the use of the stander was based on the care of the 
conditions that generally affect people unable to adopt the bipedal position [1]. 
Therefore, in the cost–benefit ratio, the risks inherent to the research were widely 
outweighed by the benefits provided by assisted standing in this type of popula-
tion, being a novel and reasonable orthosis, insofar as it was intended to attend a 
sequel and a need that the Colombian health system is not prepared to meet and has 
completely neglected in the research study subject.

Confidentiality was guaranteed by the researchers for both the study subject and 
his family.

According to Title III of the current regulations, in this study an informed 
consent was obtained for the research subject, with prior evaluation by the psychol-
ogy service of the Faculty of Medicine of the National University in which it was 
certified that the subject of study, can understand, reason and logic, which allows 

Figure 1. 
Graphic design of the prototype.
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you to understand the importance and role of your participation in this research. In 
the same way, they proceeded to obtain informed consent from their parents.

3. Results from the expert judgment

A search was carried out for experts in various areas such as pediatric neurology, 
biomedical engineering, biomechanics and medical technology; who could evaluate 
the different characteristics of the stander. For this, five expert professionals were 
contacted, of which 80% were physiotherapists and 20% belonged to mechanical 
engineering.

4. Criteria for the evaluation of the stander

The characteristics of both the shape (design, safety, resistance, weight, mobil-
ity, esthetics, among others) and the bottom of the standing frame were evaluated 
with a view to incorporate the changes, modifications and suggestions received 
by the judges into the final prototype. At the request of one of the evaluators, the 
researchers made a technical specification sheet, which could unify a technical 
language that is understandable to the reader. The evaluation was conducted using 
the following qualification criteria:

1. Excellent

2. Very good

3. Good

4. Regular

5. Bad

6. Very bad

4.1 Design creativity

The grade point average for this criterion was excellent.
One aspect highlighted by one of the experts was the fact of considering standard 

measures of Colombian architecture, such as the width of the doors, and the stan-
dardized measures of wheelchairs, to provide better accessibility to various spaces.

4.2 Security provided by the patient standard

In this criterion, the experts argued that some improvements must increase 
safety, such as lateral supports on the back and seat. Another evaluator expressed 
concern about how safe an obese patient might be. The average grade for this 
criterion was very good.

4.3 Design of supports to avoid pressure zones in the body segments

The average qualification for this criterion was very good, although we insist on 
reviewing any pressure zones.
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4.4 Materials used for creation the stander

The testers expressed that they look tough and that they are suitable for dura-
bility and strength. Another evaluator requested a technical sheet of the stander 
and the value of the resistance of the materials. The grade point average for this 
criterion was very good. One of the elements highlighted in the structure was  
the use of a special weld, which guarantee safety in the different joints of the 
standing frame.

4.5 Structural strength of the staircase

In this item, the evaluators stated that the design and manufacture guaranties 
the resistance of the stanchion and suggested performing load-bearing tests for a 
more generalized use. The grade point average for this criterion was very good.

Considering that the structural resistance of the prototype is fundamental, the 
researchers consulted with a mechanical engineer to make a 3D modeling, in which 
a simulation was intended to find resistance values and critical points in the struc-
ture. Regarding the load-bearing test, when manufacturing the prototype, a static 
test with a weight of 100 kg was performed for 24 hours, finding that the structures 
did not suffer any damage. However, to conduct other types of tests, it must have 
another manufactured stanchion, which is available only to measure with what 
applied force it could suffer some damage.

4.6 Weight of the staircase

The evaluators stated that it is a bit heavy, however it is much lighter than other 
types of stanchions that do not have an electric motorization system; They also 
expressed that another type of material such as aluminum could reduce the weight. 
The grade point average for this criterion was very good.

4.7 Ease of handling

In this evaluation criterion, the evaluators stated that they are concerned about 
children with spina bifida who have attention and coordination difficulties, they 
stated that the regulatory system could be improved to make it easier for the family 
to manipulate, modifying it to a system of pin commonly used on crutches and 
canes; it is also required to improve transportability. The grade point average for 
this criterion was very good.

4.8  Expansion capacity in the different segments whereas loads is produced

The experts expressed that the stander offers wide possibilities to adjust the 
size in different parts of it, although some adjustments are required to improve 
the expansion capacity in the seat. The grade point average for this criterion was 
excellent.

4.9 Stander dimensions

The experts stated that they were adequate to achieve difficult accesses, 
although, if it does not risk stability, it would be preferable to shorten it a bit; 
another expert said he finds it a bit cumbersome to fit into an average car. The rating 
for this criterion was very good.
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4.10  Esthetic appearance in shape, textures, accessories, colors, among others

The evaluators stated that the colors were very striking, had very special details 
and colors with a specific objective. The grade point average for this criterion was 
very good.

4.11 Ease off cleaning the staircase

The stander met the hygiene requirements set by the researchers and evaluators. 
The grade point average for this criterion was very good.

4.12 What other evaluation item would you formulate?

The experts proposed the following form evaluation criteria for the stander:

• Durability of materials

• Inquire about costs

• Manipulation by the family

In the same way, the group of experts made the following contributions from the 
open questions:

• Check the push bar, as safety concerns for the people accompanying the 
child, their companions or caregivers. Regarding this recommendation, the 
researchers proceeded to shorten the bar by 30 cm, to avoid accidents in 
other people.

• Consider foot deformities, specifically the tendency to clubfoot, added to the 
absence or little sensitivity in relation to the footrest. Here, the patient has 
an AFO type orthosis, which favors the stabilization of these segments, even 
more so when acquiring the bipedal position. However, this aspect should be 
reviewed at the time of series production.

• Pelvic belt and foot safety at 45°, with Velcro: regarding the angulation of the 
pelvic belt, it would be necessary to do it in the case in which the prototype only 
offered the possibility of maintaining the sitting position, however, when also 
assisting the position bipedal, a position must be found that ensures stability in 
both positions.

• Abductor stop: the population with altered tone requires this help. This modifi-
cation is intended to be conducted in subsequent prototypes.

• Wider wheels: for the rear wheels, it is possible to carry out this modifica-
tion, however for the front wheel it would involve a considerable increase in 
friction, which would not allow the user to easily direct the movement of the 
stander, consequently a complete change in steering system.

• Modification of the command panel: one of the evaluators considers that it 
is necessary to change some buttons, so that they are easier for the user to 
understand. Regarding this, the researchers performed a previous test, with 
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4.4 Materials used for creation the stander

The testers expressed that they look tough and that they are suitable for dura-
bility and strength. Another evaluator requested a technical sheet of the stander 
and the value of the resistance of the materials. The grade point average for this 
criterion was very good. One of the elements highlighted in the structure was  
the use of a special weld, which guarantee safety in the different joints of the 
standing frame.

4.5 Structural strength of the staircase

In this item, the evaluators stated that the design and manufacture guaranties 
the resistance of the stanchion and suggested performing load-bearing tests for a 
more generalized use. The grade point average for this criterion was very good.

Considering that the structural resistance of the prototype is fundamental, the 
researchers consulted with a mechanical engineer to make a 3D modeling, in which 
a simulation was intended to find resistance values and critical points in the struc-
ture. Regarding the load-bearing test, when manufacturing the prototype, a static 
test with a weight of 100 kg was performed for 24 hours, finding that the structures 
did not suffer any damage. However, to conduct other types of tests, it must have 
another manufactured stanchion, which is available only to measure with what 
applied force it could suffer some damage.

4.6 Weight of the staircase

The evaluators stated that it is a bit heavy, however it is much lighter than other 
types of stanchions that do not have an electric motorization system; They also 
expressed that another type of material such as aluminum could reduce the weight. 
The grade point average for this criterion was very good.

4.7 Ease of handling

In this evaluation criterion, the evaluators stated that they are concerned about 
children with spina bifida who have attention and coordination difficulties, they 
stated that the regulatory system could be improved to make it easier for the family 
to manipulate, modifying it to a system of pin commonly used on crutches and 
canes; it is also required to improve transportability. The grade point average for 
this criterion was very good.

4.8  Expansion capacity in the different segments whereas loads is produced

The experts expressed that the stander offers wide possibilities to adjust the 
size in different parts of it, although some adjustments are required to improve 
the expansion capacity in the seat. The grade point average for this criterion was 
excellent.

4.9 Stander dimensions

The experts stated that they were adequate to achieve difficult accesses, 
although, if it does not risk stability, it would be preferable to shorten it a bit; 
another expert said he finds it a bit cumbersome to fit into an average car. The rating 
for this criterion was very good.
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a child of the same age and schooling as the study subject, finding that after 
a brief instruction, the child was able to maneuver the standing frame in all 
directions, so no this modification is considered necessary.

4.13  Results of the implementation of the bipedestation in the subject of study

Making the comparison between the physiotherapeutic evaluation before and 
after the standing protocol in the study subject, it was found that:

• In the cardiovascular and respiratory dimension it was found:

 ○ On the scale of perceived exertion (modified Borg), the study subject 
initially considered standing activity with a rating of hard; after finishing the 
sessions, the rating decreased to soft.

 ○ When performing the evaluation of ventilatory mechanics, it was found that 
there was an increase of 0.5 cm in the thoracic expansion of the study subject.

• Regarding the anthropometric characteristics, the following changes 
were found:

 ○ In the initial evaluation, the BMI was in the 65th percentile and in the final 
evaluation it was in the 30th percentile. Despite this decrease, the BMI was in 
the normal ranges.

 ○ Regarding the perimeters, an increase of 1.5 cm was found in shoulders and 
abdomen; at the hip 2 cm; 1.7 cm for the right upper thigh and 2.7 cm for the 
left and 0.5 cm for the leg. Likewise, there was a decrease in some perim-
eters, such as 1 cm in the right middle thigh and 0.8 cm in the lower thigh.

• In the positive internal contextual factors and participation, it was found that 
the patient improved her mood after the start of standing, has greater initiative 
to conduct different activities that she did not do before, such as helping to 
wash the dishes after eating, help serve in the store of their parents.

• Regarding integumentary and vascular integrity, it was found:

 ○ Regarding the pressure ulcer presented by the study subject, it was found 
that in the initial evaluation, it had dimensions of 2.4 cm wide x 1.5 cm high; 
in the final evaluation it was 2.1 cm wide x 1 cm high. This shows a decrease 
of 0.3 cm in width and 0.5 cm in height in the crater.

• Regarding joint integrity and mobility, the results obtained can be seen in 
Table 1:

• In the muscle evaluation, a slight contraction was found in the hip flexor 
muscles on both sides in the final evaluation.

• In the evaluation of sensory and neuromotor integrity it was found:

 ○ Superficial sensitivity: when evaluating touch and pain, it was obtained that 
the study subject initially reported perceiving the stimuli up to the level 
of T12 on the left side and T11 on the right side. In the final evaluation, a 
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perception of the stimulation was obtained on the lateral aspect of L2 in the 
right hemibody and up to L1 in the left side.

 ○ ASIA: in the initial evaluation, the sensitive level was T11 and in the final 
evaluation it was L1. The motor level remained the same in the two evalua-
tions, however in the final evaluation a slight contraction of the hip flexors 
was found.

• In the postural analysis the following results were found:

 ○ Postural alignment in sitting position: pelvic obliquity changed the score 
from slight elevation of 10° to the right side to normal; the lateral displace-
ment of the trunk was maintained in a grade of mild, going from a dis-
placement of 5° to the left to a 5° displacement to the right; lateral head tilt 
changed from Tilt 10° to the right (slight) to normal; hip rotation remained 
normal in both evaluations; posterior pelvic tilt, thoracic and lumbar curva-
ture remained the same in the two evaluations; in the posterior inclination 
of the head there was a decrease of 13°, going from slight to normal; slight 
pelvic rotation remained the same in both evaluations; in the adduction and 
abduction of the hips a grade of normal was maintained.

 ○ Positive Galeazzi sign, finding a decrease in the difference of 0.9 cm, with 
the lower right limb is the lowered one.

 ○ Spine: mobility was evaluated with the Schober test, finding an increase of 
1 cm in the displacement of the vertebrae. The alignment of the spine was also 

Joint Range of motion

Gain

Right and left hip flexion 22°

Right hip internal rotation 26°

Left hip internal rotation 16°

Left hip external rotation 7°

Left knee flexion 6°

Knee extension 10°

Right foot neck inversion 5°

Left foot neck inversion 3°

Right foot neck eversion 30°

Left foot neck eversion 25°

Decrease

Hip adduction 17°

Left foot neck dorsiflexion 15°

Right metatarsophalangeal flexion 18°

Left metatarsophalangeal flexion 30°

Bilateral metatarsophalangeal extension 10°

Table 1. 
Comparison of gain and decrease in the ranges of motion obtained in the pre and post physiotherapeutic 
evaluations.
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evaluated with the Adams test, which shows an increase in curvature toward 
the left side in the dorsal area, maintaining the same result in both evaluations.

The researchers also consider it pertinent mentioning other changes that 
occurred in the study subject during assisted standing; These data were obtained 
from the parents’ narratives during the course of the investigation and will be 
presented below:

• In relation to the musculoskeletal system, the parents report that “when 
palpating the muscles of the thighs and legs of the study subject, they found a 
considerable increase in their hardness (muscular turgor).”

• In relation to the stability and postsurgical ossification of the pelvis and hip, 
radiographic images are obtained after the process of standing, whose exami-
nations are in the hands of the parents and which, according to them, in an 
appointment made with orthopedics, the doctor The practitioner noted a rare 
improvement in the stability and ossification of the pelvis and hip.

• Regarding urine color, appearance and volume, the parents decreased the 
consumption of this drug in the study subject, even stopping the use of this 
antibiotic during standing.

• In the digestive system, the parents reported that from the second week of 
assisted standing, the fecal bolus changed its appearance, going from hard 
goat-type stools to soft stools that looked more like normal. Parents mentioned 
that this event had never been presented; It is also important to mention that 
the use of the medicated laxative (PEG) were suspended due to the positive 
change in the consistency of the stool.

• Regarding the participation of the individual, a favorable change was achieved 
in the emotional part of the study subject, a better disposition was also gener-
ated to perform activities in which they did not usually participate, such as 
cleaning the home, helping their parents with work typical of home and work.

• Regarding the movement of the subject, the parents report an improvement in 
stability, alignment of the trunk and lower limbs, and the ease with which they 
crawl inside the home.

According to these results, it is observed that it is necessary to design these 
devices based on the individual characteristics of each patient/user, so as to guar-
antee an adequate man–machine correlation and therefore obtain better results 
derived from the use of the device. This is why this research bets on a personalized 
design and not in series, economic, light and esthetic, unlike most of the stanchions.

The researchers recognize the importance of having received training in various 
areas that contributed to the development of the research, however, a limitation of 
the study corresponds to a gap in training in terms of basic elements of design and 
production of orthotic devices or attachments and the review of other systems, 
such as bladder and gastrointestinal function, which are also a fundamental part of 
the human body movement, but which still do not have a concrete argument from 
the point of view of the physiotherapist. Therefore researchers would hope that a 
project will be proposed, hopefully in the short term, where this area is deepened 
and subjects are offered, where these issues and views are explored and reflected by 
physiotherapists in training.
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5. Conclusions

After completing this investigative process, the researchers have reached the 
following conclusions:

• The intervention of the physiotherapists in terms of design and generation of 
structures and technologies that facilitate the habilitation and rehabilitation 
of the patient, from the paradigm of design applied to the user, are one of the 
intervention modalities that is most respectful of individual characteristics 
and context in which the orthosis is going to be implemented, so in the media-
tion between the human and the technological, a judicious monitoring of the 
process is necessary.

