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Preface

The IX Latin American Congress on Biomedical Engineering and XXVIII Brazilian
Congress on Biomedical Engineering (CLAIB&CBEB 2022) took place simultaneously
onOctober 24–28, 2022, in Florianópolis-SC, Brazil, andwere 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 (Florianópolis, 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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The Organising Committee of the IX Latin American Congress of Biomedical Engi-
neering (CLAIB 2022) and the XXVIII Brazilian Congress of Biomedical Engineering
(CBEB 2022) was composed of the following members:

Organising Committee

President

Renato Garcia Ojeda

Vice-President

Jefferson Luiz Brum Marques

Scientific Committee

Jefferson Luiz Brum Marques

Programme Committee

José Marino-Neto



viii Organisation

Special Events Committee

Cesar Ramos Rodrigues

Finance and Disclosure Committee

Daniela Ota Hisaysu Suzuki

Follow-Up Committee

Helio Schechtman President of the Brazilian Society of Biomedical
Engineering (SBEB)

Elliot Vernet President Regional Council of Biomedical
Engineering for Latin America (CORAL)

Shankar Krishnan Presidente International Federation of Medical
and Biological Engineering (IFMBE)

Part Editors

Biomedical Robotics, Assistive
Technologies and Health
Informatics

Teodiano Freire Bastos Filho (UFES-Brazil), Luis
Eduardo Rodriguez Cheu (CSEJG-Colombia),
Renato Garcia Ojeda (UFSC-Brazil)

Biomedical Image and Signal
Processing

Márcio Holsbach Costa (UFSC-Brazil), Virginia
Laura Ballarin (UNMdP-Argentina), Jurandir
Nadal (UFRJ-Brazil)

Biomedical Optics and Systems
and Technologies for
Therapy and Diagnosis

Renato Amaro Zângaro (UAM-Brazil), Regiane
Albertini de Carvalho (UNIFESP-Brazil)

Biomedical Devices and
Instrumentation

Percy Nohama (PUC-PR-Brazil), Guilherme
Nunes Nogueira (PUC-PR-Brazil)

Bioengineering, Modelling and
Simulation, Bioinformatics
and Computational Biology

Antonio Carlos Guimarães de Almeida
(UFSJ-Brazil), Antônio Márcio Rodrigues
(UFSJ-Brazil), Luis Enrique Bergues Cabrales
(UO-Cuba)

Biomaterials, Tissue
Engineering and Artificial
Organs

Idágene Aparecida Cestari (USP-Brazil), Sônia
Maria Malmonge (UFABC-Brazil)

Biosensors, Bioinstrumentation
and Micro-nanotechnologies

Alcimar Barbosa Soares (UFU-Brazil)



Organisation ix

Biomechanics, Neural
Engineering and
Rehabilitation

Adriano de Oliveira Andrade (UFU-Brazil)

Clinical Engineering and Health
Technology Assessment

Fabiola Margarita Martínez-Licona
(UAM-Mexico), Roberto Macoto Ichinose
(UFRJ-Brazil)

Health Technology Innovation
and Development

Antonio Adilton Oliveira Carneiro (USP-Brazil)

Metrology and Quality of
Healthcare Technologies

Carlos Rubén Dell’Aquila (UNSJ-Argentina),
Rodrigo Pereira Barretto da Costa Félix
(InMetro-Brazil)

Special Topics Adson Ferreira da Rocha (UnB-Brazil), Renato
Garcia Ojeda (UFSC-Brazil)

Support Committee

Alexandre Holzbach Junior
Bruna Fanchin
Clara Teresa de Souza Ramos
Daniella de Lourdes Luna Santana de Andrade
Daniel Ribeiro de Moraes
Esteferson Quadros
Felipe Rettore Andreis
Flavio Maurício Garcia Pezzolla
Guilberth Alves de Matos
Henrique Rezer Mosquér
Israel Santana
Jéssica Rodrigues da Silva
Jonas Martins Maciel
Jone Follmann
Juliano Martins
Lucas Bertinetti Lopes
Maicon Francisco
Marcelo Dérick Oliveira das Chagas
Maria Angelica Martins
Mariana Ribeiro Brandão
Mateus Andre Favretto
Matheus Gama Costa
Paulo Miguel Rodrigues da Rocha
Pedro Paulo Santos Gomes da Silva
Rafael Glatz
Rafael Schantone Silva
Raul Guedert



x Organisation

Sandra Cossul
Susana Bartnikowsky
Victor Hugo de Freitas Morales
Vinícius Rodrigues Zanon

Scientific Reviewers

Adilmar Coelho Dantas Universidade Federal de Uberlândia, BR
Adriana Gabriela Scandurra Universidad Nacional de Mar del Plata, AR
Adriana Kauati State University of Western Paraná, BR
Adriane Parraga Universidade Estadual do Rio Grande do Sul, BR
Adriano Pereira Universidade Federal de Uberlândia, BR
Adriano Péricles Rodrigues Universidade Federal de Goiás, BR
Agustina Bouchet Universidad de Oviedo, ES
Agustina Garces Correa Universidad Nacional de San Juan, AR
Alberto López Delis Universidad de Oriente, CU
Aldira Domínguez Universidade de Brasília, BR
Alejandro Espinel Hernández Universidad do Oriente, CU
Alexander Alexeis Suárez-León Universidad de Oriente, CU
Alexandre Balbinot Universidade Federal do Rio Grande do Sul, BR
Alexandre Luís Cardoso Bissoli Instituto Nacional da Propriedade Industrial, BR
Alexandre Romariz Universidade de Brasilia, BR
Alfredo de Oliveira Assis Universidade Federal de Goiás, BR
Alvaro David Orjuela Cañon Universidad del Rosario, AR
Ana B. Pimentel-Aguilar Instituto Nacional de Enfermedades

