—_ - 2% CONGRESO INTERNACIONAL
_X{| DE INGENIERIA BIOMEDICA Y
— - BIOINGENIERIA (CI-IB&BI 2021)

-

Memorias




Indice

COMITE ORGANIZADOR - UNIANDES ......oteieeee oot e, 3
COMITE ORGANIZADOR - UNIVERSIDADES ALIADAS .......ooooveeeeeeeeeeeeeee, 4
ALIADOS INTERINSTITUCIONALES ....veeeeeee ettt ettt e e 5
MENSAJE DE BIENVENIDA ..ottt ettt ettt ee e ee e 6
INFORMACION GENERAL ...ttt ettt 7
CONFERENCISTAS INTERNACIONALES ...ttt 8
CONFERENCISTAS NACIONALES .....oeeiee ettt 10
CURSOS PRE CONGRESO ...ttt 11
CHARLAS EMPRESARIALES ...ttt ettt ettt ee e 15
RETO DE INNOVACION ...t e, 16
FORO: ¢ CUAL ES EL ROL DE LA INGENIERIA EN LA POSTPANDEMIA? ...... 17
PROGRAMA ..ottt ettt e e ettt e et re et 18
BOOK OF ABSTRACTS ...ttt ettt e e 24
BIOINFORMATICA .ot e e e e e e 25
BIOINSTRUMENTACION ...ttt ettt e et e, 28
BIOMATERIALES ...ttt ettt 41
BIOMEGCANICA ..o 62
BIOTECNOLOGIA ...ttt ettt 70
DINAMICA CARDIOVASCULAR ..ottt 75
DISPOSITIVOS MEDICOS ...ttt ee e v e 78
GENETICA . oot ettt ettt et ee e 83
IMAGENES BIOMEDICAS ...ttt ettt 89
INGENIERIA DE TEJIDOS ..ottt ettt ee e, 104
INGENIERIA ARTIFICIAL ...ttt ettt 115
MODELADO Y SIMULACION ...ttt 119
LOGISTICA HOSPITALARIA ...ttt ettt ee s 126

SENIALES ..o e e 130



Memorias & Book of Abstracts

|[EEE 2do Congreso Internacional de
Ingenieria Biomédica y Bioingenieria (Cl-IB&BI 2021)
Octubre 13, 14y 15 de 2021
Congreso Virtual

COMITE ORGANIZADOR

Universidad de | pepartamento de
los Andes ' Ingenieria Biomédica

Colombia

Mario Valderrama Juan Carlos Cruz
Co-director CI-IBB&BI 2021 Co-director CI-IBB&BI 2021

Ana Maria Rudas Camila Botero Cristian Rodriguez
Coordinadora de Coordinadora de Gestor logistico
Comunicaciones y Relaciones Publicas

de Logistica

Maria Alejandra Castilla Maria Camila Hernandez Nath_alifsl Huertas
Co-organizacion del foro y Web Master Disefiadora
el challenge estudiantil



COMITE ORGANIZADOR — UNIVERSIDADES ALIADAS

Universidad del Rosario
Alvaro Orjuela - codirector del programa de Ingenieria Biomédica

Universidad ECCI
Ricardo Espinosa - profesor de la direccidon de Ingenieria Biomédica

Universidad EIA
Carolina Castafo - directora de Ingenieria Biomédica

Universidad CES
Carolina Londofio - jefe del programa de Ingenieria Biomédica
Catalina Pineda - Lider de investigacion e innovacion de la Facultad de Ingenieria

Universidad Autonoma de Occidente
Camilo Ernesto Torres - director del programa de Ingenieria Biomédica

Universidad Auténoma de Bucaramanga
Alejandro Arboleda - director de programa de Ingenieria Biomédica

Universidad Militar Nueva Granada
Rubén Dario Hernandez - profesor del Departamento de Ingenieria
Biomédica
Angélica Maria Ramirez -profesora del Departamento de Ingenieria
Biomédica

Universidad Tecnoldgica de Bolivar
Sonia Contreras - directora del programa de Ingenieria Biomédica

COMITE LOGISTICO ESTUDIANTIL

RED COLBI
Daniel Lopez - vicepresidente administrativo
Catherine Cortes - secretaria y community manager (seccion Medellin-Manizales)

Consejo Estudiantil de Ingenieria Biomédica (CESIB)
Maria Alejandra Hoyos — Representante estudiantil
Valentina Mufioz — Representante estudiantil



Organiza

IB:BI

Red Nacional de Programas
de Ingenieria Biomédica y Bioingenieria

i-'“i"eKid‘aj de Pe0s Universidad del E(S)?gEAI_B/TANA %Ug
0S Anaes ‘% p& Rosarlo DE INGENIERIA UNIVERSIDAD
Colombia g JULIO GARAVITO EL BOSQUE

UNIVERSIDAD

Ve H U f s F'Fiaa OGS la
- — ]
.0. E I UNIVERS DAL Emy unab MANIZALES o)

SANTIAGC A UM s SRR
Ser,SaberyServir DE " de Occidente Vgiodauesotn UNIVERSIDAD
L ANTIOQUIA

- &_—==re
= -dTM
UNIvERrSIDAD CES -

Un compromise con la e xeelencia InSIitUCién UniV&I‘S"GI’iO

Universidad A& == UNIVERSIDAD
Tecnologica ,;.N ; ad ECCI
deBolvar — Ao=d (G

CARTAGENA DE INDIAS NUEVA GRANADA

En conjunto con

& \/
A, cas  EMB

IEEE COLOMBIA

COLOMBIA CHAPTER

'%guooi. CES1B

Patrocina
QIEEE  Boston |
xc,—?g e MSClgentlﬁE Plastinovo ORT,QMAC e MSD

5



Mensaje de
BIENVENIDA

Juan Carlos Cruz
Chair CI-IB&BI 2021

Mario Valderrama
Chair CI-IB&BI 2021

El Departamento de Ingenieria Biomédica de la Universidad de los Andes en asociacion con la Red
Nacional de Programas de Ingenieria Biomédica y Bioingenieria, le dan la bienvenida al IEEE 2do Con-
greso Internacional de Ingenieria Biomeédica y Bioingenieria (Cl-IB&BI 2021).

El CI-IB&BI 2021 fue organizado en formato virtual por el Departamento de Ingenieria Biomédica de
la Universidad de los Andes, durante los dias 13, 14 y 15 de octubre de 2021. El Congreso se realizé en
conjunto con la Red Nacional de Programas de Ingenieria Biomédica y Bioingenieria, la Seccién Co-
lombia de la sociedad IEEE - Institute of Electrical and Electronics Engineers y los Capitulos Colombia-
nos IEEE EMB - Medicine and Biology Society y IEEE CAS - Circuits and Systems Society. Ademas, estuvo
patrocinado por Boston Scientific, Merck Sharp & Dome (MSD), la IEEE, Ortomac y Plastinovo, y recibid
el apoyo de la Red Colombiana de Estudiantes de Ingenieria Biomédica y Bioingenieria (RED COLBI) y
el Consejo Estudiantil de Ingenieria Biomédica - Uniandes (CESIB).

El CI-IB&BI 2021, centrado en el tema “la Ingenieria para la postpandemia”, ofrecié a sus participantes
cuatro cursos pre congreso en las areas de Biomecanica, Modelado Computacional, Inteligencia
Artificial y Senales Biomédicas con destacados profesores. También, sesiones plenarias con 23 Key-
note Speakers nacionales e internacionales (los paises invitados fueron Bélgica, Brasil, Chile, Espana,
Estados Unidos, Peru, Singapur, Suecia, Suiza y Uruguay). Ademas de sesiones de presentaciones de
proyectos de investigacion en modalidad oral y de poster, un challenge estudiantil en equipos inte-
rinstitucionales auspiciado por el sector externo, un foro con panelistas destacados en la academia,
la industria y el sector salud, y diferentes charlas empresariales.

Los autores del CI-IB&BI 2021 presentaron trabajos en las siguientes areas:

- Imagenes Biomédicas

- Bioinformatica

- Bioinstrumentacion

- Biomateriales

- Biomecanica

- Biotecnologia

- Dindmica Cardiovascular

- Genética y Gendmica

- Ingenieria de Tejidos

. Inteligencia Artificial en Ingenieria Biomédica y Bioingenieria
- Logistica Hospitalaria

- Modelado y Simulacién de Sistemas Bioldgicos
- Procesamiento de Sefales

* Articulos seleccionados fueron sometidos para inclusion en la biblioteca digital de IEEE Xplore.



INFORMACION GENERAL

Fecha:

13, 15y 15 de octubre de 2021

Todos los horarios del programa se presentan en la zona horaria de Colombia
(GMT-5)

Modalidad:
Virtual — Plataforma Zzoom Webinar

Pagina Web:
https://ciibbi.uniandes.edu.co

Idiomas oficiales:
Espafiol e inglés

Grabaciones:
Las grabaciones de las sesiones plenarias estuvieron disponibles para que los asis-
tentes del evento puedan descargarlas durante los siguientes 90 dias al Congreso.

Logo:

La escogencia del logo se hizo a través de un concurso organizado por la RED COL-
Bl y el Consejo Estudiantil de Ingenieria Biomédica de la Universidad de los Andes
(CESIB). El concurso estuvo dirigido a estudiantes de universidades pertenecientes
a la Red Nacional de Ingenieria Biomédica y Bioingenieria. En total se recibieron 18
propuestas de logo y el Comité Organizador del evento compuesto por miembros
de todas las universidades aliadas escogieron el disefio de Maria Alejandra Barrera,

estudiante del Departamento de Ingenieria Biomédi-
ca - Uniandes, como el ganador. Desde ese momento
el disefio de la estudiante se convirtid en la imagen
oficial del evento.

“Para mi este disefo integra la idea de la

Ingenieria Biomédica y la Bioingenieria.

Es decir, refleja la aplicacion del conocimiento
namerico e ingenieril a la naturaleza”,

explica Maria Alejandra Berrera.

L 2% CONGRESO INTERNACIONAL
Il DE INGENIERIA BIOMEDICA Y
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CONFERENCISTAS INTERNACIONALES

Walter Curioso
Vicerrector de investigacion

Universidad Continental, Perq.

¥
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Antonio Gomez
Director de investigacion,
Clinica Podoactiva, Espafa.

Georges Gielen
Profesor titular
Katholieke Universiteit
Leuven, Bélgica.

Giovanni Volpe
Profesor titular
Goteborgs Universitet, Suecia.
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Maria Angeles Pérez
Profesora titular
Universidad de Zaragoza,
Espafia.

Jerald Yoo

Profesor asociado
National University of
Singapore.

Daniel Matute
Profesor asociado
University of North

Carolina, EE. UU.

Dany Jair Munoz
Profesor asociado

Trinity University, EE. UU.
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Roberto Lavarello
Profesor principal
Pontificia Universidad Catdlica

de Pera (PUCP).

Gregory Wiedman
Profesor asistente
Seton Hall University,
Estad EE. UU.

Manuel Cuadra

Profesor adjunto
Universidad Tecnolégica
del Uruguay (UTEC).

Leonardo Abdala Elias
Profesor asistente
Universidad de Estadual
de Campinas, Brasil.

B

Esteban Aedo Mufioz
Profesor Universidad de
Santiago de Chile.

Daniel Restrepo
Investigador Postdoctoral
North Carolina State
University, EE.UU.

Mario Chavarria

Cientifico

L’ecole Polytechnique Federale
de Lausanne (EPFL), Suiza.




CONFERENCISTAS NACIONALES

Miguel Bernal
Cientifico Lider de Aplicaciones

Biomédicas en Verasonics SAS,
Colombia

Alher Mauricio
Hernandez
Profesor titular
Universidad de
Antioquia

Andrés Mauricio Gonzalez
Profesor

Universidad Autébnoma de
Occidente (AUO)

Lusvin Javier Amado
Lider linea Biomecanica
e Ingenieria de
Rehabilitacion.
Universidad Autébnoma
de Bucaramanga

Victor Alfonso Solarte
Lider linea de
Biomateriales

e Ingenieria de Tejidos.
Universidad Autbnoma
de Bucaramanga.

Silvia Milena Becerra
Lider linea de Genéticay
Biologia Molecular.
Universidad Autébnoma de
Bucaramanga

Marcela Mercado
Directora ejecutiva
In Silico Science and
Engineering SAS

Catalina Pineda
Lider investigacion e innovacion
Universidad CES.
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Analisis de la Biomecanica en el fatbol:
Sistemas cinematicos y cinéticos en la prevencion de lesiones.
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El gesto deportivo del futbol implica gran cantidad de movimientos téc-
nicos que deben de ser analizados para relacionar la biomecanica del
jugador con la aparicion de una posible lesion. Desde un analisis basico de
la biomecanica hasta el gesto deportivo mas complejo simulado en labo-
ratorio, en este curso se abordd la cinética y la cinematica con diferentes
sistemas de analisis. Se explico detalladamente el funcionamiento y aplica-
cion de las plantillas instrumentadas con sensores de presion, sistemas de
fotocélulas para cuantificar la marcha y la carrera, plantillas inteligentes
con presion e IMU integrado en la bota del jugador, sistemas de cinema-
tica angular basado en marcadores y markerless. El objetivo principal se
centrd en que el alumno integrara las bases necesarias para el manejo de
estos equipos con un criterio correcto, enfocado a podologia deportiva.

Profesor: Antonio Gomez, director de investigacion, Clinica Podoactiva.
Profesor de Biomecanica en la Universidad de Manresa. Poddlogo en SD
Huesca.
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Neural Interfaces for
Controlling Finger
Movements

Brain machine interfaces or neural prosthetics have the potential to restore movement to
people with paralysis or amputation, bridging gaps in the nervous system with an artificial
device. Microelectrode arrays can record from up to hundreds of individual neurons in
motor cortex, and machine learning can be used to generate useful control signals from
this neural activity. Performance can already surpass the current state of the art in assistive
technology in terms of controlling the endpoint of computer cursors or prosthetic hands.
The natural next step in this progression is to control more complex movements at the le-
vel of individual fingers. Our lab has approached this problem in three different ways. For
people with upper limb amputation, we acquire signals from individual peripheral nerve
branches using small muscle grafts to amplify the signal. Human study participants have
been able to control individual fingers on a prosthesis using indwelling EMG electrodes
within these grafts. For spinal cord injury, where no peripheral signals are available, we im-
plant Utah arrays into finger areas of motor cortex, and have demonstrated the ability to
control flexion and extension in multiple fingers simultaneously. Decoding “spiking band”
activity at much lower sampling rates, we also recently showed that power consumption
of an implantable device could be reduced by an order of magnitude compared to
existing broadband approaches, and fit within the specification of existing systems for
upper limb functional electrical stimulation. Finally, finger control is ultimately limited by
the number of independent electrodes that can be placed within cortex or the nerves,
and this is in turn limited by the extent of glial scarring surrounding an electrode. Therefo-
re, we developed an electrode array based on 8 um carbon fibers, no bigger than the
neurons themselves to enable chronic recording of single units with minimal scarring. The
long-term goal of this work is to make neural interfaces for the restoration of hand move-
ment a clinical reality for everyone who has lost the use of their hands.

Profesora: Cynthia Chestek, profesora asociada del Departamento de Ingenieria
Biomédica. University of Michigan, EE. UU.
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Introduccion al Anélisis de
Elementos Finitos [FEA] con
COMSOL Multiphysics

W COMSOL &
sILICO

Este curso ofrecid un entrenamiento nivel basico para comenzar la carre-
ra en el mundo de la Ingenieria Asistida por Computador. El estudiante
aprendid las bases para implementar modelos matematicos y simular en
COMSOL Multiphysics con un ejemplo aplicado. COMSOL Multiphysics es
un paqguete de software de andlisis y resolucion por elementos finitos para
varias aplicaciones fisicas y de ingenieria, especialmente fenbmenos aco-
plados, o multifisicos. El contenido del curso se presenta a continuacion:
Introduccion, pre analisis: modelado matematico de la realidad multifisica,
preprocesado: implementacion del modelo matematico en COMSOL Mul-
tiphysics, procesado: simulacion en COMSOL Multiphysics, postprocesado:
extraccion de resultados de simulacion en COMSOL Multiphysics, introduc-
cion a la creacion de aplicaciones en COMSOL Multiphysics.

Dirigido a estudiantes y profesionales de todas las ingenierias, ciencias na-
turales y matematicas.

Profesora: Marcela Mercado, directora ejecutiva de In Silico Science and
Engineering SAS
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?‘-\ Aplicaciones de Machine Learning
en Biologia y Medicina

-
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En Bioingenieria, las herramientas de Machine Learning ganan cada vez
mayor interés dado su gran numero de aplicaciones. En areas como Ge-
nética, Neurociencias, Epidemiologia o Biotecnologia, los sistemas biolo-
gicos se pueden modelar con estas herramientas para entender su fun-
cionamiento y predecir su comportamiento.

En este curso, se mostraron algunos tipos de datos utilizados para resolver
preguntas en Biologia y Medicina. Ademas, se presento la teoria basica
de Machine Learning, haciendo énfasis en algoritmos supervisados y no
supervisados en tareas de clasificacion, agrupamiento, deteccion o esti-
macion. Se discutieron algunos desafios particulares encontrados en apli-
caciones en Bioingenieria, tales como: tamafo de la muestra, clases no
balanceadas o etiquetado de los datos. También, se presentaron algunas
de las aplicaciones mas novedosas en el estado del arte y en las indus-
trias de eHealth y Biotech. Finalmente, se realizé una sesion hands-on-da-
ta donde los participantes podran interactuar con los datos e implemen-
tar tareas de clasificacion automatica a partir de senales e imagenes en
problemas especificos de Bioingenieria.

Profesora: Catalina Alvarado Rojas, profesora asistente del Departamento
de Ingenieria Electronica de la Pontificia Universidad Javeriana,
Colombia.
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Boston
Scientific

Advancing science for life™

Catalina Lopez

Remote Solutions and
Emerging Technologies
Manager LATAM.
Boston Scientific
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¢{COmo navegar el ecosistema de la salud

en tiempos de economia low-touch?
Jueves, 14 de octubre - 5:00pm

Charla Empresarial

o

~

La era postpandemia ha formado
nuevos habitos y regulaciones, basa-
dos en unareduccion de interacciéon
fisica y de proximidad. Esta disrup-
cion ha cambiado la forma en que
comemos, trabajamos, compramos,
nos ejercitamos, gestionamos nues-
tra salud, socializamos e inclusive pa-
samos nuestro tiempo libre. La finali-
dad de esta charla fue entender el
impacto de la economia low-touch
en el ecosistema de salud, exploran-
do la transformaciéon de la industria
tras el protagonismo que adquieren
la digitalizacion y la virtualidad, don-
de aparecen nuevas oportunidades
y evoluciona la forma en que entre-
gamos los servicios en salud.

Lead Clinical Scientist -
CSSM

&)
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MSD - inventing for life
Viernes, 15 de octubre - 2:00 p.m

Charla Empresarial

Esta charla abordd la investigacion
en MSD Colombia, el legado de la
compafia y el cambio del proceso
de innovacion a través del tiempo.
Se habl6é de las razones por las que
hacer parte del mundo de investiga-
cidn es una opciodn interesante.
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Gerente General ORTOMAC

Gerente Técnico ORTOMAC

3D, utilizadas en la industria médica
Viernes, 15 de octubre - 2:00 p.m

Tecnologias CAD / CAM / CAE / Impresiéon

En esta charla, directivos de ORTO-
MAC hicieron una presentacion de
las diferentes lineas de aplicacion de
los dispositivos médicos para ortope-
dia, neurocirugia y cirugia maxilofa-
cial. También, explicaron las tecno-
logias CAD, CAM, CAE e Impresidon
3D: modelado, validacién, usos,
caracteristicas y ventajas. Ademas
de casos de éxito en la aplicacion
de estas tecnologias en cirugias de
implantes personalizados para orto-
pedia, cirugia maxilofacial y neuro-
cirugia, mostrando el proceso desde
la patologia asociada al paciente
hasta el resultado final.

RETO DE INNOVACION:
INGENIERIA POSTPANDEMIA

Del 8 al 11 de octubre de 2021 se desarrollé el Reto de Innovacion: Ingenieria Postpandemia para
estudiantes de programas de Ingenieria Biomédica o Bioingenieria.

El Comité Organizador conformé 18 equipos interinsti-
tucionales con un total de 90 estudiantes inscritos, los
cuales compitieron por un premio de cinco millones de
pesos ($5.000.000) para el primer puesto y tres millones
quinientos mil pesos ($3.500.000) para el segundo pues-
to.

El reto que recibieron los equipos fue: el desarrollo ba-
sado en tecnologia para la administracion eficiente de
enfermedades crénicas no transmisibles en post-pan-
demia, solucion desde la low touch economy.

El reto incluia la entrega de:

- Pitch deck (video y audio de la presentaciéon de la so-
luciéon, modelo de negocio y prototipado 3-5 min).

- Prototipo funcional (simulacién, mockup, contenido
audiovisual interactivo, o herramientas digitales)

- Reporte corto (2 paginas).
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PRIMER PUESTO

Elizabeth Sanchez

-Escuela Colombiana de
Ingenieria Julio Garavito
-Universidad del Rosario

Carolina Sanchez
Universidad CES

SEGUNDO PUESTO

Maria Alejandra Gonzalez

Instituto Politécnico Universitario ~ Mario Andrés Ceballos
Universidad CES

Territorial Agroindustrial del
Tachira

La Ingenieria tiene como hori-
zonte aportar soluciones ante
problemas de su entorno para
contribuir al bienestar y al de-
sarrollo social, a través de la
aplicacion de conocimientos
en Matematicas, Fisica y areas
de conocimiento afines. Este rol
vuelve al ingeniero un profesio-
nal esencial durante y después
de la pandemia ocasionada
por el COVID-19. El tema princi-
pal de este foro fue hablar del
rol de la Ingenieria en la Post-
pantemia y los retos que afron-
ta el profesional en ingenieria
Biomédica y Bioingenieria en el
pais en esta nueva era digital.

Asesor: Leonardo Bermeo
Universidad Santiago de
Cali

Juliana Home
Universidad
Santiago de Cali

Carlos Suarez
Universidad de los Andes

Asesora: Natalia Sudrez
Universidad de los Andes

Jhon Esteban Guerrero
Universidad Santiago de Cali

Natalia Lizcano
Universidad EIA

2% CONGRESO INTERNACIONAL
WD SRS
¢ Cual es el rol de’
LA INGENIERIA EN LA POSTPANDEMIA ?

Un diadlogo reflexivo entre la academia, la industria y

el sector publico.
Viernes 13 de octubre - 3:00 pm

&

Director de Inves:
Facultad de Madicina
Uniandes

JUAN MANUEL CORDOVEZ

Vicedecano de Investigacion &
Innovacion ecuitsd de Ingerieria &S
e CAMILO ARENAS.
Gerente de Asumias Corporarivos y
icos en Boston SCientiic

¥
ALEIMDRACASTILLA
Fundadors @irkiuspr

FERNANDO GARCIA cenferancists TE ALVARO QUINTERO

CEO y Co-Founder HED Heaith Director de Innovacisn Instituto
Engineering Design, Nacional de Cancerologia

Universidad de B ﬁ "i"
0ston
los Andes  Scientific = it Nadiona . “==" FRESENIUS

Coombla A saenceiorme- H E D oo Conamibuntie |IH|<IU ~ wmepicarcare  Medtronic

MAURICIO ECHAVARRIA
-, Director Unided ds Negocios

El foro abordd un dialogo reflexivo entre diferentes actores de la academia, la industria y el sector

publico.
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Mejores presentaciones orales:

= #38 Chitosan methacrylate-based bioadhesive: towards a photoresponsive and extru-
dable material for bone fracture repair.

Daniela N. Céspedes-Valenzuela, Santiago Sanchez-Renteria, Carolina Mufioz-Camargo
y Juan C. Cruz (Universidad de los Andes).

= #40 ROG for biomedical semantic segmentation of lung cancer tumors.
Felipe Escallébn Paez y José M. Abril-Nova (Universidad de los Andes).

= #89 Preparation and characterization of chitosan/gelatin /PVA scaffolds for tissue engi-
neering application.

Yesenia Sanchez Cardona, Martha Elena Londofio Lopez, Claudia Elena Echeverri Cuar-
tas (Universidad EIA) y Natalia Rocio Moreno Castellanos (Universidad Industrial de San-
tander).

Mejor poster:

= #38 Chitosan methacrylate-based bioadhesive: towards a photoresponsive and extru-
dable material for bone fracture repair.

Daniela N. Céspedes-Valenzuela, Santiago Sanchez-Renteria, Carolina Mufioz-Camargo
y Juan C. Cruz (Universidad de los Andes).

= #40 ROG for biomedical semantic segmentation of lung cancer tumors.
Felipe Escallébn Paez y José M. Abril-Nova (Universidad de los Andes).

= #89 Preparation and characterization of chitosan/gelatin /PVA scaffolds for tissue engi-
neering application.

Yesenia Sanchez Cardona, Martha Elena Londofio Lopez, Claudia Elena Echeverri Cuar-
tas (Universidad EIA) y Natalia Rocio Moreno Castellanos (Universidad Industrial de San-
tander).

18



'Ii

7:00a.m
-10:00 a.m.

10:00 a.m.
- 1:00 p.m.

o5l CONGRESD INTERNACIONAL
DE INGENIERIA BIOMEDICA ¥
BIOINGENIERIA (CI-IB&BI 2021)

MIERCOLES JUEVES

Cursos Pre Congreso

PROGRAMA

VIERNES

Analisis de la Biomecanica en el fatbal: 7:00am  Introduccién al Analisis de Elementos Finitos

Sistemas cinematicos y cinéticos en la -10:00 a.m.  (FEA) con COMSOL Multiphysics

prevencion de lesiones [ +] Marcela Mercado

Antonio Gémez

Neural Interfaces for 10:00 am. Aplicaciones de Machine Learning

gOﬂttL?“:gﬁ Fltng:r Movements - L00pm.  epBiologia y Medicina @
s i [+ ] Catalina Alvarado

*Estos cursos estdn disponibles para quienes hayan llenado su inscripcion respectiva y tendrdn salas alternas que las
designadas para el resto del evento.

3:00 p.m.
- 5:30p.m.

Cl -IB&BI 2021

Sesiones Plenarias

SalaA

-1:45 p.m Apertura Congreso °

2:00 p.m. Sesion plenaria;

3:00 p.m. La telesalud en tiempos del COVID-19: Expandiendo el desarrollo de
competencias interdisciplinarias

Walter Curioso

Presentaciones Orales

SalaB SalacC
Bioinstrumentacion 3:00p.m.  Biomecanica
Sefiales 5:30p.m.  Bjomateriales
Inteligencia Artificial o

Sesiones Plenarias

SalaA

Body Area Network - Connecting and Powering Things
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Molecular affinity between
caffeic and chlorogenic
acid with proteins associa-
ted with apoptosis pathways
using docking molecular
analysis

Myriam Liliana Agudelo-Quintero, Sandra
Arango-Varela, Jorge Alejandro Lope-
ra-Rodriguez and Maria Alejandra Lla-
no-Ramirez

Modulation of apoptosis is necessary in the
basic physiological response to cancer.
However, in some cancer scenarios, apop-
tosis is inhibited allowing the tumor prolifera-
tion. Searching for new therapeutic agents
that promote apoptosis in cancer is relevant.
Among these potential agents are caffeic
acid and chlorogenic acid. Several studies
have evaluated the activity of polyphenols
as modulators in the apoptosis process. This
study evaluated the affinity of caffeic and
chlorogenic acid for some proteins related
with apoptosis pathway using docking mole-
cular strategies. The pro and antfi-apoptotic
proteins included in the analysis were catala-
se, heat shock protein 27 (HSP27), P27/Kip1/
CDKN, Bcl-XL, cytochrome C, PON2, HO2-
HMOX2, Bax. The crystallographic structures
were downloaded from Protein Data Bank
and ligands from PubChem. Preparation of
the ligands was done in Avogadro 1.0 and
proteinsin Chimera 1.15. Docking experiments
were implemented in Autodock Vina. Choro-
genic acid showed the best affinity with the
proposed proteins. HSP27 presented a good
affinity for the two ligands, with score affinity
of -7,9 in caffeic acid and -9,0 in chloroge-
nic acid. In the same way, catalase presen-
ted a good affinity with -7,9 in score affinity in
both ligands. The docking molecular analysis
suggests potential pro-apoptotic functions
for chlorogenic and caffeic acid considering
their affinity with anti-apoptotic proteins.

ID: 108
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Virtual screening of new
targets and inhibitors for
Candida albicans
Infection control

Laura Ellis-Aguilar, Laura Rueda, Javier
Cifuentes, Camilo Velandia, Juan C Cruz,
Carolina Muioz-Camargo and Rodrigo
Cabrera

Infection by Candida albicans fungus is
considered of biomedical interest, produ-
cing significant mortality and comorbidity.
The development of pathogen resistance
during pharmacological treatments is in-
creasing, thus, the pursuit for new inhibitors
is necessary. Virtual screening is one of the
bioinformatics tools used for the search of
new drugs, and potential targets for disea-
se management. The aim of the present
study was to analyze a library of potential
targets, and to identify suppressors for C.
albicans using virtual screening. 50 protein
targets with restraining potential were exa-
mined, choosing GPlanchored hemophore
PGAI10 protein (RBT5) as the target, since it
is involved in C. albicans survival and nu-
trients acquisition. Meanwhile, through the
implementation of AutoDock Vina and PyRx
software, the molecular affinity of 25 mo-
lecules available in ZINC15 database was
analyzed, obtaining favorable results for the
following compounds: ZINC000000065058,
ZINC000000065374 and ZINC000000072389,
displaying affinity with the same region of
the target protein. These results provide a
potential target for the development of
novel suppressors, as wellas guidelines for
three new drugs that could aid in G albi-
cans suppression.

ID: 92




Virtual screening of
target sites in B-catenin
for colorectal cancer
treatment

Laura Catalina Vélez Vargas, Isabel Cristi-
na Henao Castaneda and Nini Johanna
Pedroza Diaz

During the COVID pandemic, the health sys-
tems focused on supporting the expansion
and efficiency of intensive care units. Although
the health care services established strategies
to maintain the oncology and chemotherapy
units, there was a significant decrease in access
to diagnostics or cared for pathologies such as
cancer[1]. Colorectal cancer (CRC) was third
cancer with the highest mortality worldwide in
2020 [2], and about 30% of cases are associa-
ted with mutations in B-catenin, which constitu-
tively activate the protein. It has been reported
that 10% to 70% of cancer cases are related to
diet [3]. About 90% of the CRC cases could be
prevented by making changes since dietary
deficiencies can alter the sensitivity to gene-
tic damage and contribute to cancer develo-
pment[4]. Coffee is a beverage with a higher
concentration of polyphenols[5], a group of
phytochemicals related to anticancer effects,
including antiproliferative activity, DNA repair,
apoptosis induction, anti-inflammatory activity;
inhibition of angiogenesis, and metastasis[4].
To determine the target site of polyphenols in
B-catenin as a promising colorectal cancer
treatment. The six coffee polyphenols and the
known R-catenin inhibitor iCRT14 and C2 were
built using GaussView 5 [6] and were prepared
using quantum chemical calculations in GAUS-
SIAN 09 [7]. The structure of the B-catenin (PDB
code 2GL7) was prepared using UCSF Chime-
ra [8] and Autodock Tools. Molecular docking
was carried out using Autodock Vina [?9], at
two different sites: the well-known union site
(US) (x=2.805, y=14.864 and z=79.543) and the
recently reported allosteric site (AS) (x=14.584,
y=12.350, z=24.972). After that, the pose with the
best affinity was chosen, and a visual inspection

Posters

of the interactions at both sites was perfor-
med on Discovery Studio Visualizer [10], PLIP
[11], and UCSF Chimera. As shown in Table
1, most of the studied polyphenols showed
higher affinity to the US, except for 3-ca-
ffeoylquinic acid that has an affinity of -6.4
Kcal/mol at AS. However, the union between
polyphenols and allosteric site was charac-
terized for more hydrogen bonds interac-
tions. Through the computational studies, we
predicted that coffee polyphenols could in-
teract with the B-catenin in both sites. Never-
theless, the studied compounds showed a
more significant number of interactions with
the allosteric site making it a suitable site for
CRC treatment and deeper research.

ID: 77
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Design and develop-
ment of a mobile app
to support the care of
the elderly

William Ricardo Rodriguez Duefias, Karen
Aguia Rojas and Valeria Valencia Daza

Aging is a natural process that increases
the risk of disease and reduces capabili-
ties. It is a rapidly increasing phenomenon
in low -and middle- income countries, and
received considerable attention during the
COVID-19 pandemic. The elderly were at
greater risk in the pandemic due to grea-
ter number of comorbidities and special
care needs. Some require direct or indirect
care provided by their family or caregivers;
however, in some cases, older persons were
obliged to care for themselves or other ol-
der persons assumed the role of caregiver.
Although there are some technologies that
support the basic and instrumental activi-
ties of dally living for older persons, these
are not always affordable or available in
countries like Colombia. This project propo-
ses the development of an app for mobile
devices that facilitates the care and moni-
toring of older persons by family members,
caregivers, or for self-care. We propose a
user-centered design methodology for the
design of the app and the rapid software
development methodology for its creation.
Finally, we conducted a usability pilot study
to determine the viability of the tool. The re-
sults are satisfactory and show that the tool
is feasible and will positively impact end
users.

ID: 5
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Paper biosensor based
on gold nanoparticles
for the rapid detec-
tion of respiratory tract
infections caused by
Pseudomonas
aeruginosa.

Francy Alejandra Alba Patiiio, Antonio Cle-
mente and Roberto De |la Rica

Poor patient outcomes associated with res-
piratory infections by Pseudomonas aerugi-
nosa could beimproved with arapid analysis
of respiratory samples (e.g. sputum) leading
to a prompt administration of appropriate
antibiotics. However, due to the protective
biofilms created by the pathogen and the
high viscosity of the sputum matrix it is di-
fficult to analyze this kind of sample with a
biosensor. Here, we infroduce a paper bio-
sensor based on nanoparticles that detects
Pseudomonas aeruginosa in respiratory
samples. Sputum samples can be analyzed
thanks to a new sample treatment with hy-
drogen peroxide that enzymatically lique-
fies the matrix and disrupts bacterial biofilms
within a minute. The limit of detectionis 105
cells'mL-1 , which is the clinical threshold
value forrespiratory infections. The test diag-
nostic sensitivity (frue-positive rate) is 100%,
and the specificity (true-negative rate) is
96.7%. The high sensitivity, rapid turnaround
time (only 8 min) and the fully automated
realtime densitometry app make our diag-
nostic kit ideal for the rapid screening of P.
aeruginosa infections at the point of care.

