





Editora chefe
Prof? Dr® Antonella Carvalho de Oliveira
Editora executiva
Natalia Oliveira
Assistente editorial
Flavia Roberta Bardo
Bibliotecaria
Janaina Ramos
Projeto grafico
Bruno Oliveira
Camila Alves de Cremo
Daphynny Pamplona 2022 by Atena Editora
Luiza Alves Batista  Copyright © Atena Editora
Natéalia Sandrini de Azevedo Copyright do texto © 2022 Os autores
Imagens da capa Copyright da edicao © 2022 Atena Editora
iStock Direitos para esta edicao cedidos a Atena
Edicdo de arte  Editora pelos autores.
Luiza Alves Batista Open access publication by Atena Editora

Todo o contetido deste livro esta licenciado sob uma Licenca de Atribuicao
@ Creative  Commons. Atribuicao-Nao-Comercial-NaoDerivativos 4.0

Internacional (CC BY-NC-ND 4.0).

0 conteudo dos artigos e seus dados em sua forma, correcao e confiabilidade sdo de responsabilidade
exclusiva dos autores, inclusive nao representam necessariamente a posic¢ao oficial da Atena Editora.
Permitido o download da obra e o compartilhamento desde que sejam atribuidos créditos aos autores,
mas sem a possibilidade de altera-la de nenhuma forma ou utiliza-la para fins comerciais.

Todos os manuscritos foram previamente submetidos a avaliacdo cega pelos pares, membros do
Conselho Editorial desta Editora, tendo sido aprovados para a publicagdo com base em critérios de
neutralidade e imparcialidade académica.

A Atena Editora é comprometida em garantir a integridade editorial em todas as etapas do processo
de publicacado, evitando plagio, dados ou resultados fraudulentos e impedindo que interesses
financeiros comprometam os padrdes éticos da publicacdo. SituagOes suspeitas de ma conduta
cientifica serdo investigadas sob o mais alto padrao de rigor académico e ético.

Conselho Editorial

Ciéncias Exatas e da Terra e Engenharias

Prof. Dr. Adélio Alcino Sampaio Castro Machado - Universidade do Porto

Prof® Dr® Alana Maria Cerqueira de Oliveira - Instituto Federal do Acre

Prof? Dr® Ana Grasielle Dionisio Corréa - Universidade Presbiteriana Mackenzie
Prof® Dr® Ana Paula Floréncio Aires - Universidade de Tras-os-Montes e Alto Douro
Prof. Dr. Carlos Eduardo Sanches de Andrade - Universidade Federal de Goias
Profe Dr® Carmen Lucia Voigt - Universidade Norte do Parana


https://www.edocbrasil.com.br/
http://lattes.cnpq.br/4403141053026782
http://buscatextual.cnpq.br/buscatextual/visualizacv.do;jsessionid=3F5E45BABA02C0A0194C23F07DFC8AE3.buscatextual_0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4138613J6
https://orcid.org/0000-0001-8138-3776
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4276371U0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4257027Z4&tokenCaptchar=03AOLTBLRQwYrpUQNUiVQs5GKnu0UEeohCfS4gh6VQg4m9OCJBJGP1ipscv6rWqdQAm2ekIryWPICw4nrsj8zRvhV4KOCu_O7fKg8x16A4Q0frQhC4eXdGXjdlfaKY5_iCNOSxZdXwJf6mvSt7LxNHGYgrH3nvQ2GW02NNUnMijTh0P3XD2EKSRa6CPw-zJpSyX79my81mz0XfDpmLx1gKrLlyJOkZoxVmwZiB8Ef2UhunxkIromTYDmWKj1WB7amYH6FeKqP2g_CrxeS9rrMUCSa_TBvxDeuCGoS639pvbI96P_J6DrHpqui_qr2lwFwRESn0FURO5I0vvaS_eoBsIw0NpHkYMlacZ3AG5LBQ6dZCocE8fSPnNTEYLZ920AIxxvFsOztg4UlnlCxNtyQAlLK8yuUExFbn4w

Prof. Dr. Cleiseano Emanuel da Silva Paniagua - Instituto Federal de Educacao, Ciéncia e Tecnologia de Goias
Prof. Dr. Douglas Gongalves da Silva - Universidade Estadual do Sudoeste da Bahia