Respiratorias, MX
Ana Karoline Almeida da Silva Universidade de Brasília, BR
André Adami Universidade de Caxias do Sul, BR
André Dantas Instituto Santos Dumont, BR
Andre Lazzaretti Universidade Tecnológica Federal do Paraná, BR
AndrÉ LuÍs Fonseca Furtado Instituto Federal do Sudeste de Minas Gerais, BR
Andrés Alberto Ramírez Duque Universidad El Bosque, CO
Andrés Felipe Ruíz Olaya Universidad Antonio Nariño, CO
Angela Abreu Rosa de Sá Universidade Federal de Uberlândia, BR
Angela Salinet Universidade de São Paulo, BR
Antonio Mauricio Miranda de Sá Universidade Federal de Rio de Janeiro, BR
Aparecido Carvalho Centro Universitário Salesiano São Paulo, BR
Argenis Adrian Soutelo Jimenez Universidad de Oriente, CO
Ariana Moura Cabral Universidade Federal de Uberlândia, BR
Ariel Braidot Universidad Nacional de Entre Rios, AR
Arnaldo Fim Neto Universidade Federal do ABC, BR



Organisation xi

Arquímedes Montoya Pedrón Hospital General Docente Juan Bruno Zayas
Alfonso, CU

Arthur Carvalho Pires Universidade Federal de São João Del-Rei, BR
Aura Ximena González Cely Universidad Pedagógica y Tecnológica, CO
Axayacatl Morales Universidad Autónoma Metropolitana Iztapalapa,

MX
Beatriz Fernandes Pontificia Universidadd Catolica de Parana, BR
Beatriz Janeth Galeano Upegui Universidad Pontificia Bolivariana, CO
Belkys Amador Universidad Austral de Chile, CL
Bruno Bispo Universidade Federal de Santa Catarina, BR
Caio C. E. De Abreu Universidade do Estado de Mato Grosso, BR
Carla Scorza Universidade Federal de São Paulo, BR
Carlos Alirio Lozano Ortiz Universidade Federal de Rio de Janeiro, BR
Carlos Araujo Instituto Federal do Paraná, BR
Carlos Castillo Fundación Universitaria del Área Andina, CO
Carlos Danilo Miranda Regis Instituto Federal da Paraiba, BR
Carlos Galvão Pinheiro Júnior Universidade Federal de Goiás, BR
Carlos Maciel Universidade de São Paulo, BR
Carlos Magno Medeiros Queiroz Instituto Federal do Triângulo Mineiro, BR
Carlos Valadao Instituto Federal do Espírito Santo, BR
Carolina Tabernig Universidad Nacional de Entre Ríos, AR
Cesar Ferreira Amorim Universidade Federal de Uberlândia, BR
Cesar Ramos Rodrigues Universidade Federal de Santa Catarina, BR
César Teixeira University of Coimbra, PT
Cicero Hildenberg Lima De

Oliveira
Universidade Tecnológica Federal do Paraná, BR

Claudia Lescano Universidad Nacional de San Juan, AR
Claudia Mirian de Godoy Marques Universidae do Estado de Santa Catarina, BR
Cleber Zanchettin Universidad Nacional de San Juan, AR
Cleison Daniel Silva Universidade Federal do Pará, BR
Cristian Blanco Universidad Antonio Nariño, CO
Cristian David Guerrero Mendez Universidad Antonio Nariño, CO
Cristiano Jacques Miosso Universidade de Brasília, BR
Cristina Shimoda Uechi MCTIC, BR
Dafne Mendes Soares Universidade Federal de São João del-Rei, BR
Damien Depannemaecker Universidade Federal de São Paulo, BR
Daniel Cavalieri Instituto Federal do Espírito Santo, BR
Daniela del Carmen Gonzalez Universidad Nacional de San Juan, AR
Daniela Ota Hisayasu Suzuki Universidade Federal de Santa Catarina, BR
Daniella De Lourdes L. S.

Andrade
Universidade Federal de Santa Catarina, BR

Danilo Melges Universidade Federal de Minas Gerais, BR



xii Organisation

Danilo Silva Universidade Federal de Santa Catarina, BR
David Sérgio Adães de Gouvêa Universidade Federal de Juiz de Fora, BR
Débora de Fátima Camillo Ribeiro Pontificia Universidade Católica do Paraná, BR
Delmo Benedito Silva Universidade Federal de São João Del-Rei, BR
Denis Delisle Rodriguez Instituto Santos Dumont, BR
Diana Gutierrez Universidad Manuela Beltran, CO
Diego Beltramone Universidad Nacional de Córdoba, AR
Diego Sebastián Comas National University of Singapore, SG
Éberte Freitas Universidade Federal do Espírito Santo, BR
Edgard Morya Instituto Santos Dumont, BR
Edras Pacola Universidade Positivo, BR
Eduardo Antonio Fragoso Dias Universidade Federal do Espírito Santo, BR
Eduardo M. Scheeren Pontifícia Universidade Católica do Paraná, BR
Eduardo Naves Universidade Federal de Uberlândia, BR
Elgison Da Luz Dos Santos Centro Universitário Internacional Uninter, BR
Eliete Maria De Oliveira Caldeira Universidade Federal do Espírito Santo, BR
Elisa Perez Universidad Nacional de San Juan, AR
Elisangela Manffra Pontifícia Universidade Católica do Paraná, BR
Elisângela Oliveira Carneiro Universidade Estadual de Feira de Santana, BR
Emanuel Tello Universidad Nacional de San Juan, AR
Enrique J. Marañón Universidad de Oriente, CU
Enrique Mario Avila Perona Universidad Nacional de San Juan, AR
Eric Laciar Leber Universidad Nacional de San Juan, AR
Ernesto Suaste CINVESTAV Sección Biolectrónica, MX
Esmirna Cascaret Fonseca Centro Provincial de Medicina Deportiva, CU
Esteban Lanzarotti Universidad de Buenos Aires, AR
Eugenio Orosco Universidade Nacional de San Juan, AR
Euler Garcia Universidade de Brasília, BR
Evandro Salles Universidade Federal do Espírito Santo, BR
Fabiana Bertoni Universidade Estadual de Feira de Santana, BR
Fabiana da Silveira Bianchi Perez Faculdades Alfredo Nasser, BR
Fabio Viegas Caixeta Universidade de Brasília, BR
Fabricio Lima Brasil Instituto Santos Dumont, BR
Fabricio Neves Mendonca Instituto federal de Minas Gerais, BR
Fabrício Noveletto Universidade do Estado de Santa Catarina, BR
Fátima L. S. Nunes Universidade de São Paulo, BR
Felipe Rettore Andreis HST Aalborg University, DK
Fellipe Allevato Martins da Silva Universidade Federal do Rio de Janeiro, BR
Fernando Henrique Magalhães Universidade de São Paulo, BR
Fernando Jorge Muñoz Zapata Universidad Nacional de San Juan, AR
Fernando Valdés-Pérez Universidade do Oriente, CU
Flavio Buiochi Universidade de Sao Paulo, BR