• The experiences reported by the experts show us that with the prototype 
produced in this research it is necessary and useful, while without neglecting 
its esthetic appearance, greater functionality was always sought in the patient.

• Assisted standing should be a right for the population with spina bifida, since 
kidney, gastrointestinal and respiratory diseases are the main reasons why these 
patients have a high level of morbidity and mortality. Therefore, devices such as 
the one proposed in this work, made with national materials and with Colombian 
design, 10 times cheaper than those on the market, could respond to these needs.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Chapter 6

Dysphagia Associated with 
Neurological Disorders
Vadim I. Ershov

Abstract

Neurogenic dysphagia is characterized by problems with neural control of 
swallowing caused by various neurological diseases: vascular diseases, traumatic 
diseases, neoplasms, infections, neuromuscular diseases, and others. In patients 
of intensive care units after long-term intubation and extubation may evolve 
“postextubation dysphagia”, characterized by the “learned non-use” phenomenon. 
Neurogenic dysphagia is a component of bulbar or pseudobulbar palsy, depending 
on the level of the neurological lesion. Diagnoses of neurogenic dysphagia include 
clinical examination (water swallow test), videofluoroscopy, upper gastrointestinal 
tract endoscopy and manometry, fiberoptic endoscopic evaluation of swallowing, 
a grade of Penetration-Aspiration Scale, and Fiberoptic Endoscopic Dysphagia 
Severity Scale. Dysphagia complications (malnutrition, dehydration, weight loss, 
aspiration, and respiratory tract obstruction) associated with bad functional 
recovery and life prognosis, so neurogenic dysphagia need a complex treatment: 
correct feeding pattern of caloric value and consistency, methods of oral cavity 
mucosa sensitivity stimulation, swallowing process stimulation, physiotherapeutic 
treatment methods (electrical stimulation of the larynx and tongue root), logopedic 
exercises therapy, surgical correction, lifestyle correction, and others. Sometimes 
it is a need for replacement therapy method by nasogastric tube and percutaneous 
endoscopic gastrostomy, parenteral feeding in several cases. Neurogenic dysphagia 
patient rehabilitation includes the “swallowing enhancement” method with optimal 
food consistency and training method after correct preparation of the oral cavity 
for swallowing. Neurogenic dysphagia patient oral feeding requires correct tech-
nique and contact with the patient for safety and efficient recovery.

Keywords: swallowing, dysphagia, stroke, rehabilitation

1. Introduction

Dysphagia is difficulty swallowing. Dysphagia is common in patients with 
neurological disorders. It can result from damage to the central or peripheral ner-
vous system, as well as muscle and neuromuscular junction disorders. Neurogenic 
dysphagia often leads to serious complications including pulmonary aspiration, 
dehydration, and malnutrition. Dysphagia negatively affects the course of the dis-
ease and its outcome. Ethinenias can usually be prevented if dysphagia is detected 
early and treated correctly. The most common cause of neurogenic dysphagia, 
however, is stroke [1].
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2. Physiological aspects of the swallowing process

Swallowing is a sequence of coordinated voluntary and involuntary (reflex) 
movements that push contents of the oral cavity into the esophagus and the stom-
ach. It is a complex process consisting of coordinated movements of the jaw, the soft 
palate, and the esophagus muscles. The process involves the olivary nuclei and the 
cerebral cortex [2]. A person swallows approximately 600 times per day. Nearly 200 
times while eating, 50 times while sleeping, and 350 times in all other cases. In most 
cases, swallowing is performed unconsciously [3].

The process of swallowing can be divided into four phases: oral, oropharyngeal, 
pharyngeal, and esophagopharyngeal. During the first (oral) phase, food is deliv-
ered into the oral cavity. Food is chewed, it is moistened with saliva, and a food 
bolus is formed [3, 4].

During the second (oropharyngeal) phase, the food is accumulated at the back 
of the tongue, chewing is stopped, and the tongue lifts up and pushes the food bolus 
through the pharynx into the middle portion of the pharynx (oropharynx). At the 
same time, the longitudinal muscles of the tongue and the mylohyoid muscles con-
tract and press down the tip, back, and root of the tongue sequentially to the hard 
palate. The tongue is pushed backwards. The soft palate lifts up as to close down the 
nasopharynx. The pharynx and the hyoid bone move forward and up. The epiglottis 
moves back and down as to close down the entrance to the trachea. Breathing stops. 
The pharynx contracts [5].

During the third (pharyngeal) phase, the food bolus moves down into the 
middle portion of the pharynx, where the middle pharyngeal constrictor and the 
inferior pharyngeal constrictor contract, ensuring the bolus is squeezed and pushed 
downwards. At the same time, the larynx and the hyoid bone lifts up, enabling 
faster food bolus passing through the middle portion of the pharynx to the inferior 
portion. At the moment of swallowing, the reflex response enables expansion of the 
esophageal entrance, and the pharyngeal constrictors push the food bolus through 
the pyriform sinuses into the esophagus [5, 6].

During the fourth (esophagopharyngeal) phase, the upper esophageal 
sphincter relaxes. The food bolus enters the esophagus. The esophagus contracts 
sequentially. The inferior esophageal sphincter opens. The food bolus enters the 
stomach [6].

The first phase is voluntary, while the others are involuntary. Cranial nerves IX, 
X, XI are involved at all stages of swallowing [7].

Dysphagia (from dys- + Greek “phagein” meaning to eat, to swallow) is a clinical 
symptom of swallowing dysfunction: difficulty or painful passage of a food bolus 
from the oral cavity to the stomach [8]. Dysphagia can occur both as an indepen-
dent condition or as a part of complex syndrome. Thus, dysphagia is the most 
important element of a bulbar or pseudobulbar palsy. Dysphagia is a subjective 
perception of difficulty swallowing.

Swallowing disorders are signs of various diseases. It is one of the key problems 
in diffuse and focal brain injuries [9]. Dysphagia occurs in 27.2% of elderly, who can 
take care of themselves; in 47.4% of elderly patients in intensive care units; in 51% 
of persons needing assistance. Dysphagia develops in 13–57% of patients suffer-
ing from dementia, in 19–81% of patients with Parkinson’s disease, in 44–60% of 
patients with neurodegenerative diseases. Neurogenic dysphagia occurs in 25–65% 
of patients after stroke, provided that mortality rates among tube-fed patients with 
post-stroke dysphagia vary from 20 to 24% [2, 10]. In 15–17% of cases, difficulty 
swallowing develops after posterior fossa brain tumor surgeries and represents 
one of dangerous postoperative complications. Nearly 60% of patients experience 
difficulty swallowing after extubation [11, 12].
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Dysphagia has a negative impact on the quality of life. It leads to severe respira-
tory complications; it becomes the cause of dehydration, metabolic disorders, and 
cachexia. Dysphagia increases disability, significantly worsens prognosis, and 
complicates patient rehabilitation. Dysphagia is a significant risk factor for the 
development of aspiration pneumonia [13].

3. Dysphagia classification

Dysphagia is commonly divided into esophageal and oropharyngeal.
Based on the functional mechanisms of disease development, dysphagia is  

classified into:

• neurogenic (motor, high)

• organic or mechanical

• psychogenic

In addition, all types of dysphagia can be divided into:

• acute

• chronic

Based on the disease course, dysphagia can be:

• intermittent

• persistent

• progressive, with increasing clinical symptoms

4. Pathogenesis of neurogenic dysphagia

In most cases, neurogenic dysphagia is oropharyngeal [14]. Neurogenic dys-
phagia is characterized by problems with neural control of swallowing caused by 
various neurological diseases.

The most common cause of neurogenic dysphagia development is a stroke [9–10, 
15, 16]. Dysphagia can also occur in case of traumatic brain injury, brain tumors, 
encephalitis, botulism, and rabies. This type of pathology is observed at late stages 
of Parkinson’s disease, Alzheimer’s disease, amyotrophic lateral sclerosis, other 
neurodegenerative diseases, severe myasthenia gravis, multiple sclerosis, Guillain–
Barré syndrome, and other disorders.

On rare occasions, neurogenic dysphagia can be the sole manifestation. 
However, in most cases it is a component of bulbar or pseudobulbar palsy  
(Tables 1 and 2).

Bulbar palsy occurs in case of bilateral or unilateral injury of cranial nerve nuclei 
IX, X, and XII and their roots. Isolated nuclear palsy is not common due to close 
proximity of anatomical structures of the caudal part of the medulla. Bulbar palsy 
elements are also included in some alternating syndromes. By its nature, bulbar 
palsy is peripheral paralysis of the pharynx. In addition to dysphagia, bulbar palsy is 
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characterized by dysarthria (speech disorder resulting from an injury of the nerves 
responsible for articulation), atrophy of the pharynx and tongue muscles, and 
aphonia. As a rule, breathing pattern disorders (aspiration syndrome, Lambert–Eaton 
myasthenic syndrome, respiratory failure) develop in critically ill patients suffering 
from bulbar palsy, which often leads to death [17]. This is caused by close proximity of 
the caudal group of cranial nerve nuclei to the respiratory and vasomotor centers [7].

Pseudobulbar palsy is a neurological syndrome caused by bilateral disturbance 
of the corticonuclear tracts. In contrast to bulbar palsy, pseudobulbar palsy is 
central paralysis of the pharynx. Pseudobulbar palsy is characterized by the 
same triad of symptoms as bulbar palsy: dysarthria, dysphonia, and dysphagia. 
However, in pseudobulbar palsy, swallowing disorders are less severe: there is no 
muscles atrophy, primitive oral reflexes are present, and pharyngeal reflex does not 

Variant Clinical profile

1st Partially preserved sensitivity of the laryngeal mucosa and the epiglottic mobility; the 
swallowing function is preserved. On rare occasions, choking starts when liquid food is 
swallowed; patients do not require tube feeding.

2nd Mild impairment of swallowing function with partially preserved sensitivity of the laryngeal 
mucosa; patients experience significant limitations. These patients can be fed by small portions 
(using a teaspoon) with food of cream, puree, and jelly-like consistency. When a patient has 
impaired critical judgment and weak ability to concentrate on performed actions, a need for tube 
feeding arises.

3rd Severe impairment of laryngeal mucosa sensitivity and severe impairment of swallowing 
function, which require tube feeding. This variant is the most dangerous in terms of 
underestimation of case severity, because the epiglottis is in its upper position and it does 
not block breathing. Aspiration of the oropharynx contents into the trachea is common. Due 
to impairment of laryngeal and tracheal mucosa sensitivity and cough reflex suppression, 
aspiration is manifested at late stages in the form of respiratory failure and rapidly progressive 
pneumonia.

4th Severe impairment of laryngeal mucosa sensitivity, severe impairment of swallowing function; 
the epiglottis is in its middle position and usually does not block breathing. In this variant, 
aspiration is manifested quite soon after failure of respiratory tract protection in the form of 
respiratory failure and grunting breathing.

5th Severe impairment of laryngeal mucosa sensitivity, no swallowing function. The epiglottis rests 
at the inferior wall of the larynx, i.e., in its lower position. The glottis can be examined only using 
a fiberscope or via direct laryngoscopy (during intubation). Respiratory failure in such patients 
is usually manifested immediately after failure of respiratory tract protection (extubation) in the 
form of difficulty breathing.

Table 2. 
Variants of bulbar dysfunctions (swallowing function).

Bulbar 
dysfunctions

Sensitivity of 
pharyngeal mucosa

Swallowing 
function

Epiglottis position (evaluation of the 
epiglottic paresis grade)

Grade 1 Partially preserved Preserved Upper (normal)

Grade 2 Partially preserved Partially 
impaired

Upper

Grade 3 Not observed Impaired Upper

Grade 4 Not observed Grossly 
impaired

Medium

Grade 5 Not observed Not observed Lower (epiglottic paralysis)

Table 1. 
Bulbar dysfunction scale.
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disappear. Pseudobulbar palsy is characterized by compulsive crying or laughing. 
Pseudobulbar palsy can be often combined with signs of central hemiparesis or 
tetraparesis, due to the pyramidal tracts involvement [6, 7, 18].

A special form of oropharyngeal dysphagia called “postextubation dysphagia” 
(PED) was first observed in 1991 during myography of oral cavities of extubated 
patients. PED is one of the signs of post-intensive care syndrome (PICS) [2, 19–21]. The 
pathogenesis of PED is characterized by the “learned non-used” phenomenon charac-
terized by three-phase swallowing impairment associated with long-term intubation 
(>48 h) or due to the absence of subglottal pressure in case of a cannula bearing [17, 22].

5. Neurogenic dysphagia diagnoses and monitoring

Dysphagia assessment procedures are selected depending on patient charac-
teristics, severity of swallowing disorder, and procedure availability. Patients with 
stroke shall be screened for dysphagia during the first 24 hours after the disease 
onset and before oral eating [9, 23].

Swallowing assessment protocol was developed by the American Speech–
Language–Hearing Association (ASHA). The main tests for oropharyngeal dyspha-
gia assessment are the following ones:

• Water swallow test (three-swallow test): inexpensive and potentially useful 
basic screening test together with the data obtained from medical history and 
physical examination. The test has prognostic sensitivity of >95% as applied to 
detection of dysphagia occurrence [24, 25].

• Videofluoroscopy (“modified barium swallow”), which is a gold standard 
for oropharyngeal dysphagia assessment. The swallowing process is video 
recorded during fluoroscopy. Monitoring of patient’s swallowing motions is 
provided. This procedure can be beneficial in predicting the risk of aspiration 
pneumonia [26].

• Upper gastrointestinal tract endoscopy. Endoscopy is not a sensitive method for 
detection of impaired swallowing function and is not effective for aspiration detec-
tion. At the same time, this method is effective for dysphagia monitoring [27].

• Fiberoptic endoscopic evaluation of swallowing (FEES), which is a modified 
method that includes visual examination of the larynx and pharynx structures 
using flexible transnasal fiberoptic endoscope when a patient is eating or 
drinking. This method is the most commonly used in real clinical practice [28].

• Overall estimate of dysphagia severity is based on summing up PAS and FEDS 
grades (Tables 3–5) [15, 27].

• Automated impedance-manometry (AIM), which is combination of imped-
ance-manometry and high-resolution manometry. This method provides valu-
able diagnostic information. These measurements represent reliable prognostic 
method of aspiration [10, 29].

• High-resolution pharyngoesophageal manometry, which is quantitative 
assessment of pressure and time of the pharynx contraction and time of upper 
esophagus relaxation. It can be used in combination with videofluoroscopy in 
order to gain better understanding of involved movements and pressure [30].
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Table 1. 
Bulbar dysfunction scale.
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disappear. Pseudobulbar palsy is characterized by compulsive crying or laughing. 
Pseudobulbar palsy can be often combined with signs of central hemiparesis or 
tetraparesis, due to the pyramidal tracts involvement [6, 7, 18].
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(PED) was first observed in 1991 during myography of oral cavities of extubated 
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(>48 h) or due to the absence of subglottal pressure in case of a cannula bearing [17, 22].
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stroke shall be screened for dysphagia during the first 24 hours after the disease 
onset and before oral eating [9, 23].