ID: 6
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In silico study of
spheroids fusion
through magnetic field
gradients

Cristian Felipe Rodriguez Ospino, Laura Or-
tiz Calderon, Kevin Alejandro Giraldo Rodri-
guez, Carolina Muiioz Camargo and Juan
Carlos Cruz Jimenez

Controlling cell interactions and how they
form aggregates represents one of the main
challenges in the cellular engineering field,
especially when dealing with emerging 3D
bioprinting applications. In vivo cells are
known for their self-assembling capability at
microscales infto complex functional confi-
gurations such as spheroids and organoids.
However, in vivo experimentation has failed
to find the optimal conditions to recreate
complex heterogeneous architectures, ce-
ll-cell, and extracellular matrix (ECM) in vivo
interactions. This work is therefore dedicated
to studying in silico interactions of spheroids
embedded with magnetic nanoparticles.
The main goal was to identify the key pa-
rameters responsible for forming complex
3D architectures in a controlled manner
by applying magnetic fields. The obtained
results showed that magnetized spheroids
fuse to each other quite rapidly by the ac-
tion of the applied magnetic fields. The
fusion process agreed well with previous
reports for unmagnetized spheroids; howe-
ver, the model should be refined further by
experimental testing to calibrate the fusion
times. Despite the limitations, the presented
approach confirms that the 3D assembly of
cell aggregates is attainable through con-
trolled magnetic fields gradients. This is use-
ful to enable emerging applicationsin tissue
engineering and 3D bioprinting that require
the assembly of 3D living architectures.

ID: 26

Low-cost, open source
defibrillation analyzer
for educational
purposes

Edgar Sebastian Ramirez Diaz, Daniel Feli-
pe Bustos Rodriguez and Andres Mauricio
Gonzalez-Vargas

Defibrillator analyzers are very useful to un-
derstand how defibrillation works and how
to use the different types of defibrillators.
However, these analyzers are costly, and
it is not always easy for a biomedical engi-
neering laboratory to have several of these
devices available for student practices. This
paper presents the design, implementation
and validation of a defibrillation analyzer fo-
cused on education. It has been designed
with these features in mind: low cost, relia-
bility, free open-source philosophy, easy to
manufacture and simple to use by any stu-
dent. It has an anthropomorphic shape of
a human torso, with the ability to simulate
cardiac signals with different types of arr-
hythmias, which in turns allows to perform a
defibrillator shock and analyze the dischar-
ge signal, obtaining the amount of energy,
the magnitudes of voltage and current and
displaying the discharge waveform.

ID: 13
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Electric Field Simula-
tions Analysis to Obtain
Functional
Cardiomyocytes

Paola Andrea Neuta Arciniegas, Isabella
Villota Espinosa and Isabella Ortiz Drada

The main cause of death worldwide is car-
diac ischemia, an illness that produces the
death of cardiomyocytes. These cells can’t
be replaced so the contractile function of
the heart decreases. Tissue engineering pro-
mise is a solution to this problem through the
development of a cardiac scaffold in vitro,
to replace the necrotic fissue. The electric
stimulation in vitro has shown improvement
of the functional characteristics of the car-
diomyocytes, being the electric field used in
some studies to stimulate the cells before the
implantation. This project evaluates the distri-
bution and concentration of an electric field
of an electrostimulation system. The system
was designed like a circuit, formed by two
electrodes with electric properties of graphi-
te and an electrolytic solution represented by
the cardiomyocytes differentiation medium.
The electrodes were configured verfically
and horizontally to study the field distribution;
according to the selected electric field in the
electrostimulation space. These simulations
and the graphics presented were obtained
with the software COMSOL Multiphysics. The
results show the vertical configuration of the
electrodes having the behavior of punctual
charges while the horizontal configuration
had parallel plaques behavior. Furthermore,
the values of the electric field vary in the spa-
ce near the electrodes because of the higher
concentration of the field there. The horizon-
tal configuration was determined as the best
for the electrodes. Additionally, because of
the higher concentration around the electro-
des, the scaffold had to be placed at least
0,1 cm from them.

ID: 45

UAOSIM-ECG: An
open-source

12-lead electrocardio-
graphy simulator

Juan Camilo Vergara Gil and Andres Mau-
ricio Gonzalez-Vargas

This paper presents the design and imple-
mentation of an electrocardiography (ECG)
simulator for educational purposes. The re-
presentation of the ECG leads is carried out
using Fourier series instead of most common
options such as look-up tables. The device
is designed to produce simultaneous simu-
lation of 12-lead signals and can be con-
nected to any commercial ECG or vital
signs monitor. All the design is open-source
and openhardware, and the total cost of
the components is significantly lower than
commercial alternatives. The device's per-
formance was validated, obtaining a mean
and maximum relative error of 1.8% and 3%,
respectively, and an uncertainty of £1 at 50
bpm and +3 at 250 bpm. This design could
help biomedical programs to have more
availability of simulators to facilitate hands-
on learning for students in biomedical instru-
mentation courses.

ID: 43
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Fluorescence pheno-
menon evaluation as-
sociated to the interac-
tion of carbon dots with
Immunoreagents

Manuel Santiago Moncada Barrera and
Marisol Jaramillo Grajales

There are several types of biosensors,
among them are optical biosensors, which
have been of great interest because they
allow aresponse in real time. Recently, opti-
cal biosensors based on carbon dots (CDs)
have been developed and an increase in
sensitivity and specificity has been eviden-
ced due to CDs are a material that has
fluorescent properties much better than
those of traditional luorescent markers. Ta-
king into account the aforementioned, in
this study the fluorescence phenomenon
of CDs conjugated with bovine serum albu-
min (BSA) was evaluated through the quen-
ching of fluorescence with graphene oxide
(GO) and the recovery of fluorescence with
BSA antibody (anti-BSA) as a starting point
for their potential application as optical bio-
sensor in the research line of ‘Tecnolog’ias
para la deteccion de biomarcadores’ from
EIA “ University. First of all the CDs were cha-
racterized by FTIR, DLS, ¢ potential and fluo-
rescence spectroscopy, then the CDs were
conjugated with BSA (CDs-BSA) by adsorp-
tion and by the carbodiimide conjugation
method, and at last CD-BSA fluorescence
was quenched with GO (CDs-BSA-GO) and
recovered with anti-BSA. The results obtai-
ned showed that GO (about 25 ppm) can
quencher CDs-BSA (about 125 ppm) fluo-
rescence by 45 %, in addition, it was found
that anti-BSA (0.5 ug/mL) can recover CDs-
BSA-GO fluorescence by 22 %.
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Parametric study of
thermal damage in the
hyperthermia treatment
by radiofrequency

Jorge |. Lopez and Leonardo A. Bermeo
Varon

Radiofrequency (RF) hyperthermia therapy
is a cancer treatment that consists of raising
the temperature toinduce thermaldamage
of the tumor tissues. The efficacy of this the-
rapy depends on the frequency and power
of the radiofrequency wave and the expo-
sure time that defines the thermal dose that
receives the tissues. Through mathematical
models, it is possible to quantify the thermal
dose caused by the hyperthermia process
and to determine the degree to which it
occurs. In this paper, a parametric study of
the frequency, power, and exposure time
of heat induction using RF hyperthermia is
carried out. This study allows knowing if the
damage caused is first-degree, secondde-
gree, or third-degree burn. The results reveal
that the three parameters are relevant to
define an adequate treatment where the
tissues do not reach a thermal dose above
the second-degree burn.
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UAOSIM-NIBP:

An open-source,
low-cost, blood
pressure simulator

Julian Camilo Varela Guzman, Andres
Mauricio Gonzalez-Vargas and Jhon Jairo
Cabrera

Using simulators to generate physiological
signals such as blood pressure allows a be-
tter understanding of the fundamental as-
pects of several biomedical instruments. In
this paper, we discuss the design, implemen-
tation, and validation of an NIBP simulator.
This simulator is low-cost and open-source,
and has a graphical interface with valua-
ble information that is not seen in most si-
mulators. Therefore, it can be very useful
for students of biomedical instrumentation.
Given that these devices usually are expen-
sive, it is difficult for academic institutions to
have many of them, which can lead to a
lack of availability of equipment during the
course projects. Also, because the compo-
nents are easy to find, inexpensive and all
the instructions and schematics are availa-
ble to share, every student could build their
own simulator. We will present a summary of
the design process and the system descrip-
tion as well as the validation tests and some
conclusions.
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Interactive mat for sen-
sory and spatial deve-
lopment of children with
visual or auditory
disabilities

Sharon Lineth Corpus Mondragon, Juan
Camilo Vergara Gil, Andres Mauricio Gon-
zalez-Vargas, Oscar Campo, Maria Camila
Thorp Florez, Diana Isabel Alvear Hernan-
dez, Mario Andres Gomez Rendon, Jeniffer
Sinisterra and Andrés Dario Castillo

In the world, there are millions of children
with severe visual or auditory disabilities,
who face particular difficulties in the deve-
lopment of their spatial and sensory skills du-
ring the first years of their growth and their
inclusion in school life. The development of
rehabilitation devices adapted to a per-
son’'s needs is an opportunity to improve the
educational experience in biomedical de-
sign courses, and to work in collaboration
with specialized institutions. In this article we
present the design and development of an
interactive mat for didactic purposes, which
allows blind or deaf children to perform ac-
tivities that improve their spatial capacity,
has visual, sonorous and haptics features
that promote their sensory development,
and serve as a generalpurpose input peri-
pheral for the computer, which makes it
possible for children to interact through it
with a lot of games and applications cu-
rrently available.
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Development of a Sur-
face Electromyography
Simulator to Evaluate
Neuromusculoarticular
Rehabilitation

Jairo Lenin Ramdn Valencia and Ricardo
Alonso Espinosa Medina

Virtual tools allow us to simulate surface
electromyography signals (EMGs) in a pan-
demic period. In this study we propose the
simulation of EMG signals and the design of
a system for the acquisition, conditioning
and visualization of muscle signals that can
be used in muscle rehabilitation sessions.
We perform an extraction of characteristics
of an EMG signal, in the domain of time and
frequencyinrelaxation eventsand voluntary
contraction of a muscle. The relaxation and
contraction signals were simulated using 21
harmonics (11 for the contraction state and
10 for the relaxation state). Then the signal
was conditioned with operational amplifiers
to be presented through a graphical inter-
face by the Labview program, where the
user will be able to see three (3) important
components, amplitude and frequency
parameter settings, EMGs graph and rela-
xation light indicators, a non-powerful con-
traction and muscle contraction.
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Design and fabrication
of a myoelectric
prosthesis for
trans-radial amputees

Fernando Luis Garcia Ayola, David Bigio
and Mario Valderrama

Robotic prostheses for trans-radial ampu-
tees are expensive in Colombia and, as a
result, most of the population in need can
not afford one. We designed, built, and va-
lidated a myoelectric prosthesis for trans-ra-
dial amputee patients. To achieve this, we
used an iterative methodology that star-
ted by identifying the needs of the users to
then design, implement, and validate the
product. The prosthesis was designed for
a specific patient, with whom we worked
together to determine the specifications.
Consequently, each part was designed,
developed, and tested. Finally, the parts
were integrated and validated to produce
the myoelectric hand prosthesis which sol-
ved the patient necessity.
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Validation of an
loMT-based monitoring
system for pressure
ulcer prevention in a
hospital environment:
A pilot test.

Juan Manuel Puentes Sayo, Luisa Fernan-
da Cortes Torres, Pedro Antonio Aya Parra,
Jefferson Sarmiento Rojas and Olga Lucia
Cortés

Pressure ulcers are a significant public heal-
th problem that affects millions of patients
worldwide since it compromises their heal-
th, decreases their quality of life, and can
lead to permanent or partial disability and
even death. Evaluate the correlation of the
changes in patient position in bed from ri-
ght lateral decubitus- to supine- to left la-
teral decubitus, captured by a new device
developed by researchers, compared with
a standard gold sensor. The validation and
design of the functionality were supported
by Internet of Things (loT) technology to mo-
nitor immobile patients’ positions hospitali-
zedinintensive care. It was an observational
study based on a sample of eight patients
(2163 samples for characterization and 1318
samples to evaluate correlation). Changes
of the position being censored by the new
device were lateral right decubitus- supine-
and lateral left decubitus. These measure-
ments were compared with simultaneous
observations of changes of position provi-
ded by an observer and a standard gold
sensor. A linear correlation was verified be-
tween the measurements recorded by the
two sensors for their axes (X, Y) of 0.98. The
new device identified all the position chan-
ges performed on each patient, making
an interface comprehensible for healthca-
re providers. The system was evaluated as
usable for their proposed applications. The
angles detected by the device that were

developed are credited as valid, based on
the linear correlation found. It was possible
to obtain an indication of the precision of
the degrees recorded by the developed
device.
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In silico Study and Cha-
racterization of an Asym-
metric Pinched Flow
Fractionation Microfluidic
System for Spheroid Sepa-
ration and Recovery

Saul Camilo Gémez, Andrés David Mantilla, Carlos
Emilio Torres, Johann Faccelo Osma, Carolina
Mufioz-Camargo and Juan Carlos Cruz

Microfluidics is an emerging research area that
has acquired special interest in recent years
due to the possibility to

manufacture devices capable of outperfor-
ming traditional analytical and sensing instru-
ments employed in biomedical

and chemical research. For this reason, this
approach has transformed research and deve-
lopment of various industries

including medical, cosmetics, pharma, and
food [1]. Thanks to the efficacy and the consis-
tently decreasing cost over

time of these devices, they have been widely
explored for the synthesis, manipulation, and
separation of microscopic

encapsulates [2-4]. Within the biomedical field,
this has led to important advances in the study
and diagnostics of several

conditions,including cancer and neurodege-
nerative diseases as it is possible todetermine,
for instance, cell heterogeneity

in patient samples to detect abnormalities
through cell separation devices [5]. Other appli-
cations have focused on the

development of new in vivo testing methods
tohelp reducing animal experimentation [6-8].
These applications have been

enabled by microfluidics due to the possibility
of controlling the overflow rates and interaction
times between species

within the devices. This study aims at developing
a strategy to purify 3D cell aggregates resulting
from the fusion of

keratinocytes and fibroblasts, which will even-
tually be used for bioprinting 3D constructs with
potential application in

the production of dermo-epidermic skin equi-
valents. For this purpose, an Asymmetric Pin-
ched Flow Fractionation

Posters

(AsPFF) system was studied in silico to estima-
te separation efficiencies based on parame-
fric analysis of flow parameters

such as Flow Rate Ratio (FRR) and Total Flow
Rate (TFR). These analyses will be helpful for
the isolation and

separation of spheroids with a homogeneous
average size distribution (i.e., 300 um), which
is important for a

reproducible skin tissue model production.
The geometry of the microdevice consists of
10 branches, 1 drain channel

and a pinched segment of 800 um width and
it was created with the graphics interface of
COMSOL Multiphysics® [9].

A Particle Tracing for Fluid Flow physics was
implemented in a two-step study, stationary
for the laminar flow fields

and time-dependent to calculate the parti-
cle trajectories within the device. Combina-
tions of FRR and TFR were

evaluated for particles ranging from 20 to
500 um, and the number of particles coming
out the system through each

output was counted to calculate the sepa-
ration efficiency. In silico simulations results
show high separation efficiencies

and allowed us to estimate the size ranges
obtained for each of the system outlets un-
der the flow conditions established

for the conducted parametric study. Likewi-
se, our study confirmed the ability of the de-
signed device to correctly

separate and recover the 300 um spheroids
required for further applications in 3D bioprin-
ting. Low-cost manufacture

of the microfluidic device and in vitro expe-
rimentation will be carried out to compare
the results of the computational

simulations and to evaluate the device’s abi-
lity to separate particles in a controlled labo-
ratory environment. This will

enable an evaluation of the device's effi-
ciency in the purification of 3D cell aggrega-
tes. Moreover, it opens oppeortunities

to enable other biological and biomedical
applications where mixtures of particulated
objects need to be manipulated
and eventually recoyvered.
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Disefio de sistema de
magnetoterapia con la
finalidad de disminvir el
dolor del sindrome
patelofemoral

Sandy Tatiana Mesa Hincapie and Jhon An-
dres Gomez Portilla

Este trabajo tiene como objetivo disenar un sis-
tema de magnetoterapia con el fin de propor-
cionar analgesia a pacientes que

poseen el sindrome del dolor patelofemoral
(SDPF), el cual se puede definir como un tras-
torno doloroso en la cara anterior de la

rodilla [1].

En la actualidad gran parte de los cirujanos or-
topédicos coinciden en que los pacientes con
SDPF, deben ser fratados por medio

de tratamientos no quirdrgicos ,ya que hay un
escaso conocimiento en cuanto a este cuadro
clinico; algunos de estos fratamientos

hacen referencia a ortesis, fisioterapia, trata-
mientos farmacoldgicos, entre ofros [2]. Es re-
comendable en la fase aguda de la patologia
realizar reposo con el fin de disminuir el dolor y
desinflamar mds rdpido la zona afectada; para
este reposo se recomienda usar

terapias de analgesia como la crioterapia,
TENS de alta frecuencia, magnetoterapia, en-
fre otras[3].

La magnetoterapia es el método por medio
del cual se aplican campos magnéticos cons-
tantes (CMC) o variables (CMV) con el

fin de solucionar ciertas afecciones; en este
Caso van a ser usados campos constantes. A
partir de varios estudios se ha comprobado el
efecto sedante del campo magnético, espe-
cialmente en la musculatural4]; los campos
magnéticos comunmente empleados para
tratamientos médicos se pueden dividir en: va-
riables y de baja intensidad y frecuencia[5].

A partir de lo anterior se identificd la necesidad
de disenar un sistema de magnetoterapia, el
cual tiene como pardmetro principal,

el valor de la frecuencia, que se podra digitar
desde una interfaz.de usuario por medio de
una pantalla touch conectada a unadarjeta
de desarrollo ESP-32, permitiendo.wna variacion
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entre 12Hz y maximo 50Hz. El campo magnéti-
co tendra un valor de 75 Gauss, como
consecuencia de la corriente que atraviesa la
bobina, la cual corresponde a un valor de 4A.
El disefio del circuito funciona con corriente
directa y esta dividido en dos etapas; La eta-
pa de control (baja potencia) la cual a

su vez esta subdividida en tres bloques, el pri-
mero describe el sistema por medio del cual
se genera una senal cuadrada, el segundo
bloque contiene un circuito inversor, en el
cual un transistor trabaja en modo conmuta-
cidon y el tercer bloque cuenta con un arreglo
de resistencias en modo divisor de tensiébn con
la finalidad de evitar el ruido. La segunda eta-
pa del circuito incluye un par Darlington
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In silico Comparison Be-
tween Eulerian-Lagrangian
and Eulerian-Eulerian Mo-
dels for Size- and Densi-
ty-based Separation: The
Case of a Sedimentation
Pinched Flow Fractionation
System

Saul Camilo Gomez, Valentina Quezada, Isa-
bella Quiroz, Luis Humberto Reyes, Johann F.
Osma and Juan Carlos Cruz

Various multiphase flow models of computa-
tional fluid dynamics (CFD) techniques have
been implemented in recent years to study
the interactions of nano- and microfluid mix-
tures composed of particles suspended in a
fluid due to their relevance in multiple proces-
ses such as liquid-based exchange [1], engi-
ne cooling [2], carbon dioxide absorption [3],
drug delivery systems [1], mass transport [4],
boiling phenomena and electronics [4]. Mo-
dels involving two-phase approaches consider
the base fluid and the particles suspended in
the mixture independently and with different
velocities so that the particles move relative to
the base fluid [1]. Also, they can be classified
into two main groups: (1) Eulerian-Eulerian and
(2) Eulerian-Lagrangian models, which differ in
whether the phases are considered continuum
or discrete [2]. In this regard, Eulerian-Eulerian
models categorize the base fluid and the nano-
or micro-particles phases as a continuum, while
in Eulerian-Lagrangian models the base fluid is
continuum and the nano- or microparticles are
referred to as a discrete phase [2]. Important-
ly, the Eulerian-Lagrangian approach provides
more accurate results at the expense of higher
computational costs due to the large number
of individual entities required to model the par-
ticles, and the small value of Siokes number for
the particle’s flows [1, 3]#In this approach, the
particle motion is modeled by a Lagrangian re-
ference frame, which tracks the trajectory of
suspended particles along with the fluid flow
[3. 4]. In contrast, Eulerian-Eulerian models ¢an-
not track the position of individual particles bu

instead groups of them, which'is closer to re \,"
physical situations in biological contexts [1,

<




This study aims to compare the Eulerian-Lagran-
gian and Eulerian-Eulerian approaches in the
multiphysics simulation of polymeric micropar-
ficles separation via a Sedimentation Pinched
Flow Fractionation (PFF) system proposed by
Morijiri et al. [5]. Moreover, particle size, particle
density, and particle loading will be considered
for the comparison between the different mul-
tiphysics approaches. Mixture Model (MM), Eu-
ler-Euler (EE), and Particle Tracing for Fluid Flow
(PT) physics were implemented in COMSOL
Multiphysics® under the same flow conditions,
where a suspension of microparticles with dia-
meters in the range between 10 - 100 ym was
injected into the system to verify the sedimenta-
tion principle put forward by Morijiri et al. experi-
mentally [5]. Although MM and EE approaches
showed similar results, the EE model led to more
accurate density-based particle separation
results compared to the MM and PT models,
which failed to distinguish between particles of
different densities. Furthermore, the PT model
showed a precise size-based separation whe-
re particles of the same size exited through the
same outlet channel. In conftrast, in the EE and
MM models, mixed particles exited through di-
fferent outlets. These preliminary results indicate
that in a realistic experimental scenario, the sys-
tem separation performance might be below
the expectations and therefore there will be still
room for improvement through geometric and
operation changes such as pinched segment
width adjustment, modifications of the angle
and curvature radius in post-pinched segment
expansion, and parameterization of the ratios
between inlets’ flow.
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Mathematical Model
from Multiple Linear Re-
gression for Hyperther-
mia Therapy with Heating
Induced by Laser

Santiago Amado, Daniel Mauricio Valdes,
Leonardo A. Bermeo Varon and Nilton Pereira
da Silva

Currently, there is interest in the study of hyper-
thermia therapy for cancer tfreatment. This the-
rapy consists of increasing the body temperatu-
re to between 37° C t0 43° C, which is performed
by inducing electromagnetic waves through ra-
diofrequency waves, microwaves or/and laser,
and ultrasound waves as alternative methods
for freatment [1]-[7]. Additionally, the use of
nanoparticles loaded in the tumor allows a fo-
cused freatment [8], [?], thus obtaining limited
side effects and reducing damage to surroun-
ding healthy ftissues. For the implementation of
this treatment, it is necessary to perform in vitro
experiments and simulations of mathematical
models that allow obtaining a better knowle-
dge of the therapy. However, current models
are complex, and in many cases, require a high
computational cost. In this sense, this work pro-
poses a model with a low computational run-ti-
me through the multiple linear regression tech-
nique. A total of 200 datasets were obtained by
Comsol Mulfiphysics on 10 mL of fluid maintai-
ned in Petry plates, with a radius of 28 mm and
height of 13.4 mm. 80% of the data were used
for training the regression model and the remai-
ning 20% for validation. The input data were the
model parameters, and the output data were
the temperature field. The experimental measu-
rements were taken by an infrared camera and
heated by alaser diode at a current of 2200 mA,
corresponding to a heating power of 0.327 W in
the near-infrared range during 100s on pure dis-
tiled water and two different proportions of iron
oxide nanoparticles dissolved in distilled water.
i.e., 0.025 wt% and 0.050 wt% [10]. The results in-
dicate that the temperature field predicted by
the multiple linear regression model was very
close to the output values of the mathematical
model and measurements. i.e., the correlation
of the multiple linear regression model was 0.99
with respect to the model performed with Com-

sol Multiphysics. Concerning to experiment the
correlation was 0.95. These values show the high
efficiency of the model proposed in this study.
Also, the model presents a considerable reduc-
fion of computational run-time. The prediction
of the multiple linear regression model was 1.94
ms compared with the model of Comsol Multi-
physics that was 25.29 minutes. This reduction of
the computational run-time will allow the plan-
ning of the hyperthermia therapy before and
during its implementation.
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Chitosan/Glucantime
Hydrogels as a Treat-
ment for Cutaneous
Leishmaniasis and its
Preparation Method:
Systematic Review

Karen Tatiana Valencia Rivero, Daniela
Hernandez, Paola SAnchez and Fernanda
Rincdén

The best method for the preparation of
Chitosan/Glucantime hydrogels as an ad-
ministrative mechanism for the treatment
of Cutaneous Leishmaniasis was identified
through the systematic review of sixteen
scientific articles selected by a rigorous me-
thodology based on the PRISMA protocol
thatwas divided into six phases: Determining
eligibility criteria, search strategy, selection
of articles, MMAT quality evaluation, infor-
mation synthesis, and bias evaluation. After
literature review, it was determined a pro-
tocol for the preparation of hydrogels that
proposes to use chitosan as a biopolymer,
cuminaldehyde as a crosslinking agent,
and Gellan Gum spheres for Glucantime
loading. This protocol provides a promising
treatment for patients with cutaneous Leish-
maniasis using biomaterials as drug delivery
devices, contributing to the medical and
biomedical fields.
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Characterization of a
polymeric composite
material for its potential
use in the replacement
of anterior cruciate
ligament

Maria Alejandra Ramirez-Torres, Andrés
Felipe Zemanate L., Paola Andrea Neuta
A. and Julio César Caicedo

The purpose of this study was to develop a
polymeric composite material that could
be considered in the future for its use in the
manufacture of an artificial graft to the re-
placement of the ACL. The synthesized ma-
terial is composed of a matrix of polylactic
acid (PLA), and multiwalled carbon nano-
tubes (MWCNT) functionalized with poly-
caprolactone (PCL) as reinforcement. The
composite material was characterized
chemically and biologically.
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Potential Bone Fillers Ba-
sed on Composites of
Cocoa Bean Shells and
Poly(Lactic Acid):
Compression Molding
Manufacturing

Andres J. Garcia-Brand, Alejandro Mara-
non, Carolina Mufoz-Camargo, Juan C.
Cruz and Alicia Porras

Biodegradable polymers have attracted
significant aftention for their highly versatile
processing and manufacturing alternatives
for bone filling applications. However, seve-
ral issues regarding mechanical performan-
ce are yet to be solved prior to allowing
maximal loading fransfer between adja-
cent tissue and the implanted biomaterial.
An issue that could be overcome by fine
tunning their mechanical stiffness through
incorporation of natural lignocellulosic fi-
bers such as cocoa bean shells (CBS). Hen-
ce, this study presents the fabrication by
compression molding of Poly(lactic acid)
(PLA) and CBS composites for their poten-
tial use as bone fillers. The obtained mate-
rials were characterized in terms in terms of
mechanical performance and cytotoxicity
in vitro. The PLA/CBS composites showed an
increase in stiffness as a function of the CBS
content. However, no statistically significant
changes (p < 0.05) were observed for the
three-point bending flexural properties of
composites with CBS content below 10%wt.
In addition, the cell viability of Vero cells in
the presence of the composites was above
94% after 24 h, demonstrating potential in
vitro biocompatibility. The obtained results
indicate that a suitable route was develo-
ped for manufacturing filled biocompatible
composites with tunable mechanical pro-
perties comparable to those reported pre-
viously for bone fillers
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Chitosan methacryla-
te-based bioadhesive:
towards a photores-
ponsive and extrudable
material for bone
fracture repair

Daniela N. Céspedes-Valenzuela, Santiago
Sanchez-Renteria, Carolina Mufioz-Camar-
go and Juan C. Cruz

The development of biocompatible and
easy to apply bone adhesives with signifi-
cant adhesion performance under typical
physiological conditions is currently consi-
dered one of the main challenges in bone
tissue repair. Currently, commercially avai-
lable materials, such as polymethylmetha-
crylate, fail to provide sufficient biocompa-
tibility on the surroundings of the fracture,
which in turn largely limits tissue repair. Chi-
tosan, a widely studied natural polysac-
charide, not only presents desirable bio-
compatibility, but also promising adhesive
properties. Consequently, here we aimed
to develop a chitosan-based bioadhesive
with superior adhesiveness and enhanced
biocompatibility. This was achieved by the
chemical modification of chitosan’s main
backbone with methacryloyl groups that
provide photoresponsiveness to tune the
hydrogel’s crosslinking level and conse-
quently, mechanical properties.
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Evaluation of polymeric
biomaterial as an option for
tissue replacement in plan-
tar calcaneonavicular
ligament injuries

Sebastian Nieto, Christian Javier Cifuentes
and Juan Carlos Cruz

Spring ligament is a structure responsible for
giving stability to the plantar arch of the foot.
Some injuries or rupture of this ligament can
have consequences such as flat feet or indu-
ce the foot to have greater ranges of motion
of pronation and abduction. The solutions pro-
posed over time have been to reconstruct the
ligament through autograft or allograft surgery,
however, research and results have shown that
this is a temporary, partial solution, or even a
new way to worsen the previous problem. In this
research, new tissue engineering technologies
will be used to obtain a Scaffold from synthe-
tic and natural polymers that give the new li-
gament mechanical and biological properties,
respectively, to obtain a tissue as close to the
native one. A solution of 50% PCL- 50% type |I
collagen, at a concentration of 10%w/v, was
prepared. The solution was electrospun under
an align fibers configuration. The sample obtai-
ned was characterized in a uniaxial equipment
obtaining values of: U ltimate tensile stress =
1.375MP a; Y oung0 s modulus = 7.767MP a; P
oisson0 s ratio = 0.1. These mechanical proper-
ties were attached to a healthy foot model pro-
vided by [2], to evaluate the performance of
the new SL properties versus the healthy model.
The tissues primarily involved in plantar arch sta-
bilizers: FP, LPL and SPL, were evaluated. Due to
the elastic properties of the material, the com-
putational model of the foot, presented high
loads on the mentioned tissues, also displace-
ments that discrepancy from the healthy ones.
The electrospun scaffold does not yet meet the
specifications to act as a possible graft with
successful mechanical properties that would
allow the spring ligament to withstand the loads
without foot collapse or excessive pronation.
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Conjugation evaluation
of African oil palm bio-
char derived Carbon
Dots with anti -BSA

Juan Pablo Arango, Maria Isabel Gaviria,
Kaory Barrientos, Marisol Jaramillo and Pe-
dronel Araque

The present study synthetized Carbon Dots
(CDots) obtained from Elaeis guineen-
sis biochar and then conjugated it with a
model molecule, in this case, an antibody
of Bovine albumin serum (Anti - BSA). The
CDots had asize of 2.5+ 0.7 nm determined
through a High-Resolution Transmission Elec-
tronical Microscopy (HR-TEM), a Z potential
of -56.1 £ 2.37 mV and a Quantum yield of
1.69%, with emission and excitation wave-
lengths of 428 and 320 nm, respectively.
As a bioreceptor molecule, the anti-BSA
conjugated to the CDots surface using the
carbodiimide method. With the implemen-
tation of this technology, it will contribute
to the improvement of the quality of life of
Colombian vulnerable populations while
contributing to the closing of cycles of the
oil palm industry by implementing it in the
development of optical biosensors for the
detection of different health biomarkers like
TB antibodies or pesticides in water.
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Bio-molecular interac-
tions: blood
components, cells and
biomaterials in the
regeneration of
acellular vascular grafts

Maria A. Rodriguez-Soto, Natalia A. Suarez,
Alejandra Riveros, Andres J. Garcia-Brand,
Carolina Muioz-Camargo, Juan C. Cruz
and Juan C. Bricefio

Cardiovascular disease is the leading cau-
se of death worldwide, the requirement of
vascular grafts, intended to replace the
function of a blood vessel remains of main
importance. Available vascular grafts in the
market are not successful in some condi-
fions. One of the failure causes for synthetic
vascular grafts is the patency loss that oc-
curs as a result of an alteration of the phy-
siological behavior of the cells and blood
components in the vascular tissue when in
operafion conditions. Even when the fissue
engineering and regenerative medicine
fields have proposed strategies to overco-
me these limitations, the design of regene-
rative vascular grafts is challenging given
that they must promote and properly guide
tissue regeneration. In consequence, this
works aims for the analysis and evaluation
of the bio-molecular interactions between
the blood components, cells and bioma-
terials that have been reported during the
regeneration of vascular useful for rational
design of vascular grafts.
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Mechanical characteri-
zation of novel vascular
grafts: approaching to
the native vessel
behavior

Maria A. Rodriguez-Soto, Natalia A. Suarez,
Alejandra Riveros, Andres J. Garcia-Brand,
Juan C. Cruz, Carolina Mufoz and Juan
Carlos Briceno

Cardiovascular disease is the leading cau-
se of death worldwide, the requirement of
vascular grafts, intended to replace the
function of a blood vessel remains of main
importance. Available vascular grafts in the
market are not successful in some condi-
tions. One of the failure causes for synthetic
vascular grafts is the patency loss that oc-
curs as a result of an alteration of the phy-
siological behavior of the cells and blood
components in the vascular tissue when in
operation conditions. Even when the tissue
engineering and regenerative medicine
fields have proposed strategies to overco-
me these limitations, the design of regene-
rative vascular grafts is challenging given
that they must promote and properly guide
tissue regeneration. In consequence, this
works aims for the analysis and evaluation
of the bio-molecular interactions between
the blood components, cells and bioma-
terials that have been reported during the
regeneration of vascular useful for rational
design of vascular grafts.
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Resveratrol/R05-3335
Nanoemulsion for
Potential Application in
Retinal Drug Delivery

Sarah De Los Rios, Juliana Gonzalez, Mary-
bel Montoya, Pedronel Araque and Mar-
tha Londoiio