Prof. Dr. Eloi Rufato Junior - Universidade Tecnolégica Federal do Parana

Prof® Dr® Erica de Melo Azevedo - Instituto Federal do Rio de Janeiro

Prof. Dr. Fabricio Menezes Ramos - Instituto Federal do Para

Prof® Dra. Jéssica Verger Nardeli - Universidade Estadual Paulista Jilio de Mesquita Filho

Prof. Dr. Juliano Bitencourt Campos - Universidade do Extremo Sul Catarinense

Prof. Dr. Juliano Carlo Rufino de Freitas - Universidade Federal de Campina Grande

Prof® Dr® Luciana do Nascimento Mendes - Instituto Federal de Educacao, Ciéncia e Tecnologia do Rio Grande
do Norte

Prof. Dr. Marcelo Marques - Universidade Estadual de Maringa

Prof. Dr. Marco Aurélio Kistemann Junior - Universidade Federal de Juiz de Fora

Prof. Dr. Miguel Adriano Inacio - Instituto Nacional de Pesquisas Espaciais

Prof® Dr* Neiva Maria de Almeida - Universidade Federal da Paraiba

Prof® Dr® Natiéli Piovesan - Instituto Federal do Rio Grande do Norte

Prof® Dr? Priscila Tessmer Scaglioni - Universidade Federal de Pelotas

Prof. Dr. Sidney Gongalo de Lima - Universidade Federal do Piaui

Prof. Dr. Takeshy Tachizawa - Faculdade de Campo Limpo Paulista


http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4220017Y9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4138744E2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4798868A0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4252050Z6&tokenCaptchar=03AGdBq26OwUjfczJgpok-DhR78-_tg8mCtuc_kzOdu3fww-XkFeIGpZcxeQYR_lQjlru2zoBp9MaSwp6X-5o2KOEi_vtmcyIPkAOaR-MapG54dWG6zdfo1Am2FWOz1PLOuLmRiuW47XqJnozK7mGtmFri7W6RDjlyxm9gEHId_EG1bhArFgeqBA610tCpbHN9QsbtXAhrYqZkvRe4_gd77e_huLOm8x9zsu0tW2qJ6W6D8Y2GP66SDaz1Yh_QKnR8_TZlh9QtcC-OTeKPi3NB06bIFQNdSxHwLmb5B3ZYCiJ3k4p2cpPl6LkeIreU92cL5nLWqC2yOkPsupmW8RZR8Q0lkAleKMY9Hd3XlmAITir63s6d95SHqdoLA75owrR0nma3vrXxQgT9pkc1QvdCr5-B9vQupl7AAg
http://lattes.cnpq.br/0245575611603731
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4463907J8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4759660E9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4760729J2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4760729J2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4751834Y8
https://orcid.org/0000-0001-6850-3825
https://orcid.org/0000-0001-6850-3825
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4235887A8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4465502U4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4465502U4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4794831E6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4425040A8

Entre ciencia e ingenieria 3

Diagramagao: Camila Alves de Cremo
Corregao: Yaiddy Paola Martinez
Indexagdo: Amanda Kelly da Costa Veiga
Revisdo: Os autores
Organizador: Armando Dias Duarte

Dados Internacionais de Catalogagé@o na Publicagao (CIP)

E61 Entre ciencia e ingenieria 3 / Organizador Armando Dias
Duarte. - Ponta Grossa - PR: Atena, 2022.

Formato: PDF

Requisitos de sistema: Adobe Acrobat Reader
Modo de acesso: World Wide Web

Inclui bibliografia

ISBN 978-65-258-0447-7

DOI: https://doi.org/10.22533/at.ed. 477220308

1. Ciencia. 2. Ingenieria. |. Duarte, Armando Dias
(Organizador). Il. Titulo.
CDD 501

Elaborado por Bibliotecaria Janaina Ramos - CRB-8/9166

Atena Editora

Ponta Grossa - Parana - Brasil
Telefone: +55 (42) 3323-5493
www.atenaeditora.com.br
contato@atenaeditora.com.br