Organisation xiii

Floriano Salvaterra Universidade Federal de Rio de Janeiro, BR
Francisco Assis de Oliveira

Nascimento
Universidade de Brasília, BR

Franco Simini Universidad de la Republica de Uruguay, UY
Frieda Saicla Barros Universidade Tecnológica Federal do Paraná, BR
Gabriel Bruno M. Fernandes Universidade Federal de Santa Catarina, BR
Gabriel Domingo Vilallonga Universidade Nacional de Catamarca, AR
Gabriel Eduardo Cañadas

Fragapane
Universidad Nacional de San Juan,AR

Gabriel Motta Ribeiro Universidade Federal de Rio de Janeiro, BR
Gilcélio Silveira Universidade Federal de São João del-Rei, BR
Glauco Cardozo Instituto Federal de Santa Catarina, BR
Glécia Luz Universidade de Brasília, BR
Gonzalo Quiroga Universidad Nacional de San Juan, AR
Guilherme Augusto Gomes De

Villa
Universidade Federal de Goiás, BR

Guillermo Abras Universidad Nacional de Mar del Plata, AR
Gustavo Meschino Universidad Nacional de Mar del Plata, AR
Gustavo Vivas Empresa Brasileira de Serviços Hospitalares, BR
Harlei Leite Universidade Federal do Espírito Santo, BR
Henrique Takachi Moriya Universidade de Sao Paulo, BR
Hugo Líbero Instituto Federal de Goiás, BR
Humberto Gamba Universidade Tecnológica Federal do Paraná, BR
Humberto Romano INTECNUS Foundation, AR
Isabela Alves Marques Universidade Federal de Uberlândia, BR
Isabela Miziara Universidade Federal do Pará, BR
Ismar Cestari Instituto do Coração Universidade de São Paulo,

BR
Jair Trapé Goulart Universidade de Brasília, BR
Javier Camacho Universidade EIA, CO
Jerusa Marchi Universidade Federal de Santa Catarina, BR
Jessica Lara Universidade Federal de São João Del-Rei, BR
João Henrique Kleinschmidt Universidade Federal do ABC, BR
João Lameu Universidae Federal do ABC, BR
Joao Marques University of Saint Joseph, US
João Otávio Bandeira Diniz Instituto Federal do Maranhão, BR
João Panceri Instituto Federal do Espírito Santo, BR
Joaquim Cezar Felipe Universidade de São Paulo, BR
Joaquim Mendes Universidade do Porto, PT
Joaquin Azpiroz Leehan UAM Iztapalapa, MX
Jorge Takenaga Universidad de Monterrey, MX
Jose Carlos Cunha Pontificia Universidade Católica do Paraná, BR



xiv Organisation

José Di Paolo Universidad Nacional de Entre Ríos, AR
José Felicio Da Silva Universidade de Brasília, BR
José Foggiatto Universidade Tecnológica Federal do Paraná, BR
José María Flores Universidad Nacional de Entre Rios, AR
José Wilson Bassani Universidade de Campinas, BR
Juan Carlos Iturrieta Gimeno Universidad Nacional de San Juan, AR
Juan Carlos Perfetto Universidad de Buenos Aires, AR
Juan Enrique Palomares Ruiz Instituto Tecnológico Superior de Cajeme, MX
Juan Graffigna Universidad Nacional de San Juan, AR
Juan I. Montijano University of Zaragoza, ES
Juan Ignacio Pastore Universidad Nacional de Mar del Plata, AR
Juan Pablo Tello Portillo Universidad del Norte, CO
Juan Pastore Universidad Nacional de Mar del Plata, AR
Juan Vorobioff Comisión Nacional de Energía Atómica CNEA,

AR
Juliana Santa Ardisson Universidade Federal do Espírito Santo, BR
Juliano Costa Machado Instituto Federal Sul-Rio-Grandense, BR
Julio Alberto Rojas Vargas Universidade do Oriente, CU
Julio Cesar Nievola Pontifícia Universidade Católica do Paraná, BR
Karla Aparecida Ferreira Universidade Federal de São João Del-Rei, BR
Katia Prus Universidade Tecnológica Federal do Paraná, BR
Kelison Tadeu Ribeiro Instituto Federal do Espírito Santo, BR
Lacordaire Kemel Pimenta Cury Instituto Federal de Educação, Ciência e

