IFMBE Proceedings 100

Jefferson Luiz Brum Marques
Cesar Ramos Rodrigues
Daniela Ota Hisayasu Suzuki
José Marino Neto

Renato Garcia Ojeda Editors

IX Latin American Congress
on Biomedical Engineering
and XXVIII Brazilian Congress
on Biomedical Engineering

Proceedings of CLAIB and CBEB 2022,
October 24—28, 2022, Floriandpolis,
Brazil—Volume 3:

Biomechanics, Biomedical .
Devices and Assistive
Technologies

S

@ Springer



IFMBE Proceedings 100

Series Editor

Ratko Magjarevié, Faculty of Electrical Engineering and Computing, ZESOI,
University of Zagreb, Zagreb, Croatia

Associate Editors

Piotr Ladyzynski, Warsaw, Poland

Fatimah Ibrahim, Department of Biomedical Engineering, Faculty of Engineering,
Universiti Malaya, Kuala Lumpur, Malaysia

Igor Lackovic, Faculty of Electrical Engineering and Computing, University of
Zagreb, Zagreb, Croatia

Emilio Sacristan Rock, Mexico DF, Mexico



The IFMBE Proceedings Book Series is an official publication of the International
Federation for Medical and Biological Engineering (IFMBE). The series gathers
the proceedings of various international conferences, which are either organized or
endorsed by the Federation. Books published in this series report on cutting-edge
findings and provide an informative survey on the most challenging topics and
advances in the fields of medicine, biology, clinical engineering, and biophysics.

The series aims at disseminating high quality scientific information, encouraging
both basic and applied research, and promoting world-wide collaboration between
researchers and practitioners in the field of Medical and Biological Engineering.

Topics include, but are not limited to:

Diagnostic Imaging, Image Processing, Biomedical Signal Processing
Modeling and Simulation, Biomechanics

Biomaterials, Cellular and Tissue Engineering

Information and Communication in Medicine, Telemedicine and e-Health
Instrumentation and Clinical Engineering

Surgery, Minimal Invasive Interventions, Endoscopy and Image Guided
Therapy

Audiology, Ophthalmology, Emergency and Dental Medicine Applications
Radiology, Radiation Oncology and Biological Effects of Radiation

Drug Delivery and Pharmaceutical Engineering

Neuroengineering, and Artificial Intelligence in Healthcare

IFMBE proceedings are indexed by SCOPUS, EI Compendex, Japanese
Science and Technology Agency (JST), SCImago. They are also submitted for
consideration by WoS.

Proposals can be submitted by contacting the Springer responsible editor shown
on the series webpage (see “Contacts”), or by getting in touch with the series editor
Ratko Magjarevic.



Jefferson Luiz Brum Marques -
Cesar Ramos Rodrigues -
Daniela Ota Hisayasu Suzuki -
José€ Marino Neto -

Renato Garcia Ojeda

Editors

IX Latin American Congress
on Biomedical Engineering
and XXVIII Brazilian
Congress on Biomedical
Engineering

Proceedings of CLAIB and CBEB 2022
October 24-28, 2022

Florianopolis, Brazil—Volume 3:

Biomechanics, Biomedical Devices and
Assistive Technologies

@ Springer



Editors

Jefferson Luiz Brum Marques

Institute of Biomedical Engineering
Department of Electrical and Electronic
Engineering

Federal University of Santa Catarina
Florianépolis, Brazil

Daniela Ota Hisayasu Suzuki

Institute of Biomedical Engineering
Department of Electrical and Electronic
Engineering

Cesar Ramos Rodrigues

Institute of Biomedical Engineering
Department of Electrical and Electronic
Engineering

Federal University of Santa Catarina
Floriandpolis, Brazil

José Marino Neto

Institute of Biomedical Engineering
Federal University of Santa Catarina
Florianépolis, Brazil

Federal University of Santa Catarina
Florian6polis, Brazil

Renato Garcia Ojeda

Institute of Biomedical Engineering
Department of Electrical and Electronic
Engineering