http://www.atenaeditora.com.br/

DECLARACAO DOS AUTORES

Os autores desta obra: 1. Atestam nao possuir qualquer interesse comercial que constitua um conflito
de interesses em relacdo ao artigo cientifico publicado; 2. Declaram que participaram ativamente da
construcao dos respectivos manuscritos, preferencialmente na: a) Concepcao do estudo, e/ou
aquisi¢ao de dados, e/ou andlise e interpretacao de dados; b) Elaboragao do artigo ou revisao com
vistas a tornar o material intelectualmente relevante; c) Aprovagao final do manuscrito para
submissao.; 3. Certificam que os artigos cientificos publicados estdo completamente isentos de dados
e/ou resultados fraudulentos; 4. Confirmam a citagao e a referéncia correta de todos os dados e de
interpretacoes de dados de outras pesquisas; 5. Reconhecem terem informado todas as fontes de
financiamento recebidas para a consecucao da pesquisa; 6. Autorizam a edicao da obra, que incluem
os registros de ficha catalogréafica, ISBN, DOI e demais indexadores, projeto visual e criacdo de capa,
diagramacao de miolo, assim como langamento e divulgacdo da mesma conforme critérios da Atena

Editora.



DECLARAGAO DA EDITORA

A Atena Editora declara, para os devidos fins de direito, que: 1. A presente publicagao constitui apenas
transferéncia temporaria dos direitos autorais, direito sobre a publicacao, inclusive ndo constitui
responsabilidade solidaria na criacao dos manuscritos publicados, nos termos previstos na Lei sobre
direitos autorais (Lei 9610/98), no art. 184 do Cédigo Penal e no art. 927 do Cddigo Civil; 2. Autoriza
e incentiva os autores a assinarem contratos com repositorios institucionais, com fins exclusivos de
divulgagao da obra, desde que com o devido reconhecimento de autoria e edicao e sem qualquer
finalidade comercial; 3. Todos os e-book sao open access, desta forma nao os comercializa em seu
site, sites parceiros, plataformas de e-commerce, ou qualquer outro meio virtual ou fisico, portanto,
esta isenta de repasses de direitos autorais aos autores; 4. Todos os membros do conselho editorial
sao doutores e vinculados a instituicdes de ensino superior pablicas, conforme recomendacao da
CAPES para obtencao do Qualis livro; 5. Nao cede, comercializa ou autoriza a utilizagdo dos nomes e
e-mails dos autores, bem como nenhum outro dado dos mesmos, para qualquer finalidade que nao o

escopo da divulgacao desta obra.



APRESENTACAO

A colecéo de trabalhos intitulada “Entre Ciencia e Ingenieria 3 € uma obra que tem
como foco principal a discussao cientifica por intermédio de diversos trabalhos que compde
seus capitulos. O volume abordara de forma categorizada e interdisciplinar, pesquisas
cujos resultados possam auxiliar na tomada de deciséao, tanto no campo académico, quanto
no profissional.

Nos capitulos apresentados, sdo encontrados estudos de grande valia nas areas
da simulagdo computacional, materias, gestdo energética, aspectos industriais, estudos
ambientais, na area da educagao e otimizacao.

A composicdo dos temas buscou a proposta de fundamentar o conhecimento de
académicos (as), mestres (as) e todos (as) aqueles (as) que de alguma forma se interessam
pela area da Engenharia, através de tematicas atuais com resolugdes inovadoras, descritas
nos capitulos da cole¢éo. Sendo assim, a divulgacao cientifica é apresentada com grande
importancia para o desenvolvimento de toda uma nagéo, portanto, fica evidenciada a
responsabilidade de transmissdo dos saberes através de plataformas consolidadas e
confiaveis, como a Atena Editora, capaz de oferecer uma maior seguranga para oS novos
pesquisadores e 0s que ja atuam nas diferentes areas de pesquisa, exporem e divulgarem
seus resultados.

Armando Dias Duarte



SUMARIO

(071 =11 1 1] N0 X5 [T 1

EFECTOS DEL REFUERZO DE FIBRAS DE POLIPROPILENO EN LAS
CARACTERISTICAS MECANICAS DEL HORMIGON

Dany Tasan

Josselyn Garcia

Lucia Patron

https://doi.org/10.22533/at.ed.4772203081

(07 =11 1 1] N0 X5 2T 8

DESIGN, MANUFACTURE AND VALIDATION OF CUSTOMIZED SURGICAL GUIDES
FOR TOTAL KNEE REPLACEMENT

L. San Martin

H. Losada

A. Tejo-Otero

C.M. Atienza Vicente

https://doi.org/10.22533/at.ed.4772203082

(071 =11 1 1] W0 X< JOUNu T 17

DISENO DE UN SISTEMA FOTOVOLTAICO AISLADO, PARA UTILIZAR EN LA MACRO
PLAZA DEL MALECON EN EL PUERTO DE VERACRUZ: UNA CONTRIBUCION A
MICROEMPRESA MOVIL O FIJA DE ARTESANIAS