Proliferative Diabetic Retinopathy (PDR)
can form fragile neovessels enhancing the
risk of bleeding and increasing intraocular
pressure. It is necessary to develop new
treatments based on nanoemulsions ad-
ministered ophthalmologically, that could
reach specific sites desired and have mini-
mally invasive drug release for the patient.
In this study, Resveratrol/Ro5-3335 nanoe-
mulsions (RSV-Ro5 NEs) stabilized with poly-
vinyl alcohol (PVA) were synthesized by the
phase inversion method, both active prin-
ciples have never been combined before
in previous investigations. The physicoche-
mical characterization of the nanoemulsion
was examined for Droplet Size using Dyna-
mic Light Scattering (DLS) and Nanoparticle
Tracking Analysis (NTA), Droplet Morpholo-
gy using Transmission Electron Microscopy
(TEM), and Fourier Transform Infra-red spec-
troscopy analysis (FTIR). By controlling va-
riables such as the molecular weight of the
polymer, stirring, dripping, and temperature,
stable-in-time spherical nanodroplets were
obtained with an average of less than 500
nm. The above drugs can modulate retfinal
inflammation and inhibit or prevent the for-
mation of abnormal blood vessels. The data
reported in this work suggest the potential
of these formulations in future treatments to
control pathological ocular angiogenesis
diseases.
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Estimation of stress and
strains on the supraspi-
natus tendon based on
humerus and scapular
bones effects: An
approach by Computer
and Experimental
Models

J. C. Bricefo, G. A. Espinosa, J. C. Gonza-
lez, F. Ramirez, and D. M. Sanchez

Estimation of stress and strains on the su-
praspinatus tendon based on humerus and
scapular bones effects: An approach by
Computer and Experimental Models. The
present purpose of this study - project was
to integrate computer assisted analysis,
mechanical experimentation, and clinical
studies to develop a tool or quantitative
criterion for the diagnosis, treatment and
rehabilitation of the upper limb of patients
with rotator cuff tears. The data based of
the moldels use codes of Python, Matlab
Academic, and C+. It was observed that
the join of the osteocyte bones cells and
tendons cells are stiff to analyze, and seg-
ment; but is the relevant interface region re-
lated with the disease of general biological
bones tissues.”
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Disefno de una tinta

de biomaterial para la
bioimpresion tridimen-
sional a partir de al-
ginato funcionalizado
con plasma rico en pla-
quetas con potencial
uso para el tratamiento
de la osteoartritis

Silvia C Suarez-Mantilla, Karen S Vega-Bau-
tista, Silvia M Becerra-Bayona and Victor A
Solarte-David

La osteoartritis (OA) es una enfermedad
reumdtica que afecta el cartilago y los
huesos de las articulaciones, disminuyendo
significativamente la calidad de vida de los
afectados, ademds es de alta prevalencia
en la poblacién colombiana. Su fratamien-
to se centra en analgésicos y antiinflamato-
rios, brindando una solucién a corto y me-
diano plazo, lo que genera la necesidad
de desarrollar nuevas alternativas terapéu-
ticas [1]. Entre las alternativas encontramos
lainduccién de procesos regenerativos con
factores de crecimiento, los cuales pueden
inmovilizarse en matrices para lograr una
liberacion controlada. Adicionalmente, es
posible disenar estas matrices de mane-
ra personalizada mediante la implemen-
tacion de la impresion 3D, lo que permite
una implantacion de la matriz acorde a las
necesidades tridimensionales del tejido [2].
En este contexto, este proyecto de investi-
gacion tuvo como objetivo el desarrollo de
una tinta de biomaterial para la bioimpre-
sion tridimensional de una matriz de algi-
nato de sodio, funcionalizada con plasma
rico en plaquetas (PRP) [3, 4]. Para esto se
prepararon soluciones con diferentes con-
centraciones de alginato de sodio (1%, 2%,
3%y 4% p/V). y se pre-reticularon fisicamen-
te con CaCl2, posteriormente se imprimie-

ron diferentes estructuras en 3D (Flamento, re-
jilla, disco y aros) y se calculd la imprimibilidad,
analizando asi la fiabilidad de la bioimpresion,
seleccionando asi la mejor concentracion de
alginato (3% p/v), bajo los mejores pardmetros
de impresidon. Consecuentemente, se llevd a
cabo la preparacion de la tinta de biomate-
rial de alginato de sodio funcionalizada con
PRP, y se evalud su imprimibilidad, ademds de
la capacidad de hinchamiento de las estruc-
turas impresas, propiedades mecdnicas vy la
cuantificacion de proteinas inmovilizadas en
las estructuras 3D. Los resultados muestran que
es posible el desarrollo de una tinta de bioma-
terial a base de alginato y PRP; no obstante,
aun requiere un protocolo de prereticulacion
eficiente, dado que pueden presentarse pre-
Cipitaciones que no permiten la homogenei-
dad en la tinta de biomaterial.
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Analysis of the Effect of
Piezoelectricity in the Ma-
nufacture of Polymeric
Films with Potential Use in
Cellular Osteogenesis -
Systematic Review

Karen Tatiana Valencia Rivero and Juliana
Villegas

Attachment of the material to an electromag-
netic load stimulate growth and differentiation
of bone tissue, reason why biomaterials with
piezoelectric properties are important to be
studied. Extracellular matrix (ECM) present in
bones has two components, an organic com-
ponent that contains type | collagen, responsi-
ble for the flexibility of bone, and an inorganic
component with piezoelectric components ca-
lled hydroxyapatite (HA). HA generates electric
dipoles attracting osteoblasts, cells responsible
for bone regeneration, generating a deposit of
calcium and minerals that promote bone rege-
neration [1]. An insufficient osteoconductivity
can be a problem that limits cell proliferation
in bone repair, therefore this factor needs to be
deeply analyzed [2]. Knowing a value called
piezoelectric coefficient d33, which can be me-
asured by various methods such as piezo-res-
ponse force microscopy (PFM), it is expected to
have better results in bone regeneration, since
in biomaterials with values of 9.24 pC / N, close
to the constant present in bone, stability is close
to the 90% of the original piezoelectric coeffi-
cient, thus concluding that by varying or having
a close piezoelectric coefficient (9.24 pC / N),
bone regeneration can be improved through
the GBR method [2]. This research aims to ca-
rmy out a systematic review through the MMAT
matrix and the PRISMA methodology to analyze
the effect of piezoelectricity in the manufactu-
re of polymeric fims with potential in cellular
osteogenesis [3]. Selection of three databases
was made: Pubmed, ScienceDirect, and Web
of Science. Final operator used was ((Guide
bone regeneration*Osteogenesis*) AND (pie-
zoelectric bone response OF piezoelectric
properties*) AND (piezoelectric biopolymer-

Posters

s*ORpiezoelectriccoefficients*) AND (Poly(vinyl
alcohol) OR Poly(vinylpyrrolidone OR(nanoge-
nerator) NOT (nanogenerator *), obtaining a
total of 557 articles. Data collection was carried
outin the free Rayyan software. Total number of
articles included after Rayyan analysis was 33,
and a final filter was made following the MMAT
matrix to finally select 18. Materials most used
in research on the relationship between bone
regeneration and piezoelectricity are poly(vin-
ylidene-trifluoro ethylene fluoride) - (P(VDF-Tr-
FE)). Barium titanate (BaTiO3), Polyvinyl alcohol
(PVA), Polyvinylpyrrolidone (PVP), Hydroxya-
patite-HA, Polycaprolactone (PCL), Polyvinyl
alcohol (PVA), and Polyvinylpyrrolidone (PVP).
It is necessary to evaluate in each material or
combination of the materials mentioned, me-
chanical resistance, surface texture, flexibility,
compatibility, piezoelectricity, conductivity,
and cellular osteogenesis [4], [5]. According to
the data obtained in this research, the polyme-
ric film manufacturing technique most currently
used is electrospinning, with 94% of use, while
solvent casting has the remaining é%. Differen-
ce between these two methods is that the sca-
ffold generated by electrospinning provides
a high surface/volume ratio that benefits the
release of drugs with high porosity and per-
meability, while the materials made by solvent
casting are based on economic advantages,
repeatability, and ease to manufacture [5], [6].
It was found that the best materials to use for
the creation of polymeric films for bone regene-
ration are HA and PVA since they obtain ave-
rage piezoelectric results of 9,305 pC / N close
to bone, supported by 47% of articles reviewed.
Electrospinning as a manufacturing method
and the use of the piezoelectric response mi-
croscope as a characterization method are
the best selection techniques due to their good
results, having an appearance in articles and
effectiveness of 94% and 17%, respectively [10].
For future works, it is recommended to further
explore mixtures between PVA, PVP, HA and
CS, given the regenerative properties of these
biomaterials and its lowspiezoelectric charac-
terization when combined. Currently, these ma-
terials provide great physical and piezoelectric
characteristics individually. A potential scaffold
obtained by the mixture of these materials may
improve bone regeneration with a proper re

gulation of density, porasity, HA or CS conten \‘“
and supplied voltage
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Caracterizacion mecani-
ca de hidrogeles de fibri-
na partir de plasmarico
en plaquetas con poten-
cial uso en el diseno de
matrices biomimeticas

Freddy A. Sierra-Sanchez, Carlos D. Brito-Liza-
razo, Silvia M. Becerra-Bayona and Victor A.
Solarte-David

Los hidrogeles de fibrina obtenidos a partir de
plasma rico en plaguetas (PRP) han desperta-
do gran interés en los Ultimos anos, ya que han
demostrado resultados favorables en la inge-
nieria de tejidos, debido a su alto contenido
de factores de crecimiento, que promueven la
proliferacién celular y sus redes de fibrina que
le brindan soporte estructural al hidrogel, asi
como la posibilidad de permitir la fabricacion
de andamios naturales, similares a las matrices
extracelulares, idéneos para la regeneracion
tisular. Sin embargo, sus caracteristicas meca-
nicas no han sido caracterizadas plenamente,
lo que puede representar un obstdculo para el
uso de este material como andamio para la re-
generacion de un tejido en especifico. Por
esta razén, en este estudio se fabric6 hidroge-
les de fibrina a partir de PRP, bajo diferentes
pardmetros de concentracion de PRP y tiem-
pos de gelacién del hidrogel, con el fin de rea-
lizar pruebas de compresién, y documentar
sus caracteristicas mecdnicas. Se fabricaron
hidrogeles con tres concentraciones, la meto-
dologia estadndar para fabricar PRP que segun
la literatura es como se obtiene mayor canti-
dad de plaguetas, se denomind “concentra-
cion 100%", se basa en separar el plasma de la
sangre, para extraer las plaquetas del plasma
y finalmente agregar una pequena cantidad
de plasma a las plaquetas extraidas, con base
a ésta, se fabricd a una menor concentracion
de PRP al diluirlo con PBS, se denomind “75%",
la tercera con un 33% mds de concentracion
al haber disminuido la solucién de plasma, se
denominé como “133%"; asimismo, se variaron
los tiempos de gelacion para cada concentra-
cion de hidrogels2, 4 y 24-horas. Come-resulta-
do se evidencioé que losmadules de elasticidad
de los hidrogeles varian.entre 2,kPa y 35 kPa,
resultados que pueden ser“‘comparados..con
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los de autores como Sadeghi-Ataabadi, et al,
(2017), que variaron la concentfracion de cal-
cio y obtuvieron moédulos entfre 44 kPa y 53 kPa,
o Murphy, et al, (2017) que disenaron la fibrina
con células madre y obtuvieron médulos entre
0.2 kPa y 80 kPa, de esta forma se corrobora
gue hay similitud en los rangos de los mdédulos
obtenidos. También, se puede proponer estu-
dios relacionados a la regeneracion de tejidos
como la cérnea que tiene entre 0.3 kPa y 4.3
kPa o el igamento periodontal que varia entre
40 kPay 160 kPa. Adicionalmente, se determind
que los hidrogeles de PRP tienen una relaciéon
de hinchamiento de 6 a 32 veces su peso seco,
una relaciéon de re-hinchamiento entre 3.5y 7.2
veces su peso seco, y una tasa de degradacion
entre 14% vy 47% por hora. Este estudio permite
tener un punto de partida para adecuar los hi-
drogeles de PRP segun el uso que se busque en
el drea de ingenieria de tejidos, con el fin de
obtener hidrogeles biomiméticos al ajustar sus
propiedades mecdnicas a las que presentan
los tejidos a regenerar.
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Identificacidn y optimi-
zacion in silico de
péptidos antimicrobia-
nos cortos con potencial
terapéutico

Dahiana Elizabeth Monsalve Garcia, Sergio
Orduz Peralta, Carlos Andrés Mera Banguero
and John William Branch Bedoya

La resistencia a los antibidticos es un proble-
ma de salud publica mundial. A esto se suma
el bajo interés de la industria farmacéutica en
el desarrollo de nuevos antibiéticos, sobre todo
por el bajo retorno de la inversidon que estos
representan cuando se usan los modelos tradi-
cionales de bioprospeccién. En los Ultimos anos,
como alternativa para el desarrollo de nuevos
medicamentos, se han empezado a utilizar
unas moléculas del sistema inmune llamadas
péptidos antimicrobianos (AMPs). El interés en
estas moléculas estd en su capacidad de in-
teractuar con las membranas de las bacterias.
Con el propodsito de identificar nuevos AMPs po-
tenciales in silico, en este estudio se analizaron
los proteomas de ocho organismos y se identi-
ficaron y optimizaron 17 péptidos con base en
las caracteristicas especificas que debe

tener un AMP. La metodologia que se empled
es la siguiente. Se utilizd PepMultiFinder 2.0 [1]
para analizar 150450 proteinas contenidas en
ocho proteomas. Esta herramienta permitid
identificar 513909 péptidos cortos con caracte-
risticas fisicoquimicas compatibles con los AMPs
naturales. Los péptidos identificados se filtraron
con tres predictores de AMPs [1] usando

un umbral de clasificacion > 0.98. Sélo 17 pép-
tidos pasaron este filtro. Después, se modificod
la secuencia de los péptidos obtenidos con
Type-Peptide 1.0 [2] y HeliQuest [3] buscando
gue hubiera una clara separacion de las caras
polares y apolares. Posteriormente, se evalua-
ron las propiedades hemoliti€as y de union a
membranas con HAPPENN [4] y AMPHIPASEEK
[5], respectivamentegluego se optimizaron las
caras polar y apolar de 1os péptidos, mejeran-
do la unibn a membranas y disminuyendﬁasu
potencial hemolitico. Finalmente, alos 17 péjp-




tidos se les calculd su estructura 3D [6], puesto
gue todos mostraron tener una alta probabili-
dad de ser AMPs. Como conclusion se observo
una relacion directa entre la separacion de las
caras polar y apolar en una rueda helicoidal
con la unidn a membranas. Enfre mds estan de-
finidas las caras, mayor es la probabilidad de
unidn a membrana, segun AMPHIPASEEK [5].
Finalmente, se evidencid que la metodologia
empleada permite identificar y mejorar la ca-
pacidad antimicrobiana de péptidos in silico,
los cuales pueden tener una alta probabilidad
de funcionar en ensayos in vivo.
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Diabetic Foot Ulcers Hea-
ling with Biomaterials:

a Bibliographic Review
Oriented to Chitosan Syn-
thetized with Mimosa Te-
nuiflora Cortex.

Karen Tatiana Valencia Rivero, Juan D. Uma-
fia, Luz Angela Paipilla, Valeria Ramirez and
Juan Salamanca

Natural polymers have gained attention in the
treatment for skin wounds and one of the most
used natural polymers, Chitosan is remarkable.
Chitosan is obtained from chitin through a che-
mical process of N-deacetylation [1]. Chitosan
has physicochemical properties like biodegra-
dability, biocompatibility, non-toxic, and antiviral
[2], making this material a candidate for medical
applications as drug release and burns treatment
by improving cell function [3]. Chitosan has been
mixed with several polymers to improve regenera-
tive properties, and in this study, mixture with Mi-
mosa fteuniflora (MT) wants to be analyzed. MT is
a native plant from Mexico, used in pre-Hispanic
times to cure skin diseases and as a cell regene-
rator [4]. Its traditional use is based on infusions to
wash skin wounds, powder, or cream for the treat-
ment of burns, reducing pain and risk of infection
[5]. The purpose of this study was to prepare a bi-
bliographic review to identify the influence of bio-
materials on diabetic foot ulcers healing, specifi-
cally those made with Chitosan synthesized with
MT. Studies related to MT are mainly from Mexico
and have been developed from 2007 to 2019. Ar-
ficles that were developed in Spain, Korea and
Germania acquired the MT from Mexico. Results
showed that properties of MT for wound healing
are due to saponins, tannins, glycoproteins, arabi-
nogalactans and mimonosid saponin triterpenes
present in its composition, and due to chemical
groups or bonds as hydroxides, amines, carbonyls,
amides, carbon-oxygen, and ether groups. Syn-
thesis of Chitosan and MT was found in the litera-
ture presenting an optimal regenerative material
for fissue healing. According to the results obtai-
ned in [6], [7] and [8] addition of MT to Chitosan
provides stability and.improves regenerative pro-
perties. In [7] it was alsolidentified thatsmorpholo-
gical and spectrophotometric characterization of
the films suggests a .good dispersion of MT pow-
der in the film and d suitablesthickness.for use as
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dressings was obtained. Additionally, [9] and [10]
reported that MT has poor mechanical proper-
ties, but good cytotoxic properties. In articles [6],
[7], [11] and [12] it was found that in fibroblasts,
mononuclear cells and osteoblasts, good viability
and cell proliferation were obtained. In [7] was re-
ported In the analysis of enzymatic degradation,
?0/10, 80/20, and 70/30 chitosan/MT powdered
are more susceptible to the hydrolytic action of
lysozyme enzyme, and about the antimicrobial
activity it was found that the composites made
of 70/30 chitosan/MT have high activity against
gram-negative (24% after 24 h), but higher against
gram-positive bacteria (95% after 24 h), the syner-
gistic effect on this property is due to the presen-
ce of antimicrobial substances such as tannins,
saponin and phenolic compounds. A pH of 6.9 -
7.2 is also reported. Swelling or absorption capa-
city of Chitosan increased with the addiction of
MT, due to the infermolecular interactions of the
amino groups (NH2) in chitosan, and hydrophilic
groups (OH) of the phenolic compounds of MT [6]
[7]. While MT concenftration increases, number of
hydrophilic groups present in chitosan decreases,
reducing the compound'’s ability to absorb water
[6]. In [6], a high absorption capacity of hydrogels
made up with Chitosan and MT, presented good
solubility and degradation, additionally none
of the samples were cytotoxic for mononuclear
cells. Studies showed that cytotoxicity evaluated
through L-929 and 3T3 cell lines was low due to an
80%-100% cell viability. In general, literature sug-
gest that combination of Chitosan with MT could
become a potential application for tissue rege-
neration and potential use of Chitosan and MT for
wounds healing applications, and specifically for
diabetic ulcers was demonstrated through results
obtained in different studies found in this literature
review. Researchers stablished effectiveness and
safety of the compounds through healing, infec-
tion, and inflammation processes of the wound.
At appropriate concentrations, compounds did
not present adverse reactions or events, but pre-
sented antibacterial, antioxidant and anfi-inflam-
matory effects ideal for this application.
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Respuesta Fluorescente
de Puntos de Carbono
Dispersos en Solucion
Acuosa de L-Lactato

Jessica D. Sanchez Fonseca, Alvaro D. Orjuela
Caron and Diana C. Rodriguez Burbano

Los puntos de carbono (PC) son nanoparticu-
las fluorescentes compuestas en su mayoria
por carbono con hibridacién / . La emergente
atraccion generada por estas nanoparticulas
se debe a su estabilidad coloidal en soluciones
acuosas, biocompatibilidad y sus propiedades
Spticas [1]. Los PC tienen la propiedad de ge-
nerar fluorescencia en el espectro visible al ser
iradiados con luz UV-Vis. Estas propiedades los
han hecho candidatos para ser usados en el
desarrollo y mejoramiento de diferentes aplica-
ciones biomédicas, tales como agentes con-
trastes para técnicas de adquisicion de imdge-
nes, plataformas teragnodsticas, de liberacion
de medicamentos y biosensores. Un analito de
interés, para su deteccién por medio de fluo-
rescencia, es el L-lactato. Ya que la determina-
cion de su presencia y concentracion pueden
proveer informacion util para el diagnoéstico
clinico y el seguimiento a deportistas de alto
rendimiento [2]. Actualmente, la medicién de
este analito puede realizarse a través de sen-
sores basados en sistemas electroquimicos o
por medio de pruebas en laboratorio, deman-
dando un alto costo econdmico y medio am-
biental. Ademds, infraestructura robusta con
equipos especializados en laboratorio y talen-
to humano son necesarios para el manejo de
muestras e interpretacion de resultados. Es asi
como el uso de fluorescencia de los PC para la
deteccién de L-lactato ofrece ventajas, como
resultados analiticos mediante lectura visual di-
recta, y mejorar la precision y sensibilidad con
bajos limites de deteccién [3]. Adicionalmen-
te los PC ofrecen propiedades que incluyen
fotoestabilidad, ausencia de fotoblanqueo y
buena fotoluminiscencia [4]. El objetivo de la
presente investigacion consiste en desarrollar
una variacion en la respuesta fluorescente de
los PC dependiente de la concentracion de
L-lactato presente en una muestra acuosa. La
sintesis de estas nanoparticulas se realizé6 por
el método solvotermal a una temperatura de

160°C por 12 horas, usando como precursores
orgdnicos dcido citrico y urea y como solvente
formamida. Las propiedades de absorcion de
los PC obtenidos fueron caracterizadas por es-
pectrometria UV-Vis, donde se evidencian ban-
das de absorcién entre los 220 y 250 nm y 320 vy
370 nm, atribuidas a transiciones electronicas [
—[1* relacionadas al enlace C=C, y las transicio-
nes n—* relacionadas a los grupos funcionales
basados en nitrégeno, respectivamente. Por otfro
lado, el espectro de emisidbn evidencia bandas
fluorescentes entre los 420 y 470 nm con una exci-
tacién a una longitud de onda de 350 nm. Final-
mente, la carga superficial de los PC fue caracte-
rizada por la prueba potencial zeta, obteniendo
un valor de -34.6 £ 4.38 mV, atribuido a la presen-
cia de pares libres electronicos de las especies a
base de nitrégeno. Para determinar los niveles de
L-Lactato se hard uso de la accion enzimdtica de
la lactato oxidasa que convierte este analito en
piruvato y . Los cambios en las propiedades de
fluorescencia de los PC serdn proporcionales a la
cantidad de especies de generadas y por tanto
a la concentracion de L-Lactato. La presente in-
vestigacién ha arrojado resultados preliminares, y
actualmente se estdn construyendo las curvas de
calibracion en presencia de , lactato oxidasa y
L-Lactato y acorde al objetivo principal plantea-
do se espera obtener una respuesta fluorescen-
te de los PC para detectar la presencia y posible
cuantificacién de L-Lactato en solucion acuosa.
Esta primera fase de la investigacion hace parte
de una propuesta mds amplia, donde se busca la
generacion de una plataforma sensorial de L-lac-
tato que no requiera de personal especializado
para su interpretacion o manejo de muestras,
gue espera obtener resultados comparables con
respecto a sistemas de medicion presentes en el
mercado.
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Uso de Nanoparticulas
de Quitosano para Po-
tenciar los Actuales Tra-
tamientos de Leishma-
niasis Visceral

Tania N. Lozano, Jhon J. Huérfano, David A.
Santaella, Karen Tatiana Valencia Rivero and
Juan D. Umafa

Tratamientos actuales para leishmaniasis visce-
ral (LV) como el antimoniato de megluminag,
miltefosina y anfotericina, presentan limitacio-
nes como la toxicidad en altas dosis por tiempo
prolongado, resistencia del parasito al medica-
mento, y poca accesibilidad. La nanotecnolo-
gia aborda estas problemdticas proponiendo
sistemas de nanoencapsulamiento de medica-
mentos a base de polimeros y biopolimeros. El
objetivo de esta revision bibliografica de articu-
los indexados desde el ano 1989 hasta la fecha,
fue entender si un sistema de nanoparticulas de
quitosano como alternativa de transporte para
el tratamiento de la LV puede ser efectiva para
el tratamiento de la enfermedad, brindando
una alternativa con menos complicaciones.
Teniendo en cuenta que el quitosano es un
biopolimero no toxico, mucoadhesivo, bio-
compatible, reticulante i6nico, biodegradable
y tiene propiedades analgésicas, antitumora-
les, hemostdticas, antimicrobianas, antioxidan-
tes, antibacteriano, y antifungico, se plantea
Ccomo una excelente alternativa para el trata-
miento de la LV a fravés de una liberacion con-
trolada de medicamentos que complementen
la accidn del quitosano reduciendo ademdas
los niveles de toxicidad de los medicamentos
[1]. La fabricacion de nanoparticulas de quito-
sano para el tratamiento de la LV puede ha-
cerse bajo los métodos de gelificacion idnica,
nanoemulsiéon, complejacion ionotrépica, reti-
culacion idnica, osmosis, liofilizacion y nanopre-
cipitacion, reduciendo considerablemente la
toxicidad del tratamiento con los medicamen-
tos directos. Al realizar variaciones en las formu-
laciones de quitosano con diferentes rangos en
su peso molecular (10kDa a 120kDa) se obtie-
ne un diferente grado de desacetilacion (70%
a 85%). El medicamento utilizado (anfimoniato
de meglumina, anfotericina, paramomicina,
miltefosina), la dosis del medicamento (5ng a

20mg), y la adhesion de polimeros con carga
superficial (positiva/negativa), el tamano de
la nanoparticula (102nm a 448nm), el perfil de
liberacién del medicamento (24h a 15 dias),
asi como las relaciones molares de los mismaos,
hacen que se presenten variaciones en los re-
sultados en la eficiencia de la encapsulacion
(48.4% a 97.8%). Esta revision ha mostrado una
importante actividad confra la LV vy la reduc-
cion de la carga parasitaria en cualquiera de
sus especies Leisnmania donovani, Leishmania
infantum o Leishmania chagasi, evidenciando
que la mejor combinaciéon de factores para el
desarrollo de nanoparticulas de quitosano, es
con quitosano de bajo peso molecular para el
diseno de portadores lipidicos nanoestructura-
dos con Miltefosina y anfotericina, realizados
mediante el método de emulsidbn, con un ta-
mano de particula inferior a los 200nm, obte-
niendo asi una inhibiciéon de la LV del 88,14%.
Una vez encapsulado el medicamento, éste no
interactua directamente con la membrana de
la célula epitelial en comparacion con el me-
dicamento en estado libre, presentando una
mayor hematocompatibilidad, mayor localiza-
cion y distribucion del fdrmaco a nivel de higa-
do, bazo y médula ésea [2],[3], y una menor
concentracion en el plasma siendo asi mds se-
guras via infravenosa, disminuyendo ademas el
riesgo de hemolisis, necrosis en higado o rindn,
y una mejor biodisponibilidad oral a través de
una mayor permeabilidad intestinal [4]-[7].
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Mutagenicity and Cyto-
toxicity of Magnetite-BU-
FII-Cas9 Nanobioconjuga-
tes as Non-Viral Vehicles for
Gene Editing: preliminary
evaluation in HFF and Ha-
Cat Cell Lines

Laura Ellis-Aguilar, Laura Rueda, Javier Cifuen-
tes, , Carolina Muioz-Camargo and Rodrigo
Cabrera

Gene editing by CRISPR-Cas? is an emerging
approach that relies on Cas?/sgRNA ribonu-
cleoprotein complexes to target and edit DNA.
Currently for this technology, there is a lack
of safe and effective delivery vehicles for the
gene cargoes to the target cells [1][2]. Despi-
te the popularity of viral vehicles, they exhibit
safety issues as they can induce undesirable
immune responses. Alternatively, nanomaterials
have become an appealing replacement of
viral vehicles due to their high surface to volu-
me ratio, amenability for surface engineering
to target specific tissues, and relatively low cost
and ease of synthesis [3]. In this regard, a large
arsenal of nanomaterials from different families
are now available for the preparation of nano-
vehicles including metallic oxides, carbon-ba-
sed materials and polymeric. Over the past few
years, we have developed very potent cell
penetrating nanovehicles obtained by interfa-
cing magnetite nanoparticles (MNP) with cell
translocating agents such as the peptide Bufo-
rin Il (BUF-I) and the Outer Membrane Protein
A (OmpA) [4][5]. Besides their abilities to inter-
nalize various cell lines and escape endosomes,
they exhibit high stability and biocompatibility
in vitro. Therefore, here we aimed at synthesi-
zing magnetite-BUFIl based nanobioconjugates
as alternative delivery vehicles of recombinant
Cas9. This was accomplished by functionalizing
PEGylated MNP with co-immobilized BUFII and
recombinant Cas?. Importantly, the Cas? was
immobilized after conjugation of the reducible
linker 3-[(2-aminoethyl)dithio]propionic  acid
(AEDP) to allow easy delivery after reaching the
infracellular space. We corroborated the co-
rrect synthesis through'a physicochemical cha-
racterization by Fourier-franstorm spectroscopy
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(FTIR), dynamic light scattering (DLS) and ther-
mogravimetric analysis (TGA). The FTIR demons-
trated the presence of PEG vibrations, the DLS
showed a hydrodynamic diameter of about
290 nm and the TGA a conjugation efficiency
of about 5%. Additionally, we carried out cyto-
toxicity testing of the nanobioconjugates in HFF
and HaCat cell lines, via a lactate dehydroge-
nase (LDH) assay., Additionally, we conducted
platelet aggregation and hemolysis assays.
These assays revealed high biocompatibility
according to the 10993-1:2018 ISO standard [6].
Finally, we evaluated genotoxicity by the Ames
test aided by the Salmonella typhimurium TA98
and TAT100 strains to explore possible frameshifts
and base-pair substitutions, respectively. Our
results demonstrated that the nanobioconju-
gates induced negligible mutagenic effects.
Taken together, our results indicate that our
nanobioconjugates are good candidates for
the efficient delivery of CRISPR/Cas? therapies.
Further studies should be dedicated to evalua-
ting gene editing in vitro as well as intracellular
trafficking details to assure nuclear localization
and endosomal.
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Desarrollo de una na-
no-plataforma basada en
puntos carbono dopados
con boro para su potencial
aplicacion en la terapia
contra el cancer por captu-
ra neutronica

Sergio Barragan, Diana Rodriguez Burbano
and Alejandro Ondo

El cdncer es una de las enfermedades con ma-
yor tasa de mortalidad a nivel global [1]. Den-
tro de los diferentes tipos de tratamientos que
son utilizados para tratar esta enfermedad, la
radioterapia es uno de los mds frecuentes. El tu-
mor se irradia con fotones (rayos X), induciendo
dano al ADN vy, por consiguiente, promoviendo
la muerte celular. Sin embargo, gran cantidad
de células sanas son afectadas al aplicar la
radioterapia convencional por efecto de la
radiacion ionizante. Una alternativa a la radio-
terapia tradicional es la terapia por captura
neutrénica de Boro (BNCT, por sus siglas en in-
glés), la cual utiliza neutrones que, al interac-
tuar con el boro, generan un efecto radiactivo
localizado en el tumor, reduciendo considera-
blemente el dano acélulas sanas. Esta técnica
ha demostrado tener alto potencial para com-
batir tumores, principalmente los inoperables
por accesibilidad. Sin embargo, sus costos son
elevados y su efectividad puede mejorar si se
logra obtener una mayor concentracion

de boro al interior de las células cancerosas [2].
Recientes estudios han demostrado que dife-
rentes tipos de nanoparticulas como los puntos
de carbono, son candidatos prometedores en
aplicaciones para combatir el cdncer debido
a sus propiedades fisicoquimicas. A su vez, los
puntos de carbono tienen alta capacidad de
carga comparados con diferentes fdrmacos
que se usan en la actualidad [3]. Este proyecto
propone evaluar diferentes estrategias para la
sintesis de nanoparticulas basadas en carbono
dopadas con boro, como una potencial pla-
taforma radio-sensibilizante para su aplicaeion
en la radioterapia por haz de neutrones,a%u
cando aumentar la concentracion de boro g
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macos que se usan en la actualidad. Los pun-
tos de carbono fueron sintetizados por método
microondas, optimizando pardmetros como
precursores orgdnicos, fuentes de boro, y la
temperatura de reaccion. Debido a sus propie-
dades Opticas de absorcion y emision, los
precursores seleccionados fueron L-histidina y
dacido citrico en proporcion 1:1, dispersos en
agua destilada a una temperatura de 200°C
por 10 minutos. Los puntos de carbono sin do-
par dispersados en solucion acuosa presentan
bandas de absorcion en el rango de 200 nm
a 500 nm asociadas a las fransiciones m—T1r*
y Nn—TT * que indican la presencia de enlaces
C-OH, C-O-C, C=0 y C=N; adicionalmente, los
puntos de carbono exhiben bandas de emision
en elrango de 490 nm a 700 nm al serirradiados
con luz de 440 nm. La carga superficial se ca-
racterizé por potencial { obteniéndose un valor
de -7.3 mV, lo que sugiere presencia

de grupos funcionales hidroxilo, carboxilo y car-
bonilo en la superficie de la nanoplataforma.
Se realizd una evaluacion preliminar de toxici-
dad mediante la prueba de MTT, en cultivos
de células tumorales (HT29) y sanas (313-L1). La
prueba se realizd a una concentracion de la
nanoparticula sin dopar de 500 pg/ml durante
un lapso de 24 horas. Se observd una viabilidad
celular de 97% * 4.83% en la linea celular HT29
y 89.3%%15.11% en la linea celular 3T3-L1. Este
estudio se encuentra en curso y actualmente
se estd llevando a cabo proceso de caracte-
rizacion de los puntos de carbono dopados
usando dacido bdrico como fuente de boro al
1%,2%,5%,10% y 20%, y se espera iniciar experi-
mentos de radiacion con neutrones in vitro en
células con la nanoplataforma. Este estudio es
de gran importancia ya que es el punto de par-
tida para continuar con la investigacion en
nanoplataformas radio-sensibilizantes que per-
mitan aumentar la eficacia de técnicas como
BNCT.
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Funcionalizacion de
puntos de carbono
dopados con gadolinio
para su uso en
radioterapia

Paula Andrea Wilches Castellanos, Diana Con-
suelo Rodriguez Burbano and Alejandro Oyono
Ondo Mendez