Swallowing assessment protocol was developed by the American Speech–
Language–Hearing Association (ASHA). The main tests for oropharyngeal dyspha-
gia assessment are the following ones:

• Water swallow test (three-swallow test): inexpensive and potentially useful 
basic screening test together with the data obtained from medical history and 
physical examination. The test has prognostic sensitivity of >95% as applied to 
detection of dysphagia occurrence [24, 25].

• Videofluoroscopy (“modified barium swallow”), which is a gold standard 
for oropharyngeal dysphagia assessment. The swallowing process is video 
recorded during fluoroscopy. Monitoring of patient’s swallowing motions is 
provided. This procedure can be beneficial in predicting the risk of aspiration 
pneumonia [26].

• Upper gastrointestinal tract endoscopy. Endoscopy is not a sensitive method for 
detection of impaired swallowing function and is not effective for aspiration detec-
tion. At the same time, this method is effective for dysphagia monitoring [27].

• Fiberoptic endoscopic evaluation of swallowing (FEES), which is a modified 
method that includes visual examination of the larynx and pharynx structures 
using flexible transnasal fiberoptic endoscope when a patient is eating or 
drinking. This method is the most commonly used in real clinical practice [28].

• Overall estimate of dysphagia severity is based on summing up PAS and FEDS 
grades (Tables 3–5) [15, 27].

• Automated impedance-manometry (AIM), which is combination of imped-
ance-manometry and high-resolution manometry. This method provides valu-
able diagnostic information. These measurements represent reliable prognostic 
method of aspiration [10, 29].

• High-resolution pharyngoesophageal manometry, which is quantitative 
assessment of pressure and time of the pharynx contraction and time of upper 
esophagus relaxation. It can be used in combination with videofluoroscopy in 
order to gain better understanding of involved movements and pressure [30].
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Main findings Grade Potential clinical consequences

Saliva Penetration/aspiration Grade 6 No oral eating, only tube feeding

Pudding Penetration or aspiration without 
or insufficient protective reflex

Grade 5 Tube feeding

Pudding Penetration/aspiration with 
sufficient protective reflex

Grade 4 Tube feeding with small portions 
of pudding for oral eating during 
rehabilitation procedures

Liquids Penetration or aspiration without 
or insufficient protective reflex

Grade 4 Tube feeding with small portions 
of pudding for oral eating during 
rehabilitation procedures

Liquids Penetration/aspiration with 
sufficient protective reflex

Grade 3 Oral eating of pureed food

Solid food Penetration/aspiration with food 
residues in the pyriform sinuses

Grade 2 Oral eating of pudding or liquids

Solid food No penetration or aspiration, mild 
residues of food in the sinuses

Grade 1 Oral eating of semi-solid food or 
liquids

Table 4. 
Fiberoptic endoscopic dysphagia severity scale (FEDSS).

Grading Description of respiratory tract, larynx, and trachea state

1 Food does not pass into the respiratory tract.

2 Food passes into the respiratory tract, staying above the vocal cords and it can be coughed out 
of the respiratory tract.

3 Food passes into the respiratory tract, staying above the vocal cords but it cannot leave the 
respiratory tract.

4 Food passes into the respiratory tract, touches the vocal cords, and is pushed out of the 
respiratory tract.

5 Food passes into the respiratory tract, touches the vocal cords but cannot be pushed out of the 
respiratory tract.

6 Food passes into the respiratory tract, it passes beneath the vocal cords and cannot be pushed 
out of the larynx or respiratory tract.

7 Food passes into the respiratory tract, it passes beneath the vocal cords and cannot be pushed 
out of the trachea despite the efforts.

8 Food passes into the respiratory tract, it passes beneath the vocal cords, but a patient is too 
weak to cough it up.

Table 3. 
Penetration-aspiration scale (PAS) developed according to Rosenbek criteria.

Overall estimate 0 = no 
dysphagia

1 = mild 
dysphagia

2 = moderate 
dysphagia

3 = severe 
dysphagia

4 = very severe 
dysphagia

Penetration-
Aspiration Scale 
(PAS)

1 2 3 4 5 6 7 8

Endoscopic 
Dysphagia Severity 
(FEDS)

1 2 3 4 5 6

Table 5. 
Overall estimate of dysphagia severity.
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6. Dysphagia complications

Dysphagia and protein-energy malnutrition, being predictors of bad functional 
recovery, are always associated with a high risk of medical complications. Weaning 
from mechanical ventilation of such patients is difficult. They have a high risk of 
purulent-septic complications. At the same time, a risk of sudden death increases [31].

Dysphagia complications are malnutrition, dehydration, weight loss, and 
respiratory tract obstruction. Aspiration pneumonia is one of the most important 
complications of dysphagia [32].

When a stroke is complicated with dysphagia, malnutrition occurs 3 times 
more often than without it. The cases of protein-energy malnutrition in patients 
suffering a stroke vary from 7% to 15% at acute stage and from 22% to 35% after 2 
weeks from the disease onset. Starvation or malnutrition associated with dysphagia 
activates catabolic processes. Among stroke patients requiring long rehabilitation 
period, malnutrition can amount to 50%. Malnutrition syndrome is risk factor 
of pneumonia. It increases sensitivity to oropharyngeal flora, leads to immunity 
suppression, reduces coughing strength, and affects wakefulness. All these factors 
complicate rehabilitation procedures [33].

Aspiration is also one of the most dangerous complications of dysphagia. It 
leads to the respiratory tract obstruction, hypoxia, and aspiration pneumonia [34].

7. Treatment and rehabilitation of dysphagia patients

Neurogenic dysphagia treatment is provided in complex with primary disease 
treatment. Stroke patients need follow-up and treatment and rehabilitation pro-
cedures by multidisciplinary team, including nutritional support, exercises and 
physiotherapy, logopedic correction, pain control treatment, and psychological 
correction [9, 15, 35].

Screening test shall always be conducted prior to patient feeding. Patient shall take 
oral medicines only in the presence or with assistance of medical staff. After taking 
medicines, a patient shall drink small portions of water. For this purpose, a patient 
shall be in a semi-sitting position or shall lie on a side with elevated chin; a risk of 
aspiration is lower in these positions. If even a mild swallowing disorder at pharyngeal 
phase is observed, it is required to act vice versa: to lower the chin. In this position, the 
tongue root is pushed backwards, and the epiglottis protective position is improved. 
This movement compensates for delayed initiation of pharyngeal swallow, as it nar-
rows laryngeal inlet and prevents the bolus passing into the respiratory tract [36].

With nasogastric tube feeding, it is necessary to remember that long-period 
nasogastric feeding may cause such complications as nasopharyngitis, esophagi-
tis, esophageal stricture, and nasopharynx edema. When dysphagia progression 
occurs or no swallowing function dynamics have been observed for a long period, a 
gastrostomy tube is used [37].

Dysphagia patient management, depending on the level of consciousness, 
reasoned contact, use of a tracheostomy tube, and other factors, shall include the 
following actions related to examination: [38].

• Medical history taking;

• Swallowing screening test within 3 hours from the moment of admission;

• Examination of the oral cavity, teeth and gums, palpation of the regional 
lymph nodes;
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suppression, reduces coughing strength, and affects wakefulness. All these factors 
complicate rehabilitation procedures [33].
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7. Treatment and rehabilitation of dysphagia patients
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Screening test shall always be conducted prior to patient feeding. Patient shall take 
oral medicines only in the presence or with assistance of medical staff. After taking 
medicines, a patient shall drink small portions of water. For this purpose, a patient 
shall be in a semi-sitting position or shall lie on a side with elevated chin; a risk of 
aspiration is lower in these positions. If even a mild swallowing disorder at pharyngeal 
phase is observed, it is required to act vice versa: to lower the chin. In this position, the 
tongue root is pushed backwards, and the epiglottis protective position is improved. 
This movement compensates for delayed initiation of pharyngeal swallow, as it nar-
rows laryngeal inlet and prevents the bolus passing into the respiratory tract [36].
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nasogastric feeding may cause such complications as nasopharyngitis, esophagi-
tis, esophageal stricture, and nasopharynx edema. When dysphagia progression 
occurs or no swallowing function dynamics have been observed for a long period, a 
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reasoned contact, use of a tracheostomy tube, and other factors, shall include the 
following actions related to examination: [38].

• Medical history taking;

• Swallowing screening test within 3 hours from the moment of admission;

• Examination of the oral cavity, teeth and gums, palpation of the regional 
lymph nodes;
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• Examination of the mouth and pharyngeal mucosa sensitivity;

• Examination of patient’s speech apparatus;

• Pharyngeal reflex assessment;

• Testing of the reaction to the tracheostomy tube (when required);

• Testing of the reaction to sanitation of the area above the tracheal cuff (when 
required);

• Examination of saliva and sputum accumulated in the area above the cuff 
(when required).

Dysphagia rehabilitation procedures shall include: [39].

• Correct selection of patient feeding pattern;

• Calculation of the caloric value of products with modified consistency and 
selection of nutritional formulas ensuring nutritional support;

• Selection of food consistency, methods of oral cavity mucosa sensitivity 
stimulation, swallowing process stimulation and disinhibition, recovery of 
breath, speech;

• Logopedic exercises therapy aimed at correct positioning, stimulation of active 
swallowing, normal breathing, recovery and enhancement of functional activ-
ity of the muscles involved in the process of swallowing and eating: the muscles 
of mastication, expression, the tongue muscles;

• Physiotherapeutic treatment methods; in such case, the procedure of choice for 
neurogenic dysphagia is the larynx electrical stimulation of swallowing reflex;

• Acupuncture;

• Surgical correction (if medically required) aimed at creation of alternative 
ways for patient feeding;

• Psychological correction;

• Hygienic care of the oral cavity;

• Lifestyle correction aimed at correction or creation of the conditions facilitat-
ing independent eating process for patients when the function is diminished or 
impaired;

• Teaching relatives on feeding skills and complication prevention.

In order to facilitate the impaired process, various methods of swallowing 
training and retraining are developed. These methods include strengthening 
exercises, biofeedback stimulation, temperature and taste stimulation [29, 40].

The following rehabilitation methods are used for neurogenic dysphagia patient 
rehabilitation:
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1. Preparatory. Preparation of the oral cavity for swallowing (cleaning and mois-
turizing with a sponge), removal and installation of removable dentures.

2. “Swallowing enhancement” method. After patient examination, food consis-
tency, which is optimal as for the current moment, is selected. Subsequently, 
food of various consistency is given, and the volume of food for single ad-
ministration is increased gradually. At the same time, the required swallow 
volume, amount of food for single administration, and feeding temperature 
range are determined. Taste sensation is recovered throughout the rehabilita-
tion period.

3. Replacement therapy method. Nasogastric tube is installed (percutaneous 
endoscopic gastrostomy is further applied when required). In several cases, 
parenteral feeding is used.

4. Postural method, which involves the selection of a proper posture required 
for eating.

5. Training method, which consists of training exercises for strengthening the 
muscles involved in swallowing process, recovery of swallowing control 
function.

Complex approach and consistency of dysphagia patients rehabilitation 
of stroke patients is well-established. Rehabilitation shall be conducted by 
the members of the multidisciplinary team (MDT) trained on the methods of 
dysphagia-specific assistance rendering. It is quite important that speech-language 
pathologists carry out the main works on rehabilitation of neurogenic dysphagia 
patients. But other members of MDT shall assist speech-language pathologists: 
physician involved in therapeutic exercises, physiotherapy doctor, as well as 
patient’s relatives.

Physiotherapy tasks: [41, 42].

• Development of adequate afferentation flow by low-frequency electrophono-
pedic articulation simulation;

• Speech and swallowing management program support;

• Support of non-functioning muscles tonus to prevent their atrophy;

• Prevention of degradation process in the cricoarytenoid joint capsule;

• Recovery and support of CNS regulatory function.

Physiotherapy aimed at electrical stimulation of the larynx and tongue root 
shall be performed during most of the acute stoke period, when it is medically 
substantiated.

Approximate current parameters for electrical stimulation:

• Pulse shape: triangular, with a very slow rise;

• Pulse time: 200 ms;

• Pause time: 1,000–7,000 ms (depending on patient’s readiness);
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• Current intensity: 2.5 mA;

• Time of procedure execution: 30 min;

• Frequency of execution: every day No. 10–15.

The effectiveness of rehabilitation techniques in the treatment of patients 
after stroke has been shown in a number of studies [4, 10, 18, 29, 37–39]. Various 
methods of swallowing as part of complex therapy for dysphagia in stroke have 
shown high efficiency. The best results of swallowing recovery are shown when 
using integrated approach, include specialized nutritional mixtures with different 
densities. Recovery was better in patients with pseudobulbar disorders [16, 35]. 
Involvement of patient’s relatives and patient motivation plays a significant role in 
recovery [4, 9].

8. Dysphagia patients feeding

To perform oral feeding, it is necessary to awaken a patient and seat him/her 
up before feeding. Make sure a patient stays in a sitting position for 20–30 minutes 
after the end of oral feeding. First of all, it is necessary to ask patient if he/she wants 
to take breakfast, lunch and dinner among his/her family members or prefers to 
eat alone. Anyway, it is necessary to arrange the meal in a comfortable, quiet, and 
friendly atmosphere, and to put away all unwanted noise sources so that the patient 
can focus on eating. A patient with difficulty swallowing needs sufficient time for 
eating. Do not hurry a patient. It is important that a patient feels safe and enjoys the 
meal while eating.

It is necessary to provide proper positioning of a patient. Correct posture is 
important to prevent food aspiration while swallowing. When possible, a patient 
shall sit in an armchair while eating.

When a patient is fed sitting in the armchair, prepare pillows to keep the patient’s 
position, comfortable table and non-slipping carpet before feeding.

Patient shall sit in so that the feet rest on flat surface or on the floor, the body 
is in vertical positions, and hands are free. If a patient is able to sit on a chair while 
eating, he/she can also incline forward and lean upon the table. Body inclined 
forward will prevent the head throwing back. Patient’s head shall be on the middle 
line, not inclined rather than thrown back. The neck shall be slightly (not too much) 
bent forward to prevent aspiration.

When a patient is not able to keep his/her head position by own efforts, it is 
necessary to support his/her neck and shoulders from the back to prevent the head 
throwing back and to help a patient to control his/her tongue position. If, however, 
the patient’s head is inclined too far forward, it is necessary to support his/her chin 
with the assistant’s hand from below or to use special locking collar for the head 
support.

To prevent aspiration in the process of swallowing, the “chin-to-chest” posture 
will help; and for patients with unilateral weakness of the tongue muscles, slight 
turning of the head towards the impaired side while swallowing will be helpful.

When a patient is fed in the bed (if it is impossible to sit him/her in a bedside 
chair), the patient shall be kept in a comfortable semi-vertical position. For this 
purpose, raise a patient slightly to the bedhead, supporting him/her with pillows 
so that the body rests along the middle line. The head and neck shall be inclined 
forward slightly. The patient’s knees shall be bent slightly with a cushion/pillow put 
underneath.