Miguel Angel Quiroz Garcia

Leodegario Vazquez Gonzélez

Carlos Roberto Gonzalez Escarpeta

Monica Rodriguez Landa

Raymundo Escalante Wong

Othoniel Salomoén Acosta

José de Jesus Romero Castro

Samuel Sarmiento Gutiérrez

https://doi.org/10.22533/at.ed.4772203083

(07,1 =11 1 1] W0 X0 ST 26

ESTUDO DO MOTOR SINCRONO
Pérez Millan Brenda Carolina
Vergara Hernandez Erasto
Cea Montufar César Eduardo
Fernandez Anaya Alfredo

https://doi.org/10.22533/at.ed.4772203084

(071 =11 1 U] N0 Y- J0u T 33

APLICACION Y ANALISIS DE CORE TOOLS PARA LA INTEGBACION Y VALIDACION
DE MODELO GO05 DE LA FASE DE PROTOTIPO A PRODUCCION

Catalina Arriaga Vazquez

Elsa Castillo Carrillo

Ma. Guadalupe Jauregui Ojeda



José Angel Sandoval Marin
Angel Manuel Medina Mendoza

https://doi.org/10.22533/at.ed.4772203085

CAPITULO B...oeeeeeeeeeeeeesessasasssessseesmsssasasassssssssssnsnsasasssssssssessnsasasasssssasenssensasasssssnns 46

EVALUACION ESTRUCTURAL DE LOSA PRETENSADA PPCC COMO SOLUCION DE
ENTREPISO Y CUBIERTA EN VIVIENDA SOCIAL

Bolivar Hernéan. Maza

Daniela Stefania. Maza Vivanco

https://doi.org/10.22533/at.ed.4772203086

CAPITULO 7.eeeeeeeeeeeeeeeeeesasesesessssesnsnsasasasasssssessnsnsasassssasssessnsasasanssssassnesensasasasssnns 65

METABOLISMO INDUSTRIAL DEL INSTITUTO SUPERIOR TECNOLOGICO PAULO
EMILIO MACIAS, ECUADOR

Ricardo Fabricio Mufioz Farfan

Telly Yarita Macias Zambrano

Eder Israel Chinga Muentes

https://doi.org/10.22533/at.ed.4772203087

CAPITULO 8.....oeeeeeeeeeeeeessesesesssseessnensasasassssssssssnsnsasassssssssssensnsasasssssasensnensasasassssnns 77

PROPUESTA DE SISTEMA DE AHORRO INTELIGENTE MEDIANTE LA REUTILIZACION
DE AGUA LLUVIA PARA LOS BANOS EN EL CORREGIMIENTO DE LA RAYA DE SANTA
MARIA

Edwin A. Rivera S.

Eulices G. Castillo A.

Luis A. Quintero

Cristian Pinzon

https://doi.org/10.22533/at.ed.4772203088

(07 =11 1 1] W0 X JEUN oo 89

BIORREMEDIACION DE SUELOS CONTAMINADOS CON PETROLEO CRUDO CON
BACTERIAS Y LEVADURAS

Ismael Acosta Rodriguez

Daniela Paz Azuara

Adriana Rodriguez Pérez

Juan Fernando Cardenas Gonzélez

Victor Manuel Martinez Juarez

Dalila del Socoro Contreras Briones

Juana Tovar Oviedo

https://doi.org/10.22533/at.ed.4772203089

CAPITULO 0. eeeeeeeeeeeeeeeeesesesesesesessmsssasasasssssssessnsnsasasssasssssessnsnsasssssssssnsnensasasssssnas 97

MITIGACION DE CO, POR EL APROVECHAMIENTO DE LA GEOTERMIA SOMERA EN
LA CLIMATIZACION DE EDIFICIOS EN COLOMBIA

Brian Sneyder Aros Amaya

Jhojan Stiven Zea Fernandez

Cristian Alan Maldonado Romero



David Morillén Galvez
https://doi.org/10.22533/at.ed.47722030810

CAPITULO T ceeeeeeeeeeeeeeeesesesessseesssssmsssasasassssssssssnsasassssssssssensnsasasasssssesenessasasasssas 107