Federal University of Santa Catarina
Florianépolis, Brazil

ISSN 1680-0737
IFMBE Proceedings
ISBN 978-3-031-49406-2 ISBN 978-3-031-49407-9 (eBook)
https://doi.org/10.1007/978-3-031-49407-9

ISSN 1433-9277 (electronic)

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature
Switzerland AG 2024

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse of
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors, and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the
editors give a warranty, expressed or implied, with respect to the material contained herein or for any errors
or omissions that may have been made. The publisher remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Paper in this product is recyclable.


https://doi.org/10.1007/978-3-031-49407-9

Preface

The IX Latin American Congress on Biomedical Engineering and XXVIII Brazilian
Congress on Biomedical Engineering (CLAIB&CBEB 2022) took place simultaneously
on October 24-28, 2022, in Florianépolis-SC, Brazil, and were organised by the Institute
of Biomedical Engineering of The Federal University of Santa Catarina (IEB-UFSC),
the Regional Council of Biomedical Engineering for Latin America (CORAL) and the
Brazilian Biomedical Engineering Society (SBEB). These events were held remotely
for the most part, with a small set of conferences taking place in person on the premises
of IEB-UFSC (Floriandpolis, Brazil). They included 11 hands-on technical workshops
for students, 26 keynote speakers and symposia, and 40 oral and poster presentation
sessions attended by about a thousand participants, including undergraduate and graduate
students, academic researchers, and public and private sector agents.

We are proud to present in this book a selection of papers presented at this event by
researchers from all over the world, reporting recent and innovative findings and techno-
logical outcomes in the many areas of interest of biomedical engineering. These papers
represent nearly 50% of those original contributions presented at the CLAIB&CBEB
2022. Their academic quality has been warranted by careful peer review coordinated by
an expert scientific committee of leading Latin American senior researchers in biomedi-
cal engineering. The content is organised into four volumes and eleven chapters, covering
the most relevant areas of scientific and technological developments within the broad
spectrum of biomedical engineering interests. We are sure that the contributions pre-
sented in this book give a deep overview of the leading edge in your expertise and other
areas.

On behalf of Scientific and Organising Committees, we thank authors, academic
reviewers and sponsoring societies such as CORAL, SBEB, UFSC, FAPESC and IEB-
UFSC for their contributions. Moreover, we encourage readers to enjoy this amazing
piece of scientific literature as a breadth of knowledge in the biomedical engineering
field.
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Usability Validation of a Parallel Bar Device
with Vibrating Stimulus for Neuropathologies
Treatment

A. V. Morais® ®, S. R. M. S. Boschi®, L. A. Moura®, Y. F. Moniz®,
S. C. Martini@®, T. A. Scardovelli®, and A. P. Silva

Universidade de Mogi das Cruzes/Nicleo de Pesquisas Tecnolégicas, Mogi das Cruzes, Brasil
antonioviniciusm@yahoo.com.br

Abstract. Neurological diseases are usually associated to motor functions impair-
ment, such as gait and balance implication. In general, rehabilitation aims to pro-
vide performance gain on daily live activities. The use of whole-body vibrations
allied to conventional treatment has been increasing. It is suggested that vibrations
increase the sensory afferents excitability, contributing to gait, balance and propri-
oception, in addition to decreasing spasticity. Among the vibrating platforms used
for this purpose, a vibrating device that allows walking on it was selected, enabling
the performance of static or dynamic vibratory protocols. With this equipment,
improvement opportunities were identified then motivated its retrofit. The changes
were made aiming the robustness increase, better mass distribution and the devel-
opment of an intuitive HMI. Besides the engineering tests, considerations about
user interaction with the equipment and technology are essential. Usability testing
addresses aspects that allow evaluating the implications of the applied technology
for the user. In this sense, in order to verify the effectiveness of the retrofit for
the user. In this way, a usability test was performed with professionals through
the SUS scale. The test was applied to five physiotherapists, resulting on 97.5
points average evaluation. This grade suggests the device classification as the”Best
Imaginable”. Regarding the SUS evaluation, it is suggested that execution of static
and dynamic protocols is feasible, since, according to the professional evaluation
and considerations, the device can be used to perform neuropathological patients
protocol.