101

Dysphagia Associated with Neurological Disorders
DOI: http://dx.doi.org/10.5772/intechopen.96165

It is necessary to teach a patient to take food and to lift it to his/her mouth with 
a hand or both hands. When a patient is not able to suck in liquids, teach him/her to 
drink from a spoon.

Patient shall be advised to take just a small amount of food or liquid at a time. 
Teach a patient to lift food or liquid to the middle of his/her mouth, not to a side, 
and to take food in the mouth using lips, not teeth.

It is quite important to attract patient’s attention to the fact that his/her oral 
cavity shall be absolutely empty after each spoon or piece of food, in order to 
prevent food accumulation at the side with weak tongue or cheek muscles. Patient 
shall remove food residuals with a finger after each swallow.

When required, help a patient to clean his/her oral cavity: mucus and saliva 
accumulated in the mouth shall be removed with wet towel on a regular basis. 
Remember that the patient’s teeth and dentures shall be cleaned minimum twice per 
day to maintain the oral cavity hygiene.

Do not give a patient drinks together with solid food. In order to reduce the risk 
of aspiration, drinks shall be given prior to or immediately after eating.

When a patient meets problems with food swallowing, ask him/her to cough up.
Examine the patient’s oral cavity after eating. As far as a risk of aspiration still 

exists for a certain period of time after eating, a patient shall stay in vertical position 
for 30–40 minutes after the meal.

Do not feed a patient if there are any doubts concerning his/her ability to swal-
low. In such cases, tube feeding is required.

9. Conclusion

We now know much more about neurogenic dysphagia than we did before. 
The questions of pathogenesis, clinical picture, diagnostics are well studied. The 
described approaches in the diagnosis and treatment of neurogenic dysphagia play 
an important role in clinical practice and are necessary for quality medical care for 
these patients. Although to date, the level of their evidence remains in the category 
of cohort studies and expert opinion. This means that we have a lot of interesting 
work ahead of us and, I hope, important discoveries.
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chair), the patient shall be kept in a comfortable semi-vertical position. For this 
purpose, raise a patient slightly to the bedhead, supporting him/her with pillows 
so that the body rests along the middle line. The head and neck shall be inclined 
forward slightly. The patient’s knees shall be bent slightly with a cushion/pillow put 
underneath.
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It is necessary to teach a patient to take food and to lift it to his/her mouth with 
a hand or both hands. When a patient is not able to suck in liquids, teach him/her to 
drink from a spoon.

Patient shall be advised to take just a small amount of food or liquid at a time. 
Teach a patient to lift food or liquid to the middle of his/her mouth, not to a side, 
and to take food in the mouth using lips, not teeth.

It is quite important to attract patient’s attention to the fact that his/her oral 
cavity shall be absolutely empty after each spoon or piece of food, in order to 
prevent food accumulation at the side with weak tongue or cheek muscles. Patient 
shall remove food residuals with a finger after each swallow.

When required, help a patient to clean his/her oral cavity: mucus and saliva 
accumulated in the mouth shall be removed with wet towel on a regular basis. 
Remember that the patient’s teeth and dentures shall be cleaned minimum twice per 
day to maintain the oral cavity hygiene.

Do not give a patient drinks together with solid food. In order to reduce the risk 
of aspiration, drinks shall be given prior to or immediately after eating.

When a patient meets problems with food swallowing, ask him/her to cough up.
Examine the patient’s oral cavity after eating. As far as a risk of aspiration still 

exists for a certain period of time after eating, a patient shall stay in vertical position 
for 30–40 minutes after the meal.

Do not feed a patient if there are any doubts concerning his/her ability to swal-
low. In such cases, tube feeding is required.

9. Conclusion

We now know much more about neurogenic dysphagia than we did before. 
The questions of pathogenesis, clinical picture, diagnostics are well studied. The 
described approaches in the diagnosis and treatment of neurogenic dysphagia play 
an important role in clinical practice and are necessary for quality medical care for 
these patients. Although to date, the level of their evidence remains in the category 
of cohort studies and expert opinion. This means that we have a lot of interesting 
work ahead of us and, I hope, important discoveries.
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Abstract

A popular comorbidity of spinal cord injuries is physical deconditioning that 
frequently prejudice the person to increased risk for secondary non-communicable 
diseases, such as non-dependent insulin diabetes mellitus, cardiovascular diseases, 
respiratory diseases, cardiorespiratory diseases, obesity, osteoporosis, arthritis and 
osteoarthritis. Clinical literature has shown that spinal cord injured individuals 
have a poor cardiometabolic risk profile that amplifies the likelihood of second-
ary non-communicable diseases. Components of physical deconditioning include 
muscle atrophy, decreased aerobic capacity, inflexibility and diminished muscle 
and endurance. Another problem associated with spinal cord injuries is reliance or 
dependence on others. The combination of poor physical conditioning and depen-
dence on others often adversely impacts on the individual’s quality of life, limiting 
their social interaction with others. The adherence to habitual physical activity and 
exercises has shown to increase conditioning status, improve health and wellbeing, 
increase independence, and improve confidence and self-image and successful 
re-integration in community. Therefore it is of paramount importance to increase 
awareness of the benefits of habitual physical activity and exercise to spinal cord 
injured patients, medical and clinical practitioners, family and friends. This chapter 
intends to highlight the health benefits of habitual physical activity in relation to 
selected secondary non-communicable diseases, and, the importance of interpro-
fessional clinical and therapeutic team strategy to improve the spinal cord injured 
individuals’ quality of life.

Keywords: cardiovascular diseases, exercise, interprofessional healthcare strategy, 
non-insulin dependent diabetes mellitus, obesity, physical activity, spinal cord injury

1. Introduction

The changes in the spinal cord injured individuals’ lifestyle adversely influence 
their physiological functioning [1, 2]. These individuals generally spend most time 
sitting that diminishes their physical activity levels, which consequently lowers 
their energy metabolism. Literature has illustrated that prolonged sitting reduces 
high density lipid cholesterol (HDL-C) whilst simultaneously adversely increas-
ing the following kinanthropometric (body mass, fat mass, body mass index, 
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waist circumference) and metabolic risk factors (elevated systolic blood pressure, 
fasting insulin and triglycerides levels) [3–5]. Jordaan and Farrow et al. reported 
that there is an upsurge in a sub-category of metabolic syndrome among spinal cord 
injured individuals that being cardiometabolic diseases [2, 6]. Cardiometabolic dis-
eases entail non-insulin dependent diabetes mellitus, renal failure, cardiovascular 
diseases (especially hypertension) and dyslipidaemia [2]. Considering the paucity 
of awareness of the clinical therapeutic benefits of habitual physical activity and 
exercise rehabilitation towards spinal cord injuries, this chapter intends to review 
empirical literature associate with this topic. A secondary aim is to demonstrate the 
need for an interprofessional clinical and therapeutic team strategy to enhance the 
wellbeing and quality of life of the spinal cord injured individuals.

2.  The clinical disadvantages that spinal cord injured individuals’ 
experience because of habitual physical inactivity

In this sub-section the authors will describe the altered metabolic profile, body 
composition, physical capacity, muscle strength and functional capabilities of spi-
nal cord injured individuals. After sustaining the unfortunate occurrence of a spinal 
cord injury, most individuals become physical inactive (sedentary) which lowers 
their metabolism, which is pragmatically evident in their metamorphosis of their 
body composition [7, 8]. Hick et al reported that many spinal cord injured individu-
als become obese (excessive body fat content) and develop obesity-related patholo-
gies, which include non-insulin diabetes mellitus and cardiovascular diseases [9]. 
Markers of obesity are increased body mass index (beyond 30kg/m2) and waist-to-
hip ratio circumferences (males beyond 0.8 and females 0.7) [10]. Physical inactiv-
ity after spinal cord injury with normal energy consumption results in an increased 
body fat mass and diminished lean muscle mass (muscle atrophy) from disuse 
[9, 11]. Fisher et al reported that spinal cord injured individuals who are habitually 
physically active and/or exercise, increase their metabolism, which expends more 
energy, thereby lowering body mass, fat mass and maintains lean muscle mass [11]. 
Resistance training has proven to be especially helpful to maintain and/or restore 
loss of muscle mass, as well aid with the reduction of fat mass [2].

Obese individuals muscle cells become insensitive to identify their endogenous 
insulin; therefore they cannot enter the cells, which prevent the insulin from con-
verting the glucose to glycogen. Sometimes the obese person may become insulin 
resistant. The obese person is in a state of hyperglycemia. Rajan et al. postulated 
that 66% of spinal cord injured individuals, who are obese, find themselves sus-
ceptible to obesity-related pathologies [12]. Obese persons have increased levels of 
low density lipoprotein cholesterol (LDL-C), which is associated with hypertension 
(elevated blood pressure) and enlarged atria and ventricles. These cardiovascular 
morphological adaptations adversely impact the functioning of the heart, leading to 
various secondary cardiovascular diseases [13]. Clinical literature indicates that spi-
nal cord injured individuals have low HDL-C and elevated LDL-C that increases the 
risk of atherosclerosis [2, 14, 15]. Tanhoffer et al reported that diminished HDL-C 
levels are a consequence of physical inactivity among spinal cord injured individu-
als, whilst physical active individuals maintain a high HDL-C and lower LDL-C 
levels that limit the occurrence of cardiovascular diseases [15]. De Groot et al 
suggested that habitual moderate intensity physical activity and/or exercise among 
spinal cord injured individuals favorably influence their cardiometabolic profiles 
curtailing the unfortunate incidence of cardiovascular and metabolic diseases [13].

Post spinal cord injury there is inevitably muscle mass loss due decreased physi-
cal inactivity, which consequently reduces muscle strength and endurance [16]. 
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The loss of muscle mass and strength has being associated with decreased 
functional capacity; leading to greater dependence of others thereby negatively 
impacting on the spinal cord injured individuals’ quality of life [2, 9]. Hicks et al 
and Ellapen et al reported that spinal cord injured individuals can prevent drastic 
muscle strength and mass loss (atrophy) by engaging in regular strength exercises 
such as arm ergometry and circuit resistance exercises [9, 17]. Hicks et al contend 
that high levels of muscle strength and endurance is positive associated with 
maintaining the spinal cord injured individuals physical work capacity, functional 
capabilities and social independence [9]. Physical capacity is the measure of the 
volume of physical work an individual can perform by quantifying their aerobic 
capacity and power output [2, 9]. Barfield et al emphasized that irrespective of 
the classification of spinal injury, individuals who are habitually physically active 
and/or exercise at intensities at a sufficient metabolic equivalents (METS) level 
are capable of increasing their aerobic fitness [18]. Martin Ginis et al reported 
that spinal cord injured individuals tend to play sport at a prolonged higher METS 
intensity as compared to their injured counterparts who participate only in exercise 
regimes [16]. Jordaan concurs with Martin Ginis et al. and further recommend that 
these findings are suggestive that participating in sport might be a more effective 
mode of physical activity for exploiting optimal cardiorespiratory exercise-induced 
physiological adaptations [2, 19].

3.  The clinical advantages that spinal cord injured individuals gain from 
habitual physical activity and exercise

The need for regular aerobic, strength and flexibility training among spinal 
cord injured individuals is paramount in their daily personal pursuit to maintain a 
healthier quality of life.

i. The need for regular aerobic training, is important to increase the amount 
of energy expended thereby lowering the blood glucose level, which will 
prevent a state of hyperglycemia and non-insulin dependent diabetes 
mellitus. Van der Scheer et al reported that regular aerobic activity dimin-
ish hyperglycemia, adipose tissue, triglycerides, LDL-cholesterol while 
increasing HDL cholesterol levels, which favorably changes their individual’s 
cardiometabolic profile [20]. Additional benefits include loss of excessive 
body mass, fat mass, body mass index and increased muscle mass (slow 
twitch muscle fibers) [21]. Torhaug et al and Tweedy et al concur that the 
use of arm cranking ergometry, circuit resistance strength training, manual 
wheelchair propulsion and swimming increase the spinal cord injured 
individuals aerobic fitness, upper body muscle strength and endurance 
[22, 23]. Tanhoffer et al has documented that spinal cord injured individuals 
who frequently use manual wheelchairs possess superior cardiorespiratory/
aerobic fitness, which precipitates healthier cardiometabolic profiles [15]. 
This enriched cardiorespiratory adaptation can be viewed as being beneficial 
to extend upper extremity aerobic training duration, which will escalate 
calorie expenditure, thereby decreasing body fat. West et al has reported that 
aerobic training complimentary enhances respiratory functioning of spinal 
injured individual [24].

ii. Habitual circuit training improves the person’s muscle strength and endur-
ance and VO2peak through the utilization of the short-term energy system, 
which chiefly stimulates fast oxidative glycolytic fibers [17, 21, 25, 26].
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iii. Van Straaten et al have documented that habitual physical activity and 
exercise diminishes spinal cord injury inflammation and neuropathic pain, 
however the exercise-induced-physiological mechanisms are unclear [27].

iv. The need for regular flexibility training reduces stiff tight asymmetrical 
muscles, which allows for easier movement [17]. Many spinal injured indi-
viduals often have muscle contractures that limit their movement. Regular 
flexibility exercises decreases muscle contractures by increasing their muscle 
extensibility, joint range of motion and agonist-antagonist force couple 
relationship [17, 21].

4.  Exercise prescription of physical activity and exercise for spinal  
cord injured patients

Both the World Health Organization and the American College of Sports 
Medicine (ACSM) have prescribed habitual physical activity and exercise for 
spinal cord injured individuals [10, 28]. However their frequency and intensities 
differ. The WHO suggests spinal cord injured individuals exercise at low to moder-
ate intensity at least three times per week for approximately 30 min a day [28]. 
The exercise session can be solely strength resistance training or aerobic and/or a 
combination of both. Whilst Martin Ginis et al and the ACSM have prescribed that 
spinal cord injured adults should engage a minimum of 20 minutes of moderate to 
vigorous intensity aerobic activity at least twice a week, in addition to two strength 
training sessions per week [16, 28]. Jordaan disagrees with WHO, Martin Ginis et al 
and the ACSM aerobic exercise prescription because she feels that the aforemen-
tioned exercise prescription is insufficient [2, 10, 16, 28]. Jordaan rationale is based 
on the premise that spinal cord injured individuals are usually physically inactive; 
therefore, their metabolism is very low expending low amounts energy [2]. Jordaan 
recommends an aerobic exercise regime of 4 days a week to increase the individual’s 
metabolism and consequently increase their energy expenditure [2]. The rationale 
for the aerobic exercise regime is based on the clinical fact that many spinal cord 
injured individuals have poor metabolic risk profiles, which increases their unfortu-
nate campaign towards the onset of non-insulin diabetes mellitus, obesity and car-
diovascular diseases [3, 4]. Therefore these individual should follow an analogous 
exercise rehabilitation prescription plan of cardiac patients, provided they don’t 
have any further contra-indications. The aerobic exercise intensity should range 
between 11-14 on the rate of perceived effort (RPE) Borg Scale and/or 60-75% of 
heart reserve. Exercise duration should steadily increase from 10-40 minutes per 
session as per Ehrman et al prescription guidelines [29]. Strength training should 
be performed at least twice per week consisting of three sets with 8-10 repetitions 
per exercise for each major muscle group as per Martin Ginis et al strengthening 
exercise guidelines [16]. However the strength training should start at 40% of the 
incumbent’s 1RM and steadily progress to 70% following Ehrman et al prescription 
[29]. Flexibility should further be included at least thrice weekly as recommended 
by Tweedy et al [23].