Cerca de 19 millones de personas fueron diag-
nosticadas con cdncer en el ano 2020, segun
el estudio de globocan [1]. La mayor parte de
estos pacientes son sometidos a tratamientos
quirlrgicos y expuestos a radioterapia. La ra-
dioterapia es un tratamiento no invasivo que
hace uso de energias ionizantes, que generan
dano en el ADN de las células cancerosas [2].
Sin embargo, la radioterapia se enfrenta a un
problema, la alta radioresistencia presentada
por algunos tumores [3]. Debido a esto, se han
investigado alternativas para el tratamiento
que potencien la energia depositada en las zo-
nas afectadas, entre estas el uso de puntos de
carbono vy estructuras de metal orgdnico (por
sus siglas en inglés MOFS). Estas nanoestructuras
permiten el desarrollo de nanoplataformas que
aumentan la concentracion de agentes radio-
sensibilizantes en zonas localizadas o la optimi-
zacion del efecto producido por la radiacion,
incrementando el nUmero de especies reacti-
vas de oxigeno (ROS) y radicales libres gene-
rados. Los MOFs son nanoparticulas hibridas,
compuestas por ligandos orgdnicos unidos a
dtomos o cluster metdlicos. Se caracterizan por
su esfructura ordenada, con una gran drea su-
perficial y alta porosidad, Util en el almacena-
miento y transporte de medicamentos; asi mis-
mo, debido a su composicion presentan una
baja citotoxicidad y permite modificar y ajus-
tar sus propiedades variando sus componen-
tes orgdnicos y metdlicos [2]. Los Mofs han sido
usados en radioterapia como almacenadores
de medicamentos radiosensibilizantes y como
agentes antioxidantes. De igual forma, los pun-
tos de carbono han sido usados como agentes
radiosensiblizantes al ser dopados con elemen-
tos de alto numero atémico. com6 el GDSi,
que al ser incorporad@’en la nanoplataforma
evita su desprendimiento.y acumulacion en te-
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jidos. El objetivo de este proyecto es el desarro-
llo de un agente radiosensibilizante, basado en
una nanoplataforma de MOFs funcionalizadas
con puntos de carbono dopados con Gd3+ ,
con el fin de anadlizar si la unién de dichos ma-
teriales representa una mejora de sus desem-
penos individuales. De igual forma, caracte-
rizar la generacion de ROS post-irradiacion.
Como primera etapa del proyecto, se sinteti-
zaron puntos de carbono por medio del mé-
todo de microondas. La temperatura éptima
de la reaccidén se determind a 200°C a la cual
se obfuvieron puntos de carbono de tamano
de 110 nm y una carga superficial de -26.5 mV,
propiedades determinadas por DLS y potencial
zeta respectivamente. Los puntos de carbono
muestran bandas de absorcion a 335, 365y 410
nm correspondientes a las transiciones m — *
y n — 1 y bandas de emision que abarcan el
rango de 440 a 560 nm bajo irradiacion a 335,
365 y 410 nm. Se realizaron pruebas de viabi-
lidad celular por el ensayo de MTT en la linea
celular HT29, a concentraciones de 50, 125, 250
y 500 ug/ml de puntos de carbono sin dopar y
puntos dopados con Gd3 con un porcentaje
de dopaje de 6.66% p/p. Las células con pun-
tos sin dopar a una concentracion de 500 pg/
ml mostraron una viabilidad del 95 + 15%. Asi
mismo, para las células con puntos dopados a
la misma concentracion se obtuvo una viabi-
lidad del 77+ 0.77 %, al disminuir la concentra-
cion de los puntos a 125 ug/ml se genera un
aumento en la viabilidad celular al 86.2 £ 0.59 %
por lo cual se considera el uso a concentracio-
nes iguales o inferiores. los puntos de carbono
sintetizados muestran una baja citotoxicidad y
propiedades 6ptimas. Por otro lado, los puntos
dopados con Gd3+ a una alta concentracion
presentan una disminucion de biocompatibili-
dad. Hasta el momento, se incluyen resultados
parciales del proyecto, se espera continuar
con el proceso de sintesis de los Mofs basados
en la arquitectura UIO-66, usando dcido teref-
talico como ligando orgdnico y cloruro de ha-
fnio como el componente metdlico debido a
su alto numero atémico, completar el proceso
de funcionalizaciéon de los Mofs con los puntos
de carbono, asi como, el proceso de caracte-
rizacidn y concluir las pruebas de generacion
de ROS.
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Desarrollo de una na-
no-plataforma basada en
puntos de carbono co-do-
pados con N y Gd3+ como
potencial agente
radio-sensibilizante

Michelle Dahyana Soto Florido, Diana Con-
suelo Rodriguez Burbano and Alejandro Ondo
Mendez

El cdncer es una de las principales causas de
muerte en el mundo. Puede tratarse desde
diferentes aproximaciones, buscando la elimi-
nacién o la disminucion del tamano del tumor.
La radioterapia es uno de los tfratamientos mds
usados, y tiene como objetivo inducir la muerte
celular como consecuencia de las rupturas de
la cadena de ADN producidas por la radiacion
[1]; no obstante, afecta a células tumorales y
a células sanas en la misma proporcion, ge-
nerando efectos segundarios nocivos para el
paciente. A pesar de los grandes avances en
la generacion de tecnologias para la radiote-
rapia, es necesario el desarrollo de nuevas es-
trategias que permitan concentrar la radiacion
en los tejidos tumorales y mitigar la interaccién
con los tejidos sanos a través de tecnologias
radiosensibilizantes o radioprotectoras respecti-
vamente. Los puntos de carbono (PC) son una
opcién al desarrollo de nuevas estrategias. Los
PC son nanoparticulas basadas en su mayoria
por carbonos sp2 /sp3 biocompatibles que pre-
sentan estabilidad acuosa coloidal, que exhi-
ben fluorescencia, y pueden ser usadas como
base para el diseno de agentes radiosensibili-
zantes [2]. Con el fin de incrementar los efectos
indirectos que liberan los radicales libres que
rompen el ADN, en este trabajo se propone la
incorporacion de iones Gd3+ , el cual permiti-
rd aumentar la densidad electréonica debido al
alto numero atébmico que posee y en conse-
cuencia la probabilidad de interaccion con los
fotones de la radioterapia. Adicionalmente, la
mayoria de los PC exhiben una fluorescencia
intrinseca en el rango azul del espectro elec-
tromagnético, regiéon donde varios fluoréforos
enddgenos de los tejidos humanos presentan
altos coeficientes de absorcion [5]. Por tal ra-
zOn se propone incluir especies nitrogenadas
en el proceso de sintesis, favoreciendo la gene-

racion de PC capaces de emitir fluorescencia
a mayores longitudes de onda que disminuird
la energia absorbida por los tejidos. La sintesis
se realizé por medio del método solvotermal, a
una temperatura de 160°C por un tiempo de
12h, usando como precursores Urea y Acido
citrico como fuentes de nitrbgeno y como sol-
vente Formamida. Este trabajo se encuentra en
proceso de desarrollo, los resultados de espec-
trofotometria UV-Vis muestran bandas de absor-
cidon en 230nm y 347nm que indican presencia
de enlaces C=C y C=N, respectivamente. Se
observa una carga superficial de -34,6 +4,8Mv
por medio de la medicidn de potencial Zeta, y
la viabilidad celular evaluada de manera pre-
liminar a una concentracion de 500ug/mL de
PC en las lineas celulares HT29 Y 313 del 99,57%
con desviacion estandar de 0,729 y 92,23% con
desviacion estandar de 6,896, respectivamen-
te. Hasta el momento se presentan resultados
preliminares sobre la sintesis, caracterizacion y
viabilidad celular de las nanoparticulas, ade-
maAs se encuentra en proceso de desarrollo las
pruebas de incorporacion de Gd3+ al 20% del
peso del dcido citrico, las pruebas de citotoxi-
cidad y evaluacion de las propiedades Opticas
para dar continuidad a la segunda fase del
proyecto.
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Diselio de una Tinta de Bio-
material a Base de PEGDA
y Gelatina para Poten-
ciales Aplicaciones en el
Desarrollo de Apdsitos Per-
sonalizados para Ulceras
Cronicas de Pie Diabético

Sofia V Mateus-Suarez, Michelle M To-
rres-Pinzon, Victor A Solarte-David and
Silvia M Becerra-Bayona

La diabetes es una enfermedad crénica que
afecta mundialmente al 9.3% de adultos con
edades entre los 20 a 79 aifios [1]. Entre las
complicaciones mas severas se encuentran las
Ulceras cronicas de pie diabético (UCPD) [2],
las cuales se derivan de compresiones altas en
dreas especificas y afectan la integridad de
la piel [3]. Dentro de las terapias comunes, se
implementan apoésitos que proporcionen un
ambiente 6ptimo para una cicatrizacion ade-
cuada, dado que imitan una matriz extracelu-
lar (andamio) [4], sin embargo, estos no con-
sideran dimensiones y morfologia de la Ulcera
[5]. Estos andamios pueden fabricarse a base
de hidrogeles, con polimeros como el polieti-
lenglicol diacrilato (PEGDA) que posee propie-
dades de preservacion de integridad de las
estructuras construidas [6], y ha sido empleado
en aplicaciones de suministro de farmacos [7].
No obstante, su baja viscosidad a temperatura
ambiente impide que sea utilizado para la im-
presion 3D [8], por lo que es necesario adicio-
nar un agente para aumentar la imprimibilidad
durante la extrusion, de modo que se propuso
el disefio de una tinta de biomaterial de PEG-
DAy gelatina para impresion 3D con potencial
aplicacion en el desarrollo de apoésitos perso-
nalizados para ulceras cronicas de pie diabé-
tico. Por lo tanto, se evalu6 la capacidad de
formacién de filamentos para soluciones con
diferentes concentraciones de gelatina, luego
se selecciond la concentracion que presentara
una extrusion de filamento mds prolongada y
uniforme para un estudio preliminar de las con-
diciones de imprimibilidad a través de la impre-
sion de rejillas cuadradas a pardmetros de flujo

150, 250 y 350% y velocidad de 2 y 5 mm/s,
donde se evaluaron el coeficiente de impri-
mibilidad para la formacion de cuadrados
y el error del area interna de las cuadricu-
las. La solucion de gelatina se utilizé6 como
agente para aumentar la viscosidad de las
soluciones de PEGDA al 10, 20 y 30%p/v, y asi
fabricar una tinta de biomaterial imprimible
por extrusion, y luego liberar térmicamente
la gelatina de la estructura fotopolimeriza-
da. Por esto se realizaron estudios de cuan-
tificacion de proteinas con hidrogeles fabri-
cados con las tintas y estructuras impresas
donde se evalud, después de hinchamiento
con PBS por 48 horas, la concentracion de
gelatina en el medio. Ademas, se realizé una
caracterizacion mecanica de los hidrogeles
fabricados con las tintas, mediante ensayos
de traccion y compresidon para analizar el
efecto de la gelatina en estas a compara-
cion de los controles de PEGDA. Finalmen-
te se evalud la imprimibilidad de la tinta de
PEGDA y gelatina, utilizando los mismos pa-
rametros que en los anteriores experimentos.
La solucion de gelatina al 6%p/v presentd
una formacién de filamento idénea y fue
seleccionada para afadirla en la tinta de
biomaterial con PEGDA. Se evidencio la li-
beracién de gelatina tanto en los hidroge-
les como en las impresiones, por lo tanto, se
comprob6 su capacidad para actuar como
matriz de sacrificio al permitir la impresion por
extrusion, y luego separarla parcialmente de
la estructura fotopolimerizada. Esto también
se comprueba con la comparacion de los
modulos de elasticidad y compresion, ya
que no se evidencian diferencias significati-
vas donde la inclusién de la gelatina afecte
a las estructuras después de hinchamiento.
En la evaluacion de imprimibilidad se obtu-
vo el mejor resultado con la combinacion
de pardmetros de flujo a 350% y velocidad
a 2mm/s. Finalmente, se obtuvieron tintas
de biomaterial con una 6ptima imprimibi-
lidad segun la fidelidad en la morfologia y
dimensiones disefiadas, demostrando asi su
potencial para ser usadas en construccion
de apdsitos personalizados segun las heridas
de los pacientes y mejorar el tratamiento de
las UCPD. ‘
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Dynamic model of
flexion/extension and
abduction/adduction of
the shoulder joint
complex

Jose Luis Sarmiento, Annette Paola Rojas
and Yendy Zaurith Rueda

This work presents the modeling, control,
and simulation of flexion/extension and
abduction/adduction of the shoulder joint
complex. The dynamic models of the shoul-
dermovements are obtained using Euler-La-
grange formulation, and are built in Simulink
(MATLAB) using the nonlinear secondorder
differential equations derived from the dy-
namic analysis. An angular displacement
feedback PID control, representing the hu-
man natural neuromusculoskeletal control,
is implemented in the model for trajectory
tracking of the shoulder movements. Simu-
lations are carried out for the average Co-
lombian adult and using sinusoidal waves
as reference trajectories, and the angular
displacement tracking is evaluated in ter-
ms of the maximum relative error (RME) and
root mean square error (RMSE). Simulations
results showed superior angular displace-
ment tracking with errors below 0.82[¢ ] in
magnitude and 1.23%.
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Community-based Co-
llaborative Design in
Rehabilitation Enginee-
ring: A case study at a
Penitentiary Institution

Karol Daravifia Ruiz, Andres Mauricio Gon-
zalez-Vargas, Oscar Campo and Paola
Andrea Lujan

Social responsibility and biomedical engi-
neering come together in the area of reha-
bilitation engineering, making it an impor-
tant component for social construction and
generation of positive impact in the com-
munity. This paper presents the community
work carried out with between the Univer-
sidad Autbnoma de Occidente and the
Rehabilitation Area of the Medium Securi-
ty Prison of Cali (EPMSC), where the design
and manufacture of a low-cost mechano-
therapy device for patients with disabilities
were carried out. A new methodology was
used, which combines components of so-
cial intervention and engineering. Here, we
assess the importance of social responsibili-
ty in community projects, the link between
engineering and the community, and hi-
ghlight communitybased collaborative de-
sign as an experience that contributes to a
sustainable environment and an accessible
world
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Design of a Prototype
Limb Orthosis of the
Canis Lupus Familiaris for
Hip Support in Dysplasia
and Surgical

Recovery Processes

Karen Tatiana Valencia Rivero and
Adriana Valentina Rodriguez

This study aimed to design a prototype or-
thosis to improve stability on hind limbs of
the German Shepherd dog (Canis Lupus
Familiaris) for the treatment of hip dyspla-
sia and support in the hip surgical recovery
process. A bibliographic review of the pa-
rameters of the flexo-extension segments
and angles for each articulation of the
hindlimbs in the Canis Lupus Familiaris (CLF)
was performed to calculate the stress exer-
ted on the coxofemoral joint involved in hip
dysplasia while the dog is in motion or in a
static position. A static and dynamic study
of forces was carried out as part of this bio-
mechanical study to propose a prototype
design. Prototype was designed with CAD
Inventor and Solidworks Software version
2019 under design criteria that included: to
be a comfortable prototype, easy to hand-
le, adjustable, easy to manufacture with a
biocompatible material, affordable, and
allowing the dog to walk and adopt any
posture with ease supporting the weight of
the animal. Hip orthoses design developed
in this study, may support surgical recovery
processes, decrease the degree of dyspla-
sia, and even decrease the effects of os-
teoarthritis, thus improving the quality of life
of the dog and providing a starting point for
the development of this type of orthosis in
dogs of other breeds.
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Biomechanical
modeling of a
taekwondo kick
(Dollyo Chagui)

Sofia Valentina Mateus Suarez; Daniel Fe-
lipe Rincon; Freddy Alexis Sierra Sanchez;
Michelle Maria Torres Pinzéon; Lusvin Amado

This article supports the biomechanical
analysis of the taekwondo kick, Dollyo Cha-
gui. It was recorded by means of electrom-
yography equipment, optoelectronic ca-
meras, inertial sensor, and force platform,
for data processing in BTS Bioengineering,
Matlab and G-STUDIO software, in which the
respective analysis of each shot is made.
The characterization of the movements of 3
subjects with different experience in sport is
presented, in order to show the differences
in the movement technique. Subject 3 is a
woman who is at a beginner level, her tae-
kwondo practice began at the time of this
research, subject 2 has an advanced level
and has practiced taekwondo for the last
6 years, finally, subject 1 has a higher level
with 9 years of experience in taekwondo
and is dedicated to the modality of poom-
sae. Based on the records, the correct an-
gles, muscle activation and positions that
should be taken in each phase of the kick
can be obtained, in order for the taekwon-
do athlete to improve in his execution and
teaching. From the results obtained, the
importance of a good technique to have
a more efficient kick can be evidenced,
as well as the importance of each of the 5
phases proposed.
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Biomechanical analysis
protocol of the arabes-
que position in the
ballet

Lusvin Amado, Isabela Arévalo Gutiérrez
de Pifieres, David Josue Gomez Lopez,
Alba Sofia Higuera Delgado and Mariana
Silva Garcia

This paper will present the biomechanical
analysis for the good positioning of the ara-
besque in ballet. The arabesque or arabes-
que is one of the main positions in classical
ballet. The dancer is in profile, holding on
one leg and keeping the other leg exten-
ded backwards, the hands are in various
harmonic positions. This procedure is @
comparison of the positioning between a
professional ballet dancer and a beginner.
It is known that this position in ballet is one
of the major causes of injuries, mainly in the
hip and ligaments, in dancers. For this rea-
son, a static analysis of the position is made,
determining as many variables as possible
to help dancers to improve their position
and avoid this type of injuries.
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Biomechanical analysis
of delivery cyclist
posture’s

Nicolas Yanguma Mufioz, Kevin Alejandro
Giraldo, Brayan David Solorzano and Chris-
tian Cifuentes De La Portilla

Due to the COVID-19 pandemic, food
e-commerce and delivery demand increa-
se radically in 2020. Indeed, the Colombian
delivery cyclist population growth from
twenty thousand in 2019 to approximately
fifty thousand in 2020. Some unconsidered
factors might have affected the delivery
cyclist biomechanical behavior and their
health. Also, the growth in this population
implies more people are affected if they do
not consider biomechanical factors in the
sporting gesture. Thus, this work aimed to
analyze the loading effect on the delivery
cyclist posture and related health issues.
Kinetic and kinematic analysis of delivery
cyclist posture under several conditions
has been performed using computatio-
nal models and motion capture analysis.
The results presented in this work suggest
that the cranioventral and shoulder sagit-
tal angular variations are affected by the
loading increase. Furthermore, the compu-
tational model indicates an accumulation
of compressive and tensile stress focused
on the lumbar area, indicating the need for
a new backpack design. In conclusion, this
work presented the dangerous effects of
load-carrying in the delivery cyclist posture
and proposed new backpack design alter-
natives to solve this problem
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3D model of the knee
joint as a tool for the
study of surgeries and
Injuries such as ACL re-
construction

Monica Rocio Gantiva Diaz, Laura Maria
Dussan Delvasto and Christian Javier Ci-
fuentes de la Portilla

Anterior cruciate ligament (ACL) injury is one
of the most common injuries in athletes, ac-
counting for 50% of all knee ligament injuries. It
is caused by impacts to the knee joint, abrupt
and sudden changes of direction, among
others. A common treatment is ACL recons-
truction surgery, for which there are different
variations to be performed. One of them is the
replacement of the ACL with a section of the
patellar tendon taken from the same affected
knee of the patient. This results in a change in
the mechanical properties of the reconstruc-
ted ACL where it is not possible to quantitati-
vely measure changes in intra-articular stres-
ses. For this reason, in this project a 3D model
of the knee joint has been made by means
of diagnostic image segmentation in order to
allow prediction of possible changes in the sta-
bility of the knee. The model presents the main
bone components and stabilising soft tissues
such as ligaments and menisci. To obtain @
model of the surgery, the width of the quadri-
ceps tendon is reduced and the mechanical
properties of the ACL are changed to those of
the tendon used. Simulations of body weight
application in standing, in a flexion movement
of the joint and in reaction to heel strike during
human gait are performed. The results obtai-
ned are validated and compared with results
reported in the literature. The results obtained
show that in most cases this surgery causes an
increase in the stresses exerted on the ACL.
Thus, this model is an alternative as a decision
tool to evaluate the possible biomechanical
changes of the knee before performing this
ACL reconstruction surgery.
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Design of a Prosthetic
Foot with Passive
Actuator

Giovanny Romero, Edilberto Mejia Ruda
and Ruben Dario Hernandez Belefio

In daily life, walking represents one of the
most important biological processes, as well
as the most used. When taking into account
this, a person who loses a section of some
lower limb presents problems or difficulties
to carry out a certain process, it is for that
reason, that the design of a prosthetic foot
with mechanical actuator is carried out;
which, taking as a starting point an analy-
sis in a walking laboratory, in which the re-
action forces of the foot with the ground,
which were processed by MATLAB®, will be
obtained as a starting point; likewise, throu-
gh an analysis in the literature, the ideal ma-
terial and actuator for the objective that is
needed is sought. The implementation of
the design is carried out through SolidWor-
ks®, where through the combination of @
carbon fiber structure, and the implemen-
tation of a passive actuator, such as the
spring, it is possible to emulate the forces
that would normally perform the muscles
that were lost.
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Design of transtibial me-
chanical prosthesis with
feedback to ground
iIrregularities

Juan Contreras Marquez and Christian Ci-
fuentes-De la Portilla

Many of the mechanical prostheses available
do not have many of the important characte-
ristics of the foot, such as flexibility, mobility and
the ability to adapt to any type of terrain. Fur-
thermore, as it is an artificial extension, people
do not have sensory control over it and terrain
adaptation depends entirely on the design of
the prosthesis. This document proposes the de-
sign of a transtibial mechanical prosthesis ca-
pable of adapting to uneven terrain that will
provide the user with feedback when a slope
is detected. The proposed design is based on
state-of-the-art functional models that are ba-
sed on the shape and mobility of the human
foot. The adaptability to uneven ground de-
pending on the plantar mobility of the foot gi-
ven by an ankle joint placed in the prosthesis.
This plantar mobility allows to feedback about
the level of inclination of the terrain through
the use of sensors and actuators that transmit
stimuli to the person’s stump with information
about different inclination conditions. The pros-
thesis also has two shock absorbers that help
distribute the load when the heel strike occurs,
these are made of fiberglass that has proper-
ties close to carbon fiber. The sole of the foot is
flexible enough to adapt to small irregularities
in the terrain. Additionally, this design features
an ankle joint in order to emulate the kinema-
tics of heel strike and toe-off that occurs du-
ring gait. The entire prosthesis, except for the
shock absorbers, was created in 3D printing
using PLA as a material, which facilitated and
economized its manufacture. During the ex-
perimental tests this design proved to be func-
tional subject to future improvements.
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Validation of a rotator
cuff finite element
model to study shoulder
Injuries

Luis Eduardo Ortega Ortiz, Juan Sebastian

Salgado Manrique, Gustavo Gil, Jairo Villa
and Chrstian Javier Cifuentes de la Portilla

Glenohumeral joint arthrosis development
is yet to be fully understood, mainly due to
arthrosis origin not being fully understood.
Only some factors such as age, gender or
past joint fractures have been associated
with its development. Although joint com-
plexity and the challenges of an in-vivo
study, computer-based analysis has proven
to be useful and a viable tool to understand
joint failure and fatigue. Taking this into ac-
count, a finite element model of the gle-
nohumeral joint could allow professionals
to understand how rotator cuff injury indu-
ces glenohumeral arthrosis development.
Furthermore, if the finite element model is
fine-tuned based on in-situ measurements,
such as Glenhohumeral muscles forces and
force changes due to injury. The finite ele-
ment model would be more robust, reliable
and credible Firstly, based on a CT scan a
3D segmentation of the glenohumeral joint
was created (including humerus, clavicle
and scapula). Afterwards, rotator cuff mus-
cles (Supraspinatus, Infraspinatus, teres mi-
nor and subscapularis) were segmented
with the coracohumeral and glenohumeral
ligaments. This final model could then be fi-
ne-tuned based on the inter-articular forces
measured by a new novel in-situ FSR based
circuit in cadaveric pieces. Doing so, this
validated model could help identify what
muscle or group of muscles contributes
more to the development of glenohumeral
joint arthrosis.
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3D Design of a Prosthetic
Hand Prototype

Michael Alexander Guerra Jaramillo and
Ricardo Alonso Espinosa Medina

Access to functional prosthetic hands in
developing countries such as Colombia is
limited by economic, geographical, and
technological factors. For this reason, a lar-
ge number of patients with an absence of
an upper limb do not have the possibility of
acquiring prostheses and regain autonomy
in activities of daily living. Commercial pros-
theses are expensive, require several annual
maintenance assignments and complex
training leading to premature abandon-
ment of the prosthetic device. This paper
presents the design of a myoelectric pros-
thetic hand prototype, which seeks to meet
the most important needs of the upper limb
amputee individual, starting from a low-cost
approach, an intuitive control interface and
the use of the most important degrees of
freedom to achieve daily live activities. The
mobility of the phalanges and joints was si-
mulated in a computer system that allows
the design in 3D, from the data processed
by goniometry of the human hand. An ac-
tuation and control system were designed
using a bioinstrumentation system, servo
motors and a microconftroller. This proposal
is a design phase, and it is expected in the
next phase to be able to do the physical
assembly and validation in the patient.
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Evaluation of tension
forces in thoracic box
of an amateur rugby
player caused by a
tackle

Nicolas Yanguma Mufioz and Christian Cifuen-
tes De La Portilla

Tackles are frequent in rugby and can be re-
ceived in different parts of the body, such as
the thoracic box, abdomen, or head [1] [2].
Evidence reported suggests that this kind of im-
pact on the thoracic box can produce injuries
like muscle damage, rib fractures, and in ex-
freme cases, death [2] [3]. However, details of
the biomechanics effects on the ribs are unk-
nown, mainly because these cannot be mea-
sured by traditional methods. This study aimed
to analyze the risk of injuries in ribs and cartila-
ge during this hit, considering both lateral and
frontal impacts. A finite element model of the
thoracic box was reconstructed from CT ima-
ges of a 28-year-old male healthy patient. Two
models were performed: a basic model (BM),
which only considered cortical bone of the
ribs and the cartilage, and a complete model
(CM), which differentiate cortical and frabecu-
lar bones. Tissues were modeled as elastic-linear
materials. The biomechanical properties were
taken from the literature: (BM) E= 6820 MPa and
v =0.375 for cortical bone (CM), E= 11500 MPa
and v = 0.3 for cortical, E =40 MPa and v = 0.45
for trabecular bone and in both cartilage mo-
dels E = 1200 MPa and v = 0.2 [5]. Meshing was
performed in Ansys-ICEM CFD V. 19.2. Simulo-
tions were performed constraining de model by
fixing some nodes in the spine (T1 and T12) and
applying forces in the evaluated hit direction.
A trial-error approach was employed to opti-
mize the mesh size of each segment [4]. Static
simulations and post-processing analysis were
performed in ABAQUS / CAE. Evaluations were
based on principal minimum stress (S. Min) va-
lues because these eigenvalues are related to
compression stress, and results were normalized
from O to -110 KPa. Results suggest that the risk
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of suffering injuries increases when a lateral tac-
kle is received. Principal minimum stress is higher
in the rib’s region (-45 KPa (frontal) to -63 KPa
(lateral)), and the force magnitude along with
the affected area increases when the hit oc-
curs underside of the thoracic box, specifically
between ribs 4 to 6 (fig 1E-F). Finally, there are
significant differences between the models due
to a considerably lower force magnitude in the
BM (fig T1A-C). These results suggest that consi-
dering only cortical properties is not adequate
for these kinds of computational studies.
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Biomechanical stress
changes in Peroneus
Longus tendon caused
by midfoot joint arthro-
desis.

Brayan David Sol6rzano Quevedo, Christian
Javier Cifuentes De la Portilla, Chandra Pasa-
pula and Javier Bayod

The adult acquired flatfoot development is
mainly caused by weakness of the Plantar Fas-
cia [1], alterations in the Spring ligament [2], or
dysfunction of the Posterior Tibialis [3]. Current
research has shown that these alterations of the
passive stabilizers of the arch foot cause a no-
table increase in the stress on Peroneus Longus
tendon. The plantar section of this tendon tends
to become overloaded especially with plantar
fascia weakness [4]. One of the methods used
to correct the deformity caused by flatfoot is
midfoot joint arthrodesis [5]. Some studies have
shown that these joint fusions generate some
side effects on other tissues and joints of the foot.
However, there are few reports of the alterations
caused on the Peroneus Longus, mainly becau-
se it is difficult to measure any stress changes
in tissues. Hence, this work aimed to determine
the alterations that the Peroneus longus suffers
when there is an arthrodesis in the midfoot joints,
using the finite element modeling. This study is
based on the model designed and validated
by Cifuentes De la Portilla et al. (2019). This mo-
del reconstructs a healthy human unloaded
foot, based on CT- images acquired from the
right foot of a 49-year-old male - weight: 720 N
and height: 1.70 m [6]. The model tissues were
considered as an elastic-linear material. Cor-
tical bone (E = 17,000 MPa, v = 0.3), trabecu-
lar bone (E = 700 MPq, v = 0.3), ligaments (E =
250 MPq, v = 0.28) and Plantar fascia (E = 240
MPa, v = 0.28). To model the cartilage tissue, a
nonlinear and hyperelastic model was used.[6]
The parameter analyzed to evaluate the pero-
neus longus stress was maximum principal stress,
using the field output spectrum of Abaqus CAE
v.6-14. To identify the conftribution of arthrodesis
by modifying Peroneus Longus tension, different
combinations of Spring ligament, Plantar Fas-
cia, Posterior Tibial tendon failures were perfor-

med (tissue were removed from the model), si-
mulating each case with different arthrodesis of
the midfoot. The implemented simulation results
suggest that the weakness of the Plantar Fas-
cia and the arthrodesis of the CalcaneoCuboid
joint mainly affect the tension of the Peroneus
Longus. Moreover, flatfoot caused by failure of
the main stabilizers is the worst case, and none
of the arthrodesis analyzed succeeded in redu-
cing the stress values on the Peroneus Longus.
On the other hand, arthrodesis of the Talonavi-
cular and Naviculocuneiform joint helps to re-
duce foot deformity without affecting the stress
on the Peroneus Longus tendon.
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Novel anticancer agents ba-
sed on co-immobilization

of Temozolomide and Hy-
droxyurea on Magnetite-Bu-
forin Il nanobioconjugates:
efficacy study in 3D
Glioblastoma spheroids

Maria Ximena Forero Farias, Carlos David Sua-
rez, Manu Forero-Shelton, Verénica Akle, Juan
C. Cruz and Carolina Muio6z

Drug resistance in cancer patients is a currently
growing worldwide problem that affects near-
ly 50% of glioblastoma multiforme patients who
receive the chemotherapy drug Temozolomide
(TMZ) as the main freatment. This critical issue
needs to be addressed, considering that in this
type of pathologies, time for intervention is limi-
ted by the short life expectancy (12-14 months).
This has led to the need for more robust in vi-
tro models to evaluate the performance of the
treatments and possible resistance prior to cli-
nical testing. Therefore, the present work seeks
to propose and evaluate the performance of a
3D spheroid model for glioblastoma such that
a greater similarity to native tumor tissue is in-
tended in terms of structure and drug diffusion
properties. This model was compared to tradi-
tional 2D cell cultures and demonstrated signifi-
cant differences in cell viability after treatment
with TMZ. This was attributed to the influence of
cell packing density of the formed spheroids
on the TMZ's penetrafion. The obtained re-
sults confirmed the low penetration of TMZ on
spheroids, which largely explains the observed
resistance clinically. An atfractive alternative
to improve penetration is the use of nanove-
hicles for delivery, as they have demonstrated
superior cell penetration abilities when functio-
nalized with biological and synthetic cellpene-
trating agents. We have functionalized magne-
fite nanoparticles with the peptide Buforin-Il to
produce nanobioconjugates with remarkable
membrane franslocation potency. We propose
to employ these nanobioconjugates to deliver
Hydroxyurea, a compound with superior antitu-
mor activity.