LA INGENIERIA INDUSTRIAL EN LOS PROCESOS DE EDUCACION SUPERIOR DE LA
ZONA 4, ECUADOR

Telly Yarita Macias Zambrano

Teresa Viviana Moreira Vera

Maria Rodriguez Gamez

https://doi.org/10.22533/at.ed.47722030811

CAPITULO 12.ceeeeeeeeeeeeeeseseseeeeeeeesnsasasesssssesesensnsasasssasesssensnsasassssssssnsssnsasasssssssanens 122

LA RESOLUCION DE PROBLEMAS COMO HERRAMIENTA PARA FACILITAR EL
TRANSITO DEL LENGUAJE ARITMETICO AL LENGUAJE ALGEBRAICO
Lenin Alfonso Montes Cabarcas

https://doi.org/10.22533/at.ed.47722030812

CAPITULO 13..eeeeceeeeeeeessesessessesessssssasssssssssessnsssassssssssssessnsasssssssssensssnsasassssssssnsns 137

OBSERVATION IN THE HIGHER-LEVEL CLASSROOMS OF THE IPN
Patricia Acevedo Nava

https://doi.org/10.22533/at.ed.47722030813

CAPITULO 1eereereeeseeeeeeseeesesesssasasessssssssassssssasasasasessssssesasasssasasasasasessssssesesnas 150

INFLUENCIA DE ACTIVIDADES EXTRACURRICULARES EN COMPETENCIAS
DESARROLLADAS POR ESTUDIANTES DE INGENIERIA MECANICA DEL ITCH

Laura Isela Padilla Iracheta

Jaime Eduardo Trejo Aguirre

Esteban Rubio Ochoa

https://doi.org/10.22533/at.ed.47722030814

CAPITULO 15...ueeeeeeeeeseeeseeeeeseesessssssasasasessssssssasssssssasssssasessssssssssssasasssasasessssssesssses 165

OPTIMIZACION DEL CONSUMO DE ENERGIA EN UN PROCESO DE SECADO DE
MADERA UTILIZANDO DISENO DE EXPERIMENTOS

Ramon Angel Pons Murgufa

Eulalia Maria Villa Gonzalez del Pino

https://doi.org/10.22533/at.ed.47722030815

(07 =11 1 1] W0 15 - 0 178

REDES NEURONALES ARTIFICIALES EN LA VIDA MODERNA: CONOCIENDO LA
EVOLUCION TECNOLOGICA

Franyelit Maria Suérez-Carrefio

Alexander Castillo Perdomo

Eva Elizabeth Tejada Manrique

Nilo Walker Andrade Acosta

Luis Rosales-Romero

Flor Omar




https://doi.org/10.22533/at.ed.47722030816

(07 =11 1 1] W oI5 r 200 190

USO DE LA SIMULACION COMPUTACIONAL EN CIENCIA DE MATERIALES PARA
LA PREDICCION DEL COMPORTAMIENTO CINETICO Y MICROESTRUCTURAL DE
ALEACIONES BINARIAS Y TERNARIAS

Susana Lezama Alvarez

Victor Manuel Lépez Hirata

https://doi.org/10.22533/at.ed.47722030817

(07 =11 1 1] W0 J5 £ TNUu T 198

LAS PATINETAS ELECTRICAS, ¢SIMPLE DIVERSION O APORTE A LA MOVILIDAD?
Carlos Augusto Kaffure Ruiz
Juan Guillermo Zuluaga Villermo
Claudia Uribe Kaffure
Andrés Ernesto Francel Delgado

https://doi.org/10.22533/at.ed.47722030818
SOBRE O ORGANIZADOR .....cccoirerscerserssssrssssesssssssmssssmssssmsssssssssssssmssssmssssmssssnes 211
INDICE REMISSIVO......coocoeueenirenseessscssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssssas 212




CAPITULO 2

DESIGN, MANUFACTURE AND VALIDATION OF
CUSTOMIZED SURGICAL GUIDES FOR TOTAL

Data de aceite: 04/07/2022

L. San Martin

Mizar Health SL
Vitoria-Gasteiz, Spain

H. Losada

Mizar Health SL
Vitoria-Gasteiz, Spain

A. Tejo-Otero

Mizar Health SL
Vitoria-Gasteiz, Spain

C.M. Atienza Vicente

Dpto. de Ingenieria Mecanica y de Materiales,
Escuela Técnica Superior de Ingenieria
Industrial, Universitat Politécnica de Valéencia
(UPV)