5.  Members of an interprofessional clinical and therapeutic team 
strategy to manage spinal cord injuries

Spinal cord injured individuals have numerous diseases (neuro-musculoskeletal 
and non-communicable diseases) that are affecting their wellbeing simultaneously [2]. 
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As such these individuals require an interprofessional team of clinical and medical 
practitioners to manage their health and wellbeing [30]. The medical and clinical 
management of a spinal cord injured individuals begins as soon as the injury occurs 
and persist throughout the person’s life; pre-hospital immobilization, surgery and 
post-surgery rehabilitation and aftercare. Generally the interprofessional clinical and 
therapeutic team includes a physician (medical doctor), pharmacist, physiotherapist, 
occupational therapist, kinesiotherapist (United States of America) or biokineticist 
(South Africa and Namibia), rehabilitation nurse, psychologist and nutritionist [2, 31] 
(Figure 1). The medical doctor is the primary healthcare giver who serves as a referral 
source to the other practitioners [32]. Grogery stated that each member of the inter-
professional team must acknowledge and respect each profession’s scope of expertise to 
ensure success [33]. Due to focus of this book being on the effects of physical therapy 
on neurological pathology, this sub-section will concentrate on contributions of 
 physical and exercise therapy to management of spinal cord injured individuals.

5.1 Medical doctor/physician

The speciality of the physicians involved in the management of spinal cord 
injured individuals depends on the time post-injury (that being phase of  
management and type of injury). During the surgical phase the emergency medical 
surgeon, anaesthesiologist, neurosurgeon, orthopaedic surgeon is needed.  
Post-surgery during the rehabilitation phase a pulmonologist, physiatrist, urologist 

Figure 1. 
The interprofessional clinical and therapeutic team supporting a spinal cord injured individual
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As such these individuals require an interprofessional team of clinical and medical 
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post-surgery rehabilitation and aftercare. Generally the interprofessional clinical and 
therapeutic team includes a physician (medical doctor), pharmacist, physiotherapist, 
occupational therapist, kinesiotherapist (United States of America) or biokineticist 
(South Africa and Namibia), rehabilitation nurse, psychologist and nutritionist [2, 31] 
(Figure 1). The medical doctor is the primary healthcare giver who serves as a referral 
source to the other practitioners [32]. Grogery stated that each member of the inter-
professional team must acknowledge and respect each profession’s scope of expertise to 
ensure success [33]. Due to focus of this book being on the effects of physical therapy 
on neurological pathology, this sub-section will concentrate on contributions of 
 physical and exercise therapy to management of spinal cord injured individuals.

5.1 Medical doctor/physician

The speciality of the physicians involved in the management of spinal cord 
injured individuals depends on the time post-injury (that being phase of  
management and type of injury). During the surgical phase the emergency medical 
surgeon, anaesthesiologist, neurosurgeon, orthopaedic surgeon is needed.  
Post-surgery during the rehabilitation phase a pulmonologist, physiatrist, urologist 

Figure 1. 
The interprofessional clinical and therapeutic team supporting a spinal cord injured individual
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and a rehabilitation medicine specialist is needed. The aforementioned medical 
doctors all have significant roles to play in the successful management of spinal cord 
injured individuals, who needs to comply with their directives [34]. The consulting 
medical doctor and/or physician general serves as the source of referrals for physio-
therapy and exercise therapy (biokinetics and kinesiotherapy).

5.2 Rehabilitation nurse

The rehabilitation nurse has many responsibilities covering a range of clinical 
and therapeutic functions, such as patient personal hygiene care, person compli-
ance to short; intermediate and long terms healthcare goals which overlaps with 
many of the therapeutic practitioners scope of professions. Many rehabilitation 
nurses are present 24 hours, seven days a week, thereby placing them the most 
admirable position to serve as the coordinators of the interprofessional  clinical 
and therapeutic team because they interact all the clinical and rehabilitative 
 practitioners [35].

5.3 Nutritionist

The significance of good nutritional advice is of paramount value because 
of the increased risks associated; both malnutrition, (during early post-injury 
period) and, later obesity that becomes common co-morbidity among spinal 
cord injured people. Good nutritional choices and habits play a fundamental role 
to achieve and maintain body mass control, bladder and bowel management, 
augment immune system function and skin integrity [36]. Collaborative regular 
monitoring of body mass, body mass index, lean muscle mass and percent body 
fat mass between the exercise therapist (biokineticist and/or kinesiotherapist) 
and dietary intake by the nutritionist significantly contribute to assist the spinal 
cord injured individual maintain optimal body, lean muscle mass and percent 
body fat.

5.4 Pharmacist

Pharmacist input into the management of spinal cord injured individuals 
involves medication review of risks that medication can produce to the health of the 
person and medication prescription [37].

5.5 Physiotherapist

The scope of profession of Physiotherapy spans from intensive in-hospital 
care, orthopedics, non-communicable diseases, neurology, obstetrics and gyne-
cology rehabilitation [2, 38]. Physiotherapists can manage a variety of concerns 
of spinal cord injured individual that include diminished respiratory functioning, 
muscle weakness and contractures, poor somatosensation, reduced mobility, 
misaligned posture, and deteriorating fitness [35, 39, 40]. The physiotherapists 
will prescribe physical activity starting from post-surgery confirmed to bed, then 
bed mobility, transfers maneuvers (from bed to chair, bed to standing and return 
manoeuvers to bed), assisted gait movement, wheelchair mobility, and upper limb 
functioning and strengthening. Although a physiotherapist can perform these 
important tasks other specialists are requested to assist with physical activity and 
exercise therapy. The physiotherapist may enlist the assistance of a biokineticist 
(South Africa and Namibia) or kinesiotherapist (United States of America and 
Canada) to prescribe and monitor stretch, strengthening and aerobic exercises. 
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In larger spinal cord rehabilitation centers, different movement therapists such 
biokineticist, kinesiotherapist and recreational therapist may form part of the 
multi-disciplinary team. Ellapen et al. (2018) reported that biokineticists are 
rehabilitation exercise expertise because their formative tertiary education is 
Exercise Science and Exercise Physiology [41]. Strydom et al and Lawrason et al 
reported that many patients prefer recreational therapeutic physical activities 
such as sport, games, fishing, gardening, arts and crafts instead of clinical exer-
cise therapy regimes, which on occasion necessitates the referral to recreational 
therapists [42, 43]. Harvey recommends that physiotherapists should concentrate 
their efforts to assist spinal cord injured individual to walk with and without 
assistance, push a manual wheelchair and being able to independently transfer or 
relocate themselves from one position to another to re-acclimatize themselves to 
daily living [39].

5.6 Occupational therapist

Pillanstrini et al describe the profession of Occupational Therapy as the skilled 
paramedical treatment, which helps the person to accomplish independence and 
success in all aspects of their daily lifestyle [44]. The occupational therapist assist 
spinal cord injured people to re-adjust to their social and physical living environ-
ments [44]. De Wit et al suggest that the fundamental focus of occupational 
therapist is the re-acclimatization of activities of daily living through home-based 
activities, sensory, perceptual and cognitive exercises [45]. Occupational therapists 
can also assist spinal cord injured individuals who want to return to their careers by 
re-acclimatizing them to their work-environments, which an aspect that warrants 
more emphasizes.

5.7 Kinesiotherapist

Kinesiotherapy is an American and Canadian exercise therapy profession 
that subscribes to the solicitation of scientific, evidence based human movement 
physical activity and exercise principles aimed to recover the individual’s muscular 
strength and endurance and movement capabilities of patients with functional 
kinesiological limitations, and individuals who need protracted physical condition-
ing [46, 47]. A kinesiotherapist functions within the professional association of the 
American Kinesiotherapy Association. These exercise therapists can assist persons 
in both the pathogenic and fortogenic healthcare paradigms.

5.8 Biokineticist

A biokineticist is a specialized exercise therapist who functions within the 
professional association of Health Professions Council of South Africa (HPCSA) 
and/or the Namibian Health Professions Council (NHPC) [48, 49]. This profession 
is concerned with final-phase rehabilitation and preventative exercise therapy in 
the pathogenic healthcare paradigm and the promotion of health and wellbeing in 
the fortogenic healthcare paradigm [50]. Through individualized physical activity 
and exercise programme prescription a biokineticist is able to improve the health 
and wellbeing of a spinal cord injured individual. A biokineticist intends to enhance 
the physical and physiological status and wellbeing of a patient through an exercise 
regime in dual context of clinical pathology as well as performance enhancement 
[42]. Due to the host of non-communicable diseases co-morbidities that affect 
spinal cord injured individuals the expertise of biokineticists is extremely valuable 
to curtail their pathogenesis.
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5.9 Psychologist

Clinical psychologists focus their efforts to prevent and rehabilitate a variety of 
psychological problems affecting individuals and families post spinal injury. The 
psychologist may select various psychological counseling techniques, intended to 
enhance their spinal cord injured individuals sense of control over these problems, 
as well as become acquaint with resources that they may employ to overcome their 
problems. The psychologist also assists the spinal cord injured individuals family 
to deal with the traumatic event. On occasion the attending psychologist may refer 
the patient to a neuropsychologist and/or psychiatrist when traditional psychologi-
cal counseling is inadequate to manage the individuals’ psychological problems 
[35]. Neuropsychologists can play a pivotal role in helping spinal cord injured 
individuals to address cognition dysfunction that only surface once rehabilitation 
begins [51].

6.  The collaborative interprofessional team strategies to holistic 
wellbeing of spinal cord injured individuals

The efficacious healthcare management of spinal cord injured individuals 
necessitates a combination a clinical and therapeutic team approach [35]. Ferguson 
reported that there three types of interprofessional clinical and therapeutic team 
strategies can be adopted; multidisciplinary, interdisciplinary and transdisciplinary 
[52]. Although these terms are interchangeable used to highlight the collaborative 
nature of inter-professions within the clinical and therapeutic fraternities, there are 
distinct differences among them [51].

6.1 Multidisciplinary

Jefferies and Chan describe the multidisciplinary team strategy as the elemen-
tary mechanism with demarcated professional boundaries involved in holistic 
healthcare for patients throughout their pathological prognosis, transcending 
across the primary, secondary and tertiary healthcare phases [53]. The multidis-
ciplinary team comprise of clinical and therapeutic practitioners who coordinate 
the contribution with little to no overlap. Each profession functions independently, 
but analogous towards a shared goal; acknowledging each other’s contributions 
towards the mutual success [54]. Each profession drafts individual patient progress 
reports, which is shared at regular team meetings and as such does not emphasize 
an  integrated approach to care.

6.2 Interdisciplinary

In the interdisciplinary approach, there is an overlap in practice among the 
practitioners towards a mutual goal within the singular unified management 
plan. As opposed to the multidisciplinary approach, each practitioner builds on 
the other’s expertise to achieve mutual success. The spinal cord injured individu-
als progress is communicated through written reports at regular team meetings; 
however these reports review the overall patient goals and progress rather than 
individual profession goals and progress [34]. The interdisciplinary team is popular 
among inpatient spinal cord injury rehabilitation centers. This approach is based on 
respect of each profession and person and the wellbeing of the patient is of primary 
concern.
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6.3 Transdisciplinary

Among the transdisciplinary team approach is common overlapping of 
responsibilities across healthcare professions, which insists on optimal commu-
nication, co-operation and interaction among practitioners. Clinical and thera-
peutic practitioners mutually communicate, exchange strategies and reciprocally 
function. In this approach, there is no hierarchy among practitioners. There is 
a high level of respect, co-operation and communication among practitioners 
[35]. The entwined nature of transdisciplinary team approach has the capacity 
to broaden the skill sets of each practitioner within the team because of their 
interaction with each. However this team has the potential to be most explosive 
because the overlap in responsibilities could be mistaken as disrespect for a 
particular discipline.

Kirshblum and Fergusson reported that the integrated nature of interdisci-
plinary and transdisciplinary teams is the fundamental difference between these 
strategic team approaches as opposed to the multidisciplinary team, which does not 
emphasize an assimilated approach to care [53, 54]. The interdisciplinary clinical 
and therapeutic team strategy towards spinal cord injured individuals has proven to 
be most effectiveness among the three team approaches [55].

7. Conclusion

This chapter highlights the need and importance of habitual physical activity 
and exercise to assist the spinal cord injured individual maintain a healthy life free 
from non-communicable diseases and secondary cardiorespiratory pathologies. 
Further the effectiveness of an interprofessional clinical and therapeutic strategy 
should be careful considered to help manage the lifestyle of the spinal cord injured 
individual.
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Chapter 8

Neurological Phytotherapy by 
Indigenous People of Rif, Morocco
Noureddine Chaachouay and Lahcen Zidane

Abstract

The Rif region has a rich culture of popular medicine use and valuable medicinal 
plant practices. This study aimed to assess the potential concerning medicinal 
plants used in the treatment of neurological diseases. An ethnobotanical survey 
has been carried out in the Rif for two periods from June 2016 to June 2018. To 
gather information about indigenous medicinal plants, 520 indigenous people of 
Rif were interviewed. The data were gathered through semi-structured interviews 
and free listening, analyzed, and compared. A total of 42 plant species belong-
ing to 37 genera and 23 families were mentioned to be used for treatment by the 
informants. Lamiaceae was the most commonly reported family in this study area. 
The most common ailment treated was epilepsy. The preponderance of the herbal 
remedies was prepared from infusion (53.4%). Leaf was the commonly used plant 
part (44.3%) and Marrubium vulgare L. (29.4%) was the species most commonly 
prescribed by indigenous healers. The results of this investigation revealed that 
indigenous communities living in the Rif are still reliant on plants to treat neuro-
logical diseases. These reported medicinal species can serve as a source for further 
investigations on these medicinal plant knowledge and future phytochemical, 
toxicological, and pharmacological studies.

Keywords: Phytotherapy, medicinal plants, Moroccan Rif, neurological diseases

1. Introduction

The World Health Organization (WHO) estimates that more than one billion 
people suffer from central and peripheral nervous system disorders globally [1]. The 
term neurological disorder (ND) applies to any condition that is caused by a dysfunc-
tion in part of the brain or nervous system, resulting in physical and/or psychological 
symptoms [1]. These diseases include Parkinson’s disease, schizophrenia, brain tumors, 
bipolar disorder, epilepsy, neuro infections, Alzheimer’s disease, and other dementias, 
traumatic disorders, and cerebrovascular diseases such as stroke and migraine [2].

Medicinal plants are an important source of active substances that are exploited 
in the treatment of several sicknesses. In all ancient civilizations and all continents, 
one finds traces of this use [3]. Thus, even today, despite the progress of pharmacol-
ogy, the therapeutic use of plants is very present in some countries, especially in 
developing countries [4, 5].