ID: 93

Presentaciones orales

Metabolic pathway analy-
sis in HepG2 cells exposed
to organoclorines using
null diffusion-based enri-
chment

Jorge Alejandro Lopera-Rodriguez, Martha
Zuluaga, Sergio Picart-Armada and Alexandre
Perera Lluna

Organochlorines are a group of organic pesticides
developed to control insect plagues, but with a re-
levant impact for human health. Intoxication cau-
sed by organochlorines can cause serious health
compromises that can lead to death. However, the
organochlorines molecular mechanism remains un-
clear. Therefore, researching about this topic is ne-
cessary to propose new therapeutic approaches.
This study presents a bioinformatics approach to
elucidate the metabolic pathways involved in or-
ganochlorines exposure using strategies based in
recursive feature elimination with support vector
machines (SVM—RFE) followed by an enrichment
pathway analysis with null-diffusion. Five groups of
HepG2 cells were exposed to aldrin, DDT, endosul-
fan, lindane, and a mixture of them. A control group
with dimethyl sulfoxide was included. A metabolo-
mic analysis was done using GC/MS-TOF, followed
by SVM-RFE and a pathway analysis using FELLA and
MetaboAnalyst. Genes reported by FELLA were in-
froduced in GO gene ontfology platform fo estima-
te cellular components where reactions associated
to organochlorines occur. Results: 153 metabolites
were identified in metabolomic analysis. SVM-RFE
was trained with datasets obtained and the linear
kernel showed the best performance. A metaboli-
tes fop ten for each organochlorine was obtained.
FELLA identified to the pentose phosphate and the
central carbon metabolism in cancer as common
pathways for organochlorines. MetaboAnalyst pa-
thway analysis proposed to the pentose phosphate
and the lysine degradation as relevant pathways for
aldrin, DDT, and the mixture. Alanine, aspartate and
glutamate metabolism for endosulfan, and taurine
and hypotaurine metabolism fordindane. Citrate cy-
cle pathway was also propesed for the organochlo-
rines mixture. GO analysis proposed to cytosol and
exosomes where take place the pathways affected
by organochlorines. The pathway analysis with FELLA
suggests an impact in energy production and-siqg
amino acid synthesis pathways occasioned by @r-
ganochlorines. X
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Evaluation and Charac-
terization of Antioxidant
and Immunomodulatory
Activities of Colombian
Sugar Cane-derived
Extracts

Laura Rueda-Gensini, Julian A Serna, Natalia
Bolafios, Jader Rodriguez, Juan C Cruz and
Carolina Mufioz-Camargo

The increasing interest in polyphenolic com-
pounds, due to their strong antioxidant acti-
vities, has gathered attention around natural
extracts for the development of nutraceu-
tical and therapeutic agents. Although su-
gar cane (SC) has long been known for its
high polyphenol content, composition-wise
variability in SC-derived products, as well as
scattered research in different fields has limi-
ted the exploitation of their potential as nu-
traceuticals and therapeutics for numerous
diseases. Here, we assess and characterize
the antioxidant and immunomodulatory po-
tential of SC-derived extracts, namely sugar
cane juice (SCJ), syrup (SCS) and non-cen-
trifugal sugar (NCS). The radical scaven-
ging potential of all extracts was evaluated
and compared with DPPH and ABTS assays,
in which SCJ showed a reduced scaven-
ging potential as a result of SC milling, but
a prompt recovery was observed upon ther-
mal processing. Moreover, the quantification
of secreted cytokines by LPS- and S. aureus
lysatestimulated macrophages in the pre-
sence of SC-derived extracts demonstrated
that SC derivatives exhibit strong antiinflom-
matory activity. These results highlight the
enormous therapeutic potential of SC deri-
vatives, which could be exploited for allevia-
ting the effects of diseases associated with
chronic inflammation pathologies, such as
cancer, diabetes, or neurodegeneration.
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Extracto de Uva Isabella
como Potencial Agente
Quimiopreventivo sobre el
Cdancer de Mama

M. Daniela Vélez and Gloria A Santa-Gonzalez

El cAncer de mama surge de la proliferacion des-
controlada de las células mamarias tanto en hom-
bres como mujeres, siendo mayor laincidencia en
estas Ultimas. La guimioterapia es el fratamiento
mds utilizado y frecuentemente viene acompa-
nada de efectos secundarios nocivos para el or-
ganismo. Con el fin de minimizar estos efectos, se
ha explorado el potencial quimiopreventivo de
compuestos naturales, descubriendo que pue-
den actuar sobre el proceso de transformaciéon
maligna y ser efectivos en la prevencion y de-
tencion de la progresién del cdncer, generando
beneficios en la salud con baja foxicidad y costo
[1]. La uva es una de las frutas mds ricas en poli-
fenoles, caracterizados por poseer propiedades
biolégicas, en las que se incluyen actividad an-
tioxidante, antiinflamatoria, anticancerigena, an-
fimicrobiana, antiviral y son modificadores selec-
tivos del receptor de estrégeno, lo cual las hace
relevantes para carcinomas hormonales como el
de mama [2].[5]. En este estudio, exploramos el
potencial quimiopreventivo de la uva Isabella so-
bre la linea celular MCF-7, con el fin de evaluar su
potencial antitumoral. El extracto de uva se pre-
paré previamente a partir de uva Isabella obte-
nida comercialmente. Brevemente, la extraccion
se realizd por sonicacion empleando diferentes
frecuencias y mezcla de solvente agua.etanol.
Como modelo celular tumoral se empled la linea
celular MCF-7 de cdncer de mama, las células se
mantuvieron bajo condiciones normales de cul-
fivo; para los tfratamientos se emplearon cultivos
exponenciales que fueron expuestos por 24 horas
a diferentes concentraciones del extracto. Para
determinar el efecto citotéxico se empled el en-
sayo colorimétrico MTT vy se realizd seguimiento a
los cambios morfolégicos empleando microsco-
pia. Los resultados preliminares muestran disminu-
cion en la viabilidad de las células de cdncer de
mama MCF-7 de una forma dependiente de la
dosis con diferencias estadisticamente significa-
tivas a concentraciones mayores de 500 ug/mL.
Estos datos evidencian el potencial de la uva Isa-
bella como agente quimiopreventivo; sin embar-
go, hasta el momento no se sabe cudl es el me-
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canismo bioldgico por el cual el extracto induce
la muerte celular. Estudios realizados por otros
investigadores han demostrado que extractos
de uva del género vitis inhiben el crecimiento de
células de cdncer de mama, debido al efecto
de los polifenoles sobre las especies reactivas de
oxigeno e induccién a apoptosis [6], [7]. Por otro
lado, los cambios morfolégicos que presentan
las células en respuesta al tratamiento son ca-
racteristicos de células en apoptosis temprana,
pues exhiben aumentos significativos en la forma
superficial y grado de irregularidad [8]. Estudios
adicionales son necesarios para definir el efecto
biolégico que induce a la pérdida de viabilidad
celular. Adicionalmente, replicar los experimen-
tos con unalinea celular no tumoral permitiria es-
tudiar el efecto selectivo de los extractos sobre
células de cdancer.
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Computational model
of venous section for
flow analysis in patients
with ventriculo-atrial
shunts.

Jose M. Abril-Nova and Diana A. Espitia-
Cortés

Ventriculo-atrial shunts accounts for the se-
cond most common type of treatment for
hydrocephalus patients who require an ex-
ternal CSF drainage. However, the effects
of this treatment on cardiac hydrodyna-
mics have not been researched enough.
Thus, this work address the treatment trou-
gh the development of a computational
model of a venous section to evaluate the
effect of the catheter for ventriculo-atrial
drainage on venous hydrodynamics. The-
reby, having a better understanding of the
effects, allowing in the future to offer better
treatment guidance. Through this model,
hydrodynamic disturbances were observed
on the flow, pressures and mostly flow velo-
city. This disturbances were present mostly
in the zone adjacent to the catheter inser-
tion, on the infernal jugular vein.
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Analisis de Cardiopatias
Congénitas por Método
de Elementos Finitos

Juan Pablo Orozco Avila, Paola Andrea Diaz
Martinez and Angélica Maria Ramirez Martinez

Las malformaciones cardiacas son la segunda
causa de muerte mds comUn en recién nacidos,
con alrededor de 270 mil fallecidos menores a 28
dias de vida [1]. Debido a la dificultad de la me-
dicién directa de los perfiles hemodindmicos que
se presentan en los vasos sanguineos a causa de
las enfermedades congénitas, se ha aceptado
las simulaciones de la dindmica computacional
de fluido CFD como una herramienta de apoyo
clinico para el entendimiento del aneurisma cra-
neal [2] o enfermedad de Fontan [3]. Con base
en esta aproximacion, el objetivo de este estudio
es caracterizar la hemodindmica local en los va-
sos principales del corazdn, a partir de una geo-
metria generalizada, para diferentes cardiopatias
congénitas a través de una simulacién de CFD. Se
plantea un andlisis de las cardiopatias congénitas
(atresia pulmonar y conducto arterial persistente).
Para la geometria se definen las dimensiones de
las cavidades ventriculares, las arterias pulmonar
y aorta de acuerdo a los propuesto por [4] (ver Fi-
gura 1). Se estudia el flujo de sangre dentro de las
cavidades con las siguientes propiedades mecd-
nicas: densidad 1050 kg mA-3 vy viscosidad 0.0035
Pa s. La malla del flujo continuo de tipo tetraédri-
ca, con un total de 232837 elementos. El andlisis
consiste en comparar las presiones y velocidades
arteriales entre la geometria de un corazén sano
y la geometria de cada cardiopatia. Para todos
los casos se usa como condiciones de contorno
los valores de presion normalmente ejercidas du-
rante la sistole ventricular (ventriculo derecho: 25
mmHg; ventriculo izquierdo 120 mmHg). En las por-
ciones finales de las arterias pulmonares y aorta se
emplearon una presidon de 21 mmHg y 110 mmHg
respectivamente [8]. El modelo se valida con los
resultados del corazén sano, para el que se logran
los valores de presidn arterial normales de 113
mmHg para la arteria aorta y 22 mmHg para la ar-
teria pulmonar [6]. Asimismo, para las velocidades
se obtienen resultados de 1.19 m/s en la aorta des-
cendente y 0.65 m/s en la arteria pulmonar, con-
sistente con los rangos normales de literatura[7]. En
la simulacién del escenario del conducto arterial
persistente (Figura 2a), en el que se presenta co-
municacion entre el cayado de la aorta y la arteria
pulmonar derecha, se observé un intercambio de
sangre en direccion a la arteria pulmonar, dado
por la presibn mayor en el ventriculo izquierdo. La
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velocidad y presidn disminuyen en la aorta ascen-
dente en comparacion al corazén normal llegan-
do hasta 1.02 m/s y 102 mmHg respectivamente.
Contrariamente, en las arterias pulmonares, se en-
cuentra un aumento de la velocidad y la presion,
llegando hasta los 1.5 m/s y 26.31 mmHg a raiz de
la entrada anormal de sangre que alcanza los 5
m/s en el vaso de comunicacion. En el escenario
de la atresia pulmonar (Figura 2b) se presenta una
estenosis pulmonar y una comunicacion entre el
cayado de la aorta y la arteria pulmonar. Se obtu-
vieron resultados de presiones en la aorta de 97.76
mmHg y 25.84 mmHg para la arteria pulmonar. En
cuanto a velocidades, se encuentran valores de
2.3 m/s en la aorta ascendente y 1.34 m/s en la
arteria pulmonar. Ademds, se observa una mag-
nitud de 4,5 m/s justo en el canal que une ambas
arterias. Dentro de las cardiopatias analizadas, se
observa que existe un aumento de velocidades en
los vasos sanguineos, por consiguiente, que a lar-
go plazo, puede generar hipotension, afectando
los érganos adyacentes[8].
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Development of a wea-
rable system with In-Ear
EEG electrodes for the

monitoring of brain acti-
vities: An application to

epilepsy

José Juez, David Henao, Fredy Segura,
Rodrigo GOomez, Michel Le Van Quyen and
Mario Valderrama

Epilepsy is a chronic noncommunicable
disease of the brain characterized by re-
current seizures, which are brief episodes
of excessive and synchronized electrical
discharges of neuronal activities. The main
technique used for the diagnosis of seizu-
res is the electroencephalography (EEG),
a noninvasive method which records the
electrical activity of the brain. The conven-
tional EEG monitoring to diagnose epilepsy
has some problems: First, the short monito-
rng tfime generates misdiagnosis. Second,
the long wires needed for the connection
of electrodes are uncomfortable for the pa-
tients. Third, the patients are not monitored
in a natural environment where different
conditions can trigger seizures and last, a
conventional EEG monitoring is too expensi-
ve. A solution is the development of a wea-
rable monitoring EEG where the recording
system is a device of small dimensions with
continuous and long-term recording capa-
bilities. In this work, we developed an In-Ear
wearable system to allow a long-term re-
cording of EEG signals in a nonclinical envi-
ronment. For this, we designed In-ear elec-
trodes with soft foam earplugs and a knit
conductive fabric of silver. We performed
different tests to validate the signal quality
of the acquisition system including one am-
bulatory recording in an epileptic patient.
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ProteSOS: A MHealth Sys-
tem for Improving Cove-
rage of the Prosthetics
and Amputees Unit at the
Central Military Hospital

Ana Maria Velosa-Orduz, Diego Alejandro
Solano-Ariza, Mario Linares-Vasquez, Miguel
Angel Gutiérrez, Juan Pablo Borrero, Daniela
Vega, Rodrigo Gémez-Martinez and David

Bigio

Due to the armed conflict in Colombia, the
Central Military Hospital (HOMIL) attends
more than 2000 lower limb amputee pa-
tients nationwide. These patients are atten-
ded by the Amputee and Prosthetics Unit
(UPA) within the Hospital or by means of a
Workshop Car in different rural areas of the
country, attending "“Brigadas”. The atten-
tion given to these patients in rural areas,
although very good, tends to be a delayed
process and with little communication be-
tween patients and professionals. Therefo-
re, we designed a user-centered M-Health
system (called ProteSQOS), that is expected
to reduce patient care times and improve
communication between amputees and
HOMILs professionals. In the paper, we des-
cribe the design and development process
of the system and preliminary user valida-
fions.
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SARMaware: the futu-
re of the detection of
methicillin-resistant Sta-
phylococcus aureus in
Infected wounds

Maria Andrea Pedraza Martinez, Laura Sofia
Mora Benavides, Maria Ximena Forero Farias,
Alejandra Maria Espitia Posada, Juan David
Martinez Plata and David Bigio Roitman

Among nosocomial infections, one with the highest
mortality and contagion rate worldwide is caused
by methicillinresistant Staphylococcus aureus, also
known as MRSA. These strains are resistant to multi-
ple broad-spectrum antibiotics that are often pres-
cribed when the type of microorganism causing the
infection is unknown. Although there are methods to
detect MRSA, they are only performed in laboratories
by trained professionals. Likewise, less expensive de-
tection techniques give results in more than 12 hours.
During this period of time the bacteria has already
begun to develop stronger resistance mechanisms
and, even, has compromised multiple organs and
tissues of the patient. Now, there are rapid detection
methods, but these are very expensive, so not all
health institutions can afford them. The SARMawa-
re project was initiated due to all of these health,
medical and economical issues. This project focuses
on the development of a fast, efficient and low-cost
technique that can detect the presence of MRSA in
infected wounds. In this article, initial fabrication and
standardization steps of a paperbased microfluidic
device with hydrophobic channels designed using
laser printing tfechniques are evaluated. The main
objective is to propose a standardized synthesis of a
portable device that can detect MRSA from wound
swaps using anthocyanins from purple cabbage as
a pH indicator. Up to now, the standard procedure
for anthocyanin extraction has been designed and
evaluated, as well as the optimal morphology of the
channels printed on the paper device according to
parameters such as channel width and sample’s flow
time. It is clear, however, that more tests are neces-
sary to fully address the proposed device’s function
and range of operation. However, these experimen-
tal results are promising, meaning that SARMaware
has potential as a rapid and economic alternative
for MRSA detection in a clinical environment.
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Alternative Tool for the
Diagnosis of Diseases
Through Virtual Reality

Miguel Esteban Mora Gonzalez, Sara Da-
niela Galeano Galeano and Ricardo Alon-
so Espinosa Medina

Virtual reality (VR) presents objects or simu-
lated scenes to reproduce situations in a
way similar to the real thing. In medicine,
processing and 3D reconstruction of medi-
cal images is an important step in VR. We
propose a methodology for processing me-
dical images, to segment organs, recons-
truct structures in 3D and represent structu-
res in a VR environment, in order to provide
the specialist with an alternative tool for the
analysis of medical images. We present a
method of image segmentation based on
area differentiation and other image pro-
cessing techniques; the 3D reconstruction
was by the ‘isosurface’ method. Different
studies show the benefits of VR applied to
clinical practice, adding its uses as an edu-
cational tool. A VR environment was crea-
ted to be visualized with glasses for this pur-
pose, this can be an alternative tool in the
identification and visualization of COVID-19
affected lungs through medical image pro-
cessing and subsequent 3D reconstruction.
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Innovacion en el Desarrollo
de Dispositivos Médicos de
Bajo Costo en Colombia:
Diseio y Evaluacion de una
Bolsa de Morcelacion para
Cirugia Laparoscopica Gi-
necologica

Fernando Gémez Corredor, Alejandra Riveros
and Juan C. Bricefo

La cirugia laparoscopica es una técnica gene-
ra impactos positivos en el Sistema de Salud de
Colombia al disminuir riesgos durante y poste-
rior a la intervencion quirdrgica, al reducir los
tiempos de recuperacion y de estancia hospi-
talaria y al disminuir los costos de incapacidad.
En la medida en la que esta técnica sea difun-
dida como alternativa quirdrgica ginecologica
viable, sus impactos serdn mayores benefician-
do particularmente a las poblaciones femeni-
nas mds vulnerables del pais. La FDA indicd en
el ano 2014, que se debe limitar el uso de las
cirugias minimamente invasivas si no se cuenta
con una atmosfera cerrada, es decir, morcela-
cion contenida en bolsa, dado el alto riesgo de
contaminacion de la cavidad abdominal por
diseminacién de células malignas [1]. En el ano
2016 se desarrolld el Pneumoliner, dispositivo de
contenciéon de tejidos que fue aprobado porla
FDA en el 2019. Este dispositivo médico permi-
tid realizar la extraccién del tejido con bolsa de
contencion utilizando laparoscopia. Sin embar-
go, el costo de una Bolsa de Morcelacion de
uso comercial es superior a 600 USD [3], lo cual
incrementa los costos totales del procedimien-
to quirlrgico. De acuerdo con el Ministerio de
Salud, de 339 hospitales y clinicas en Colombia
se estima que tan solo el 30% de estos centros
cuenta con los recursos para realizar cirugias
laparoscodpicas [4]. Este proyecto tiene como
objetivo aplicar las estrategias de biodiseno y
traslacion clinica para el desarrollo de una bol-
sa de morcelacion para contencién de tejido
de costo asequible para el sistema de salud co-
lombiano que garantice la no contaminacion
de la cavidad abdominal al cumplir con la ob-
servacion de la FDA y que preserve los benefi-
cios de la cirugia minimamente invasiva en la
cirugia ginecoldgica. El desarrollo de la bolsa
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consté de dos fases: la primera asociada a la
definicion del material, diseno, ergonomia para
ser usado en cirugia y estrategia de manufac-
tura y la segunda enfocada a la evaluacion
de la biocompatibilidad del prototipo estabi-
lizado bajo normas y requerimientos regulato-
rios del INVIMA. Se realizd un proceso iterativo
para seleccioén del prototipo haciendo uso de
diseno asistido por computador en el softwa-
re Autodesk Inventor 2020, prototipado fisico y
pruebas de evaluacion de biocompatibilidad
bajo estadndares ISO 10993. Se realizd un estu-
dio de materiales aprobados para dispositivos
meédicos de uso intracorpdreo o en contacto
con tejidos. Se sometieron los prototipos y ma-
teriales a un modelo de falla para evaluacion
e iteracién en los disenos con las modificacio-
nes acorde a las fallas identificadas en los pro-
totipos previos. Se determind que las hojas de
PVC de calibre 80 permitian su apropiada ad-
hesidbn con ciclohexanona en términos de faci-
lidad de manufactura y reportes de uso previo
para bolsas de uso médico. Adicionalmente, el
calibre seleccionado permiti6 cumplir con las
restricciones de diseno espaciales en términos
de la introduccioén de la bolsa a una cavidad
de 12mm, memoria de forma del material para
su extrusion al interior de la cavidad abdominal
y resistencia mecdnica del material ante pun-
cion, tension y presidon al estallido. Se realizaron
pruebas de biocompatibilidad exigidas por el
estdndar internacional ISO 10993 dentro de los
cuales se encuentran hemodlisis, agregacion
plaquetaria, citotoxicidad directa e indirecta y
evaluacion de la resistencia a tension. Se deter-
mind que el porcentaje de hemolisis del PVC y
PVC+ciclohexanona es inferior al 2% para am-
bos grupos muestrales. La agregaciéon plaque-
taria de los grupos muestrales fue cercana al
50% respecto al control positivo de epinefrina.
Las pruebas de caracterizacién mecdnica indi-
caron que las probetas de PVC adheridas con
ciclohexanona soportan mds de 5 Ny 10 mm
de desplazamiento bajo tensiéon. Los resultados
obtenidos sugieren que el material selecciona-
do cumple con propiedades de biocompati-
biidad y de usabilidad aplicables al desarrollo
del dispositivo médico en cuestidon. Se obtuvo
un prototipo estabilizado del dispositivo médi-
co el cual pasard a fase de evaluacion de in
vivo y ensayo clinico.
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pedidatricos. Esta es la prdactica clinica comun,
puesto que ha demostrado resultados positivos
en la supervivencia de los pacientes e injertos
[1]. Para dimensionar esta situacion, se estima
que en EE. UU durante el 2017 se realizaron 8000
trasplantes de higado en adultos y ninos, mien-
tras que la lista de espera para trasplante hepd-
tico registré 11.500 personas nuevas [2]. Cerca
del 10% de los pacientes en las listas de espera a
nivel mundial son pacientes pedidtricos [3]. Una
complicaciéon que se presenta en alrededor de
un tercio de los pacientes es la estenosis benig-
na de la anastomosis biliar. Esta condicion clini-
carequiere un pronto manejo, ya que de persistir
puede generar dano hepdtico irreversible como
fibrosis o cirrosis secundaria e hipertension portal
[4]. Como consecuencia de estas complicacio-
nes, se presenta insuficiencia hepdtica, que es
un factor de riesgo relacionado con morbilidad
y mortalidad posterior a la reparacion de las vias
biliares [4]. Algunos estudios reportan que la es-
tenosis benigna de la via biliar puede relacionar-
se en la mitad de los casos con las complica-
ciones quirdrgicas durante el procedimiento [5].
El manejo clinico percutdneo de la anastomosis,
consiste en una derivacion biliar con dilatacio-
nes progresivas del sitio de estenosis empleando
catéter balon y diferentes catéteres de drena-
je, con un aumento progresivo del didmetro del
catéter cada 2 semanas desde 8F hasta un did-
metro final de 22F. Esto implicerrealizar multiples
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A free-software educa-
tional tool for modeling
gene expression in cell
populations

Brayam Andres Saavedra and Andres
Mauricio Gonzalez-Vargas

Biochemical reactions that take place insi-
de cells can be modeled and approxima-
ted in a practical way through differential
equations. In silico, it is possible to study bio-
logical process behaviors such as the diffe-
rence in gene expression levels of a protein
throughout a homogenous cell population.
Computational methods are used to mo-
del, simulate, and infer such behavior. The
implementation of this kind of methods re-
quires having good knowledge of the biolo-
gy involved and the algorithms to approxi-
mate its behavior. In this paper, we propose
a tool for modeling gene expression of cell
populations. Firstly, fundamental aspects of
the biological system paradigm are gathe-
red to present a graphical user interface
that integrates some algorithms relevant to
introduce beginners to the field. The inter-
face could help students to obtain insights
about basic topics on biological system de-
finition, simulating from several variability
sources and parameter identification. Free
open-source software is used to ensure ac-
cessibility to the tool and its potential mo-
dification, enhancement, or usage of the
implemented algorithms.
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Delivery of CRISPR/Cas9
Editing Systems for the
Treatment of Idiopathic
Parkinson’s

David Arango, Tatiana Beltran, Carolina Muioz-Ca-
margo, Luis Reyes, Juan Carlos Cruz and Natasha
Bloch

Gene therapy represents a disease-modifying al-
ternative to palliative treatments for neurodege-
nerative diseases (e.g., Parkinson's, Alzheimer’s,
and Huntington's diseases) [1]-[3]. Idiopathic
Parkinson's has been linked to genetic mutations
in GNDF, PRKN, and PINK-1 genes among others,
associated with the Parkinsonian characteris-
tic symptomatology [4]. Over the years, several
gene therapy strategies have been introduced,
albeit still with considerable limitations. CRISPR/
Cas9 offers several advantages for gene editing,
including ease of implementation, versatility, and
high-fidelity editing. Success of CRISPR/Cas? the-
rapy is strongly dependent on the delivery strate-
gy of the various components without inducing
significant immune responses while maintaining
high bioavailability levels [5]-[7]. An attractive
route for improving the delivery efficacy is by
transporting the gene cargoes aided by nanoca-
rriers. Popular vehicles in this family include meta-
llic nanoparticles, carbon-based nanomaterials,
and lipid-based nanostructures. Our research
group has dedicated significant effort to develo-
ping a nanoplatform for nucleotide delivery ba-
sed on modified magnetite nanoparticles, which
are attractive due to their strong magnetic res-
ponsiveness to guide the nanovehicles to the
site of action [8]. These delivery carriers contain
a disulfide bond (pH-sensitive) and a efficient
translocating protein (OmpA) to facilitate inter-
nalization and promote endosomal escape [?].
Magnetic nanoparticles synthesis is based on a
co-precipitation method described in previous
work [8]. After synthesis, nanoparticles are silani-
zed to obtain a functional amino group on the
surface that enables a conjugation with OmpA,
PEG, and AEDP linkers and obtain the preceding
specified characteristics. A plasmid containing
sequences for both dCas? nuclease and sgR-
NA (targeting the prior mentioned genes) was
designed and conjugated by a disulfide bond
formation to the nanoparticles aided by a short
thiolated sequence. Since AEDP linker contains a
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disulfide bond, and under a

provisional reducing environment a bond be-
tween nanoparticles and thiolated sequence
is created. Neurons' cytosol provides an envi-
ronment where the disulfide bond is reduced to
promote the CRISPR plasmid delivery. As a proof-
of-concept experiment, we performed in vitro
delivery of a conjugated Rhodamine-labeled
cysteine and confirmed delivery of 86% of the
loaded material after two hours, under reducing
condifions given by DTT. Moreover, experiments
in neuroblastoma cells revealed high endosome
escape levels as evidenced by colocalization
with Lysotracker below 11%. Future work will focus
on testing genome editing in vitro in neuroblas-
toma, primary human astrocytes, and glial cell
lines. Although the present work is still in progress,
the developed delivery carrier has characteris-
tics that enable endosome scape, the liberation
of genetic material into the cell cytoplasm, and
spatially control with magnetic fields. Therefore,
this study will impact not only Parkinson’s disea-
se but other genetic diseases by offering an effi-
cient freatment alternative [10].
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Differential effects of
acute stress on young

and old zebrafish beha-
vior and regeneration

Angie Henriquez Martinez, Natasha Ivonne Bloch
Morel, Veronica Akle Alvarez, Laura Catalina Avila
Matallana and Maria Antonia Pulido Martinez

Stress can have a significant impact on many
aspects of an organism’s physiology and beha-
vior. Environmental stimuli such as daily routine,
dietary habits and stress are strongly related to
the physiology of our body. However, the rela-
tionship between stress and regeneration and
how it is mediated remains poorly understood.
The zebrafish has been used as a promising mo-
del in behavior, stress, anxiety and neuroscience
research, due to its homology with vertebrates
like rodents and mammals. Here we investigate
how stress impacts behavior and regeneration,
and how this relationship changes with age in ze-
brafish (Danio rerio). Animals were pooled and
randomly assigned to two experimental groups:
control and stress in both age groups, young
adult and mature adult. The fish were maintained
in standard conditions, but the stress group was
exposed to unpredictable chronic stress protocol
(UCS). All animals were individually submitted to
behavioral tests (open field and light/dark prefe-
rence) before and after the UCS protocol, both
control and stress, to evaluate anxiety-like beha-
vior. In the open field test we analyzed the distan-
ce to the center of the arena, the total distance
moved and the average velocity of the fish to
characterize their behavior. Additionally, in the li-
ght/dark preference test we measured the num-
ber of transitions between white and black zones
and the total time the fish remained in the white
zone. After eight days of UCS protocol exposi-
fion, we cut the lower part of the caudal fin in all
animals to study the effect of the stress on tissue
regeneration. We registered the growth of the
caudal fin every three days (on days 13,16,19
and 23). In the regeneration test we calculate
a regeneration factor dividing the length of the
regenerated tissue by the original length of the
caudal fin. Finally, we studied expression of two
genes (sam2y nign1) associated with anxiogenic
behavior. We found mature adult and young
adult fish are differentfially impacted by stress,
as mature fish regenerate their caudal fin signi-
ficantly slower after UCS protocol. Even though

we observed regeneration in the control group
and in the stress group in both age groups, the
length of the regenerated tissue in the stressed
group was significantly shorter than the length of
the fissue in the control group in mature adult fish.
Our findings imply chronic stress decreases matu-
re fish's ability to regenerate after injury. On the
contrary, this effect was absent in young adult
suggesting stress does not impact their regene-
ration capacity. On the other hand, we found
no significant differences in the effect of stress on
behavior between the two age groups, but we
observed a significant difference in the behavior
parameters in stressed young adult fish before
and after the UCS protocol. This effect in beh
vior was absent in the stressed mature adult fish
showing a stronger effect of stress in behavior for
young adult fish and a stronger effect of the
stress in regeneration for mature adult fish. In ad-
dition to these results, we observed significant di-
fferences between the expression levels of sam?2
within the experimental groups. Mature stressed
fish showed higher expression levels of the gene
compared to conftrol fish; we could not identify
significant difference in the expression levels of
the nlgn1 gene. These results suggest a close re-
lationship between chronic stress, regeneration,
and behavior in zebrafish (Danio rerio), and also
show an impact of stress on physiologcal proces-
ses changes with age.
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NLRP3 Inflammasome:
Potential role on radia-
tion dermatitis in breast
cancer patients

Juanita Monje, Juan Sebastian Nieto, Erika Diaz
, Mdénica Gantiva, Juliana Casas, José Moreno,
Juan C. Cruz and Carolina Mufioz-Camargo

Radiation therapy is one of the 3 main general
treatment options for cancer patients, along
with surgery and chemotherapy. Radiation der-
matitis (RD) is considered the most common side
effect, with reports of presentation in up to 95%
of patients suffering from different types of can-
cer such as head and neck, prostate and breast
cancer [1]. RD has been classified according to
the grade of severity (grade 1 through grade
4) and varies between mild erythema with des-
gquamation to moist desquamation and even
ulceration [2]. Radiation therapy is advised to
be suspended generally with grade 2 lesions or
above until skin recovery, in spite of the conse-
guences in the prognosis of the patient’s disease
[3]. RD grades of severity can also be associated
with several risk factors such as previous skin di-
sease, type of cancer, radiation dose, and ge-
netic factors, among many others [2,4,5]. Parti-
cularly in breast cancer, genetic polymorphisms
such as XRCC1, XRCC3, XPD, MLH1, MSH2 have
been reported to be related RD occurrence [6].
Recently, the NLRP1 gene has been associated
with skin response to radiation while NLRP3 has
been linked to skin pathologies such as atopic
dermatitis [7,9]. These genes belong to NLRP in-
flammasome family, which activates in respon-
se to endogenous signals mediated by DAMPS
(Daomage Associated Molecular Patterns) and
exogenous signals mediated by PAMPs (patho-
gen associated molecular patterns) [8]. Based
on such previous reports, we developed a gene-
tic map showing association between the NLRP3
gene and the proteins DHX33, CARDS8, USP50
and P2RY2 to explore their possible correlation
with skin inflammatory diseases. Given this asso-
ciation of genes from the NLRP family with skin
pathologies, the objective of this study was to
identify whether the NLRP3 gene isinvolved in the
pathophysiological development of RD in breast
cancer. We conducted a search on GeneCards
(The Human Gene Database) with keywords
“Radiation Dermatitis” and “Radiodermatitis” to
obtain a list of the genes possibly related to RD.