Tecnologia Goiano, BR
Leandro Bueno Instituto Federal do Espírito Santo, BR
Lena Perez Font Universidad de Oriente, CU
Leonardo Abdala Elias Universidade de Campinas, BR
Leonardo Abrantes Universidade Federal de Rio de Janeiro, BR
Leonardo Batista Universidade Federal da Paraíba, BR
Leonardo Ramirez Universidad Militar Nueva Granada, CO
Leticia Silva Universidade Federal do Espírito Santo, BR
Lorena Orosco Universidad Nacional de San Juan, AR
Lourenço Madruga Barbosa Universidade Tecnológica Federal do Paraná, BR
Lucas Côgo Lampier Universidade Federal do Espírito Santo, BR
Lucenildo Cerqueira Universidade Federal de Rio de Janeiro, BR
Luciana Menezes Xavier de Souza Universidade Federal de Santa Catarina, BR
Luciana Roberta Peixoto Universidade de Brasília, BR
Luciane Aparecida Pascucci de

Souza
Universidade Federal do Triângulo Mineiro, BR

Luciano Menegaldo Universidade Federal de Rio de Janeiro, BR
Luis Carlos Hernandez Barraza National University of Singapore, SG
Luis Eduardo Maggi Universidade Federal do Acre, BR



Organisation xv

Luis Jiménez-Angeles Universidade Nacional Autônoma do México,
MX

Luis Miguel Zamudio Universidade do Oriente, CU
Luis Pulenta Universidad Nacional de San Juan, AR
Luis Roberto Barriere Universidad Don Bosco, SV
Luis Sifuentes Universidad Cuauhtémoc Aguascalientes, MX
Luis Vilcahuaman Pontificia Universidad Catolica del Peru, PE
Maikel Noriega Alemán Universidade do Oriente, CU
Maira Ranciaro Pontifícia Universidade Católica do Paraná, BR
Malki-çedheq Benjamim C. Silva Universidade Federal de Pernambuco, BR
Marcella Carneiro Universidade de Brasília, BR
Marcelo Lencina National Technological University, AR
Marcio Nogueira de Souza Universidade Federal de Rio de Janeiro, BR
Marcio Rodrigues Instituto Federal do Sudeste de Minas Gerais, BR
Marco Antonio Garcia Universidade Federal de Juiz de Fora, BR
Marcos Hara Instituto Federal do Paraná, BR
Marcus Vieira Fraga Universidade de Goiás, BR
Maria Claudia F. Castro Centro Universitário da FEI, BR
Mariana de Mello Gusso Pontifícia Universidade Católica do Paraná, BR
Mariela Azul Gonzalez Universidad Nacional de Mar del Plata, AR
Mário Fabrício Fleury Rosa Universidade de Brasília, BR
Marly Guimaraes Fernandes Costa Universidade Federal do Amazonas, BR
Martha Ortiz Universidad Autonoma de Mexico—Iztapalapa,

MX
Martha Ribeiro Universidade de São Paulo, BR
Martha Zequera Pontificia Universidad Javeriana,CO
Martín Guzzo Universidad Nacional de San Juan, AR
Maryangel Jhoseline Medina ComisiónNacional de Energía Atómica, AR
Mateus Andre Favretto Universidade do Estado de Santa Catarina, BR
Mauren Abreu de Souza Pontificia Universidade Católica do Paraná, BR
Mauricio Cagy Universidade Federal do Rio de Janeiro, BR
Mauricio Kugler Nagoya Institute of Technology, JP
Mauricio Tavares Contronic Tecnologia para Diagnósticos, BR
Mayra Aarao Universidade Federal de São João Del-Rei, BR
Mohamed Ahmed Universidade Federal de São João Del-Rei, BR
Monica Teresita Miralles Universidad de Buenos Aires, AR
Munir Gariba Universidade de São Paulo, BR
Murilo Contó Boston Scientific, BR
Nahuel M. Olaiz Universidad de Buenos Aires, AR
Nicolas Jacobo Valencia Jimenez Universidad Santiago de Cali, CO
Nilton Correia Da Silva Universidade de Brasília, BR
Olavo Luppi Silva Universidade Federal do ABC, BR



xvi Organisation

Pablo Caicedo Universidade Autônoma da Colômbia, CO
Pablo Daniel Cruces Universidad de Buenos Aires, AR
Pablo Diez Universidad Nacional de San Juan, AR
Pablo Turjanski Universidad de Buenos Aires, AR
Patrick Marques Ciarelli Universidade Federal do Espírito Santo, BR
Paula Brandao Furlan Universidade Federal de Rio de Janeiro, BR
Paula Hembecker Pontifícia Universidade Católica do Paraná, BR
Paulo Ambrosio Universidade Estadual de Santa Cruz, BR
Paulo Broniera Junior Federação das Indústrias Estado de São Paulo, BR
Paulo Eduardo Narcizo de Souza Universidade de Brasília, BR
Paulo Gubert Universidade Católica de Pelotas, BR
Paulo Jose Abatti Universidade Tecnológica Federal do Paraná, BR
Paulo Roberto Sanches Hospital de Clínicas de Porto Alegre, BR
Paulo Rogerio Scalassara Universidade Tecnológica Federal do Paraná, BR
Pedro Bertemes Filho Universidade do Estado de Santa Catarina, BR
Pedro Gewehr Universidade Tecnológica Federal do Paraná, BR
Pedro Moisés de Sousa Universidade Federal de Uberlândia, BR
Pedro Xavier de Oliveira Universidade de Campinas, BR
Rafael Sanchotene Silva Universidade Federal de Santa Catarina, BR
Raimes Moraes Universidade Federal de Santa Catarina, BR
Raul Guedert Universidade Federal de Santa Catarina, BR
Renata Coelho Borges Universidade Tecnológica Federal do Paraná, BR
Renato de Araujo Universidade Federal de Pernambuco, BR
Renato Naville Watanabe Universidade Federal do ABC, BR
Ricardo Borsoi University of Lorraine, FR
Ricardo Ruggeri Autoridad Regulatoria Nuclear, AR
Ricardo Suyama Universidade Federal do ABC, BR
Roberto Sagaró Zamora Universidad de Oriente, CU
Rocio Belén Buenamaizón Universidad Nacional de San Juan, AR
Rodolfo Dias Correia Hospital das Clínicas de Ribeirão Preto, BR
Rodrigo Gomide Instituto Federal Goiano, BR
Rodrigo Pinto Lemos Universidade de Goiás, BR
Rodrigo Santos Universidade Federal de Juiz de Fora, BR
Rodrigo Varejão Andreão Instituto Federal do Espírito Santo, BR
Roger Gomes Tavares de Mello Universidade Federal do Rio de Janeiro, BR
Ronni Amorim Universidade de Brasília, BR
Rosa Itzel Flores Universidad Autonoma de Mexico—Iztapalapa,