Today, despite the development of chemical drugs to combat neurological diseases, 
there is often a return to plants as a source of active ingredients. Besides, an important 
part of the population, especially in rural areas, prefers medicinal plants, for economic 
reasons and sometimes because of difficulty in accessing medical care [6].
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The rural region of Morocco holds a wide variety of plant species, still offering 
the possibility to discover very interesting new natural products with potential 
medicinal value. The Rif region is one of the richest Mediterranean regions in terms 
of plant diversity, owing to its unique geographical location with geomorphologi-
cal structures and various climatic. The loss of important medicinal species due to 
community demand, farming expansion, and deforestation are widely documented 
by many researchers [7, 8]. This study aimed to investigate local people’s use of 
medicinal plant species used for therapeutic purposes in response to the neurological 
diseases in the Rif.

2. Materials and methods

2.1 Study area

The research was taken out in the Rif (Northern Morocco) where the Tangier-
Tetouan-Al Hoceima region was located. It extends between 34° to 36° of latitude 
in the North and 4° to 6° of longitude in the East. It is bordered in the North by 
the Strait of Gibraltar and the Mediterranean Sea, in the South by the Rabat–Sale-
Kenitra region and Fez-Meknes region, in the East by the Eastern Region, and in the 
West by the Atlantic Ocean (Figure 1). The total geographical area of the Rif is 11 
570 km2 and the population of the city is about 3 549 512 people with a population 
density rate of 222.2/km2 [9].

The study area is characterized by a Mediterranean climate with the highest 
temperature exceeding 45°C during summer (July–August) and under 0°C during 
winter (December–January) and the average yearly precipitation ranges from 700 
to 1300 mm which falls mainly between October and February [10]. It is mountain-
ous with elevations ranging from 145 to 2.456 (Jbel Tidirhine) meters above mean 
sea level. This area is dominated by species such as Tetraclinis articulata (Vahl) 
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Mast., Cupressus atlantica Gaussen, Pinus halepensis Mill., Cedrus atlantica (Endl.) 
Quercus suber L., Quercus ilex L., and Quercus canariensis Willd. Principally inhabit-
ants of Rif are very much dependent on subsistence agriculture, livestock, and to a 
minor degree, from forest reserves for their livelihood. Popular medicine is the first 
choice for the population for health problems, and traditional healers in this area 
are reputed to have good knowledge of plants and disease treatment [11, 12].

2.2 Methodology

2.2.1 Ethnobotanical survey

Ethnobotanical investigations were carried out from June 30th, 2016 to June 
1st, 2018 to collect knowledge on plant species used to treat neurological disorders 
in the Rif. The techniques employed for data collection were semi-structured 
interviews [13], free listing, open-ended, group discussion, and noted and recorded 
with a digital voice recorder. The free survey was designed to collect data on: 
Socio-demographic information of the informants (gender, age, academic level, 
and origin of oral health information) and plants used in the treatment of neuro-
logical disorders (local names, popular uses, parts used, the form of preparation, 
method of administration, and posology). Five hundred twenty interviewees aged 
17 to 80 were randomly chosen for discussions (cautery installer, farmers, elder 
people, bonesetters, herbalists, and therapists) in the study area (houses, pharma-
cies, weekly markets, hospitals, and mosques). By conducting a stratified random 
sampling, samples were then formed in each of the 28 strata (Figure 2), including 
seven urban communes, and they are put together to make up the overall sample of 
all informants. The inhabitants in the study area speak Amazigh, Arabic dialects, 
and therefore, informants were conducted in Arabic dialects or Amazigh. All the 
documented data was later translated into English.

Figure 2. 
Distribution of survey points at the study area level.
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2.2.2 Plant species collection and identification

Medicinal species being mentioned by the informants were registered with local 
names and photographed. For each reported plant species, the plant species were 
accumulated, classified, and voucher specimens were archived. The identification 
and nomenclature of the collected material vegetal were done first in the field and 
completed at the Plant, Animal Productions and Agro-industry Laboratory by one of 
the authors using some floristic works of literature as well as: The medicinal plants 
of Morocco [14], Practical flora of Morocco, tomes I, II and III [14–16] and Catalogs 
of vascular plants of northern Morocco, including identification keys, tomes I, II 
[17, 18]. Taxonomy and denominations of species were validated using “The Plant 
List 2020” database (http://www.theplantlist.org). Voucher specimens have been 
kept at our University, for future reference.

2.2.3 Data analysis

Data were classified and interpreted by Statistical Package for Social Science 
(SPSS) version 21 and Microsoft Excel 2010. A representative and quantitative 
statistical method was adopted to examine the socio-demographic information of 
the interviewees. All statistical analyses were carried out with Statistical Package for 
Social Science (SPSS) version 21 and Microsoft Excel 2010.

3. Results

3.1 Demographics of participants

A total of 520 study informants, including 178 herbal sellers, 213 herbalists, 45 
pharmacists, 30 midwives, and 54 other traditional healers (bonesetters, fouqaha, 
cautery installer, farmers, elder people, and nobles), were interrogated using semi-
structured surveys and group interviews. In the study area, both sexes are interested in 
herbal medicine. However, the numbers of females participants were more important 
(267 informants) than those of male (253 informants). In this study, results showed 
that the utilization of medicinal species is widespread in all age groups with various 
percentages. The bulk of informants surveyed were between 40 and 60 years old (232), 
and over 50 years old (170), while 3 of the informants were the age less than thirty 
years old. Concerning the educational level, our results revealed that the majority of 
the informants (77.1%) were uneducated, (19.8%) have primary education, 2.3% have 
secondary education, and only 0.8% of the informants had high education (Table 1).

3.2 Diversity of botanical families

In this study, 42 plant species belonging to 37 genera and 23 families were recorded 
to be used by indigenous people from the Rif to treat neurological disorders. The sci-
entific names of reported species, their families, vernacular names, plant parts used; 
method of preparation of each plant species was illustrated in Table 2. The family 
Lamiaceae was designed by the largest number of plant species (6 species), followed 
by Solanaceae with 4 species, Asteraceae, Brassicaceae, and Fabaceae (3 species each), 
whereas, the rest of botanical families were represented by one or two species in each.

3.3 Species diversity

The collected information analysis indicates that among the 42 plant species 
found in the Rif region, 5 medicinal plants are the most used. The specie Marrubium 
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vulgare L. was used by 153 informants, followed by Allium cepa L. (120), Matricaria 
chamomilla L. (110), Linum usitatissimum L. (107), and Rosmarinus officinalis L. 
(103). While the other plants are less used by the local population (Table 2).

3.4 Neurological disease categories

Local people of Rif used 42 medicinal plants to treat various neurological disease 
categories (Table 3). The 2 691 use reports were classified into 4 health diseases cat-
egories following the International Classification of Primary Care classification system 
(ICPC) [19]. Most use records were in the category epilepsy (1 142 use reports) and the 
highest number of plant species used to treat it (21 plant species) followed by headache 
(950 use reports; 20 plant species) and sciatica (389 use reports; 9 plant species). The 
last category was associated with meningitis (210 use reports; 6 plant species).

3.5 Plant parts used to treat neurological disorders

In phytotherapy, various plant parts reported particularly leaves, flowers, seeds, 
roots, fruits, or even whole plant are exploited by the indigenous communities. In 
this study, the leaf was reported as the dominant plant part used for remedial prepa-
ration in their study area (44.3%), followed by bark (11.5%), aerial parts (10.3%), 
seed (10.2%), bulb (8.8%), fruit (6.6%), root (3.7%), and flower (1%) respectively.

3.6 Methods of preparation

The preparation of herbal remedies needs liquids. The major solvent with the 
plant was water, but milk, butter, tea and honey, cereal oils were also widely used 

Variables Categories Number of 
informants

Percentages 
(%)

P-values

Gender Female 267 51.3 0.857

Male 253 49.7

Age groups < 20 years 6 1.2 0.000

20–40 112 21.5

40–60 232 44.6

> 60 years 170 32.7

Family situation Married 450 86.5 0.000

Divorced 32 6.2

Widower 23 4.4

Single 15 2.9

Educational level Illiterate 400 77.1 0.000

Primary 103 19.8

Secondary 12 2.3

University 5 0.8

Income/month Unemployed 209 42.2 0.000

(Dirham) 250–1500 MAD 192 36.9

1500–5000 MAD 80 13.4

> 5000 MAD 39 7.5

Table 1. 
Socio-demographic profile of the informants.
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Family and Scientific 
name

Vernacular 
name

Part 
used

Preparation 
mode

Medicinal 
uses

UR

Amaranthaceae

Spinacia oleracea L. Sabanikh Leaf Infusion SC 20

Amaryllidaceae

Allium cepa L. Bassla Bulb Cataplasm EL, HC 120

Allium sativum L. Thoma Bulb Cataplasm EL, HC 70

Asteraceae

Artemisia herba-alba Asso Chih Leaf Infusion HC, EL 53

Chrysanthemum 
coronarium L.

Lgahouan Leaf Infusion HC 28

Matricaria chamomilla L. Lbabonj Leaf Infusion HC 110

Brassicaceae

Brassica nigra (L.) K.Koch Lkhardel Aerial 
parts

Cataplasm SC 23

Brassica oleracea L. Lmelfof Aerial 
parts

Infusion EL 17

Brassica oleracea var. 
botrytis L.

Lkrneb Aerial 
parts

Infusion EL, HC 14

Cupressaceae

Cupressus macrocarpa 
Hartw.

Sarw Leaf Infusion EL, MG 58

Fabaceae

Acacia longifolia 
(Andrews) Willd.

Telh Root Decoction SC 10

Lens culinaris Medik. Laades Aerial 
parts

Infusion EL, SC, MG 11

Pisum sativum L. Jelbana Flower Infusion EL, HC 08

Fagaceae

Quercus canariensis Willd. Qerrich Leaf Cataplasm HC 60

Quercus suber L. Bellout Leaf Cataplasm MG 33

Juglandaceae

Juglans regia L. Ljawz Seed Infusion El, SC 56

Lamiaceae

Lavandula dentata L. Lkhzama Leaf Infusion EL 98

Marrubium vulgare L. Mrouiate Leaf Cataplasm EL, HC 153

Mentha pulegium L. Naa Naa Aerial 
parts

Infusion HC 22

Rosmarinus officinalis L. Azir Leaf Infusion SC 103

Salvia officinalis L. Salmia Aerial 
parts

Infusion HC, MG 16

Thymus saturejoides Coss. Zaatar Aerial 
parts

Cataplasm EL, HC 27

Lauraceae

Cinnamomum zeylanicum 
Blume

Lquerfa Bark Infusion SC 89
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ingredients. No traditional healers reported toxicity associated with their therapies, 
but in most cases, patients were told to water, milk, butter, tea, and honey, cereal 
oils were also widely used ingredients. The informants in the present survey were 

Family and Scientific 
name

Vernacular 
name

Part 
used

Preparation 
mode

Medicinal 
uses

UR

Laurus nobilis L. Rend Laef Infusion HC 75

Linaceae

Linum usitatissimum L. Zriat elKtan Seed Decoction EL 107

Myrtaceae

Myrtus communis L. Rayhan Leaf Decoction HC 24

Syzygium aromaticum (L.) 
Merr. & L.M.Perry

Lqronfel Flower Decoction HC, SC 13

Piperaceae

Piper nigrum L. Ibzar Seed Decoction HC, SC 12

Poaceae

Avena sativa L. Choufan Seed Decoction HC 20

Portulacaceae

Portulaca oleracea L. Rejla Root Infusion EL 69

Rosaceae

Prunus dulcis (Mill.) 
D.A.Webb

Louz Fruit Infusion EL, MG 16

Rubiaceae

Coffea arbica L. Qahwa Seed Decoction EL 26

Rutaceae

Citrus limon (L.) Osbeck Limon Leaf Infusion HC 18

Salicaceae

Salix alba L. Sefsaf Leaf Cataplasm EL 36

Santalaceae

Viscum album L. Dbeq Bark Decoction EL 24

Solanaceae

Capsicum frutescens L. Lharra Fruit Decoction HC 30

Datura stramonium L. Chdeq jmel Leaf Decoction HC 77

Solanum lycopersicum L. Maticha Fruit Infusion EL 95

Solanum tuberosum L. Bettata Aerial 
parts

Infusion EL 90

Verbenaceae

Aloysia citriodora Palau Louiza Leaf Infusion MG 76

Zingiberaceae

Curcuma longa L. Lkharqom Bark Decoction EL 70

Zingiber officinale Roscoe Skinjbir Bark Decoction SC 63

EL: Epilepsy, HC: Headache, SC: Sciatica, MG: Meningitis.

Table 2. 
List of medicinal plants used to treat neurological disorders in the Rif, Morocco.
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Family and Scientific 
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practicing 3 different types of preparation methods. The results showed that the 
majority of remedies (53.4%) were prepared from infusion (42.12%), followed by 
cataplasm (24.4%), and decoction (22.2%).

3.7 Source of medicinal plants

Most of the medicinal plant species recorded in this study grow wild in that 
region. These species are generally collected at high-mountainous elevation in the 
highlands surrounding the Rif. Thirteen species (31%) were collected in the wild, 
10 plants were cultivated (23.8%), 5 taxa were introduced (11.9%) and 14 (33.3%) 
were collected as both wild and cultivated.

4. Discussion

Popular medicine practice in the Rif region is diversified and rich. The floristic 
analysis showed that a total of 42 medicinal species belonging to 37 genera and 23 
botanical families were commonly utilized by local people in the therapy of cystitis. 
The botanical family Lamiaceae was described by the most important number of 
medicinal plants (6 species). The dominance of Lamiaceae might reflect a rich 
bioactive ingredient and a wide variety of phytochemical compounds in the species 
taxa belonging to this family. Scientific studies on these plant families could provide 
insights into their rich phytoconstituents and understandings of the pharmacologi-
cal actions of their active compounds. These results are in general agreement with 
ethnomedicinal inventories which indicated that the most prominent family was 
Lamiaceae [11, 20–24].

The most commonly used plant species were Marrubium vulgare L. the most 
common significant (29.4%) followed by Allium cepa L. (23.1%), Matricaria 
chamomilla L. (21.2%), Linum usitatissimum L. (20.5%), and Rosmarinus officinalis 
L. (19.8%). According to many authors, all these plants have phytochemical compo-
nents with effects on the nervous system [25]. They contain flavonoids, alkaloids, 
tannins, saponins terpenoids, steroids, and cardiac glycosides. These chemical 
constituents were considered as the main bioactive compounds of medicinal plants 
[26]. These chemical contents could be responsible for the traditional use of this 
plant. Indeed, alkaloids are the most known molecules possessing psychoactive 
properties [27]. Likewise, some flavonoids, terpenoids, and steroids were quoted to 
have a psychoactive effect [28, 29]. These chemical constituents intervene to disturb 
neurotransmitter activities. Moreover, our investigations showed that medicinal 
plant species that were used by a single or few informants tend to have lower use 
values than the more prevalent species as shown in Table 2. This can imply that 
some medicinal plant knowledge was maintained and used by a specific traditional 
healer of Rif ’s people. However, Tardio et al. [30] stated that a plant with a low 
use value could be a very important plant for a few people. Therefore, the study of 

Categories Number of taxa Number of citations

Epilepsy (EL) 21 1 142

Headache (HC) 20 950

Sciatica (SC) 9 389

Meningitis (MG) 6 210

Table 3. 
Medicinal plants are used to treat different disease categories.
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culturally important medicinal plants could provide a deeper understanding of the 
study area of traditional medicinal practice [31].