Valencia, Espafa

Asociacion Instituto de Biomecanica de
Valencia. Universitat Politécnica de Valéncia
(UPV)

Valencia, Espaha

ABSTRACT: This project focuses on the
development of customized cutting guides for
arthroplasty. Surgical guides are designed and
manufactured using AM (Additive Manufacturing)
technologies to establish the characteristics of
the tibial cut and femoral cut for replacement
by a surgical prosthesis. The design process
of the guides is detailed, which starts with the
reconstruction of the patient’'s anatomy by
a CT (Computed Tomography) scan and is
subsequently used for the decision of measures

Entre ciencia e Ingenieria 3

KNEE REPLACEMENT

and angulations of the guides, using specific 3D
design software. Subsequently, the realization of
the personalized surgical planning and the choice
of the specific material and method for the surgical
guides are explained. Finally, the guides and the
knee reconstruction model are 3D printed.

11 INTRODUCTION

Orthopedic surgery is a branch of
medicine that specializes in the locomotor
system; bones, muscles, ligaments, etc. Within
this branch is prosthetic surgery; the key surgery
that is used for the replacement of a joint when
the repair of this by other means is impossible.
Arthroplasty is the name of the surgery for the
replacement of a joint. The most frequently
replaced joint is the knee joint; currently, the
number of arthroplasties performed annually
is around 65,000
according to data collected by the Organization

interventions in Spain,
for Economic Cooperation and Development
[1]. The conventional surgical procedure for
knee arthroplasty consists of replacing the joint
with a knee prosthesis by making cuts in the
bones of the joint [2]. With the aid of standard
instruments, three cuts are made in the femur
and one in the tibia where the prosthesis will
later be placed. Some of these surgeries present
certain difficulties such as the rare anatomy of
the patient or vision problems of the doctor,
among others. The difficulty of these surgeries
can result in more time in the operating room or
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greater risk for the patient, so the best option would be to avoid these cases.

Manufacturing surgical guides can be an option in order to deal with the typical
problems of an operation. These guides ease the surgeon so as to work more freely. In this
way, the likelihood of suffering a setback is reduced.

Then, regarding the manufacture of prostheses, the most common method used so
far is using certain specific sizes that surgeons have available for the operation. However,
even though these prostheses have impacted in a great manner in patients’ lives by
improving their quality life, individually-customised 3D-printed prostheses are the future.
This is a fact since the personalization in medicine is a reality. Using AM technologies
can lead to the development of surgical guides, among other 3D printed parts, since they
used the information acquired from medical images, known as DICOM (Digital Imaging
Communication on Medicine). According to ISO/ASTM 52900 Standard [3], there are seven
categories: binder jetting, direct energy deposition, material extrusion, material jetting,
powder bed fusion, sheet lamination and vat photopolimerisation. Amongst these options,
each one has its own advantages and disadvantages as well as a range of materials able
to be used.

Manufacturing surgical guides has already been studied in different areas of the
medical field. For example, Beom et al. [4] 3D-printed surgical guides using the material
jetting technology for breast cancer patients who received neoadjuvant chemotherapy. Also,
Wang et al. [5] 3D printed surgical guides in resection and reconstruction of malignant
bone tumour around the knee joint. The efficacy of the surgical guides was compared with
surgeries carried out without any surgical guide. All in all, results showed that there was no
significant difference in the operation time between the two groups (p>0.05). Nevertheless,
the blood loss, resection length and complication rate were found significantly lower in the
group with surgical guides than in the group without surgical guides. This shows the efficacy
of the use of surgical guides.

Given the above, the present work studies the customization of arthroplasty surgery
for a 77-year-old male patient in need of this intervention. The design and manufacture of
personalized surgical guides using 3D printing technologies that fit perfectly to the patient’s
bone and that, together with standard instruments, indicate to the medical team where to
make the cuts that have been previously studied digitally, is carried out.