MX
Rosangela Jakubiak Universidade Tecnológica Federal do Paraná, BR
Rossana Rivas Tarazona Pontificia Universidad Catolica del Peru, PE
Rubén Acevedo Universidad Nacional de Entre Ríos, AR
Sandra Cossul Universidade Federal de Santa Catarina, BR



Organisation xvii

Sandra Rocha Nava Universidad La Salle, CO
Sara Rosa de Sousa Andrade Faculdades Estácio de Sá, BR
Sérgio Francisco Pichorim Universidade Tecnológica Federal do Paraná, BR
Sergio Furuie Universidade de São Paulo, BR
Sergio Ioshii Pontificia Universidade Católica do Paraná, BR
Sheila da Luz Schreider Universidade Federal do Espírito Santo, BR
Shirley Quintero Escuela de Ingenieros, CO
Silas Moreira de Lima Universidade Federal de São João Del-Rei, BR
Silvia Rodrigo Universidad Nacional de San Juan, AR
Suélia Rodrigues Fleury Universidade de Brasília, BR
Suelia Rosa Universidade de Brasília, BR
Sylvia Faria Universidade de Brasília, BR
Sylvia Pires Universidade Federal de São João Del-Rei, BR
Tatiane Ramalho Universidade Federal de São Paulo, BR
Tenysson W. Lemos Universidade de São Paulo, BR
Teodiano Bastos Filho Universidade Federal do Espírito Santo, BR
Thaína Aparecida Azevedo Tosta Universidade Federal de São Paulo, BR
Thais Winkert Universidade Federal de Rio de Janeiro, BR
Thomaz Botelho Instituto Federal do Espírito Santo, BR
Vanessa Pereira Gomes Instituto de Pesquisas Tecnológicas, BR
Vesna Zeljkovic Lincoln University, UK
Victor Diego Cupertino Costa Universidade Federal de São João Del-Rei, BR
Victor Hugo C. de Albuquerque Universidade Federal do Ceará, BR
Victor Luciano Carmona

Viglianco
Universidad Nacional de San Juan, AR

Wally Auf der Strasse Colégio Militar de Curitiba, BR
Wellington Pinheiro Dos Santos Universidade Federal de Pernambuco, BR
Wemerson Parreira Universidade do Vale do Itajaí, BR
Willian Bispo Universidade Estadual de Londrina, BR
Yann Morère Université de Lorraine, FR
Yolanda Torres Perez Universidad Pedagógica y Tecnológica, CO

Sponsoring Institutions

CORAL: Consejo Regional de Ingeniería Biomédica para América Latina



xviii Organisation

www.coralbiomedica.org

SBEB: Sociedade Brasileira de Engenharia Biomédica
www.sbeb.org.br

IFMBE: International Federation of Medical and Biological Engineering
www.ifmbe.org

UFSC: Universidade Federal de Santa Catarina
www.ufsc.br

IEB-UFSC: Instituto de Engenharia Biomédica da UFSC
www.ieb.ufsc.br

FAPESC: Fundação de Amparo à Pesquisa e Inovação do Estado de Santa Catarina
www.fapesc.sc.gov.br

https://www.coralbiomedica.org
https://www.sbeb.org.br
https://www.ifmbe.org
https://www.ufsc.br
https://www.ieb.ufsc.br
https://www.fapesc.sc.gov.br


Contents

Biomechanics, Neuroengineering and Rehabilitation

Usability Validation of a Parallel Bar Device with Vibrating Stimulus
for Neuropathologies Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

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

Microphysicaltherapy as a Novel Adjunctive Nonpharmacological
Treatment for Refractory Temporal Lobe Epilepsy: A Prospective
Observational Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

C. K. Watanabe, H. R. Gamba, L. Paola, and A. S. I. Salgado

Proximal Fibular Osteotomy Versus High Tibial Osteotomy: An In-silico
Finite Element Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

Jorge Eduardo Morales-Avalos, Rodolfo Morales-Avalos,
Simone Perelli, Joan Carlos Monllau, Antonio José Sánchez Egea,
and Gil Serrancolí Masferrer

Estimation of Pathological Gait Asymmetry of Lower-Limb Prosthetic
Users at High and Low Walking Speeds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

S. Jaramillo-Isaza, C. D. Guerrero-Mendez, L. V. Montealegre,
C. F. Blanco-Diaz, T. F. Bastos-Filho, and A. F. Ruiz-Olaya

A Usability Evaluation Protocol for an Hybrid Brain-Computer Interface
Aimed at Attention-Deficit Disorder Rehabilitation . . . . . . . . . . . . . . . . . . . . . . . . . 44

M. B. Masset, L. C. Carrere, and C. B. Tabernig

Augmented Reality for Gait Rehabilitation: A Scoping Review . . . . . . . . . . . . . . . 52
Laís Souza Amorim and Alana Elza Fontes Da Gama