The medicinal plants that are widely used by the people of Rif have higher use 
values than those that are less popular. The highest value of use indicates that plant 
species are mostly preferred for the study population to treat a given disease. There 
are 28 plant species highly cited for neurological disorders that should be taken 
into further consideration through phytochemical, pharmaceutical, and biological 
studies to evaluate more data regarding their efficacy and authenticity. The pres-
ent study showed a high degree of agreement among interviewees especially in the 
categories of epilepsy problems and headache problems.

The reported ailments were grouped into 4 categories based on the information 
gathered from the interviews. The highest use value was obtained for epilepsy (1 142 
use reports, 21 species). These data correspond to those of other ethnopharmaco-
logical studies [12, 24, 32–36], which revealed that these pathologies are well-known 
and treated in the traditional medicine of many countries. The informant consensus 
values also indicated that the people share the knowledge of the most important 
medicinal plant species to treat the most frequently encountered neurological 
diseases in the study area. The agreement information reflects the homogeneity of 
information provided by different indigenous people regarding medicinal species 
used to treat a category of ailments. High agreement information is correlated to 
species that could be efficient in treating a particular ailment [37].

The analyses of results revealed that leaf is the most frequently used part of the 
plants (44.3%), followed by bark (11.5%), aerial parts (10.3%). The selection of 
leaves was due to its natural availability, easy gathering, and simplicity in herbal 
remedy preparation. Besides, the leaves are the seat of the photosynthesis and 
sometimes the storage of the secondary metabolites responsible for the biological 
properties of the plant. Similar findings indicated leaf as a major dominant plant 
part in Morocco [22, 38–41] or Africa [36, 42–44] for herbal medicine preparation.

In the Rif, infusion remains the most dominant method of preparation (41.6%), 
(53.4%), followed by cataplasm (24.4%), and decoction (22.2%). Infusion is the 
most common preparation method that is used by traditional healers in other 
ethnobotanical studies at national and international scales [22–24, 45–48]. These 
results show that the local population believes in infusion mode and found it 
suitable for heating the body and disinfecting the plants [49]. On the other hand, 
the decoction allows collection the most for the active ingredient and attenuates or 
cancels the toxic effect of certain recipes.

In our study, 68% of the population acquired knowledge about the medicinal 
use of plants as a remedy for neurological diseases through others’ experiences. This 
reflects the relative transmission of traditional practices from a generation to the 
next one; the environment and others’ experience remain therefore the most effec-
tive means to transmit knowledge about medicinal purposes of plants.

The strength of this study is to discover and assess the knowledge and use of 
medicinal plants in the treatment of neurological diseases in the Rif region of 
northern Morocco.

5. Conclusion

The present study revealed a very rich indigenous knowledge in terms of 
traditional herbal medicine used by indigenous people in the study area. The 
identified natural products used in Rif ’s communities are a potential source of a 
novel class of drugs for the treatment of neurological disorders. Based on results, 
plants scoring high use values should be further tested for their phytochemical 
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practicing 3 different types of preparation methods. The results showed that the 
majority of remedies (53.4%) were prepared from infusion (42.12%), followed by 
cataplasm (24.4%), and decoction (22.2%).
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10 plants were cultivated (23.8%), 5 taxa were introduced (11.9%) and 14 (33.3%) 
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Lamiaceae [11, 20–24].

The most commonly used plant species were Marrubium vulgare L. the most 
common significant (29.4%) followed by Allium cepa L. (23.1%), Matricaria 
chamomilla L. (21.2%), Linum usitatissimum L. (20.5%), and Rosmarinus officinalis 
L. (19.8%). According to many authors, all these plants have phytochemical compo-
nents with effects on the nervous system [25]. They contain flavonoids, alkaloids, 
tannins, saponins terpenoids, steroids, and cardiac glycosides. These chemical 
constituents were considered as the main bioactive compounds of medicinal plants 
[26]. These chemical contents could be responsible for the traditional use of this 
plant. Indeed, alkaloids are the most known molecules possessing psychoactive 
properties [27]. Likewise, some flavonoids, terpenoids, and steroids were quoted to 
have a psychoactive effect [28, 29]. These chemical constituents intervene to disturb 
neurotransmitter activities. Moreover, our investigations showed that medicinal 
plant species that were used by a single or few informants tend to have lower use 
values than the more prevalent species as shown in Table 2. This can imply that 
some medicinal plant knowledge was maintained and used by a specific traditional 
healer of Rif ’s people. However, Tardio et al. [30] stated that a plant with a low 
use value could be a very important plant for a few people. Therefore, the study of 

Categories Number of taxa Number of citations

Epilepsy (EL) 21 1 142

Headache (HC) 20 950

Sciatica (SC) 9 389

Meningitis (MG) 6 210

Table 3. 
Medicinal plants are used to treat different disease categories.
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diseases in the study area. The agreement information reflects the homogeneity of 
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most common preparation method that is used by traditional healers in other 
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results show that the local population believes in infusion mode and found it 
suitable for heating the body and disinfecting the plants [49]. On the other hand, 
the decoction allows collection the most for the active ingredient and attenuates or 
cancels the toxic effect of certain recipes.

In our study, 68% of the population acquired knowledge about the medicinal 
use of plants as a remedy for neurological diseases through others’ experiences. This 
reflects the relative transmission of traditional practices from a generation to the 
next one; the environment and others’ experience remain therefore the most effec-
tive means to transmit knowledge about medicinal purposes of plants.

The strength of this study is to discover and assess the knowledge and use of 
medicinal plants in the treatment of neurological diseases in the Rif region of 
northern Morocco.
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The present study revealed a very rich indigenous knowledge in terms of 
traditional herbal medicine used by indigenous people in the study area. The 
identified natural products used in Rif ’s communities are a potential source of a 
novel class of drugs for the treatment of neurological disorders. Based on results, 
plants scoring high use values should be further tested for their phytochemical 
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and pharmacological investigation. It is important to promote clarity of the gen-
eral indigenous public, particularly the practitioners of traditional medicine, on 
the causes, symptoms, and possibilities of treatments for neurological diseases. 
Therefore, protection measures should be adopted for the conservation of multi-
purpose and other medicinal plant species. The young generation should be mobi-
lized toward learning ethnomedicinal practices before its extinction.
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Abstract

The knowledge regarding pathological and treatment resistance mechanisms 
involved in the pathology of complex brain disorders is far from understood. The 
neuroinflammation hypothesis of psychiatric, neurological, and neurodegenerative 
diseases is well-acknowledged. However, this hypothesis is far from understood. 
Toll-like receptors (TLRs) family is an innate immunity molecule implicated in 
neuroinflammation in complex brain disorders. This chapter reviews considerable 
evidence indicating that activation of endotoxins such as lipopolysaccharide is a 
common factor. Additionally, we report clinical and preclinical studies highlighting 
the link between lipopolysaccharide, TLRs, and different types of brain disorders. 
Also, we review the current pharmacological modulations of TLRs. Hoping we 
would help in filling our knowledge gaps and highlight potential links to tackle 
new angles in managing complex brain disorders. This chapter’s primary goal is 
to encourage scientists and researchers to conduct future studies characterizing 
the nature of endotoxin activation of TLRs in complex brain disorders, filling our 
knowledge gaps, and finding new treatment strategies.

Keywords: Brain disorders, Toll-like receptors, TLR4, Endotoxins, lipopolysaccharide

1. Introduction

The complex nature of neurodegenerative and psychiatric diseases stems from 
pathological interactions, among which inflammation [1]. Neuroinflammation is a 
crucial mechanism involved in the pathogenesis of psychiatric [2] and neurodegen-
erative diseases [3]. Accumulating evidence indicating that targeting neuroinflam-
mation is an appealing strategy since that inflammatory-related diseases comorbid 
with brain disorders [4–7]. In preclinical settings, triggering inflammation by 
administering of endotoxins and other activators are well-acknowledged animal 
models [8]. Preclinical studies found that attenuating inflammation reduces pheno-
typic features associated with psychiatric and neurodegenerative disorders. In line 
with this, clinical studies suggest that treatment with anti-inflammatory medica-
tions affects memory, cognition, and mood [9–11].
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Developmental studies have shown that TLRs are essential elements in regulat-
ing brain development. Previously, it was reported that both TLR7 and TLR9 are 
expressed in corticolimbic regions of the developing brain. In situ hybridization 
and PCR studies indicated that TLR7 and TLR9 expression increased significantly 
in pre and early postnatal stages, whereas the expression reduced as the rodents 
reached adult developmental stages [12]. Epidemiological reports indicated that 
exposure to infection at prenatal stages, where the brain and the central nervous 
system are developing and vulnerable to an unfavorable environment, increases 
mental illness risk later in life [13, 14]. Inflammatory cytokines involve ubiquitously 
in modulating different pathways. For instance, it may alter the developing brain 
epigenetic system, which could be due to excessive glucocorticoids [14]. According 
to the Danish National Psychiatric Register, prenatal exposure to bacterial infection 
was linked to schizophrenia. In a set of about 8000 individuals, 1.1% of cases were 
diagnosed with schizophrenia by their thirties [15]. In line with this, a previous 
study linked developmental delay and mental retardation to maternal urinary tract 
infections [16]. On another cohort, the risk of schizophrenia increases in offspring 
born to mothers diagnosed with reproductive infections during pregnancy [17]. 
Also, other reports link cytokine-related mechanisms to the pathology of Attention 
deficit hyperactivity disorder [18, 19]. In vitro studies have shown that TLR3, TLR7 
and, TLR8 regulate dendritic arborization in an MYD88 dependent signaling. The 
studies indicated that among these receptors, the TLR8 is the major contributor 
in regulating dendritic pruning. It further showed that both TLR3 and TLR7 are 
essential in regulating axonal development. This evidence indicated that the TLR 
family is vital in modulating proper neuronal development [20].

All these evidences indicate a functional direct link between inflammation and 
mental illness. This chapter was undertaken to further highlight the association 
of TLRs, endotoxins, and brain disorders. We also emphasize the diverse role of 
multiple TLR family members in both nonregenerative and psychiatric diseases. 
Lastly, we review the pharmacological modulation of TLRs in the context of brain 
disorders. Aiming this chapter would stimulate future research in characterizing 
the nature of endotoxin activation of TLRs in complex brain disorders, filling our 
knowledge gaps, and finding new treatment strategies.

2. The role of endotoxins in mediating brain disorders

In comparison to most bacterial activators of inflammatory cytokines, endo-
toxins are considered one of the most potent. Mostly, endotoxins are referred to 
as lipopolysaccharide (LPS) [21]. LPS is a composition of the bacterial cell wall; 
an elevated level of LPS reaches different biological systems during infections. 
Administration of LPS to healthy participants induces both the initiation and the 
transition phases of acute inflammation. Besides, this activation level reaches 
the transcriptomic level along with the functional and physiological levels [22]. 
The systemic application of LPS is utilized extensively in pharmacological animal 
models of brain disorders [23], including Alzheimer’s [24], Parkinson’s [25], depres-
sion [26], and anxiety [27]. This is mainly regarded as the potency in triggering 
inflammation.

Previous reports indicated that LPS stimulates the aggregations of both amyloid 
β and tau, a neuropathological feature of Alzheimer’s [28]. Treating Tg2576 mice 
with LPS increases the mRNA level of cytokines in the cortex [29]. In a transgenic 
animal model of Alzheimer’s, the 3xTg-AD mice, administration of LPS trigger 
pathological changes in microglia populations associated with later on aggregations 
of hyperphosphorylated tau. Even though the researchers exposed these mice to 
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LPS at early developmental stages, before the detection of pathological features 
related to Alzheimer’s disease. Additionally, they reported that the aggregation of 
phosphorylated tau was mediated mechanistically through the activation of the 
cyclin-dependent kinase 5 (cdk5) [30]. Cdk5 is a member of the cyclin-dependent 
kinases family. Specifically, they are proline-directed serine–threonine kinases 
group. Functionally, Cdk5 modulates the cell cycle [31, 32], synaptic wiring, 
neuronal transmission [33], and neuronal development and survival [34]. In 
accordance with this, a previous report demonstrated that following the stereotaxic 
introduction of Aβ in mice, the pharmacological inhibition of Cdk5 using roscovi-
tine resulted in reducing inflammatory and oxidative stress mediators at the mRNA 
level. Indicating that, Cdk5 is a crucial modulator of neuroinflammation associated 
with molecular phenotypic features of Alzheimer’s disease [35]. Lipopolysaccharide 
alters the blood–brain barrier transport of amyloid beta protein: a mechanism for 
inflammation in the progression of Alzheimer’s disease [36]. Also, in a transgenic 
model lacking the NADPH oxidase regulatory gene, the administration of LPS led 
to molecular and cellular neurodegenerative changes associated with Parkinson’s 
disease [37]. In line with this, the pre-administration with LPS resulted in acceler-
ated aging and Parkinson -related symptoms in a Parkinson’s animal model [38]. 
Describes the main mechanisms involved in the LPS animal models Table 1.

In a clinical setting, a previous report indicated that depression and marital 
distress were significantly associated with an increased LPS, LPS binding pro-
tein, and soluble CD14, an LPS co-receptor. Indicating that activation and the 
translocation of bacterial endotoxin are crucial in mediating mood disorders and 
stress-related diseases [39]. Functional imaging indicated that individuals exposed 
to endotoxemia had shown elevated levels of alertness [40], and emotional sensitiv-
ity toward visual stimuli [41]. Biochemical changes were observed peripherally, 
such as elevated stress hormones and inflammation [40, 41], and alterations in the 
sympathetic nerve’s activity [42]. In another clinical study, the cognitive capacity of 

Disease model Phenotypic molecular and behavioral features Reference

Model of Alzheimer’s disease 
(Tg2576 mice).

• Treating Tg2576 mice with LPS increases the mRNA 
level of cytokines in the cortex

[29]

Model of Alzheimer’s disease 
(3xTg-AD mice)

• Pathological changes in microglia populations.

• Aggregations of hyperphosphorylated tau.

• Activation of the cyclin-dependent kinase 5 (cdk5).

[30]

LPS administration to a 
Parkinson’s disease animal 
model.
(NOX2−/−)mice

• A loss in dopaminergic neurons.

• Oxidative stress and Parkinson-related features.

[37]

Endotoxin-Induced
Neuroinflammation
Model of Parkinson’s Disease.

• Resulted in accelerated aging and Parkinson -related 
symptoms.

• Modify reactive microglia.

• Alter the peripheral level of inflammatory cytokines 
(IL-6, IL-2,TNF-alpha,IFN-gamma)

[38]

Model of Alzheimer’s disease. • The administration of LPS in mice promoted the influx 
of amyloid beta protein to the brain and reduced their 
efflux, a unifying feature of Alzheimer’s disease.

[36]

Tg2576: Transgenic Tg2576 mice; LPS: lipopolysaccharide; NOX2: NADPH oxidase 2; IL-2: Interleukin 2; IL-6: 
Interleukin 6; IFN-gamma: Interferon gamma.