We uploaded the obtained list to the IMEX (Inter-
natfional Molecular Exchange Consortium) plat-
form to find molecular interactions between the
genes and NLRP3. Next, we used Cytoscape to
visualize and analyze the identified interactions
in IMEx and created a gene map for NLRP3 and
RD’'s genes. As search parameters we took into
account the relevance score (RS), which is the
ratio between the direct interactions of a protein
with the protein of interest and its total interac-
fions, where RS= 0 represents all possible interac-
tions and RS=1 those that are only with the protein
of inferest. We obtained a list of 42 genes related
with RD such as BRAF, RADS1, XRCC3 and their
corresponding relevance scores with 17 of them
reaching RS above 0.5. Among others, this list in-
cluded TP53, XRCC4, BRAF, RADS1, and was later
uploaded to the IMEx platform to obtain 1,541
binary interactions for the 42 genes and NLRP3.
As expected, results of the Cytoscape mapping
led to a genetic network for NLRP3 and RD’s ge-
nes, with RS above 0.5 in certain pathways that
allowed us to confirm the influence of NLRP3 on
the network responsible for RD's pathophysiolo-
gy. The identified role for NLRP3 will be explored
experimentally with molecular biology tools on
in vitro 2D and 3D bioprintfed human skin models
exposed to standardized doses of radiation.
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Reconocimiento de la an-
cestralidad basado en
modelos de agrupamiento
probabilistico no lineal uti-
lizando Polimorfismos de
un solo Nucledtido de in-
dividuos con ascendencia
mezclada

Javier Andrés Sierra Pineda, Hernan Felipe Gar-
cia Arias and Gloria Liliana Porras Hurtado

América es el continente que presenta el trasfondo
genético ancestral mds variado y complejo en la
actualidad, debido al proceso de mezcla y recorri-
do poblacional que ha sufrido alo largo de los anos.
Este recorrido poblacional o reconocimiento de la
ascendencia es una aplicacidén de las ciencias ge-
nédmicas en donde a partir de marcadores informa-
tivos de ascendencia (AIM) se extraen caracteris-
ticas y propiedades genéticas con la finalidad de
establecer la composicién ancestral de individuos,
determinando el porcentaje de ascendencia perte-
neciente a cada una de las poblaciones de mues-
tra [1]. Desde el drea del aprendizaje automdtico
se han desarrollado numerosas investigaciones que
permiten abordar el reto de estimar la ascendencia
de individuos a través de polimorfismos de un solo
nucledtido (SNP) por medio de modelos de aprendi-
zaje supervisado como lo son la clasificacién por ar-
boles de decision[2][3] y Naive Bayes[4]. Los cuales,
a pesar del cumplimiento del objetivo de reconoci-
miento ancestral que plantean, presentan bastantes
limitantes en su diseno, como ser métodos totalmen-
te supervisados y enfocarse en andlisis lineales de
las componentes de las caracteristicas de los datos,
dando errores a la hora de clasificar los individuos,
traduciéndose en la disminucion del porcentaje de
precision del modelo. Por lo cual, en este proyecto
se propone desarrollar un nuevo enfoque para es-
timar el porcentaje de ascendencia de individuos
a partir de SNP’s basado en modelos de agrupa-
miento probabilisticos no lineales, una técnica que
combina herramientas del aprendizaje no supervi-
sado. El enfoque desarrollado presenta la ventaja
de modelar un nuevo espacio de caracteristicas de
relacion no lineal, de menor dimensionalidad, pero
altamente separable con la mayor informacion
posible de los datos reales a partir del andlisis de
componentes principales por kernel [5]. Con el nue-
Vo espacio de caracteristicas obtenido, es posible
emplear métodos de agrupamiento probabilisticos
como las mezclas de Gaussianas, las cuales tienen
como caracteristica principal permitir agrupar los

datos segun el porcentaje de pertenencia a cada
clase, conociendo asi que tanta probabilidad tiene
la muestra de pertenecer a un grupo u al otro [6]. Las
muestras utilizadas en este estudio son extraidas de
la base de datos PIMA+34plex GENOTYPES del estu-
dio de C. C. Gontijo et al [1] basado en el proyecto
100 Genomas y el proyecto de Diversidad del Geno-
ma Humano. La cual contfiene 57 SNP pertenecien-
tfes aindividuos de 19 poblaciones diferentes con sus
respectivas efiquetas. El modelo de agrupamiento
desarrollado se encuentra basado en métodos pa-
ramétricos los cuales necesitan la eleccion correcta
de sus variables para tener el mejor resulfado posi-
ble, por esto es necesario sintonizar los hiperpard-
metros de forma manual y medir su desempeno con
cada eleccidn. Los valores dptimos encontrados se
presentan mediante una funcion de kernel sigmoidal
y un nuUmero de componentes principales igual a 2,
arrojando resultados al agrupar individuos de pobla-
ciones puras con valores de 95.23% y 93.78% entorno
a métricas de evaluacion como el indice Rand ajus-
tado y la puntuacion basada en informacidon mutua.
Con el modelo ya sintonizado y entrenado, es posi-
ble inferir agrupaciones en marcos probabilisticos de
pertenencia, obteniendo resultados satisfactorios al
analizar diversas mezclas poblacionales, en particu-
lar Awa, Mulalo y Brasil, las cuales presentan un alto
interés en el estudio que se encuentra basado ya
que demuestran el fuerte impacto de la migracion
que se ha presentado en estas poblaciones y regio-
nes, por ejemplo en los individuos brasileros y mula-
los donde se resalta el alto impacto que tenido los
procesos de mezcla de africanos y europeos en sus
origenes, en cambio los Awa se consideran como
una poblacidn nativo-americana pura. Los resulta-
dos obtenidos muestran que el modelo propuesto
estima con precision la ancestralidad de individuos
con ascendencia mezclada.
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Software application:
Diffusion weighted
Imaging parameters

to explore new insights
into Parkinson”s Disease

Gloria Cruz

Parkinson’s disease is a progressive, dege-
nerative neurological condition, which ori-
gin remains unclear. Assuming the hypo-
thesis that microcirculatory disturbances
suggest possible impairments that affect
the neural activity causing the progressive
death of neurons in the substance nigra;
based on findings that demonstrated rela-
tive hypoactivity located to basal ganglia,
and particular diffusivity and anisotropy
measures in regions that are characterized
by the degeneration of the dopaminergic
neurons. Incoherent motion intravoxel and
diffusional kurtosis imaging are valuables
methods in studding that have still to ex-
plore, in order to approach to understand
the alterations that could be significant in
Parkinson’s disease. This paper proposes
an image-J tool, useful to investigate the
changes in microvascular level in substan-
ce nigra, and vascularization evidenced
by reticulin staining in the zona compacta
which could be reflected by quantification
of tissue structure provided by non-Gaus-
sian diffusion. Also, some preliminary para-
meters obtained from a normal volunteer
show high correlation between perfusion
and kurtosis in the midbrain. These parame-
ters provide possibility Parkinson’s disease
biomarkers in future studies.
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Using MRI to determine
anatomic differences of
the lateral geniculate
nucleus in subjects with
dyslexia

Carlos Andrés Ferro, David Ricardo Orti-
goza, Monica Giraldo-Chica and Andres
Mauricio Gonzalez-Vargas

The analysis of pathologies that affect lear-
ning processes over time has allowed the
creation of different theories, which seek to
explain dyslexia and its causes in the brain.
The implementation of image processing
techniques in this research field has made it
possible to advance in the investigation of
the different phenomena and anatomical
structures involved in the learning proces-
ses. One of the techniques is tractography,
which allows evaluating the connection of
different areas of the brain and evaluating
possible shortcomings or disconnections in
different areas of the brain. The magnoce-
llular theory suggests that the lack of con-
nection of the cells of the magnocellular
pathway in the LGN, which are part of the
visual system of the human brain, are dimi-
nished in dyslexic patients, which would be
a possible cause of cognitive functional de-
ficiencies. This work seeks to evaluate the
differences between a control and dyslexic
subjects, by using MRI images.
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ImageJ software perfor-
mance analysis to
determine the laterality
iIndex

Narlen Daniela Carvajal Arias, Ricardo
Andres Toscano Villamizar, Angela Patricia
Morales Salcedo and Manuel Hernando
Franco Arias

The calculation of the hemispheric laterali-
ty is a method that has increased its use by
health professionals and research groups
related to the field of functional brain ac-
fivity. The implementation of this is done
through technology guided to design and
obtain the Regions of Interest (ROIs) for the
subsequent calculation of the Laterality In-
dex. In pursuit of knowing many tools that
allows the development of this technique,
was tested the free access software ImageJ
to calculate the laterality index defining the
ROI in the same application. The software
tests were performed with functional mag-
netic resonance images(fRMI) images of
NITRC for the frames, with binary images
for the functional test performing the end-
to-end calculation and, subsequently, to
test its performance in the field, 7 fMRI from
the ADNI database were used, the study
allowed us to determine the quantification
of the ROIs, drawing manually and the error
that maybe has. All the test results showed
a good overview of the software in the re-
search and hospital applications having a
small error in the quantification of the ROIs
largely caused for human mistakes. Finally,
these results allow to validate the correct
operation of the application.

ID: 28

Ocular fundus image
classification for retino-
pathology diagnosis

Manuel Gallegos, Nicolas Mora, Sabina
Nieto and Pamela Ramirez

Silent diseases are those which symptoms
are difficult to detect in early stages, for
this reason, in most cases this type of disea-
ses are detected when their treatment is
very complex and risky. However, they can
change the eye appearance as the disease
progresses. Therefore, the development of
an algorithm able to detect silent diseases
based on ocular fundus images is relevant
to give appropriate tfreatment. This paper
presents the classification of normal ocular
fundus (conftrol class) and three silent disea-
ses. glaucoma, pathological myopia, and
cataracts. These classification classes were
selected because they present the most
significant differences between each other
in ocular fundus images. In order to make
the results more accurate, it was necessary
to use images with the same format, and so,
the images were preprocessed. After ha-
ving performed a robust set of experiments
for the classification methods and des-
criptors, the best performing method was
SVM, as the classification method, combi-
ned with HOG, as the descriptor. The final
method had a precision of 0.61, a recall of
0.477 and an F-score of 0.517. In conclusion,
the developed method showed some diffi-
culties classifying glaucoma, however, the
classification of pathological myopia seems
to be appropriate compared with methods
found in literature
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Body hair noise su-
ppression in skin lesions
by differential operator
and maximum variance
threshold between clas-
ses

Carlos Vicente Nifio Rondén, Diego Andrés
Castellano Carvajal, Byron Medina Delga-
do, Sergio Alexander Castro Casadiego
and Dinael Guevara |Ibarra

Dermoscopic images allow to visualize
with emphasis sections of the skin in which
lesions are presumed. In these images it is
common to find sections of body hair that
represent noise in the analysis of the section
for the treatment and diagnosis of skin can-
cer. In this work we present a proposal for
the enhancement of the skin lesion of inte-
rest in dermoscopic images with abundant
body hair over the lesion. The proposal is
based on close-up visualization of the lesion
of interest, by processing the image using
a differential operator for edge detection,
accompanied by a maximum variance
threshold between classes for skin lesion
detection. Tests were performed on ima-
ges from the ISIC Challenge Dataset, and
an average skin lesion size preservation rate
of 93.852% and total body hair removal was
determined for more than 80% of the ima-
ges tested. The proposed method showed
robustness to images of different sizes and
pigmentation and can be considered as a
support tool in computer-aided diagnosis
processes for the treatment of skin lesions.
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ROG for biomedical se-
mantic segmentation of
lung cancer tumors.

Felipe Escallon Paez and Jose M. Abril-No-
va

Lung cancer causes the higher number of
deaths each year of any type of cancer.
Generally this cancer is detected when no
possible to perform an effective treatment
and the usage of computational methods
for segmentation can improve the time to
initiate this tfreatments. The medical seg-
mentation decathlon is a challenge to do
a generic segmentation method for 11 di-
fferent tasks. However, the current methods
have poor results on the lung nodule seg-
mentation task. This work focuses on imple-
menting changes made by state of the art
methods in lung nodule segmentation to
the network developed by the Biomedical
Computer Vision group from the Universi-
dad de los Andes for the challenge. All of
this reducing the computational cost of the
network. The final network implemented, a
deeper model of the original referred to as
ROG+ reduce significantly the computatio-
nal cost of the method while maintaining
similar but lower metrics with a 27.58% dice
score.
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Quality Enhancement of
Breast DCE-MRI Images
Via Convolutional Au-
toencoders

Pablo Campaz Usuga, Ruben Dario Fon-
negra Tarazona and Carlos Andrés Mera
Banguero

Magnetic Resonance Imaging (MRI) is a
technique used in medicine to visualize in-
terior body structures in order to diagnose
a variety of disorders, including breast can-
cer. For its diagnosis, MRl is employed along
with a chemical compound called contrast
agent to enhance the visualization of tu-
moral structures in tissue. This examination is
usually called dynamic contrastenhanced
magnetic resonance imaging (DCE-MRI).
However, the resolution of the images or the
MRI equipment measured in Teslas (T), is a
vital parameter for correctly visualizing insi-
de structures, but this feature increases their
prices dramatically, making them inacces-
sible in some situations. As a result, scientific
research to improve image quality without
spending additional costs or equipment
has lately emerged. This work proposes the
use of a deep learning strategy to improve
the quality of medical images obtained in
DCE-MRI. Images from the Qin breast data-
set are synthetically degraded by adding
noise and applying a spatial transformation
(size reduction). The original image is then
reconstructed from the degraded ones by
using a Convolutional Autoencoder (CAE)
to minimize the difference between them.
The results of computational similarity me-
trics such as mean squared error (MSE), peak
signal to noise ratio (PSNR), and structural si-
milarity index measure (SSIM) revealed an
effective correspondence and visualization
between the synthesized and original ima-
ges at a broad level (fullimage) and in spe-
cific regions of interest (breast tissue).
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Squamous cell evalua-
tion in stages 0 and 1
as diagnostic support in
cervical cancer

Juan Beltran, Rubén Castafieda and Mi-
guel Beltran

Cervical cancer is a pathology that affects
a large percentage of the female popula-
tion in Colombia. This cancer is diagnosed
by colposcopy images, nevertheless, this
diagnosis is challenging due to factors such
as: the dependence on the doctor’s exper-
tise, noise in the images, and the inter-intra
subject variability. This paper presents an al-
gorithm based on supervised learning and
digital image processing, providing diag-
nostic support to the health professional in
the evaluation of stage 0 and 1 squamous
cell cervical cancer, using the recognition
patterns that allow us identifies the stages
of this pathology. The proposed approach
is basically the suite of four steps: first, cer-
Vvix segmentation using a k-means algori-
thm that is used to find a region of interest.
Second, image enhancement to normali-
ze the variability acquisition. Third, feature
extraction, and fourth, automatic classifica-
tion using the SVM technique. The strategy
was evaluated using 1000 colposcopy ima-
ges (70 % for training and 30 % for testing)
by Intel & MobileODT , Cervical Cancer
Screening Competition Challenge 2017 [1].
achieving an 92% of accuracy.
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Skin prick test wheal
detection in 3D images
via convolutional neural
networks

Juan Pefia, Jose Pacheco and Andrés
Marrugo

The skin prick test (SPT) is performed to diag-
nose different types of allergies. This medi-
cal procedure requires measuring the size
of the skin wheals that appear when the
test is performed. However, the manual
measurement method is cumbersome and
suffers from intraand inter-observer errors.
Thus, multiple approaches have been de-
veloped to improve the reproducibility of
the test. This work aims to improve part of
the automated reading of the SPT to im-
prove the reliability of the wheal detection
procedure through the use of convolutional
neural networks (CNN). Our proposal starts
from the 3D images of the SPT from the arm
of patients. They are processed for global
surface removal, and then a CNN is trained
to produce an output mask that detects
the wheals. Finally, the conftour of each
wheal and its largest diameter is obtained.
Encouraging results with mean difference
0.966 mm and mean coefficient of varia-
tion 7.29% show that the proposed method
provides reliable automated skin wheal de-
tection.
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Hirni: Segmentation of
Brain Tumors in Mul-
ti-parametric Magne-
tic Resonance Imaging
Scans

Gabriel Mejia, Danniel Moreno, Daniela
Ruiz and Nicolas Aparicio

Glioma is a type of tumor that develops
in the brain and causes cancer in nervous
system. They are normally associated with
a bad prognosis due to its heterogeneity
and the difficulty to resect them. Taking this
into account, we developed an algorithm
capable of segmenting the brain into four
parts: background (brain without tumor),
necrotfic core (NRC), edematous region
(ED) and Active and non-enhancing / ne-
crotic tumor regions (AT). First we approa-
ched the problem as a binary case (tfumor/
non-tumor segmentation) and then we
used these masks to improve our multi-class
case. For descriptors of each pixel, we used
the intensities associated to the four diffe-
rent MRIs contrast media and the prior pro-
bability distribution of the fraining set (two
for binary and four for mulfi-class), and
we tfrained a Random Forest classifier with
them. Taking info account the limitation of
the computational resources with which we
work, our results are outstanding (Dice coe-
fficient 0.806 in the binary case) and com-
petitive with state of the art methods.
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Optical Coherency To-
mography Analysis for
Classification of Retino-
pathies

Alejandra Erazo-Navas, Isabella Quiroz,
Ana S. Ramos-Guerra and Santiago San-
chez-Renteria

“Retinopathies affect over 2200 million peo-
ple and may lead to severe vision loss and
blindness. The classification of retinopa-
thies from Optical Coherence Tomography
(OCT) images has been broadly studied gi-
ven the relevance of its early detection un-
der non-invasive modalities. The following
work presents the development of a mul-
ticlass classification algorithm based on
Histograms of Oriented Gradients (HOG),
Local Binary Patterns (LBP) and a Random
Forest Classifier (RF) for the detection of
Diabetic Macular Edema (DME), Choroi-
dal Neovascularization (CNV), and Drusen.
Function parameters for HOG, LBP and RF
were optimized iteratively. As a result, the
proposed classification algorithm presen-
ted a Precision, Recall and F-Score of 0.48,
0.49 and 0.48. Although the combined use
of shape and texture descriptors improved
the method’s performance, several limita-
tions of the algorithm, such as the non-fla-
ttening of the retinal curvature in the OCT
images, were identified. Future work should
focus in overcoming these limitations”
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Bayesian Shape Corres-
pondence Analysis of
Brain Structures Using
Heat Kernel Signatures

Juan Pablo Velasquez Minoli, Hernan Fe-
lipe Garcia Arias and Gloria Liliana Porras
Hurtado

Neuroimaging problems states a crucial to-
pic due to the need to analyze different tis-
sue properties regarding 3D data. In some
neurodegenerative diseases, specific ele-
ments within the brain structure begin to
lose mass over time. Furthermore, analyzing
these brain patterns could be hard to pro-
cess because of the extensive quantity of
information for the specialists. A few chan-
ges may be indiscernible to the human eye
[1]. Hence, the changes make the clinical
diagnosis of a specific neurological disorder
challenging. From the computer-vision pers-
pective, the correspondence difficulty con-
sists of analyzing temporal variations of a gi-
ven neurodegenerative disease across time
or finding meaningful relationships between
any pair of brain structures [2]. To compute
correspondences between complex sha-
pes of 3D meshes is difficult. General mat-
ching frameworks need similarity metrics
to determine shape relationships challen-
ging to outline and limit the flexibility fo mo-
del complex shape variations. In addition,
these approaches only work for objects of
similar size, which ends up in weak perfor-
mances on non-rigid matching problems
[3]. This work proposes a methodology for
shape correspondence analysis of non-rigid
shapes (i.e., brain structures) for monitoring
perinatal asphyxia. Here, we use unsupervi-
sed clustering of groupwise 3D descriptors
to compute meaningful relations between
a pair of brain structures. Moreover, our mo-
del allows searching for similar variability
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among non-rigid components. Besides,
our model can infer the probability of
each sample (i.e., a 3D point) and match
each vertex around it without any simila-
rity metric. In particular, our investigation
has three significant parts. First, our surfa-
ce descriptors are invariant to curvature,
representing the variations between spe-
cific regions based on the diffusion heat
equation. This method is called Scale-In-
variant Heat Kernel Signatures (SI-HKS) [4].
The second one refers to a latent space
that permits a more reliable separation of
the features. Because the non-rigid sha-
pes present many non-linearities, finding
a latent space better separates this mat-
ching process. In that way, we propose
a Bayesian Gaussian Process Latent Va-
riable Models (BGPLVM) for finding mea-
ningful relations in brain structures in an
unsupervised manner [5]. Finally, we use
a Gaussian mixture model to infer groups
of candidate matches between shapes.
The experimental results show how the
methodology can efficiently match di-
fferent parts or regions in 3D shapes while
minimizing the geodesic error. We used
the Princeton benchmark protocol [6]
over the Tosca non-rigid world dataset
to evaluate the correspondence quality.
Our methodology reached 90% of corres-
pondences with a 0.02955 geodesic error
threshold. This result reflects a minimiza-
tion of error against state-of-art methods
such as product manifold filter (0.030) [7],
blended intrinsic maps (0.060) [6],
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Iris Blometrics Recog-
nition System through
Spatial Image
Processing

Leanis Julieth Arenas Galvis, Martha Ju-
liana Rey Vanegas, Kevin Daniel Ortega
Franco and Manuel Hernando Franco Arias

In this project we aim to develop an Iris Biome-
trics Recognition System through Spatial Image
Processing for each the

group members.

Initially, the iris of each member of the group
are digitally captured for further processing, in
which the images are

smoothed and remove the noise of this, subse-
quently, the region of interest (ROI) is set up and
the information out of the ROI

is eliminated. The correlation masks are defined
based on the information obtained previously;
these masks will be the

relevant characteristics at the moment of per-
forming the iris recognition of each one of the
members. Such recognition will be

carried out through spatial cross-correlation te-
chnique between the image uploaded to the
system and the masks obtained

from each of the members, so that the iris re-
cognition will be given according to the highest
percentage of correlation

obtained.

To obtain the images a 64Mpx smartphone ca-
mera was used, obtaining images with a resolu-
tion of 1200x1600px, for the

illumination a warm light lamp was used which
allowed to visualize more easily the anatomical
details present in the iris of

each member at the time of shooting the pho-
tographs, these were taken at approximately
8cm from the eye of each member.

Matlab R2020a software was used to image
processing, noise removal techniques were im-
plemented through histogram

equalization to achieve a smoothed image.
Consequently, ROlwas§ manually set up consi-
dering that the relevant information

for the recognitioniin question.is found only in
the iris, from which a differentiating segment is
manually selected, whose
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resolution is lower than that of the previously
identified region of interest, which will be set
up as the mask of each member.

The algorithm performs the identification of
an iris image of a member by cross-correla-
tion between this image and each of

the previously obtained masks, finally the
mask with which the highest correlation in-
dex is obtained will be that of the person

to which the iris of the loaded image be-
longs. This algorithm was condensed through
a graphical interface using the Matlab
software GUIDE, in which the concepts exp-
lained previously are represented with grea-
fer dynamism.

An application was developed based on an
algorithm oriented to biometric recognition
through spatial image processing,

using the cross-correlation technique. For an
effective biometric recognition, it is neces-
sary to identify with a high level of

detail the anatomical structures of interest,
which in this case were the differentiating
and unique factors that each person
possesses, also, this improves the accuracy
of the results by implementing the cross-co-
rrelation technique. Different image
smoothing techniques were implemented,
where it was identified that the best way to
appreciate the details present in the iris

was  with  histogram equalization.  The
cross-correlation technigue does not require
a big computational processing power to
be executed, which improves the versatility
of the application and the algorithm perfor-
med. Spatial processing fechniques

allow the recognition and classification of
general features in an object; however, it is
proposed to use frequency processing
tfechniques to improve the results obtained.
It is proposed that the developed algorithm
can be applied in the future in different bio-
metric security systems
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Estimacion del volumen
tiroideo en imdgenes de
ultrasonido utilizando re-
des generativas adversa-

rias condicionadas

Andres Jimenez Garcia, Hernan Felipe Gar-
cia Arias and Gloria Liliana Porras Hurtado

La gldndula tiroidea juega un papel fundamen-
tal en el desarrollo del metabolismo, por lo que
monitorear su comportamiento permite identi-
ficar problemas tales como valores anormales
en el volumen tiroideo, o que sugiere cambios
en la secrecion normal de la hormona tiroidea
[1]. El andlisis de la tfiroides puede ser realizado
por medio de imagenes diagnosticas como la
tomografia computarizada (CT) o ultrasonido
(US), este Ultimo presenta ventajas sobre otras
metodologias como la disminucidn en los cos-
tos de operacion, visualizacion en tiempo real
y representar un bajo riesgo al paciente debi-
do a su naturaleza no invasiva y no ionizante
[2]. Sin embargo, a pesar de ser la herramien-
ta inicial para el andlisis del volumen tiroideo,
se presentan dificultades en el estudio de este
tipo de imdagenes debido al bajo contraste, rui-
do multiplicativo acustico, artefactos y varia-
bilidad anatdmica en las estructuras tiroideas.
Lo cual implica que el andlisis deba ser desa-
rrollado por un profesional con experiencia
suficiente para identificar correctamente en
la imagen la region correspondiente a la gldan-
dula tiroidea [1][2][3]. Desde el drea de la in-
teligencia artificial se ha abordado el reto que
implica segmentar el volumen tiroideo a través
ultrasonido por medio de modelos basados en
aprendizaje profundo, tales como redes neu-
ronales con funciones de base radial (RBF-NN)
[1] y redes neuronales convolucionales (CNN)
[2][3][4]. Con lo cual, a pesar de que la cali-
dad en los trabajos desarrollados presenta un
desempeno que permite identificar el volumen
tiroideo, se reportan problemas con relacion
a la cantidad de datos disponibles para el es-
tudio y la alta heterogeneidad en la variacion
de la forma de este tipo de estructuras, o cual
hace que estos modelos puedan ser engana-
dos facilmente. Es por esto, que en este trabajo
se propone un nuevo enfoque para estimar el
volumen tiroideo a partir de iméagenes de ul-

trasonido basado en técnicas de deformacion
para el aumento de datos y una metodologia
de entrenamiento adversario con redes gene-
rativas adversarias condicionadas (CGAN). El
enfoque desarrollado presenta la ventaja de
modelar de forma implicita el contorno tiroi-
deo, al entrenar una red generadora de seg-
mentaciones tipo U-net para enganar a una
red neuronal discriminadora. Esta segunda red
se entrena para clasificar por parches la seg-
mentacion evaluada, siendo condicionada
por laimagen de ultrasonido asociada a dicha
segmentacioén. La red discriminadora indica las
secciones en donde la segmentacion puede
pertenecer al conjunto de enfrenamiento o
ser estimada por la red generadora. Ademds,
la actualizacion de los pesos del generador se
realiza mediante la perdida obtenida por el dis-
criminador al evaluar un dato generado consi-
derdndolo proveniente de la base datos (error
adversario), permitiendo considerar un criterio
qgue cuantifica implicitamente la calidad de
las segmentaciones predichas, asi como con
las funciones de perdida Dice Loss o el indice
de interseccion sobre la unidn (loU) en distintos
experimentos, estas funciones son empleados
para calcular la similitud entre la segmentacion
estimada vy la real. Para el desarrollo del pro-
yecto se utiliza la base de datos UNAL DDTI [5],
la cual contiene 134 imdagenes de ultrasonido
provenientes de 94 pacientes. La metodologia
propuesta permite segmentar el volumen de la
gldndula tiroidea considerando la variabilidad
anatémica entre las estructuras por medio de
un entrenamiento adversario supervisado en
el cual se evidencian las ventajas de este tipo
de enfoques al disminuir los falsos positivos. Los
resultados experimentales durante la etapa de
validaciéon muestran que el modelo propuesto
estima la region tiroidea con una exactitud del
47 .83% empleando como métrica de evalua-
cion el indice de Jaccard.
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Medical Image Registra-
tion using optimized Affine
Transformations with Baye-

sian Optimization

Mauricio Castafio Aguirre, Hernan Felipe
Garcia Arias and Gloria Liliana Porras Hur-
tado

During the last few years, machine learning in
medical image analysis has proven to be a
strategy that solves many problems that arise
from the variability that exists in the physician’s
outlines and the amount of time that each phy-
sician spends [1]. One of the most critical me-
dical image analysis approaches is Medical
Image Registration and has been a topic of
active research for the last years. Image regis-
tration is a crucial step for image analysis. Rele-
vant information is presented in more than one
source, i.e., images acquired at different times,
from distinct viewpoints, or by different sensors
[4][5]. Therefore, the accurate integration of
helpful information from two or more views is
crucial. Typical registration methods have four
main components: The transformation type,
which defines the mapping between the two
images. The similarity meftric reflects the rela-
tionship between the images. Then, the opfi-
mizer is the iterative method that decides the
step followed in the transformation and the in-
terpolation to match the two images. For the
input data, we used 3D point cloud data ob-
tained from Medical Images and Tosca data-
set [6]. In this paper, we proposed a Bayesian
Optimization framework for medical image re-
gistration. Here, we rely on a modified version
of the Iterative Closest Point (ICP) algorithm [3].
This algorithm built a black box function that
receives input parameters for performing an
affine fransformation. Then, we used a similo-
rity metric that shows the performance of the
transformation, like Mutual Information (MI) or
Root Mean Square Error (RMS). With this simila-
rity metric, we built a function to define a Ba-
yesian strategy that allows us to find the global
optimum of the similarity metric-based function.
To this end, we used Bayesian Optimization [2],
which Performs global optimization of unknown
functions making observations and performing
probabilistic calculations. This model considers

all the previous observations, which prevents
the strategy from falling into an optimal local,
as often happens in strategies based on classi-
cal optimization approaches such as Gradient
Descent. Finally, we compare the performan-
ce of the proposed method with the common
registration approaches in the state of art. The
experimental results show a faster convergen-
ce towards the global optimum and building.
Besides, the proposed model evidenced robust
optimization results for registration strategies in
medical images, showing better exploitation
and exploration of the grid search, obtaining
and average RMS of 1.9 mm
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Diseno de una interfaz au-
tomdtica para deteccion
y clasificaciéon de la huella
plantar a partir de registros
fotogrdficos mediante vi-

sion artificial

Natali Olaya Mira and Santiago Mena
Suarez

Las presiones plantares son la proyeccién de la
carga corporal sobre las plantas de los pies en
posicidén de bipedestacion (estdtica) o durante
el gesto de la marcha (dindmica). La determi-
nacién de la huella plantar estatica, se basa en
el andlisis visual de las huellas plantares por me-
dio de una medicién cuantitativa. Actualmen-
te existen diferentes protocolos de tipificacion,
uno de ellos es el protocolo de Herndndez-Cor-
vo, el cual tipifica el pie principalmente como
cavo, normal o plano dependiendo de las dis-
tancias que hay en la zona posterior y media
de la planta del pie. El protocolo de Herndn-
dez-Corvo se debe realizar mediante la toma
y mediciéon de la huella plantar de forma ma-
nual, lo cual estd sujeta a un margen de error a
lo largo de todo el proceso. El objetivo de este
estudio es desarrollar un algoritmo que permita
aplicar el protocolo Herndndez-Corvo de for-
ma automdtica mediante entornos de desarro-
llo para la programaciéon de la interfaz grafica.
Para ello se utilizé el algoritmo de suavizado y
umbralizacion de imdgenes, se aplicaron trans-
formaciones morfolégicas y deteccién de con-
tornos por medio del método findContours en
OpenCV v.4. También, se utilizaron entornos de
desarrollo para la programacion de la interfaz
grdfica con QtCreator v.4 y PyQt5. Luego, se
obtuvieron los registros de las huellas planta-
res de 10 personas para ser escaneados pos-
teriormente y realizar la prueba piloto de fun-
cionamiento de la aplicacién. En total fueron
20 huellas plantares a las cuales se les aplico el
algoritmo que permite ejecutar el protocolo de
tipificacion automdatico mediante Python v.3.8,
de forma que divide la huella plantar en varias
secciones y calcula la distancia entre los pun-
tos especificos establecidos en el protocolo. El
algoritmo automatizé la tipificacion de la hue-
lla plantar aplicando el protocolo de Herndn-

dez-Corvo, dando como resultado una répida
clasificacion. No obstante, se fiene un margen
de error durante el proceso por lo que se debe
comprobar el tiempo de ftipificacion de forma
manual y validar con otro protocolo de tipi-
ficacion como el indice del arco. Ademds, se
requiere incrementar el famano muestral de
huellas plantares para poder cuantificar mejor
el margen de error y perfeccionar el algoritmo.
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Deteccion de Infeccion
Pulmonar por COVID-19
Mediante Algoritmos de
Deep Learning en

Imdgenes Radioldgicas

Karen Tatiana Valencia Rivero, S.L. Begam-
bre, Angie Garcia and Yeison Roncancio

El acelerado desarrollo que han experimenta-
do las ciencias de la computacion de la mano
de laingenieria biomédica en las ultimas déca-
das motiva el uso de diferentes tecnologias de
la informacién y la computaciéon para asistir a
los profesionales de la salud en el diagnéstico
y tfratamiento de enfermedades [1]. El objetivo
del presente proyecto es disenar, implementar
y validar un algoritmo para la identificaciéon
cuantificada de infeccién pulmonar por CO-
VID-19 mediante im&genes médicas emplean-
do técnicas de Machine Learning, que son he-
rramientas informdticas de enorme potencial
en el desarrollo de aplicaciones y algoritmos
para el diagndstico asistido por computador.
Para el desarrollo de este proyecto, se realizd
una colaboracion entre la Universidad Manue-
la Beltrdn y la Clinica Nueva, entidad médica
que brindd una base de datos con imagenes
médicas (rayos X), de pacientes que presenten
infeccion pulmonar por COVID-19 reportados
ante las entidades de control epidemiolégico
de la ciudad como positivos para infeccion
por SARS CoV2. La extracciéon de las iméagenes
médicas se tomd de 2441 pacientes, en total
se cuenta con 5.486 imdgenes, 2743 verticales
y 2743 laterales. Esta base de datos obtenida
en esta investigacion quedard de libre acceso
para futuras investigaciones. Para la genera-
cion de los resultados y la validacion del algorit-
mo que pueda predecir mediante una imagen
radiolégica la aparicion de Sars-Cov2, se de-
sarrollaron Redes Neuronales Convolucionales
procesando lasimdagenes por grupos arrojando
un porcentaje de exactitud de casi el 92%. Es
importante establecer que ademds de utilizar
imagenes con paciente COVID-19 y pacientes
sanos, el algoritmo también compara y pro-
cesa pacientes con imdgenes de Neumonia y
Asma, esto con el fin de evitar falsos positivos

en el diagnostico asistido que entrega el algo-
ritmo al profesional de la salud. Actualmente se
estdn realizando las Ultimas pruebas en campo
para tener aprobacion del Departamento de
Radiologia de la Clinica Nueva y proceder a
la implementacion de esta herramienta como
una opcion costo-efectiva para la deteccion
temprana de esta enfermedad en esta y otras
instituciones prestadoras de salud.
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Preparation and cha-
racterization of chi-
tosan/gelatin /PVA
scaffolds for tissue engi-
neering application

Yesenia Sanchez Cardona, Martha Elena
Londofio Lépez, Claudia Elena Echeverri
Cuartas and Natalia Rocio Moreno Caste-
llanos

In recent decades the use of polymeric scaffolds for
growing cells has been a large increase because of
its promising applications in fissue engineering (TE).
The objective of this study is fo propose an alternative
of chitosan (Chi), gelatin (Ge) and polyvinyl alcohol
(PVA) scaffold, for growing cells, prepared at diffe-
rent Chi/Ge/PVA weightratfios of 1:1:1, 2:2:1, 2:3:1 and
3:2:1 these scaffolds were obtained through freeze-
thaw cycles followed by lyophilization. The scaffolds,
characteristics such as: morphology, pore size, po-
rosity, swelling, degradation, mechanical properties,
functional groups, and cell viability were evaluated.
Scaffolds with pores over the entire surface, with he-
ferogeneous pore sizes that varied between 0.6-265
um, an inferconnected three-dimensional network
scaffold with porosity greater than 80% were obtai-
ned. The highest compressive strength reached 101.6
Pa. The scaffolds had a maximum swelling capaci-
ty greater than 600% and a confrollable degrada-
tion rate, conserving their three-dimensional network
structure after 28 days of being immersed in PBS. Ad-
difionally, scaffolds Chi/Ge/ PVA 2:3:1 and 3:2:1 was
the highest cell viability presented. From the results
obtained, it can be concluded that the technique
used to manufacture the scaffolds was simple, which
increases their reproducibility. It was observed that
this technique positively influenced pore formation
and size in scaffolds. All these characteristics gene-
rate an important effect on the diffusion of nutrients,
adhesion, and cell viability. Finally, the high porosity
of the scaffolds influenced the mechanical proper-
ties, and these properties are fundamental because
the scaffolds must have the ability to resist loads and
fransfer it correctly fo the cells. Addifionally, these
mechanical properties allow the scaffolds to be ea-
sily manipulated at the time of being implemented
in the crop and these could maintain rigidity while
allowing the formation of extracellular maftrix (ECM).
These results suggest that Chi/Ge/PVA scaffolds are a
promising alternative to improve the viability of BRIN-

BD11 cells in vitro.
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Standardization of a 3D
bioprinting platform for he-
matopoietic progenitor
cells proliferation: condi-
tions for a small intestinal
submucosa based bioink

Laura Liliana Delgado-Murillo, Bellaneth
Devia, Ana Maria Perdomo-Arciniegas,
Juan Carlos Cruz and Carolina Mufioz-Ca-
margo