Keywords: Whole body vibrations - Neuropathologies - Gait and balance
rehabilitation - Vibrating platform - Usability validation

1 Introduction

Neuropathologies are diseases usually related to gait and balance that can contribute
to motor disability and, consequently, to a lower life quality [1]. In general, the main
objective of rehabilitation is to improve muscle function and daily live activities [2].
The use of whole-body vibrations is growing, both as a therapeutic method and
auxiliary therapy in neurological rehabilitation also [3]. Although there is still no con-
sensus on its action mechanism, whole-body vibration is a type of physical therapy that

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2024
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increases the excitability of sensory afferents, contributing to the improvement of gait
and balance [4].

Among the diversity of devices for whole-body vibrations found in the literature,
Morais et al. [5] developed a vibrating device that allows walking on it, presenting a
single degree of freedom with the same amplitude throughout its length. Thus, it is
possible to treat the patient statically, but also to develop dynamic protocols, providing
greater device flexibility.

With this equipment, a retrofit was effectuated to increase the robustness structure,
better mass distribution and an intuitive HMI development. In order to the improvement
validation, engineering tests were performed to evaluate physical and constructive char-
acteristics. However, among technical and security concepts, Usability is an important
aspect to be evaluated [6]. This study encourages the assessment of learning ability and
safety related to the equipment.

In this sense, this paper aim is to evaluate the usability of the parallel bar device with
vibratory stimulus controlled via HMI for neuropathologies rehabilitation. As evaluation
tool, the SUS—System Usability Scale was used. This test is com-posed by ten questions
that use the Likert scale for valuation. After score calculate, the results are between 0
and 100, where O represents the worst usability and 100 the best usability.

2 Materials and Methods

2.1 Tests with Professionals

In order to verify the device usability by physical therapists, a specific protocol was
developed. It includes the device configuration and vibrational test exposure. Afterwards,
the professionals submitted to the tests were asked to fill out a System Usability Scale
questionnaire [7].

2.2 Subjects
It was requested five physical therapists [8] to participate with their technical consider-
ations.

2.3 Data Collection Environment

All tests were conducted at the Virtual Environments and Assistive Technology Labora-
tory—LAVITA, on Technological Research Center—NPT of the Universidade de Mogi
das Cruzes.

2.4 Materials

Retrofitted device and a SUS questionnaire.
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2.5 Protocol

At first, the equipment was presented to the user. At the HMI, each functionality was indi-
vidually exemplified and the professional invited to walk on the disconnected platform.
Then, the user requested to configure the vibration parameters considering exposure time
30 s, rest time 20 s, repeating 3 cycles at 20Hz frequency. After configuration, the profes-
sional was asked for start the program to execute the protocol walking at low-intensity
and regularly. The test can be interrupted at any time by pressing the emergency button.

2.6 Usability Test

To the device usability measurement, the usability test proposed by Brooke [7] was
applied. The test is based on the SUS—System Usability Scale, which consists on a
10 questions form combining positive and negative statements regarding the use of the
device. These questions are answered based on a five-point Likert scale [9] statements
where the score 1 means you totally disagree and 5 you totally agree.

To calculate the score, the values assigned by the user must be processed so that,
in odd-numbered questions, 1 point must be subtracted from the assigned value and,
in questions with odd numbers, therefore, at even numbers, the value assigned must be
subtracted by 5 (Table 1).

Table 1. SUS scale calculation

Question Evaluation
1 x—1
2 5—x
3 x—1
4 5—x
5 x—1
6 5—x
7 x—1
8 5—x
9 x—1
10 5—x

Thereby, the maximum value calculated for each question is four. Then, the processed
values were added up and this sum is multiplied by 2.5 as shown:

n=10
U=<Zpi)x2,5 (1)
i=1

where