Table 1. 
Main mechanisms involved in the lipopolysaccharide animal models.
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healthy participants exposed to endotoxin systemically was examined. The results 
suggested that the endotoxin-exposed group exhibited a reduction in cognitive 
function and reduced capability in processing emotional information compared to 
the placebo group [43]. Suggesting that short-term exposure to systemic endotoxin 
has a profound impact on higher cognitive tasks. Disrupted sociability [44], and 
impaired cognitive capacity are hallmarks of psychiatric disorders [45], mainly 
schizophrenia, and autism [46, 47]. In another report, a battery of socio-behavioral 
factors was examined and reported to be functionally linked to the systemic admin-
istration of LPS. Indicating a mechanistic link between LPS-inflammation and 
major depressive disorder [48]. In line with this, the administration of a citalopram, 
a selective serotonin reuptake inhibitor antidepressant agent, leads to a reduction 
in fatigue and multiple inflammatory cytokines associated with endotoxins activa-
tion [49]. In another clinical setting, the level of circulating endotoxins correlates 
with the severity of neurodegenerative disorders, including Alzheimer’s, sporadic 
amyotrophic lateral sclerosis (sALS) [50].

3. TLR and brain disorders

Toll-like receptor (TLR) is a family composed of multiple pattern recognition 
members, and these receptors play a crucial role in mediating and modulating 
innate immunity [51]. This family has an essential role in modulating and maintain-
ing the microglia and microglia translocation protein activity. Histological studies 
indicated that multiple members of this family are expressed in the brain [52, 53], 
gut and blood mononuclear cells [54]. Additionally, these receptors are function-
ally involved in modulating excitatory [55], and inhibitory neuronal populations 
[56–58]. These modulations include orchestrating different signaling pathways 
[20]. Also, a couple of TLRs (TLR2 and TLR9) regulate the enteric nervous system. 
A previous report has shown that both receptors were detected using histologi-
cal studies in multiple markers of the enteric nervous system. Upon activation of 
innate immunity by administration LPS, both members were upregulated in the 
enteric nervous system. Indicating selective disease activation mechanism [55]. 
Correspondingly, LPS activation of TLR4 leads to stimulation of cytokines-related 
pathological mechanisms such as dysregulation in oligodendrocytes maintenance, 
microglial toxicity, and alter myelination [59, 60].

Previous reports linked Alzheimer’s disease and polymorphisms in both TLR4 
and CD14 genetic codes [61, 62]. Multiple forms of aggregated α-synuclein, a 
pathological feature of neurodegenerative diseases, can trigger and activate dif-
ferent TLRs. This indicates that TLRs contribute to the pathology of psychiatric 
and neurodegenerative diseases. Behaviorally they are implicated in regulating 
impulsivity [63]. A previous study linked TLR4 and the Gamma-aminobutyric acid 
(GABA), the principal inhibitory neurotransmitter in the brain, and the GABAergic 
inhibitory neurons release it. It was reported that the alpha-2 GABAergic receptor 
activation of the TLR4 is essential in mediating impulsivity. The co-immunopre-
cipitation of the alpha-2 GABAergic and TLR4 in the ventral tegmental area leads 
to Cyclic adenosine monophosphate (cAMP) activation. The cAMP translocation 
activates the cAMP-response element-binding protein (CREB), subsequently stimu-
lating the tyrosine hydroxylase and the corticotropin-releasing factor. Interestingly, 
the stereotaxic infusion of alpha-2 GABAergic and TLR4 siRNA in herpes simplex 
virus vector in the ventral tegmental area prevented alcohol and nicotine seeking. 
Indicating that TLR4 is involved mechanistically in regulating drug abuse mecha-
nisms [64]. GABAergic synapses are modulated by TLR4 signaling. Stimulation 
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of TLR4 by the administration of Lipopolysaccharide (LPS) alters both pre and 
postsynaptic function of the GABAergic system. The study indicated that both 
the synthesis and the reuptake of GABA are altered. Electrophysiological record-
ings have shown that Lipopolysaccharide’s administration reduces the miniature 
inhibitory postsynaptic currents in acute slices, and this inhibition is mediated 
through the microglia [56]. Another study linked the GABAergic system to TLR in 
their report pharmacological activation of the GABAB receptor (baclofen) reduced 
TLR3- and TLR4 mediated inflammation in primary glial cell lines. Similar findings 
were observed in the expression of TLR3 in blood mononuclear cells isolated from 
multiple sclerosis patients [65]. Indicating the existence of complex interaction 
between microglia, TLR4, and GABAergic system.

Besides, activation of TLR4 could interfere with addiction and drug abuse 
through another mechanism. In another report, it was indicated that pharmacologi-
cal application of opiate antagonists (naloxone and naltrexone) prevented the TLR4 
signaling achieved in LPS treated rodents. Both naloxone and naltrexone have been 
shown to non stereoselectively inhibit TLR4 [66].

On the other hand, studies have linked TLR signaling and neurodevelopmental 
disorders such as Autism spectrum disorders [67, 68]. An impairment identifies 
these disorders in sociability, communication, and characteristics of repetitive 
behaviors [69]. Accumulated evidence has linked Autism to neuroinflammation. 
The peripheral level of different TLRs, including TLR2–5 and TLR9, was elevated 
significantly in autistic patients in clinical settings [70]. In a previous report, flow-
cytometric analysis of TLR4/TLR5 and neuregulin 1 - ErbB in the monocytes of 
schizophrenic and healthy subjects revealed that both TLR4 and TLR5 were elevated 
where the level of ErbB is reduced significantly in drug-naïve schizophrenic 
patients compared to healthy controls [67]. Neuregulin 1 – ErbB signaling is crucial 
in modulating brain development [71]. For example, it is involved in axonal growth 
[72] and maintenance [73], the expression of acetylcholine receptors [74], electro-
physiological firing [75], and synaptic wiring [76]. Cytokine-related mechanisms 
are unified features of schizophrenia and an emerging hypothesis for the pathology 
of schizophrenia [77].

The link between TLRs and depression has been identified in both preclinical [78] 
clinical [79], and postmortem studies [80]. It was further reported that both pro-
tein, and mRNA level of TLR2–4, TLR6 and TLR10 was significantly reduced in the 
prefrontal brain region of depressed suicide subjects compared to the controls [52].

Adult neurogenesis is a physiological process essential for cognitive capacity, 
learning and memory, synaptic plasticity, modulating mood, and other processes 
[81, 82]. Dysregulation in adult neurogenesis is linked to schizophrenia [83], 
Alzheimer’s [84], Parkinson’s [85], and autism [86]. In TLR2-mutant mice, adult 
hippocampal neurogenesis was altered. Proliferative cells that are BrdU/doublecor-
tin positive cells were significantly reduced in TLR2-mutant mice. In Vitro studies 
showed that activation of TLR2 enhances the differentiation of neural stem/pro-
genitor cells [87].

4. Pharmacological modulation of TLRs

The pharmacological targeting of TLR has emerged as an appealing strategy for 
many reasons. First, they are an essential part of the innate immune system respon-
sible for the initiation of the immune response [88]. Also, studies indicated that 
TLRs modulate the homeostasis [89], neuronal morphogenesis [90, 91], and neuro-
genesis [87]. Additionally, it was reported that TLRs are implicated in the pathology 
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of multiple brain disorders such as depression [92], Alzheimer [93], Parkinson [94], 
and ischemia [95]. Molecularly, it is involved in activating one of the key neuronal 
signaling pathways [96].

Electrophysiological studies have shown that the administration of immuno-
stimulant results in activation of TLR3 alters the expression of AMPAR, decrease 
the spontaneous firing, and reduce both the frequency and amplitude of mEPSCs 
[97]. In line with this, the administration of LPS affect the hippocampal neuronal 
mEPSC both the frequency and amplitude in hippocampal neurons via modulation 
of TLR4 [98]. Tlr7 knockout mice showed altered hippocampal LTP, an activity-
dependent neurophysiological feature, suggesting defects in memory-related func-
tions [99]. Also, Tlr4 mutant mice exhibited an impairment of long-term depression 
(LTD) in the nucleus accumbens, another activity-dependent neurophysiological 
feature, suggesting potential alterations in the reward circuitry [100].

Behaviorally, preclinical studies have shown that TLRs’ pharmacological modu-
lation is linked to significant phenotypic features of neurological and psychiatric 
disorders [90]. In a maternal immune activation (MIA) animal model, a valid model 
for neurodevelopmental psychiatric disorders such as autism and schizophrenia 
[101], also linked to increased risks for neurodegenerative disorders [102], it was 
found that the offspring exhibited schizophrenic-like behaviors via modulation of 
TLR [103], Clinical and preclinical studies have shown that altered TLR pathway is 
associated with schizophrenic and autism-related behaviors [90, 101, 103–105].

Mice lacking the TLR3 gene exhibited impairment in amygdala-related behav-
iors and elevated anxiety while performing cued fear-conditioning and elevated 
plus maze tests [106]. Anatomically, the amygdala is encompassed by a group of 
subnuclei, more than ten regions [107]. At circuitry level, this brain region receives 
input from sensory cortical and thalamic areas, which is responsible for the con-
ditioned (CS) and unconditioned stimulus, prefrontal cortex, and hippocampus 
that mediate the extinction of fear responses and bed nucleus of the stria terminalis 
(BNST) that coordinate the stress-related responses. Its output is projected to the 
brainstem, hypothalamic, and cortical areas responsible for emotional responses 
[108, 109]. The TLR4 mutant mice exhibited altered higher cognitive tasks such as 
memory retention, acquisition, and contextual fear-learning [110]. The long-term 
intraventricular infusion with a TLR9 ligand resulted in memory dysfunction and 
increased risk of neurodegenerative disorders [111].

Prion diseases are a group of progressive neurodegenerative disorders [112], 
previously it was reported that TLR9 could be involved in the pathology of the 
progression of prion diseases. A preclinical study has shown that the administration 
of a TLR 9 ligand, cytosine phosphate guanosine (CpG-ODN) oligodeoxynucleo-
tides, in mice resulted in a significant increase in the survival rate. Suggesting that 
the activation of TLRs in neurodegenerative diseases could be attributed to neuro-
protective mechanisms that involve eliminating of neurotoxic misfolded proteins, 
which may prove to be a possible therapeutic strategy to the prion diseases [113]. 
This immunostimulant has been employed and examined in infectious, allergies ad 
cancer-related studies [114].

Similarly, genetic therapy targeting TLR2 reduces the accumulation of Amyloid 
β1–42 in the hippocampus of an animal model of Alzheimer’s disease and alters the 
progression of memory loss [115]. Misfolded α-synuclein is a characteristic feature 
and a leading cause of neurodegenerative diseases. Employment of immunization 
has gained a lot of attention as an attractive therapeutic option for neurodegenera-
tive disorders. In a transgenic mice model of Parkinson’s, it was found that the 
immunization with human α-synuclein associated with a marked reduction in 
the accumulated α-Synuclein and overall reduced neurodegeneration. Indicating 
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that α-Synuclein vaccination could be efficient in reducing neurodegeneration 
 associated with accumulated α-Synuclein [116].

A recent study has reported that treating Parkinson’s mice model with a natural 
compound, Juglanin, lead to enhanced memory function, reduced amyloid-beta 
accumulation, reversed α-synuclein accumulation and overall anti-inflammatory, 
and antioxidant effects through the modulation of TLR4/nuclear factor (NF)-κB 
pathway in the hippocampus [117]. In a clinical setting, treatment with vinpo-
cetine, an alkaloid derivative and a phosphodiesterase type 1 inhibitor, compared 
to traditional treatment with levodopa, resulted in a significant reduction of TLR 
2,4 mRNA level along with reduced the level of serum inflammatory mediators. 
Interestingly these alterations were associated with a marked elevation while 
performing the Mini-Mental State Examination score [118]. Although this study did 
not elucidate the link between TLR2,4 and the enhanced cognitive capacity, it was 
reported previously that in a dementia model, vinpocetine modulates long-term 
potentiation [119], Additionally, vinpocetine was found learning and memory while 
performing Morris maze tasks in fetal alcohol spectrum disorders mice model [120]. 
Although this study did not elucidate the link between TLR2,4 and the enhanced 
cognitive capacity, it was reported previously that in a dementia model, vinpocetine 
modulates long-term potentiation [119]. Additionally, vinpocetine was found 
learning and memory while performing Morris maze tasks in fetal alcohol spectrum 
disorders mice model [120]. Interestingly, previously it was found that the inhibi-
tion of Cyclic Nucleotide Phosphodiesterase is associated with an alteration of TLRs 
signaling, apoptotic pathway, and in chronic lymphocytic leukemia cells [121].

Transgenic animal studies have demonstrated that genetic manipulation of TLRs 
is associated with increased aggravated of Aβ [122]. Treatment with an anti-TLR2 
antibody has found to be an effective strategy in providing significant protec-
tion preclinically against sepsis-associated death [123], stroke [124], Alzheimer’s 
[123], and its safety, tolerability, along with pharmacokinetic profiling have been 
conducted clinically in healthy subjects [125]. A 7-month administration of anti-
TLR2 antibody to an Alzheimer mice model, APP/PS1 Mice, resulted in an overall 
reduction in the activation of both microglial and astroglia. This reduction was 
detected by quantifying immunoreactive MHCII, CD68 (microglial markers), and 
GFAP (astroglia marker) positive cells. Along with a marked reduction in Ab plaque 
burden in the hippocampal brain region. Behaviorally, the chronic treatment with 
TLR2 antibody has improved their performance in water maze test, and the latency 
was reduced significantly, and the time spent in the platform zone [126].

Studies have linked vitamin D deficiency and increased risk of neurodegenera-
tive diseases [127, 128]. In MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine)- 
Parkinson’s induced mouse model treatment with vitamin D has shown notable 
attenuated nigrostriatal neurodegeneration. Additionally, it increased the tyrosine 
hydrolase neuronal cells, altered the expression of Iba1 positive cells (microglial 
activation marker), and TLR-4 [129]. In another study, the same model has 
employed and treated with Rosmarinus acid, a phenolic compound with anti-
oxidant, anti-apoptotic, and anti-inflammatory effects [130]. In a dose-dependent 
manner, Rosmarinus acid treatment led to a significant improvement of motor 
dysfunction, elevated the number of tyrosine hydroxylase-positive cells, and 
downregulated TLR4 [131].

In a rat model of subarachnoid hemorrhage, pharmacological application of a 
natural flavonoid (Fisetin) minimizes the brain edema, improved modulate neu-
rological scores, and modulate apoptosis, mainly through the regulation of TLR 4/
NF-κB signaling [132]. Taken together, the TLR pathway is an attractive candidate 
for the development of future neurodegenerative therapies.
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5. Conclusion

TLRs contribute to modulate physiological and pathological processes. Besides, 
immunomodulation of TLRs seems to be a promising strategy. More studies are 
needed to decipher the molecular, cellular, and functional mechanisms involved 
in modulating proper brain function. Understanding such mechanisms would 
significantly clarify the complex nature of brain disorders. On broader aspects, 
mechanistic studies would facilitate finding the best therapeutic intervention for 
neurodegenerative and psychiatric diseases.
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