21 MATERIALS AND METHODS

2.1 Software

The following software has been used for the complete realization of the work.
Materialise Mimics is a software created for medical image data processing in the area
of engineering and research. It has been used to segment the patient’s anatomy from the
images obtained by a CT scan and to create a 3D biomodel of the knee joint. Unigraphics

Entre ciencia e Ingenieria 3 Capitulo 2 _



NX software, an advanced high-end CAD/CAM program, was used for the creation of
references and the subsequent design of customized surgical guides.

CES Edupak, software that allows the study of existing materials and manufacturing
processes has been used to determine the material and manufacturing method used
according to the specified requirements. Finally, the Magics program prepared the biomodel

and surgical guides for immediate fabrication.

2.2 Design and manufacture process

The process of creating customized arthroplasty guides begins with the physician’s
communication about the need to operate on a patient and ends with the use of the
customized surgical guides in surgery (Figure 1).

After the need to operate on the patient, medical images of the anatomy of the knee,
ankle, and hip are collected; this process is performed employing a CT scan. These images
are processed and segmented for the creation of a 3D biomodel of the knee, ankle and hip,
Materialize Mimics software reads DICOM files obtained from the TAC and identifies all the
layers of the in three planes different, the axial plane, the sagittal plane and the coronal
plane. In these three planes. You can see layer by layer the anatomy of the patient’s joint,
where it is can distinguish bone from soft tissue by the level of absorption of the radiation.
Once at this point, you have to select the area in which you are interested, to create a 3D of
this. For the 3D to be correct, only the areas of interest of each layer and plane. In this case,
it is intended to recreate the joint of the knee, so the areas that correspond to the bones
have to be selected participants of this joint, which tend towards the target since the bone
absorbs a large amount of radiation. (Figure 1a)

The next step is the generation of the axes and cutting planes (where the cut will be
made in the intervention) that serve as a reference to create the customized guides with
the correct size and shape. As it has been possible to assume to obtain these axes, it is
necessary both the tibiofibular joint and the femorocoxal joint. For this, it could be done a CT
scan of the whole leg, but in order to avoid excessive and unnecessary radiation, a CT scan
is obtained only of the knee joint (as seen in the obtaining the biomodel), the ankle joint and
the hip joint. As already mentioned in the section corresponding to obtaining the TAC, with
all three joints is enough. Next, the process explained above is repeated to obtain of the
biomodel of the knee joint with the other two CTs. The areas of interest correspond to the
proximal femur and the distal tibia. With these three biomodels (Figure 1b), the creation of
the axes is carried out in which the mechanical axes of the bones are taken as a reference.
The mechanical axis of the femur bone corresponds to the straight line drawn from the
centre of the femoral head to the intercondylar fossa. For the tibia axes, a line is drawn from
the midpoint of the tibial spine to the centre of the tibioperoneoneotragal joint (Figure 1c).
The guides are then created in 3D and manufacture (Figure 1d and e).

Finally, the material and manufacturing method are studied and determined, and
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finally prepared for printing.

Figure 1. a. CT images processing. b. Creation of biomodels. C. Generation of axes and cutting planes.
d. Design of customized surgical guides. e. Manufactured customized surgical guides.

2.3 Design of surgical guides

The customization procedure developed includes the design of four guides called
guide 0, guide 1, guide 2 and guide 3.

Guide 0 (Figure 2a) is placed in the anterior cortex of the bone and is perfectly
coupled to the bone. It has a rail recess and 4 fixation holes. Guide 1 (Figure 2b) has a rail
with the same shape as the hole of guide 0 through which guide 1 is introduced during the
operation until it collides with the medial condyle of the femur. It also has some holes that
will be used by conventional instruments to perform the femoral cut. Guide 2 (Figure 1c)
has a similar shape to guide 1 since it also has a rail that is introduced through guide 0, until
it rests on the femoral cut already made and to be able to make the two remaining femoral
cuts. Guide 3 (Figure 2d), is perfectly coupled to the tibia and has two holes that will be used
to perform the tibial cut using the corresponding instruments.
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Figure 2. Surgical guides. a. Guide 0. b. Guide 1. c. Guide 2. d. Guide 3.

2.4 Material and manufacture method

Given the complexity and geometric difficulty of the product, the material and
manufacturing method must meet certain requirements. The material must be (1)
biocompatible, (2) non-toxic, (3) fracture-resistant and (4) sterilizable. The fabrication
method must be (1) valid for creating complex 3D geometries and (2) economically cost-
effective for the production of customized products.