Hematopoietic stem cells and progenitor cells
(HSPC) transplantation is a current therapy for
both malignant or non-malignant diseases. Des-
pite the considerable increase in transplants
using this therapy, there is a major limitation re-
garding the number of cells available to cover
the current increasing demand [1, 2]. Recent-
ly, HSPC transplantation from different sources
(e.g., mobilized peripheral blood and umbilical
cord blood (UCB)) emerged as an alternative
therapy to bone marrow aspiration, a highly
invasive procedure [3]. These cells are charac-
terized for having abillities of self-renewal and
differentiation toward different blood cellular
lineages. These processes are tightly regulated
by signals coming from stromal and/or vascu-
lar cells found in the bone marrow microenvi-
ronment, in which, among other factors, the
hypoxia plays a central role in cellular prolifera-
tion and differentiation. Nowadays, it is known
that HSPC isolated from UCB exhibit a more pri-
mitive character than their counterparts, and
consequently, a greater proliferative capacity.
However, in comparison with other HSPC sour-
ces, UCB cells have approximately ten times
less nucleated cells and therefore, less minimum
cell dosage available per unit [4, 5]. This short-
coming can be solved by expanding HSPC de-
rived from UCB, which is believed to assure high
availability of cells to achieve better transplan-
tation outcomes. This project aims to evaluate
the proliferation of hematopoietic progenitor
cells when cultured in vitro in an environment
that mimics their physiological niche. This is cri-
tical to ensure that more patients can access
readily available transplants on demand. The
HSPC will be embedded in a hydrogel based
on a decellularized extracellular matrix derived

Posters

from porcine intestinal submucosa chemically
modified with methacrylic acid (SISMA) for ex-
frusion in a consfruct obtained via 3D bioprin-
ting. SISMA shares numerous molecules with
the hematopoietic microenvironment, which
is mainly composed of type | collagen [6], pro-
teins such as elastin, laminin and fibronectin [7,
8, 9]. as well as proteoglycans and glycosami-
noglycans, also found in bone marrow [6, 10].
To standardize the 3D bioprinting conditions for
HSPC using the developed bioink, we first used
several leukemic cell lines with different linea-
ge of commitment (i.e., Jurkat, U937, K562 and
Nalmé). Accordingly, we developed a robust
counting method, growth curves and respon-
se to hypoxia in suspension culture conditions,
which allowed us to select the most prolifera-
tive cell line compared with hydrogel embed-
ded culture conditions. As a result, Jurkat and
U937 cell lines were found to be the most proli-
ferative, followed by Nalmé, and K562 cell lines.
Additionally, when compared with a hypoxic
culture setting (5%02), we found that overa-
Il'under normoxia (21%02), proliferation of the
maijority of leukemic cell lines decreased signi-
ficantly. Once the synthesis of the SISMA bioink
was finished, the Jurkat cells were embedded
in it followed by the 3D bioprinting process. Cell
viability of the obtained constructs was evalua-
ted at days 1 and 6 post extrusion via live and
dead staining, using confocal imaging, as well
as via alamar blue. The number of cells within
the construct tripled from day 1 to day 6 but
quadrupled in suspension culture conditions.
This suggests that there is still room for improve-
ment by the engineering of the hydrogel, which
most likely includes changes in its mechanical
response such that the cell niche is mimicked
more accurately. This should be accompanied
by optimization and subsequent standardiza-
tion of growth conditions, which is a bottom-up
process that involves estimating the relative im-
pact of the relevant parameters on the viability
of the 3D bioprinted constructs. Some of these
parameters include the presence and absen-
ce of growth factors (Stem Cell Factor, Throm-
bopoietin and FIt3-ligand) and changes in the
02 concentrations. If successful, our approach
will provide more oppdadrtunities for HSPC trans-
plantation candidate patients.
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Simulacion del método
de liofilizacion de un
cultivo celular
epidérmico

Oscar Santiago Garzén Banoy, Angélica
Ramirez-Martinez and Elida Hermida

El crecimiento tfridimensional de las células re-
quiere de un andamio (scaffold), que consiste
principalmente en una matriz polimérica, que
sirve de plataforma de anclaje para la adhe-
sion de células y permitir asi su crecimiento [1].
Para la generacion de andamios para cultivo
de tejidos anisdtropos, se utiliza principalmen-
te el método de liofilizaciéon. En este proceso
se elimina el solvente del polimero asi como el
agua dentro de él, para generar los poros den-
tro del andamio, a través de una secuencia de
etapas de congelamiento y secado, dentro de
una cdmara de vacio [2]. Las presiones y tem-
peraturas con las que se regula el proceso de
liofilizacion, afecta la porosidad final del anda-
mio. Se ha encontrado, que estos pardmetros
aun son definidos en laboratorio por ensayo y
error. Por tal motivo, el objetivo de este estudio
es simular la etapa de secado del agua en la
matriz y de esta forma identificar la densidad
de tamano de poro generado, de acuerdo a
un rango de presiones y temperaturas defini-
das. Se realizan una serie de simulaciones de
CFD (Computational Fluid Dynamic) en ANSYS
Workbench® [3] variando la temperatura de
sublimacion entre 0 a 22 °C para medir la den-
sidad de las poros luego de la liofilizaciéon. Para
esto, se utiliza una geometria proveniente de
un andamio nanocompuesto[4], como se ob-
serva en la figura 1a-b, simplificado a una sec-
cion cuadrada de 10x10 mm con una matriz de
polimero PHBV (polihidroxialcanoato) reticula-
do de de 3x3 [5]. Dentro de cada retficula se
aloja agua congelada que serd secada en el
proceso de liofilizacion. Se readliza yn mallado
mixto (fridngulos y cuadrildteros) con tamanos
maximos de 0.2 mm para un total de 7130 ele-
mentos. Como condiciones de contorno se in-
terpone conveccion alkkededor de las paredes
del polimero con un h=5 w/mA2K correspdifi

diente al coeficiente de conveccion del oire\o




una placa de aluminio con un coeficiente de
conduccion de K=205.W/mK .El sistema estd
dentro de una cdmara de vacio con unas pre-
siones de 0.01 torr. En los primeros instantes de
la simulacion se observa el gradiente de tem-
peratura (figura 1.c) desde el color rojo con va-
lores de 22 °C, correspondiente a la temperatu-
ra ambiente a la que se encuentra la cdmara
de vacio, hasta el color azul (0 °C) propio del
congelamiento dentro del andamio, tanto del
agua como del PHBV. En la figura 1d, se obser-
va la fraccioén parcial de liquido, es decir la can-
tidad de hielo convertido en agua, mostrando
una fusion del hielo en un gradiente del exterior
hacia el centro de la geometria. Esto nos da un
aproximado del 89% de la conformacidn de los
poros, que sucederdn cerca de la superficie y
menos al interior del andamio.
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Towards the use of the
3D bioprinting techno-
logy as a new alternati-
ve to generate alveolar
bone: Addresing orofa-
cial clefts

Santiago Alzate Urrea, Maria Alejandra.
Rodriguez Soto, Juan C. Jiménez and Ca-
rolina Mufioz Camargo

Alveolar bone surrounds the teeth and is in
constant remodeling to grow and to adapt
to maxilars changing shape and size to teeth.
and it is of great interest due to its involvement
in different oral conditions such as periodon-
tal disease, periapical infections, craniofacial
tfraumas, and congenital orofacial clefts [1]-[3].
Clef lip and/or palate (CL/P) is characterized
by the formation of gaps or openings in the
upper lip and palate, leading to difficulties in
different processes such as chewing, breathing,
swallowing and phonation, in addition to nega-
tively impacting self-perception[2]-[4]. To ad-
dress the requirements of alveolar bone grafts,
different strategies have been developed, in-
cluding bone autologous grafts, bone fillers with
different kind of biomaterials, and cell therapies
based in cell progenitors and stem cells [1]-[3],
[5]-[8]. However, to our knowledge there is no
definitive solution available for patients with
CL/P, even after several surgical interventions
that are costly, painful and can have a detri-
mental impact on the life quality for those suffe-
ring from this condition[8], [?]. This situation has
led to an increasing interest in the use of bioce-
ramic scaffolds with hydroxyapatite (HA) and
demineralized bone matrix that is then seeded
with stem cells that under proper stimuli can be
differentiated towards osteogenic phenotypes
(Osteoblast) for bone regeneration. There are
three main types of adult stem cells[10]-[13],
the most known and studied are hematopoie-
tic stem cells (which can be derived from bone
marrow, umbical cord and placenta), mesen-
chymal adipose stem cells, and more recently,
dental pulp mesenchymal.stem cells..For.their
easy availlability and /differentiation potential
the best alveolar regeneration 6. address CL/P.
are dental pulp mesenchymal stem cells, which
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can be typically found in third molars and
temporal teeth [14]-[17]. There are three ma-
jor challenges associated with alveolar bone
generation: to achieve osteointegration, os-
teoconduction and osteoinduction during the
growth of new bone[18]-[20]. In this regard, we
have performed a literature review for the cu-
rrent strategies in alveolar bone regeneration.
We have found that the development of extru-
sion-based 3D bioprinting technology, an ad-
vanced biofabrication technique with the po-
tential to displace conventional scaffold-based
strategies, can provide a promising platform to
create sophisticated 3D constructs, according
to the bone defect, by extruding hydrogels with
embedded cells (also known as bioinks)[21]-
[23]. Compared to traditional scaffolds, this
technology offers the possibility of more con-
trolled cell organization within the matrix ma-
nipulating specific parameters that will allow
it to mimic the native tissue [24]-[27]. Thus far,
various studies have put forward biomaterials
and 3D printing scaffold-based approaches ,
e.g.. Ahn, G, et al.[28] used bone marrow de-
rived mesenchymal stem cells seeded on a 3D
printed patient specific polycaprolactone sca-
ffolds for alveolar cleft reconstruction in young
children. After six months, the authors reported
45% of bone regeneration with respect to the
total initial defect volume. However, the sca-
ffold fails to demonstrate bioactive properties
and mechanical stimulation to lead to proper
vascularizations [28 [29].In addition to this par-
ticular approach Rizzo, et al.[28] use decellu-
larized porcine palate tfissue (mucoperiostium)
to fabricate an scaffold seeded with MSC from
BN cells for potential CL/P repair due to the the
natural bioactive properties and to the similari-
ty with native palate human tissue. Despite this
promising approach to alleviate CL/P conse-
guences, , there are no preclinical or clinical
trials that demonstrated safety and efficacy. .
Currently with the advent of new technologies
such as 3D bioprinting and with the fundamen-
tal understanding of the mechanisms for bone
regeneration, it could be possible to explo-
re new strategies and achieve a site-specific
arrangement of alveolar bone cell types pre-
cursors. This might be also combined with the
fine tuning of bioprinted constructs with custo-
mized geometries [30] that fulfill the three major
challenges ( osseointegration, osteoconduc-
tion and osteoinduction) to generate alveolar
bone. Although some studies have reported

bioprinting with hydrogels or molecules derived
from extracellular matrices (ECMs) of different
fissues [31]. , Until now there is no study repor-
ting the use of ECM bionks combined with den-
tal pulp stem cells to generate e alveolar bone
constructs via 3D bioprinting. Accordingly, we
believe that natural and conserved compo-
nents of ECMs can promote differentiation,
proliferation, and maturation of dental pulp
stem cells into alveolar bone. This will potentia-
lly allow to develop a more effective and less
invasive solution to CL/P patients.derived from
extracellular matrices (ECMs) of different tissues
[31]., Unfil now there is no study reporting the
use of ECM bionks combined with dental pulp
stem cells to generate e alveolar bone cons-
tructs via 3D bioprinting. Accordingly, we be-
lieve that natural and conserved components
of ECMs can promote differentiation, prolifera-
tion, and maturation of dental pulp stem cells
into alveolar bone. This will potentially allow to
develop a more effective and less invasive so-
lution to CL/P patients.
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Evaluacion del efecto ge-
noprotector de un extrac-
to de agraz en un modelo
celular in vitro de células

de piel expuestas a estrés

oxidativo

Daniela A. Maya-Cano and Gloria A. San-
ta-Gonzalez

El aumento de las afecciones cutdneas y prin-
cipalmente del cdncer de piel ha convertido
esta enfermedad en un problema de salud
publica debido al elevado numero de casos y
de muertes en todo el mundo [1]. Uno de los
principales factores de riesgo para desarrollar
la enfermedad es la incidencia de la radiacion
ultravioleta en la piel, con la que pueden ge-
nerarse especies reactivas de oxigeno (ROS)
y provocar reacciones mutagénicas y cance-
rigenas [2], [3]. En los Ultimos anos, el uso de
productos y compuestos naturales obtenidos
a partir de plantas ha tenido gran acogida
en la investigacion biomédica como una al-
ternativa para la prevencion y el tratamiento
de diferentes enfermedades y problemas en
la salud humana, esto debido a las propieda-
des farmacoldgicas con las que cuentan. Entre
estos productos naturales, las bayas de agraz
(Vaccinium meridionale Swartz) han mostrado
un potencial efecto antioxidante y genopro-
tector debido a los compuestos polifendlicos
presentes en este fruto [4], [5]. En este estu-
dio se evaludé un extracto de bayas de agraz
para determinar su efecto como una alterna-
tiva protectora frente al dano cutdneo induci-
do por ROS. Para ello, se prepard el extracto
crudo empleando bayas de agraz obtenidas
comercialmente; el proceso de extraccion se
realiz6 por sonicacion empleando diferentes
frecuencias y mezcla de solvente agua:etanol.
Se emplearon como modelo las células Ha-
Cal, derivadas de queratinocitos humanos no
malignos, cultivadas en DMEM al 5% de SBF y
mantenidas en ambiente humedo a 37°C y 5%
de CO2. Para los tratamientos, se sembraron 5
x 105 células/pozo en microplatos de é pozos,
y tras permitir su adehesion, las células fueron
expuestas por 24 horas a concentraciones del
extracto entre 0,25 y 10,0 mg/ml; durante la Ul-

tima hora de exposicidon al extracto, se adicio-
nd como cotratamiento el agente pro-oxidan-
te peroxido de hidrégeno a concentraciones
de 0,5y 1,0 mM. Para determinar la actividad
bioldgica se llevaron a cabo mediciones de
viabilidad celular y cuantificacion de ROS in-
fracelulares empleando citometria de flujo, y
cuantificacion de dano en el DNA empleando
el ensayo DNA cometa. Los resultados prelimi-
nares muestran una modulacién de los niveles
de ROS y disminucion del dano en el DNA, lo
gue es indicativo de las propiedades antioxi-
dantes y genoprotectoras del agraz frente al
dano inducido por estrés oxidativo en células
de piel. Estos datos sugieren un posible efecto
quimiopreventivo del extracto de agraz en las
células de piel; se requieren estudios adiciona-
les para investigar su mecanismo de accion.
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Classification of Failure
Causes of Tissue Engi-
neered Vascular grafts

Natalia A. Suarez V., Maria A Rodriguez
Soto, R. Alejandra Riveros C, Juan C. Cruz,
Carolina Mufoz C. and Juan C Bricefio T

Tissue Engineered Vascular Grafts (TEVGS) re-
present a promising alternative for vascular di-
seases that need the replacement of damaged
vessels (or to create non physiological connec-
tions) for operation under complex hemodyna-
mic conditions [1]. Under such circumstances,
synthetic grafts are incapable of sustaining
long-term patency because of their limited abi-
ity to intfegrate with the native tissue. As aresult,
they develop altered compensation mechanis-
ms to regulate the inflammatory response, the
coagulation cascade and ultimately control
the blood flow [1][2]. These changes generally
result in occlusion of the graft or in undesirable
physical alterations of the graft material, which,
in turn, impairs proper oxygen perfusion towards
the tissue of interest. For this reason, TEVGs are
expected to promote integration with the adja-
cent vessels and consequently promote vascu-
lar wallremodeling to favor uninterrupted blood
flow and therefore allow physiological mecha-
nisms to modulate vessel response to complex
hemodynamic conditfions. However, despite
several attempts to improve the performance
through different tissue engineering strategies,
most published TEVGs still report failure events
throughout the integration process when tested
preclinically. As a result, their use at the clinical
level has been significantly limited.

We hypothesized that the grafts fail because of
an inadequate response of blood cells and the
vascular wall when in contact with graft bio-
materials under the hemodynamic conditions
of the implantation site. We studied the failure
of several TEVGs in preclinical testing and were
able to identify and classify the reason why
grafts fail to complete regeneration during the
length of the test [3]. We defined three phases
within the integration process. Phase I: Peri im-
plantation period, in which grafts fail due to acu-
te responses of the inflammatory system to the
graft biomaterial or because of surgical com-

plications. Phase II: In which grafts fail because
of the presence of chronic inflammatory res-
ponse and the reendothelialization process of
the inner surface of the graft is either inexistent
or fails to show the typical biological features
to become a functional mature endothelium
[4]. And Phase lll: That comprises the period in
which the graft is under operation after having
successfully stabilized hemodynamics and im-
mune response. Importantly, TEVGs' failure in
Phase Il by long-term los of patency is mainly
related to their inability to sustain an adequate
remodeling process of the vascular wall and
behave as non-regenerative devices, and not
necessarily to their performance as blood con-
duits or the presence of strong immune respon-
se [1].

We discovered that one of the main reasons
why it is difficult to analyze these results and
franslate TEVGs to the clinical practice, is the
lack of standardized parameters to determine
the TEGVs' failure and led to compared with
the performance of others TEGVs'. For exam-
ple, numerous studies define non-successful
grafts by considering different percentages of
patency loss or different percentages of inner
surface coverage by pro-endothelial. Further-
more, we noticed that these types of failure
occur in every type of analyzed animal mode|,
independently of the species and also they
occur for both biologically originated grafts as
well as synthetic ones. We hope that this clas-
sification mechanisms and grouped causes of
failure can be useful to proposals of rational
design of TEVGs and their translation to the cli-
nical practice.
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Amniotic membrane-de-
rived extracellular ma-
trix-based hydrogels for
the improved maturation
of human retinal pigment
epithelium in vitro models

Julian A Serna, Javier Cifuentes, Laura Rue-
da, Luis A Ruiz, Bernardo Quijano, Paula X
Pavia, Camila A Camargo, Juan C Cruz,
and Carolina Mufioz-Camargo

The retinal pigment epithelium (RPE) is a cell
monolayer present in the human retina. Its most
relevant role is providing support for the correct
function of the neural retina by facilitating wa-
ter and molecule transport between the cho-
roid and the retina, producing and secreting
growth factors, and phagocyting photorecep-
tor outer segments [1, 2]. The RPE rests on top
of the Bruch's membrane, which is a thin layer
of extracellular matrix that separates the cho-
roid from the retina. In combination, RPE and
the Bruch's membrane act as a permeable ba-
rrier for controlling waste and nutrient transport
between the photoreceptors and the choroid
[1]. Impairment of the RPE, and thus of the pho-
toreceptors that rely on its correct function, is
often seen in vision loss-related diseases such
as age-related macular degeneration, retinitis
pigmentosa and Stargardt disease [3, 4]. Des-
pite these being among the leading causes of
vision loss in the elderly population worldwide,
current treatments are focused on stopping di-
sease progression instead of repairing the da-
maged fissues. As an alternative to conventio-
nal clinical management, recent studies have
proposed the use of biofabrication technolo-
gies for creating transplantable models of hu-
man RPE [5]. Here we propose the use of por-
cine amniotic membrane-derived extracellular
matrix (ECM)-based hydrogels for fabricating in
vitro RPE models. Since hydrogels made of so-
lely tissue-derived ECMs have failed to provide
appropriate mechanical properties for tissue
engineering [6], a methacryloyl modification
was performed and lithium phenyl-2,4,6-trime-
thylbenzoylphosphinate (LAP) was used as pho-
toinitiator to yield photocrosslinkable hydrogels.
Successful methacryloyl modification was con-

firmed by nuclear magnetic resonance (NMR)
spectroscopy. The biochemical composifion of
the modified hydrogels was characterized by
means of total protein content, sulfated gly-
cosaminoglycans content and growth factor
composition. Printability of the hydrogel was
assessed by manual extrusion experiments and
via rheology with flow sweep and post-printing
recovery tests [7]. For biofabrication experi-
ments, a novel concave and porous micropla-
te insert was 3D printed with PLA and used as a
support for the model, which consisted of a thin
ECM hydrogel layer with RPE primary cells laying
on top. After 7 and 14 days in culture, the infe-
grity and differentiation level of the RPE models
was assessed via immunofluorescence, histolo-
gy and transepithelial electric resistance (TEER).
Results showed a higher expression of the junc-
tion-specific protein ZO-1 and a higher TEER aof-
ter 14 days of culture, when compared to mo-
dels cultured for 7 days. Moreover, hematoxylin
and eosin staining showed a highly organized
epithelial layer with a clear separation from
the ECM region. The preliminary results herein
shown demonstrate the potential of these 3D
constructs in replicating native tissue structures
which could be employed for treating disease
in a personalized manner.
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SENMAP: A Convolutio-
nal Neural Network Ar-
chitecture for Curation
of LTR-RT Libraries from
Plant Genomes

Simoén Orozco-Arias, Mariana S. Canda-
mil-Cortés, Estiven Valencia-Castrillon, Pau-
la A. Jaimes-Buitron, Nicolas Tobon, Mara-
dey Arias-Mendoza, Reinel Tabares-Soto,
Romain Guyot and Gustavo Isaza

“Transposable elements (TEs) are specific
structures of the genome of species, which
can move from one location to another.
For that reason, they can cause mutations
or changes that can be negative, such as
the appearance of diseases, or beneficial,
such as participating in fundamental roles
in the evolution of genomes and genetic
diversity. Long Terminal Repeat retrotrans-
posons (LTR-RT) are the most abundant
in plant species, hence the importance
of studying these structures in particular.
Over the time, these elements can suffer
changes called nested insertions, which
can inactivate or modify the functioning
of the element, for that they are no longer
consider as intact element and ca not be
used for identification and classification
stfudies. In this work we present SENMAP,
a convol tional neural network architec-
ture to obtain intact LTR-RT sequences in
plant genomes, which is composed by four
convolutional layers, LeakyRelLU as activa-
tion function and BinaryFocallLoss as loss
function. Achieving an Fl-score percenta-
ge of 91.37% with test data, identifying low
quality sequences rapidly and efficiently,
conftributing to curate libraries of LTR retro-
transposons of plants genomes published in
large-scale sequencing projects due to the
post-genomic era”
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Real time face mask
detection with SSD in
the era of Covid-19
pandemic

Erick Lozano Roa, Juan Sebastian Urrea
Lopez and Isai Daniel Humberto Chacdén
Silva

“This paper proposes the Neural Network
SSD architecture for the task of face mask
detection. We trained this model to de-
tect 3 different categories of people: tho-
se wearing a mask, those wearing it inco-
rrectly and those not wearing it. For this
proposal, a dataset with 853 images was
used with annotations of these 3 classes.
For the Neural Network, the weights were
initialized from a pretrained model on the
image dataset Pascal VOC and fine-tuned
to finally achieve a mAP of 70.2% on the
validation set. The mAP achieved on the
test set was 66.7% which shows that despite
the lack of a huge dataset, the architectu-
re SSD is suitable for this task. Additionally,
our experiments showed that the MultiBox
Loss Function parameters can be modi-
fied to improve the performance on small
and unbalanced datasets such as the one
presented. Current work has focused on
the task of classification or detection for a
single class. Our work is a novel approach
as it performs real-time detection and clas-
sification in 3 classes, making it suitable for
natural scenarios such as public spaces.
Index Terms—Covid-19, Face Mask Detec-
tion, Single Shot Detector, MultiBox Loss”
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CNN for Breast Cancer
Metastases
Classification

Nicolas Aparicio, Daniel Chacdén and Da-
niela Ruiz

We present a Deep Convolutional Neural
Network based on VGG16 for the classifica-
tion of patchimages from the benchmark of
PatchCamelyon 2016. This dataset consists
of 327680 color images from histopatholo-
gic scans of lymph node sections. The ima-
ges were originally acquired at 2 different
hospital centers with a 40x objective. The
main way to optimize the construction of
our model was using a train, validation and
test set, which is the standard approach to
do it. We made changes to the architec-
ture and its parameters one by one, obser-
ving its performance in the validation set in
terms of accuracy and average loss. Finally,
we could obtain a optimized CNN architec-
ture that performed better than the VGG16
model by itself. Also, the AUC’s obtained in
the valid and test set were 0.91 and 0.90 res-
pectively, which shows the neural network
was trained in a optimal way so that it did
not perform overfitting. The final accuracy
for valid was 89% and 86% for test set. This
shows that our model is between those in
the state of the art in classification and can
be used for further harder problems such as
semantic segmentation in the actual Ca-
melyon dataset.
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Machine Learning Te-
chniques to Determi-
ne Mutation Impactin
Proteins Associated to
Neurofibromatosis

Haider Rodriguez Pinto, Tatiana Tellez Silva
and Alvaro David Orjuela-Cafioén

Nowadays, computational intelligence has
been employed to predict aspects related
to diseases, which has become an essential
practice in health around the world. Spe-
cifically, this work used the application of
support vector machines, artificial neural
networks, and random forest models extrac-
ted from machine learning approaches.
Information from the protein composition
based on amino acids was employed to
train the models and determine the muta-
tion impact for genetic diseases as neurofi-
bromatosis one and two. A cross-validation
method was implemented to analyze the
generalization of the mentfioned models.
Results show that artificial neural networks
hold the best performance to determine if
the mutation can impact the protein struc-
ture. Finally, the aim of this study is to contri-
bute to the understanding of the mutation
effect in biomolecules based on computa-
tional models based on information extrac-
ted from protein sequence data.
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Classification of discharge
diagnosis in pregnancy
electronic health records
using natural language
processing and supervi-
sed learning

Maria Camila Durango Barrera, AndrEs Fe-
lipe Orozco Duque and Ever Agusto Torres
Silva

The Electronic Health Record (EHR) has the ca-
pabilities of a clinical decision support system
(CDSS). However, the high volume of data and
the unstructured information in free text limit the
potential that EHR data offers to improve clinical
decision-making [1]. The implementation of Na-
turallanguage processing (NLP) and text mining
methods could help to do a better follow-up of
patients and support in the identification of risk.
Although, the research in NLP applied to EHR is
raising, there is a gap in this issue in languages
different from English [2]. Particularly, there are
not reports in the field of gynecology and obs-
tetrics. We propose a classification scheme, ba-
sed on the text extracted from the EHR, which
can speed up the monitoring of the pregnan-
cy, extract and summarize useful information
that serves to support the taking of clinical de-
cisions associated with maternal risk. We used
data from the electronic health records (EHR)
of pregnant women with deliveries of the obs-
tetrics and gynecology services of the Clinica
Universitaria Bolivariana. We identify the EHRs
of patients who had deliveries in the institution
between 2015 and 2019. We implemented an
Extraction, Transformation, and Data Loading
(ETL) pipeline to load in a scheme data from
the following notes and discharge diagnosis.
The unstructured text was pre-processed using
tokenizing, removing stop words, normalizing,
and removing punctuation [3]. We implemen-
ted text mining methods to characterize the EHR
and find the most common words and n-grams.
We implement a word count function and the
frequency of the 100 most common words was
used as the input to a logistic regression classi-
fier. We collected 187449 Notes of clinic evolu-
tion from EHRs corresponding to 23337 patients
and 49383 episodes, On the other hand, we co-
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llected 92426 discharge registers. We group the
notes per episode and union with the episodes
of discharge and filter the dataset per top ten
discharge diagnoses frecuency. A total of 24005
episodes with discharge diagnosis were obtai-
ned. We found that the most common words
in the corpus were “no” (not), “signos™ (signs),
“dolor” (pain). Note that the negation is com-
monly used in EHR. Additionally, the most com-
mon bi-grams were: “signos-alarma” (warning
signs), “embarazo-semanas” (pregnancy wee-
ks), “actividaduterina” (uterine activity), “resul-
tados-observaciones” (results - observations)
and “sangrado-vaginal” (vaginal bleeding).
We develop a 10-classes classification scheme
using logistic regression that achieves an accu-
racy of 0.81 which is comparable with other re-
sults using EHR [4]. To our knowledge, there are
no other studies that report the use of NLP me-
thods in obstetric and gynecological medical
records in Spanish. Our results are a contribution
for future studies that will allow in the future an
automatic analysis of the EHR for the genera-
tion of early warnings concerning maternal risk
and thus seek to help reduce the indicators of
maternal mortality.
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Pinched Flow Fractio-
nation for Size-based
Separation of Polydis-
perse Polymeric Micro-
particles via Low-Cost
Microfluidic Device

Saul Camilo Gomez, Valentina Quezada,
Isabella Quiroz, Johann F. Osma, Luis Hum-
berto Reyes Barrios and Juan C. Cruz

Microfluidic systems can be simple and effi-
cient devices for different applications in a
wide variety of fields. Purification of speci-
fic cells, bacterium, or environmental par-
ticles are some examples of biomedical,
biochemical, and industrial applications.
This study aims to achieve an in silico and
in vitro analysis of sedimentation pinched
flow fractionation lowcost microfluidic sys-
tem for size-based separation. To overco-
me the lack of polydispersity control in the
preparation of polymeric microparticles as
small-sized particles have greater advanta-
ges when it refers to drug-delivery and ce-
ll-mimicking. First, a Multiphysics simulation
was carried out employing an EulerianLo-
grangian approach for the prediction of
particle sorting in the system. In this, a Flow
Rate Ratio of 1:25, 3:100, and 1:50 and a To-
tal Flow Rate of 0.0075 m/s were used. Then,
chitosan microparticles between 1-20 um
were synthesized by the singleemulsion me-
thod to experimentally evaluate the results
obtained in the simulations. In silico results
showed that the microparticles were co-
rrectly isolated, with a difference in the size
of approximately 5 um between each out-
let channel, there was no significant diffe-
rence between the Flow Rate Ratios eva-
luated.
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Intensive Care Unit Oc-
cupancy Time Series
Forecasting for CO-
VID-19 Pandemic

Alvaro David Orjuela-Canoén, Oscar Perdo-
mo, Leonardo Mendoza and Cesar Her-
nando Valencia Nino

Nowadays, the pandemic situation becau-
se Covid19 affected everything related to
the public health infrastructure. One of the
most important aspects to treat the Coro-
navirus contingency was the hospitalization
of patients with severe cases, where some
cities had high demand of beds in the in-
tensive care units for attending these peo-
ple. From the engineering tools, time series
forecasting has been an alternative for
analyzing data in this context. This work pro-
poses to do a forecasting on the deman-
ded beds for the severe cases of Covid-19,
employing models from the arfificial intelli-
gence. Techniques as fuzzy and neural ne-
tworks were tried to determine the neces-
sary number of beds through the use of the
registration of this information daily, in a Lo-
tin American city. Results show that strate-
gies based on neural networks were better
compared to fuzzy models, according to
the root mean square error. The obtained
models can contribute to the authorities in
making decision process to react before
the similar contingencies.
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Modelo de recombina-
cion genética en malaria
con dindmicas de
transmision y sus efectos
en la clonalidad
parasitaria

David S. Salazar, Mauricio Santos-Vega
and Juan Manuel Cordovez-Alvarez

La malaria es una enfermedad causada por
protistas unicelulares del género Plasmodium,
un grupo que incluye pardsitos que infectan
aves, reptiles, roedores y humanos [1,2]. La ma-
laria puede manifestarse levemente por medio
de sinfomas como fiebre, escalofrios y en algu-
nos casos puede ser asinfomdtica. Sin embar-
go, los casos de malaria severa se caracterizan
por presentar fiebre, perdida o alteraciones de
la conciencia, anemia severa, dificultad respi-
ratoria, convulsiones e hipoglucemia. Este tipo
de malaria severa ocurre con mayor frecuen-
ciaen ninos [1]. Asi mismo, se pueden presentar
casos de malaria cerebral, enfermedad que se
da por la infecciéon P. falciparum en el humano
y puede desarrollarse tanto en ninos como en
adultos, siendo los ninos los que presentan ma-
yores complicaciones durante y después de la
enfermedad, pues suelen presentar secuelas
neuroldgicas graves a largo y corfo plazo [3].
Lo anterior, indica que la malaria no solo repre-
senta un riesgo de salud publica para las co-
munidades, sino que también, genera grandes
impactos econémicos en las poblaciones, pues
segun la Organizacion Mundial de la Salud en
el 2019 se reportaron aproximadamente 229
millones de casos de malaria a nivel mundial y
un fotal de 409.000 muertes en todo el mundo
de las cuales el 67% eran ninos de alrededor
de 5 anos [4]. El objetivo de esta investigacion
es estudiar las dindmicas epidemioldgicas y su
efecto en la estructura genética de los pard-
sitos de Plasmodium falciparum por medio de
la evaluacion de diferentes escenarios epide-
mioldgicos. Lo anterior, con el fin de responder
la pregunta de investigacion ;Como afecta
la dindmica de fransmision de la malaria la es-
tructura genética de los pardsitos y la potencial
emergencia de patdégenos resistentes a los an-
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timaldricos? En esta investigacion se ha disena-
do un modelo de agentes estocdstico capaz
de recopilar los mecanismos genéticos presen-
tes en el proceso de infeccién en malaria, con
el fin de obtener informacion sobre los cambios
a los que se ven expuestos las poblaciones pa-
rasitarias a lo largo del tiempo. El modelo estd
disenado a partir del algoritmo de Gillespie que
nos permite resolver las ecuaciones estocdsti-
cas gobernantes del modelo. Esta aproxima-
cidn permite obtener distribuciones poblacio-
nales y analizar los posibles efectos que tiene
la interaccioén de las poblaciones dentro de los
vectores y los humanos. Por otfro lado, 1os geno-
mas parasitarios fueron disenados a partir del
andlisis bioinformdatico de secuencias reales de
la base de datos MalariaGEN, dichas secuen-
cias nos permiten identificar en qué ubicacion
dentro de los cromosomas se tiene un evento
de recombinaciéon y asi, disminuir la dimen-
sionalidad del genoma para llevar a cabo su
procesamiento dentro de las poblaciones del
modelo. Esta aproximaciéon nos permite anali-
zar factores que posibilitan el establecimiento
de genotipos resistentes a las medicinas con-
vencionales, por medio de comportamientos
humanos. Lo anterior con el fin de entender
como afecta la dindmica de fransmision de la
malaria, la estructura genética de los pardsitos
y la potencial emergencia de patdgenos resis-
tentes a los anfimaldricos.
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Accidente ofidico en
Colombia: CoOmo mejo-
rar la disponibilidad de un
valioso pero escaso
tratamiento?