Computational Modeling of the Pendulum Test to Simulate Spasticity
in the Elbow Joint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

B. R. Pasqualin, V. A. Silva, M. I. V. Orselli, and E. F. Manffra



xx Contents

Evidence of Cortical Activation Alterations of Paraplegics with Pelvic
Nerves Stimulation on Resting State: A Case Series . . . . . . . . . . . . . . . . . . . . . . . . 78

Mariana Cardoso Melo, Daniel José Lins Leal Pinheiro,
Rodrigo Lantyer Marques Dantas,
Natalia Maria Antonangelo Athanazio, Caio Fernandes Morozini,
Giovanna Calabrese dos Santos, Gustavo Leme Fernandes,
Nucélio Lemos, and Jean Faber

A Possible Molecular Basis of the Change in Load Sharing Between
Synergistic Muscles Characterized by Elastography . . . . . . . . . . . . . . . . . . . . . . . . 86

G. A. Grinspan, A. Pomi, and N. Benech

Performance Comparison of Different Classifiers to Detect Motor
Intention in EEG-Based BCI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

Alejandro Quiroga, Diana Vértiz del Valle, Melina Pilz,
and Rubén Acevedo

Biofeedback Analysis in Upper Limb Prostheses: A Literature Review . . . . . . . . 102
J. D. Almeida, L. S. Almeida, and R. F. Kozan

Slippage Classification in Prosthetic Hands with a Spiking Neural Network . . . . 111
Jone Follmann, Cosimo Gentile, Francesca Cordella, Loredana Zollo,
and Cesar Ramos Rodrigues

Evaluation of the Impact of Different Types of Floors on Equine Therapy
with Accelerometry: A Pilot Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

M. Ranciaro, R. Descio-Trineto, D. Franzo, A. F. S. F. Silva,
W. A. D. Strasse, M. A. Pillon, G. N. Nogueira-Neto, and P. Nohama

Joint Coordination to Maintain Postural Balance Differs Between
Preferred and Non-preferred Lower Limbs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134

C. D. P. Rinaldin, V. A. Silva, D. P. Campos, and E. F. Manffra

Convolutional Neural Networks Approach Comparison in EEG-Based
BCIs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145

D. C. Marques, M. Cagy, and A. M. F. L. de Sá

Cochlear Implant Pediatric Patient THR-Level Determination Based
on Electrical Cochlear Response . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153

J. M. Cornejo, A. K. Quintana, L. Carranco, and M. P. Granados

3D Link-Segment Model for Kinematics and Kinetics of Lower Limbs
in Soccer Free Kick: Protocol Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162

J. P. Angel López, J. Abaca, L. Clementi, M. A. López Ibarra,
and A. A. A. Braidot



Contents xxi

Cycling Lower-Limb Movement Analysis and Decoding by LSTM
for a Motor Imagery-Based FES Rehabilitation System—A SCI Patient
Case Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172

Luiz Henrique Bertucci, Caroline Cunha do Espirito Santo,
Bruno Guedes Spinelli, Abner Cardoso Rodrigues,
André Felipe Azevedo de Oliveira Dantas, and Denis Delisle-Rodriguez

Enhancing Classification of Grasping Tasks Using Hybrid EEG-sEMG
Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182

A. F. Ruiz-Olaya, C. F. Blanco-Diaz, C. D. Guerrero-Mendez,
T. F. Bastos-Filho, and S. Jaramillo-Isaza

Assessment of Neuromuscular Function in Patients with Long-Term
Symptoms of COVID-19 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192

Emilia F. Cremasco, Ellen P. Zambalde, Carina M. Germer,
and Leonardo A. Elias

Electromyography Associated with Biofeedback in Rehabilitation Therapy
in Stroke-Stricken Individuals: An Integrative Review . . . . . . . . . . . . . . . . . . . . . . 202

L. S. Almeida, J. D. Almeida, and R. F. Kozan

Analysis of Brain Excitability After Transcranial Direct Current
Stimulation and Brain-Computer Interface Based on Motor Imagery
on a Post-stroke Patient . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211

Leticia Silva, Jéssica Lima, Sheila Schreider, Denis Delisle-Rodriguez,
Sridhar Krishnan, and Teodiano Bastos-Filho

Methodology for Selection of Ideal Sound Stimulation Frequencies
for BMIs Applications Based on the Oddball Auditory Paradigm . . . . . . . . . . . . . 218

Júlia Nepomuceno Mello, Amanda Franco Spirandeli,
Henrique de Castro Neto, César Borges Amorim,
and Alcimar Barbosa Soares

Analysis of Foot Placement in Gait with Constant Lateral Disturbance . . . . . . . . 229
E. M. Mesquita, R. S. Gomide, G. A. G. De Villa, and M. F. Vieira

Evaluation of Evoked Potentials Features During Electrodermal
Stimulation for Somatosensory Feedback Protocols . . . . . . . . . . . . . . . . . . . . . . . . 239

Júlia Nepomuceno Mello, Ana Clara Pereira Resende da Costa,
Mariane Rodrigues Garcia, and Alcimar Barbosa Soares

Comparison of Gait Cycle Analysis on the Evaluation of Different Foot
Prostheses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 251

Diana G. Ortiz-Donate, Carlos D. Rodriguez-Saldana,
Mariana Ballesteros, and Joel C. Huegel



xxii Contents

Biomedical Devices and Instrumentation

MecLung—A Respiratory System Mechanical Simulator . . . . . . . . . . . . . . . . . . . . 265
G. C. Motta-Ribeiro, A. V. Pino, F. A. N. Castro Pinto, T. P. dos Santos,
G. M. Mattos, M. J. O. Vale, and A. Giannella-Neto