The study of these requirements and the materials and fabrication methods has been
carried out with the CES Edupak software and database, filtering the data bases of materials
and manufacturing methods by the given characteristics and requirements.

The study resulted in the use of Polyamide (PA) 12 as the material and selective
laser sintering technology (SLS) as the fabrication method.

31 RESULTS

3.1 Biomodel

Figure 3 shows the result of the fabrication of the knee biomodel. This biomodel
serves as the starting point for preparing the surgery, obtaining the exact anatomy of the
patient before the incision on the leg, to know on beforehand what the doctors are going to
find. It is important to highlight that the use of 3D models started many years, but most of
the 3D printed biomodels (those with soft tissues) have been manufactured used material
jetting technologies.
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Figure 3. 3D knee biomodel.

3.2 Customized surgical guides

Figure 4 shows the result of the manufacturing of the customized surgical guides.
The surgical guides help the surgeon to accomplish the surgery in a great manner and
improve the outcome of the surgery.

Figure 4. Customized surgical guides.

3.3 Customized procedure

The customization of the guidewires results in avoiding some steps of conventional

surgery and avoiding risks.
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During the operation, after the approach and exposure of the joint bones, guide 0
is placed on the anterior femoral area and fixed with the pins corresponding to this guide
(Figure 5a). Guide 1 is then introduced through the hole in guide 0 until guide 1 is resting
against the medial condyle (Figure 5b). Holes are drilled in the holes provided in guide 1.
After this step, the rail of guide 1 is broken with the aid of a chisel and the pieces are removed.
The next step is to make the distal cut. For this, the distal cutting guide, a commercial guide
of the corresponding brand that has been studied, is inserted into the holes made with the
help of guide 1. Once fixed, the cut is made with a saw, as in conventional surgery, except
that the placement of the guide has already been studied. The femur now has the distal
cut. The guide rail 2 is then inserted through the corresponding hole in guide 0 (Figure 5c).
Guide 2 is placed on the distal section, and holes are drilled again in the areas indicated for
this purpose. Next, the 4:1 cutting guide, also a commercial guide, is placed and the anterior
cut and the posterior cut are made based on the location of the holes provided by guide
2. Finally, the tibial cut is performed. To do this, guide 3 is first placed on the tibia (Figure
5d), and following the same steps as for guides 1 and 2, holes are drilled in the prepared
locations. Finally, the commercial tibial cutting guide is placed in these holes and the bone

is cut with a saw.

Figure 5. Placement of the surgical guides. a. Placement of guide 0. b. Placement of guide 1. c.
Placement of guide 2. d. Placement of guide 3.

The final result after the digital cuts is shown in Figure 6.
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Figure 6. The result after cutting the bones.

3.4 Validation

Within MIZAR HEALTH SL, a post-validation of the 3D printed parts is done in which
several aspects are taken into consideration, mainly by the doctor. Most of the important
points are covered with the design carried out within the scope of the present work.

It is true that a clinical investigation in which many and varied opinions about the
design and manufacture of the guides would be the correct way to confirm the validity
of the surgical guidelines. In this way, the procedure and product would be approved by
the medical sector apart from the regulatory agencies for medical devices. However, this
research does not validate the entire product, but offers factors whereby it can be improved,
as it is a product still under development, so that after several tests and improvements it
could become a marketed product

41 CONCLUSIONS

The advantages of using this personalized procedure are many, especially when it
comes to people’s health. With this procedure, alignments and measurements during the
operation are avoided, since they are done digitally, which reduces bleeding, minimizes the
possibility of error and the operative time; which translates into less risk for the person being
operated on. This method also makes it possible to perform these surgeries in patients
with anatomical problems or diseases; and allows anticipating the outcome of possible
complications to find a solution before they arise, as well as the final result of the surgery.

In terms of design, several details remain to be specified that gain importance in the
field of health, where achieving perfect accuracy is paramount. It should also be kept in
mind that many of the design aspects are quite subjective and bone-dependent.

In summary, given the advantages, it is clear that it is a procedure that would offer
solutions to the most complicated cases and would improve the field of health. It therefore
why a very precise procedure must be created and adapted to each patient for the
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development of this product.

For this reason a full clinical investigation has to be the next step to follow, in order to
complete the validation of the product, making it totally useful and marketable following the
European Regulation for this kind of product.
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