Carlos Andres Bravo-Vega, Camila Renji-
fo-lbanez, Leonardo Leon Nufiez and Juan
Manuel Cordovez Alvarez

El envenenamiento por accidente ofidico es
considerado como una enfermedad tropical
desatendida por la organizaciobn mundial de
salud debido a la poca investigacion existente
y a su alta carga sobre poblaciones rurales (1).
El Unico tratamiento efectivo contra este pro-
blema es el suero antiofidico, pero su produc-
cidn es costosa y no siempre se puede asegu-
rar su disponibilidad en cenfros medicos (2-4).
Colombia, al ser un pais tropical y megadiver-
50, No es ajeno a esta situacion, donde cada
ano alrededor de 4500 envenenamientos con
45 muertes son reportados al sistema de vigilan-
cia SIVIGILA (5). El Instituto Nacional de Salud,
parte del ministerio de salud, produce suero
antiofidico a nivel nacional que estd incluido
dentro de los esquemas de salud publica. Aun
asi, este tratamiento no estd siempre disponible
en todos los centros médicos, y su distribucion
es basada en la compra de este insumo por los
centros médicos y el stock disponible. De esta
manera, el objetivo de este trabajo es el de
mapear los centros médicos con la capacidad
de atender un envenenamiento causado por
serpientes, y de proponer distintos esquemas
de distribucion basado en modelos matema-
ficos: 1. Seleccionando 1 hospital por munici-
pio, 2. Seleccionando todos los hospitales, pero
definiendo una division que minimice el tiem-
po de vigje alcentro médico mds cercano, y 3.
Una que defina hospitales especializados en el
manejo del evento para reducir el nUmero de
centros a abastecer. Sobre estos esquemas, se
calculd el fiempo mdximo de desplazamiento
a un centro médico por cada division, la de-
manda de sueros por cada division basado en
la incidencia, y se estimd un costo asociado a
la distribucion delos sueros. Se encontrd que la
escala politica, asi sea la mds adecuada a ni-
vel administrativo, aumenta los costos y el tiem-
po de viagje de los pacientes siendo la menos

optima. Ademas, se encontrd que realizar una
distribucion centralizada de los suerosmejora la
disponibilidad de estos, y los costos se pueden
reducir significativamente al definir hospitales
especializados. A futuro, se espera realizar una
optimizacion y un andlisis de costo/beneficio
de cada esquema de distribucion para po-
derbrindar una herramienta centralizada que
reduzca costos de distribucion de sueros, ga-
rantice una mejor disponibilidad en los lugares
donde se necesitan, y pueda ser faciimente ex-
trapolada a esquemas de distribucion de otros
fratamientos.
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Modeling the impact of
school’s reopening and
the effects of possible in-
terventions in Bogotdq,
Colombia

Samuel Torres-Florez, Diana Higuera-Men-
dieta, Catalina Gonzalez-Uribe, Alf Ons-
huus, Juan Cordovez and Mauricio San-
tos-Vega

The COVID-19 pandemic has impacted the
education sector across the world, especially
for underdeveloped countries. The substantial
restrictions avoiding classes in the schools’ faci-
lities to slow SARS-CoV-2 transmission have pus-
hed to the virtualization of education. In LMIC
such as Colombia, the technological barriers in-
herent in the most vulnerable socio-economic
communities have had significant repercus-
sions on child development, as children can-
not attend their classes. Hence, evaluating and
qguantifying the real impact of reopening the
schools under specific schemes (external inter-
ventions in different economic sectors, school
occupation, ventilation within classrooms, usa-
ge of specific face masks) can be a valuable
tool for policymakers. Our work provides alter-
natives to deploy interventions within schools to
reduce the risk of infection and enable in-per-
son education. We implemented a stochastic
SEIR epidemiological on a contact network that
recreates Bogotd’s social structure in terms of
household, schools, working, and community
places. We calibrated and parameterized the
model using public government data and epi-
demiological city-level and age-specific para-
meters inferred from multiple data streams. To
represent the risk of infection in a classroom, we
applied an aerosol transmission model, which
considers environmental factors, physiological
variables, and facemask efficiency. To accura-
tely map the contact structure variation within
a day, simulations occurring 8-hour intervals (a
day divided info three stages). We do this to
account for the network activity on the diffe-
rent day stages (schools/job places networks
are primarily active on the second phase of the
day). In our simulations, we analyze a variety
of scenarios: The effect of contact reductions
in each layer of the network; the outcome of

maintaining schools open and targeting the
interventions to other layers; the benefit of im-
plementing interventions within schools such as
ventilation, face masks and adherence to res-
trictions in schools. Our results show that with a
35% of school capacity, there is no significant
increase in the number of infections in any inter-
vention scenario. In addition, we found that the
uncontrolled easing of restriction may have a
significant impact on the transmission. Our simu-
lation shows that an occupation change from
50% to 90% in both community and workpla-
ces involves around a 30% increase in the total
of infected people. Furthermore, we showed
that high ventilated classrooms combined with
interventions around 40% in the external layer
decreased the total number of infections from
48% to 9%. We then combined these factors
with face maks efficiency and found that in low
ventilation scenarios, there is a need for adhe-
rence and high filtering capacity (i.e., N95). In
contrast, the type of face mask used in a high
ventilation scenario has an indifferent over the
fransmission.
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Reduccidn de la varianza
en los tiempos de espera
en la asignacion de tras-
plantes de riiion en la
regional 1

Sergio Andrés Otero Solanilla and William
Cruz Mususu

Se presenta un modelo de simulacion discre-
ta de la asignacion de trasplantes de rindn en
la regional 1 (R1) en Colombia. Los receptores
entran al modelo de acuerdo con una tasa
entre arribos y se albergan en una lista gene-
ral de espera y una sublista de acuerdo con
la Institucion Prestadora de Salud (IPS) que les
fue asignada. Los donantes entran al modelo
de acuerdo con una tasa entre arribos, pero
no todos son donante efectivo. De un donan-
te efectivo se obtienen dos rinones que se
asighan a los receptores en lista de espera de
acuerdo con la politica de asignacion actual
[1][2]. la cual busca el mejor receptor en la lista
de espera de acuerdo a caracteristicas de los
actores (Edad, Grupo Sanguineo, HLA). El algo-
ritmo de asignacion de trasplante se desarrolla
usando la informacion y lineamientos del Insti-
tuto Nacional de Salud (INS), los pardmetros se
estiman con la informacion oficial disponible [3]
[4] y datos adquiridos en un modelo previo. El
modelo actual de trasplantes colombiano se
basa en un acceso a una justa oportunidad de
trasplante para todos sus receptores y en obte-
ner la mayor supervivencia del injerto/receptor.
Con el objetivo de disminuir la varianza entre los
tiempos de espera en la asignacion de rinones
en las diferentes IPS en la R1 se realizaron ajus-
tes de los pardmetros mediante un andlisis de
salida donde se verificé estadisticamente qué
modelo refleja la dindmica deseada (NUmero
de pacientes en lista, Trasplantes cadavéricos)
intervalo de confianza del 0% en 1000 réplicas
y se plantearon una serie de modelos alternati-
vos para disminuir la varianza en los tiempos de
espera del ano 2008- 2018. Mediante estos mo-
delos alternativos se espera analizar escenarios
en gue se genera una asignacion mds justa en
términos de una menor variabilidad en tiempo
hasta el trasplante en distintas IPS. De estos, el
gue mostré una menor variabilidad fue el de
asignacion de rinones a la IPS trasplantadora

mds cercana con respecto ala IPS en la que se
genera el donante, en este se observd una dis-
minucion del 20% de la variabilidad en los tiem-
pos promedio de espera en las sublistas y de 13
dias el tiempo de espera promedio en la lista
de espera general durante el periodo de simu-
lacion. El nUmero total aproximado de frasplan-
tes cadavéricos efectivos durante el periodo de
simulaciéon y de pacientes en lista de espera al
finalizar el Ultimo ano de simulacion es de 2500
y 2000 respectivamente. Este tipo de simulacio-
nes permite evaluar los efectos de las distintas
politicas de asighacion en la trasplantabilidad
de los pacientes y puede usarse como sustento
para futuros cambios en las politicas de asigna-
cion o distribucion en la R1.
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Multiphysics Simulation
for the Personalized Treat-
ment of Brain Tumors
through Localized Hyper-
thermia using Magne-
to-thermic Nanoparticles

Danniel Moreno and Santiago San-
chez-Renteria

Localized hyperthermia has been shown to be
a treatment that successfully contributes to tu-
mor size reduction [1]. This freatment consists in
elevating the tumor tissue temperature above
approximately 41°C, inducing apoptosis and in-
hibiting tumoral cell proliferation [1]. A way of
achieving a localized heat delivery in biologi-
cal fissue is through applying a magnetic field
over magneto-thermic nanoparticles, such as
Super-paramagnetic Iron Oxide Nanoparticles
(SPIONs), distributed around the region of inte-
rest [2]. Brain fumors are characterized by their
heterogeneous shapes and sizes, which im-
plies that it is very important to consider each
patient’s tumor geometry when planning the
heat distribution applied during a localized
hyperthermia treatment. This work establishes
a pipeline to model the heat distribution during
localized hyperthermia using magneto-thermic
nanoparticles based on an initial segmentation
of the patient’s ftumor over a magnetic resonan-
ce image (MRI). To model the geometry of the
patient’s brain and tumor, an original MRl and
its respective tumor annotation were retrieved
from the Brain Tumor Segmentation Challenge
2020 dataset [3] and were further processed
using MATLAB and Autodesk MeshMixer to ob-
tain an Standard Triangle Language (STL) file.
Afterwards, this model was implemented in the
COMSOL Multiphysics Software in order to simu-
late the heat transport phenomena generated
by an SPIONs agglomeration under a magne-
fic field, modeled as a sphere with a superficial
heat generation function. The heat distribution
was compared between the implementa-
tion of a SPIONs sphere in the center of mass
of the tumor, and two spheres manually loca-
ted with the same surface area as the original
sphere. The performance of the treatment was
evaluated by the amount of randomly distribu-

ted surface points that achieved therapeutic
temperature. MRI-to-STL conversion proved to
be a functional methodology for the physical
modeling of tumor geometries. The model of
the manually located spheres showed a better
performance under certain specific magnetic
field properties, which confirms the importance
of a personalized geometry study during the
planning phase of such freatments. In the final
analysis, this work suggests the coupled use of
MRI-based tumor segmentation algorithms and
multiphysics computer simulations as a promi-
sing approach for the planning of personalized
freatments and procedures.

ID: 106
References

[1] A. Chichet, J. Skowronek, M. Kubaszewska, and
M. Kanikowski, “Hyperthermia-description of a
method and a review of clinical applications,”Re-
ports of Practical Oncology & Radiotherapy, vol.
12, no. 5,pp. 267-275, 2007 [2] A. R. Sebastian, H.
J. Kim, and S. H. Kim, “Analysis and control of hea-
ting of magnetic nanoparticles by adding a static
magnetic field to an alternating magnetic field,”
J. Appl. Phys., vol. 126, no. 13, p. 134902, Oct. 2019,
doi: 10.1063/1.5097415. [3] B. H. Menze, A. Jakab, S.
Bauer, J. Kalpathy-Cramer, K. Farahani, J. Kirby, et
al. “The Multimodal Brain Tumor Image Segmenta-
tion Benchmark (BRATS)”, IEEE Transactions on Me-
dical Imaging 34(10), 1993-2024 (2015) DOI: 10.1109/
TMI.2014.2377694




LogistiC
Hospitalaria




Georreferenciaciony
caracterizacion de pa-
cientes con enfermeda-
des huérfanas de Pereira
atendidos en un centro
hospitalario de cuarto
nivel

Diego Mauricio Gomez Londofio, Angela
Patricia LOpez, Hernan Felipe Garcia Arias,
Jorge Mario Estrada Alvarez and Gloria
Liiana Porras Hurtado

Las enfermedades huérfanas-raras constituyen
un grupo amplio y variado de trastornos que
afectan una proporcion baja de la poblacién,
se caracterizan por su cronicidad, compleji-
dad, compromiso sistémico y alta mortalidad.
En el mundo se han identificado entre 6000 y
7000, mientras que en Colombia legalmente se
reconocen 2149. El objetivo de este estudio fue
realizar la georreferenciacion y la caracteriza-
cion de los pacientes atendidos en un centro
hospitalario y su relacion con el indice de Po-
breza Multidimensional (IPM) para la ciudad de
Pereira. Se realizé un estudio descriptivo de cor-
te transversal para identificar las caracteristicas
y la distribucién espacial de las enfermedades
huérfanas en la ciudad de Pereira, a partir de
la informacion de un centro hospitalario de re-
ferencia en el centro occidente colombiano.
Para ello, se utilizé la informaciéon de residen-
cia de los pacientes con el fin de identificar
sus coordenadas geogrdficas y el valor del IPM
asociado ala manzana de residencia dado por
el Censo Nacional de Poblacion y Vivienda del
2018 realizado por el Departamento Adminis-
trativo Nacional de Estadistica. Ademas, se uti-
lizé Python 3 mediante la libreria Folium en para
la creacion de mapas en formato HTML que
permite la visualizacion interactiva y la geolo-
calizacion de la distribucion de la informacion
(ej. Puntos de calor), también se usé la libreria
Geoplot para la Estimacién de la Densidad de
Kernel (KDE) para hallar la distribucion de pro-
babilidad de ocurrencia de una enfermedad
en un drea y su relacion con el IPM. Se identifi-

Posters

caron 516 pacientes donde se establecié una
prevalencia de base hospitalaria de 10.8 en-
fermedades por cada 10000 habitantes (IC del
95%: 9.88 — 11.75). Las mujeres representaron el
53,88% de los pacientes y los hombres el 46,12%,
la mediana de la edad fue de 25 anos. Asi mis-
mo, se registraron 116 enfermedades diferentes;
las mas frecuentes fueron: Enfermedad de Von
Willebrand (17,25%), Purpura tfrombocitopénica
inmunitaria (6,78%) y Distrofia muscular (6,59%).
Las enfermedades fueron agrupadas por gru-
pos nosoldgicos, en los cuales, las enfermeda-
des congénitas, malformaciones y alteraciones
cromosomicas fueron frecuentes entre los me-
nores de 17 anos. Ademds, las enfermedades
del sistema hematoldgico fueron mds comunes
entre los pacientes con edades entre los 18 y
los 64 anos vy, las enfermedades del sistema res-
piratorio presentaron mayor frecuencia en los
mayores de 65 anos. Los mapas interactivos se
presentaron como una herramienta para visua-
lizar la distribucion de las enfermedades en el
municipio, donde se pueden observar puntos
de calor dados por la cantidad de pacientes
que se encuentran denfro de un drea. Suma-
do a esto, se cred un mapa donde el IPM se
presenta como un mosaico por medio de las
comunas, y en combinacién con la KDE, se evi-
dencian las posibles dificultades socioecond-
micas que pueden presentar los pacientes de-
pendiendo el sector de residencia. Se presenta
el panorama de las enfermedades huérfanas
para el municipio de Pereira, ademds del desa-
rrollo de mapas que permiten visualizar la distri-
bucién de diferentes grupos de enfermedades.
Se resalta la utilidad de la georreferenciacion
como una herramienta que brinda informacioén
a centros médicos y administrativos, con el fin
de ayudar en la planificacion de la salud vy la
generacion de politicas publicas; puesto que
se evidencian estructuras subpoblacionales
gue agrupan distintas enfermedades y cuyas
condiciones educativas, de la ninez y juventud,
de la salud, del trabajo, y de la vivienda vy ser-
vicios publicos evaluados en gl IPM pueden ser
un factor influyente en la calidad de vida de
las personas con enfermedades huérfanas. A
futuro, se plantea fomentar el codigo abierto
con el fin fortalecer la comprension del cem-
portamiento epidemiolégico de estas enfegme-
dades y el impactogsocioeconomico de esta:

en la comunidad. \‘“
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Risk Factors Assessment
Associated with Hospi-
tal-Acquired Infections
Using Biomedical Equip-
ment in High Complexity
Health Care Institutions: a
Systematic Review

Karen Tatiana Valencia Rivero, Jair Tellez,
Yeison Arévalo, Juan Escobar and Lina
Vargas

Hospital-acquired infections (HAI) are infections
acquired by patients while attending health
care centers [1]. According to the WHO, the-
se infections are the most common adverse
events in health care services [2]. The aim of
the present study was to carry out a systematic
review to determine the risk factors associated
with hospital-acquired infections due to the use
of biomedical equipmentin high complex heal-
th care services. Systematic review of literature
was based on the search of electronic availa-
ble manuscripts in EBSCO, Scopus, and Web
of Science databases. Literature was selected
according to the Preferred Reporting Items for
Systematic Reviews and Meta-analyses metho-
dology (PRISMA), using the NVIVO software for
further analysis [3]. A Mixed Methods Assess-
ment Tool matrix (MMAT) was used allowing
the evaluation of the methodological quality of
five types of studies: qualitative investigations,
randomized controlled trials, non-randomized
studies, descriptive quantitative studies, and
mixedmethod studies. In the review 797 articles
were found (EBSCO 44, Scopus 544, Web of
Science 209), 63 duplicates were found and ex-
cluded. In the selection process 7 articles were
excluded by language and 609 after examining
the title and abstract. In the full text evaluation,
57 articles were included for the mixed analy-
sis. Results showed that the main risk factors as-
sociated with the hospital-acquired infections
using biomedical equipment were the expo-
sure time to mechanical ventilation (OR: 3.76;
95% Cl, 1.41-10.02), reintubation (OR: 3.075; 95%
Cl, 0.841-1.235), and fracheostomy (OR: 2. 669
95% Cl, 1.073-6.634) [4]-"Maost frequently studied
HAI was the Venfilater=associated“Pneumonia
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(VAP) [5], which presented rates of alarming in-
cidence and mortality regardless of the coun-
try, demonstrating that The HAI associated with
biomedical equipment is a major problemin the
health services in some countries such as Cuba,
Spain, or France where the mortality rate is over
40% [5], [6]. [7]. Similarly, sanitary barriers were
identified as one of the measures that can be
useful to maximize patient safety against VAP
and infectious pathogens due to contamination
caused by a lack of cleaning of areas prone to
bacterial growth or the use of mechanical ven-
tilation for prolonged periods, which increases
the likelihood of developing VAP. Among the
main sanitary barriers to prevent VAP, literature
highlighted activities such as the implementa-
tion of measures including patient’s head ele-
vation at least 30°, establishment of oral care
protocols, modification of the ventilator circuit
parameters (specially draining condensation at
least every 2-4 hours), adequate storage of oral
suction devices, and strict hygiene protocols
[8]. [9]. Itis concluded that there are few studies
focused on HAI related to equipment biome-
dical facilities different to ventilators and it was
also evident that the studies conducted in the
surgery service are minimal compared to those
performed in the Intensive Care Unit (ICU) [6],
[8]. This systematic review did not find indexed
published studies carried out in Colombia, rea-
son why we suggest for further research to in-
clude research made at college level to have
a more solid data base about this problem in
Colombia.
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Classification of upper

limb grips with bioelectri-
cal EMG and EEG signals
with artificial intelligence

techniques

Fabian David Barreto Sanchez, Cesar An-
drey Perdomo Charry and Julian Rolando
Camargo Lopez

Brain-computer interfaces (BCls) provide
a connection between the human bra-
in and a computer. BCI systems capture
neural activities associated with external
stimuli or mental tasks, without involving
nerves or muscles, and provide alternative
non-muscular communication. Interpreted
brain activities are translated directly into
a script to perform specific tasks, such as
controlling wheelchairs, appliances, robo-
tic arms, speech synthesizers, computers,
and gaming applications. The level and
pattern of neuromuscular activity can be
measured by electromyography (EMG) du-
ring specific movements. As such, EMG me-
asurements would be valuable in determi-
ning muscle stimulation during the different
modes of generating gestures, orientation,
position, and insertion angles of the upper
extremities. These signals contain highly re-
vealing information in everyday upper ex-
tfremity gestures. This research article aims
to develop arfificial intelligence models for
bioelectric signals (encephalographic and
myoelectric), where the main characteris-
tics of each signal are identified and the
best computational model for each signal
is established, for which tests are implemen-
ted with these acquisition devices from a
study with real patients and subsequent
processing to extract the characteristics of
the bioelectric signals.
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Development of a
low-cost surface EMG
acquisition system
device for wearable
applications

Edgar Gonzalez, Mario Valderrama and
Fernando Garcia

Currently, the study of electromyographic
signals (EMG) has allowed the develop-
ment of diverse applications in, clinical and
biomedical fields. For instance, EMG sig-
nals has served as inputs for different types
of human-machine systems. However, the
process for the acquisition of this type of
biosignals presents some inconveniences
associated with the degree of invasiveness,
the use-convenience balance, and the
range of portability. For this reason, in this
study we designed and validated a weara-
ble and portable system for the acquisition
of surface Electromyography (sEMG) sig-
nals for the upper limbs. The design consis-
ted of an adaptable arm-forearm cuff (not
invasive), allowing different electrode distri-
butions for signal acquisition. We tested our
prototype with the OpenBCI board through
several experimental protocols, obtaining
high levels of ergonomy and signal quali-
ty. With this development we expect to the
acquisition of EMG signals that could be in-
tegrated to different human-machine sys-
tems such as EMG prostheses.
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How do factors of com-
fort, concentration, and
eye fatigue affect the
performance of a BCI
system based on SS-
VEP?

Cristian David Guerrero Mendez, Cristian
Felipe Blanco Diaz and Andrés Felipe Ruiz
Olaya

In this article, a comparative study is im-
plemented to determine how physical or
mental factors affect the performance of
a SSVEP-BCI system. For this, a public EEG
dataset was used that consists of four flicke-
ring rectangles on a led screen (5.45, 6.67,
8.57 and 12 Hz). During the experimental
design subjects answered a questionnai-
re to determine their physical and mental
conditions in the acquisition of EEG signals.
The factors of comfort (high and low), con-
cenftration (high and low) and eye fatigue
(high and low) were evaluated by selecting
2 groups each one with 8 different subjects
to each factor evaluated. In order to iden-
tifying target frequency components using
EEG signals, it was implemented the Filter
Bank Canonical Correlation Analysis (FBC-
CA) algorithm using five occipital lobe EEG
channels. The performance was quantifyed
by means of accuracy (Acc) and Informa-
tion Transfer Rate (ITR) metrics. Furthermore,
a statistical analysis was performed to de-
termine whether better results are presen-
ted when a subject presents high comfort,
high concentration or low eye fatigue. Ac-
cording to obtained results, it were found
changesfor Acc andITR according to factor
of comfort, concentration and eye fatigue
of the subjects. However, statistically there
are no significant differences (p > 0.05) in
the physical or mental factors analyzed for
4 different fime windows implemented.

ID: 31

Spatio Temporal Filte-
ring of Multi-lead ECG
Signal for Atrial Arrhyth-

mia Classification

Sonia Contreras Ortiz, Jader Giraldo Guz-
man, Marian Kotas and Francisco Castells

Atrial fibrillation (AF) is the most common
cardiac arrhythmia and increases the risk
of suffering stroke. Some people with AF do
not have symptoms, so, its diagnosis can be
difficult, especially in early stages of the di-
sease. In this paper, we propose the use of
the spatio-temporal filter (STF) to characte-
rize atrial activity in ECG recordings and dis-
tinguish between normal sinus rhythm (NSR)
and atrial arrhythmias. This method allows
the effective detection of P waves when
they are synchronized with QRS complexes.
The distances from the QRS complexes to
the detected P waves are characterized
by seven dispersion metrics that are used
as inputs to three clustering algorithms. The
results show classification accuracy of up to
98.88% of NSR and atrial arrhythmias.
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Ulira-short-term analysis
of heart rate variabili-

ty for epileptic seizures
prediction

Alejandro Paredes, Ignacio Buscema and
Erick Arguello

Epilepsy affects over 50 million people world-
wide, and it is characterized by seizures that,
when uncontrolled, may cause serious injuries
fo patients and people around them. An impor-
tant proportion of epileptic patients responds
poorly to medication or does not receive ade-
guate treatment, so a seizure prediction system
could contribute to improving their quality of
life. Current seizure prediction approaches are
mainly based on the use of video-electroen-
cephalography (EEG), which may be unrealis-
tic for home and ambulatory monitoring. Since
abnormal epileptic activity in the brain also can
affect brain regions controlling autonomic acti-
vity, fluctuations in cardiac activity may reflect
such anomalies. Previous studies report signifi-
cant differences between time- and frequen-
cy-domain heart rate variability (HRV) measu-
res calculated near and far from seizure onsets,
thereby suggesting that HRV could be useful for
predicting seizures. However, those differences
were observed around 3-30 min before seizure
onsets, thereby suggesting that patients have
to wait for the same time before determining
whether a seizure will occur or not. As an alter-
native approach, this work aims to examine
the feasibility of using ultra-shortterm HRV (i.e.,
1-min ECG recordings) for seizure prediction.
ECG recordings from seven epileptic patients
were used, and time- and frequency-domain
HRV measures were exiracted from twenty
1-min length segments previous to seizures on-
sef. RMSSD, SDNN/RMSSD, and LF mean values
showed significant differences (p < 0.05) 1 mi-
nute before the seizure, which suggests that pa-
tients may have little time to ensure their safety.
Future research endeavors may include explo-
ring how suitable are nonlinear HRV indexes as
epileptic seizures predictors.
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Design of a user interfa-
ce to study the effects
of Ph regulation through
the respiratory system

Andrés Julian Velasquez Claro, Angie
Luciana Obregon Saravia, Jose Alberto Pa-
checo Quintero, Maria Fernanda Centeno
Quiroga, Pedro Luis Noriega Paez, Natalia
Garcia Corredor, Sonia Carolina Gonzalez
Medina, Ruby Jackeline Rey Triana and
Manuel Hernando Franco Arias

The intracellular and extracellular environment
is strictly regulated by the different homeostatic
mechanisms of the body. The acid balance is
modulated by chemical and physiological bu-
ffering mechanisms that prevent sudden chan-
ges in pH. One of these mechanisms is carried
out by the respiratory system, which is in charge
of controlling variables such as the pressure of
COll and the levels of hydrogen ions. Further,
this function is mediated by central and peri-
pheral nerve centers. The objective of the study
was to design an interface that allows users, fo-
cused on second year engineering students, to
familiarise and to represent the dependence
between the variables that control acid-ba-
se regulation through ventilatory responses. To
achieve this goal we use the following metho-
dology: 1. To choose the software; 2. To identify
the respiratory system variables; 3. to relate the
variables in the respiratory system with pH; 4. To
obtain afunctionalinterface. App Designer was
used as a complement to Matlab to show the
changes in the behavior of the respiratory sys-
tem. First, the interface for the representation of
acid-base balance and responses through the
respiratory system was designed with the use of
the previously described tool. Subsequently, we
proceeded with the identification of the respi-
ratory variables and their effect on pH control
were identified; for this, a review of the research
carried outin the field was made, taking into ac-
count the level of participation both at the ner-
vous and at the respiratory system level. Then,
the user interface was drafted in App Designer,
which was the basis for the development of the
interface. Finally, the variables were simulated

Posters

and their behavior was analyzed. As a resulf, an
interface was obtained in which the standard
levels of pH concentration, CO[ pressure and
Bicarbonate concentration are shown due to
the fact that these are presented as the most
relevant variables of the process. There is a sec-
tion in which the user can modify the state of ei-
ther alkalosis or acidosis. Once selected, the re-
sults are described by two methods; one graph
in which the number of breaths are contrasted
on the abscissa and the respiratory volume on
the ordinate axis in an interval of one minute.
The other representation method is based on
indicators that show the level of participation
of each variable, in addition to the respiratory
center of the nervous system responsible for the
physiological process. At the end of the interfa-
ce, it briefly describes the selected mechanism
and how the respiratory system works with ins-
truction points distributed throughout the inter-
face to facilitate the understanding of its func-
tioning. According to the literature review it was
determined that the respiratory system is con-
trolled by the nerve centers modifying the res-
piratory rate and the amplitude of respiration,
because it has a greater effect on modifying
the acid-base balance in the body. Once the
user uses the interface it may let them conclu-
de that alterations in pH will cause the organism
to respond with certain regulatory mechanisms,
these changes and relationships between va-
riables can be represented interactively and di-
rectly with technological tools where the levels
of regulation of an alkalosis and acidosis are si-
mulated.
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Simulacidon de una silla
de ruedas controlada
por sefales EEG

Ana Maria Alvarez Suarez, Leydy Vanessa
Rodriguez Robles, Cristian Camilo Jiménez
Gomez, Angelica Maria Ramirez Martinez,
Angie Julieth Valencia Castafieda and
Oscar Gerardo Rubiano Montana

La pardilisis cerebral es un trastorno motor incu-
rable que afecta entre uno y cuatro de cada
mil ninos [1]. Este trastorno altera la movilidad,
el conftrol, los reflejos, y/o el tono muscular de
guien la padece, limitando de esta manera su
desplazamiento y autonomia [2]. Dependien-
do del tipo de pardlisis, se requieren ayudas
que permitan a los ninos movilizarse al no po-
der usar sus extremidades. En investigaciones
previas se han propuesto sillas de ruedas con
interfaz cerebro computadora y se han simu-
lado para diferentes entornos, sin embargo,
casi ninguna es capaz de superar obstaculos
y seguir tfrayectorias esperadas [3]. El presente
trabajo tiene como objetivo disenar y simular
una silla de ruedas eléctrica controlada a par-
tir de senales electroencefalogrdficas (EEG). Se
disena la silla considerando las medidas antro-
pométricas de un nino de siete anos, con pa-
rdlisis cerebral espdstica y sindrome de tijera.
El desplazamiento de la silla se logra a través
de un sistema basado en pinones y cadenas,
que estdn acoplados a dos motores DC para
mover de forma independiente dos ruedas de
traccion. Estos motores serdn controlados por
las senales provenientes de un sistema Emotiv,
con marcado CE y registro FCC ID para protec-
cién del paciente. Para simular los movimientos
de la silla controlados a fravés de la senal EEG,
se emplea una senal de la base de datos Phy-
sionet [4] que es filirada para obtener las on-
das betay de la que se extraen con el software
Polyman las lecturas de los pares de electrodos
C3-P3, CZ-PZ, C4-P4 y T8-P8, correspondientes
a la corteza motora en estado de actividad
consciente. Por Ultimo, a cada par se le asigna
un rango de voltaje segun los puntos mdaximos
de la senal, para el control de avanzar, detener
y giros derecha e izquierda, respectivamente.
— En la simulacién se obtuvo que la silla puede
movilizarse con velocidades inferiores a 7m/s

sobre diferentes superficies y con desniveles de
hasta 3cm. De manera experimental, hubo un
desfase de 392ms entre la salida de la interfaz
y el movimiento de los motores controlados por
EEG, lo cual, permite seguir trayectorias adap-
tadndose rapidamente al entorno. Sin embargo,
en el modo manual, se presenta un desfase
de aproximadamente 2s. Por ofro lado, al usar
Webots como entorno de simulacion, es posi-
ble tener un acercamiento mds real debido a
la posibilidad de configurar condiciones fisicas
como choques y gravedad.
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Frequency domain
signal quality index in
swallowing-related sur-
face eleciromyography

Julio Jimmy Cuadros Acosta and Andrés
Felipe Orozco Duque

Dysphagia is a swallowing disorder that has a high
incidence worldwide. Recent approaches aim to
develop noninvasive techniques based on surfa-
ce electromyography (SEMG) [1]. Although these
approaches have shown potential to assess the
coordination of muscle activity in the detection
and screening of dysphagia, it has been found
that the sEMG signal analysis in dysphagia is sen-
sitive to low signal-to-noise ratio (SNR) due to mul-
tiple factors (e.g.. data acquisition system, noise
contaminants, power frequency line, etc.) [2]. To
assess the noise in sSEMG signals, multiple quality
estimators have been proposed, which are refe-
rred to in the literature as: “Signal quality index”
(SQI) [3][4]. Our approach aims to propose an SQI
to achieve the detection of poor quality sEMG
signals base on the frequency domain. We pro-
posed an SQI that measure if the distribution of
power spectral density (PSD) is concentrated in
few peaks, some of them can be harmonics of
power frequency line. However, there are other
sources of noise with harmonics that can be pre-
sent in the signal. The SQI developed in this study
can be referred to as “peaks of PSD” (PSDpeaks).
To compute the SQI; first, we estimate the PSD
(Welch method with a 1024 points window). Se-
cond, we measure the maximum value of the PSD
and counted how many points are above the
10% of the maximum value. We hypothesize that
the signal has poor quality if the PSD is centered
in few peaks and the value of PSDpeaks is low.
Contrary, if the signal has a high SNR, the PSD is
widely distributed in the bandwidth of the EMG
signals and the value of the PSDpeaks is higher.
We compare the proposed SQI with another SQI
based on the estimation of the PSD centered at
the power line frequency and its harmonics (PS-
D_60Hz). To compute the SQI, we measure an es-
timation of the percentage of power centered at
60Hz, 120Hz, and 180Hz with a bandwidth of 2Hz.
For this study, a dataset was built including 304 sig-
nals from a database of patients diagnosed with
dysphagia, sampled fo 2kHz with a 24-bit resolu-
tion. The protocol and the acquisition setup are
described in a previous study by Roldan et al., [1].

We manually divided the data set into two equal
groups of 152 signals labeled as poor and good
quality by visual inspection based on the power
spectral density, spectrogram, and histogram
plots. A signal was considered of poor quality if the
presence of a noise contaminant distorted most
of the signal and prevented the differentiation
of at least one muscle activation. Afterward, we
tested and compared the performance between
the raw and filtered signals (10Hz500Hz fifth-order
Butterworth filter; 60Hz notch filter). The area un-
der the receiver operating characteristic (ROC
AUC) was used to measure the performance of
the SQIs. Results: The proposed SQI achieved a
ROC AUC of 0.9759 for the raw signals and 0.9801
for the filtered signals. On the contrary, PSD_60Hz
reaches 0.87 ROC AUC using only the power cen-
tered at 60Hz, and it does not have a good perfor-
mance in filtered signals, where using harmonics
at 120Hz, and 180Hz only reached a maximum vao-
lue of 0.6485 ROC AUC. In this dataset the optimal
cut-off point for PSDpeaks is 30, this value is the
threshold to decide if a signal is classified as poor
or good quality. In conclusion, the implementa-
tion of the proposed scheme can help to fill the
knowledge gap regarding the implementation of
robust strategies to validate sEMG signal quality
analysis. The proposed PSDpeaks distribution es-
timator can distinguish a bad quality signal with
high performance. In future studies, this SQI could
be applied as a pre-processing step to improve
the performance of sEMG signal studies in swa-
llowing tasks.
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