Proportional Valve Design for Critical Care Mechanical Ventilator Using
Computer-Aided Engineering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272

V. R. Lins, J. Nadal, A. V. Pino, and F. C. Pinto

Comparison of Rotation of Vectorcardiograms from Inverse Dower
and Kors Transformation Matrices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281

Gustavo Yeh Fuzinato, Renato de Aguiar Hortegal,
Romeu Sergio Meneghelo, Renato Haviaras de Lorenzi Cancellier,
Amanda Nunes Barros, and Henrique Takachi Moriya

Low-Cost Electrometer for Use in Ionizing Radiation Metrology . . . . . . . . . . . . . 290
Fábio Fernando Brüning and Joaquim Miguel Maia

AWearable Armband System for Multichannel Surface Electromyography
Detection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 301

Manuela Gomez-Correa, Jonathan Gallego-Londoño, Andres Morin,
and David Cruz-Ortiz

Functional Electrical Stimulation Control System Based on MODBUS
TCP and OPC Network Protocol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 313

Willian R. B. M. Nunes

Digital Dynamometer: A New Technology to Measure the Palm Grip
Force-Time Curve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 325

R. F. F. Santos, B. P. Ponces, G. N. Nogueira Neto, and P. Nohama

Development of a Multifrequency Bioimpedance Measurement Channel
Using STM32 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 334

Mirela Oliveira Tomazini and Erick Dario León Bueno de Camargo

A Portable Low-Cost Device for Respiratory Rate Monitoring
in COVID-19, Persistent Post-COVID and Other Severe Respiratory
Syndromes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 345

P. P. F. Silva, C. O. Ribeiro, L. M. Samyn, A. L. F. Barros, and P. L. Melo

Prototyping a Flowmeter for a Continuous Positive Airway Pressure Device . . . 355
Gabriel C. Motta-Ribeiro and Antonio Giannella-Neto



Contents xxiii

Challenges in the Application of Health Technology Replacement Model
in Colombian Hospitals: A Case Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 365

Mabel Zapata-Alvarez, Juan Barreneche-Ospina,
Javier García-Ramos, Lucía Uribe-Herrera,
Óscar Saldarriaga-Saldarriaga, and Yaneht Garzón-Parada

Variable Infusion Rate Syringe Pump Design with Computerized System . . . . . . 376
Mariana da Palma Valério, S. Pinheiro, A. R. F. Silva, L. A. Moura,
S. R. M. S. Boschi, S. C. Martini, T. A. Scardovelli, and A. P. Silva

Development of Surgical Device in Biocompatible Material for Neutering
Felines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385

Luciana Atayde da Hora, Henrique Cunha Carvalho,
Andre Luiz da Silva Mendes, Livia Helena Moreira,
and Carlos José de Lima

Towards a Low-Cost Electroencephalogram for a Brain-Machine
Interface-Based Functional Electrical Stimulation . . . . . . . . . . . . . . . . . . . . . . . . . . 393

Douglas Dunga, Bruna Viana, Vitor Rodrigues, André Dantas,
and Denis Rodriguez

Review of Ultrasound as Neurological Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . 403
Natalia Garay Badenian, G. Cortela, N. Benech, H. Prinzo, and F. Simini

IPMA—An Automated System to Capture Biomedical Signals and Help
the Diagnosis of Respiratory Diseases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 409

Carlos Valadão, Leticia Silva, Lucas Lampier, Yves Coelho,
Denis Rodriguez, Eliete Caldeira, and Teodiano Bastos-Filho

Improvement of Auricular Transcutaneous Vagal Closed-Loop Stimulation
Device Regulated by Respiratory Signal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 420

Gabriella Maria de Faria, Eleonora Tobaldini, Nicola Montano,
Henrique Alves de Amorim, Tatiana Sousa Cunha,
and Karina Rabello Casali

Development and Characterization of a Transmitter/Receiver Volume
Birdcage Coil for Knee MRI at 7T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 432

L. G. C. Santos, K. T. Chaim, E. L. G. Vidoto, A. Tannús, and D. Papoti

V-ESU: Online Virtual Environment for an Electrical Unit Simulator . . . . . . . . . . 443
Michelle Ortiz-Guarín, Isabella González-Barona,
David Alejandro Castro-Benavides,
and Andrés Mauricio González-Vargas



xxiv Contents

Saving Oxygen in Peru: Comparative Analysis and Economic Impact
of Masi Ventilator Oxygen Consumption with a Commercial Ventilator . . . . . . . 453

J. Montoya-Salas, S. Ibarra-Arregui, J. Cóndor-Sánchez,
F. Panduro-Tello, D. Gómez-Alzate, B. Castañeda, and S. Pérez-Buitrago

Batteryless NFC Device for Heart Rate and SpO2 Acquisition . . . . . . . . . . . . . . . 465
Breno C. Bispo, Naelso A. Cunha, Malki-cedheq B. C. Silva,
and Marco A. B. Rodrigues

Sensor Array System for In-Socket Interface Pressure Measurement
of Transtibial Prosthesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 476

Jorge Saenz, Sebastian Balarezo, Alan Arredondo, Roberto Estrella,
Mariana Ballesteros, and Joel C. Huegel

A Computer Controlled FES System Combining Multiple Modulation
Techniques Simultaneously . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 488

A. L. Zagheni and P. Nohama

Development of Green-Yellow Fluorescent Boron-Doped Carbon
Dots as a Base Structure for Future Construction of Potential Cancer
Theranostic Nanoplatform . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 496

S. A. Barragan Sicua, M. D. Soto Florido, P. A. Wilches-Castellanos,
A. Ondo-Méndez, and D. C. Rodríguez Burbano

Biomedical Robotics, Assistive Technologies and Health Informatics

Motion Evaluation of a Finger Exoskeleton for Rehabilitation . . . . . . . . . . . . . . . . 509
M. V. P. Carvalho, A. M. F. L. Miranda de Sá, A. V. Pino, A. P. Fontana,
and C. J. Tierra-Criollo

Augmented Grasps: Supernumerary Robotic Fingers and Their Practical
Uses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 519

Alyssa N. Maguina and Renato Mio

A Simulated Controller Based on Fuzzy Logic for Wheelchair Control
Using Head and Neck Movements Detected by Polymer Optical Fiber
and Inertial Movement Unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 530

A. X. González-Cely, Camilo A. R. Díaz, Mauro Callejas-Cuervo,
and T. Bastos-Filho

Proposal of Serious Games for a Socially Assistive Robot Based on Eye
Contact and Visual Attention of Children with Autism Spectrum Disorder . . . . . 538

Yuri Negri, João Panceri, Éberte Freitas, Sheila Schreider,
Eliete Caldeira, and Teodiano Bastos-Filho



Contents xxv

A Multisensorial Socially Assistive Robot for Therapies with Children
with Autism Spectrum Disorder and Down Syndrome Using Serious Games . . . 550

J. A. C. Panceri, E. V. S. Freitas, S. L. Schreider, J. C. Souza,
E. M. O. Caldeira, and T. F. Bastos-Filho

Memô the Game: Serious Game for Development of Memorization
in Children with Autistic Spectrum Disorder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 562

Éberte Freitas, João Panceri, Sheila Schreider, Eliete Caldeira,
and Teodiano Bastos-Filho

Development of a Mechanical Prototype of Myoelectric Prosthesis
for Upper Limbs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 573

Mariana Viana, Bruna Morais, and Arlindo Montagnoli

De-Identification Challenges in Real-World Portuguese Clinical Texts . . . . . . . . . 584
Carolina Braun Prado, Yohan Bonescki Gumiel,
Elisa Terumi Rubel Schneider, Lilian Mie Mukai Cintho,
João Vitor Andrioli de Souza, Lucas Emanuel Silva e Oliveira,
Emerson Cabrera Paraiso, Marina Sa Rebelo,
Marco Antonio Gutierrez, Fabio Antero Pires, José Eduardo Krieger,
and Claudia Moro

Comparison of Multivariate Linear and Nonlinear Models for FES Cycling . . . . 591
Bruno Henrique e Silva Bezerra, Luiz Henrique Bertucci Borges,
Denis Delisle-Rodriguez, Heloísa Maria Jácome de Sousa Britto,
André Felipe Azevêdo de Oliveira Dantas,
and Caroline Cunha do Espirito Santo

Detection and Classification of Categories of Dysphonia Using
Convolutional Neural Network . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 599

Ronaldo da Silva Moura, Joaquim Miguel Maia,
and María Eugenia Dajer

Classification of Brazilian Sign Language Gestures Based on Recurrent
Neural Networks Models, with Instrumented Glove . . . . . . . . . . . . . . . . . . . . . . . . 611

T. S. Dias, J. J. A. Mendes Junior, and S. F. Pichorim

One-To-Many Actuation Mechanism for a 3D-Printed Anthropomorphic
Hand Prosthesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 621

Renato Mio, Sebastian Caballa, Rodrigo Vega-Centeno,
and Marlene Bustamante



xxvi Contents

Atrial Fibrillation and Sinus Rhythm Detection Using TinyML (Embedded
Machine Learning) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 633

Guilherme V. B. F. Silva, Mateus D. Lima, José A. F. Filho,
and Marcelo J. Rovai

Sensorized Robotic Hugs with CASTOR Robot: Evaluation of Two
Methods to Control Hug Physical-Interaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 645

María Gaitán-Padilla, Juan C. Maldonado-Mejía,
Marcela Múnera, Camilo A. R. Diaz, Maria Jose Pontes,
Marcelo Eduardo Vieira Segatto, Maxwell E. Monteiro,
and Carlos A. Cifuentes

Access Control System Integrated with RFID and NFC-Enabled
Smartphone Technologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 657

Breno C. Bispo, Erico L. Cavalcante, and Marco A. B. Rodrigues

Development of 3D Printing Soft Pneumatic Actuators for Rehabilitation . . . . . . 668
S. P. Nunes Netto, R. S. Araújo, S. J. Jorenti, L. F. Bráulio,
D. A. P. Nagem, and A. B. Soares

Haptic Interface for Remote Guidance of People with Visual Disabilities . . . . . . 681
Angie Giovanna Figueroa-Hernandez,
Camila Perdomo-Vasquez, Dayani Gomez-Escobar,
Hardy Galvis-Pedraza, Juan Fernando Medina-Castañeda,
and Andrés Mauricio González-Vargas

On Resources Acquisition Used to Face the COVID-19 Pandemic in Brazil . . . . 690
Felipe Silva, Fernanda Nascimento, and Anderson Gabriel Santiago

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 703



Biomechanics, Neuroengineering
and Rehabilitation



Usability Validation of a Parallel Bar Device
with Vibrating Stimulus for Neuropathologies

Treatment

A. V. Morais(B) , 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/Núcleo de Pesquisas Tecnológicas, Mogi das Cruzes, Brasil
antonioviniciusm@yahoo.com.br

Abstract. Neurological diseases are usually associated tomotor 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 allowswalking on it was selected, enabling
the performance of static or dynamic vibratory protocols. With this equipment,
improvement opportunities were identified thenmotivated 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
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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—SystemUsability 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 0 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 equipmentwas presented to the user. At theHMI, each functionalitywas 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, themaximumvalue calculated for each question is four. Then, the processed
values were added up and this sum is multiplied by 2.5 as shown:

U =
(
n=10∑
i=1

pi

)
× 2, 5 (1)

where


