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Resumen

La biofuncionalizacidn superficial de biomateriales inertes es una tendencia para mejorar la bioacti-
vidad en implantes. Se busca usar biomoléculas como péptidos para promover la osteointegracion y
mejorar interacciones tejido-implante reduciendo las tasas de fracaso. En estudios previos liderados
por J. Castro y L. Tapia se desarrollaron tres niveles de biofuncionalizacién superficial progresiva en
zirconia y PEEK, que incluyeron: activacién con plasma, funcionalizacidon quimica con calcio y fosfato, y
biofuncionalizacién con péptido RGD. Estos tratamientos se evaluaron en cultivos celulares mostran-
do resultados positivos en adhesién, morfologia y viabilidad celular. El objetivo de este estudio fue
evaluar las mismas superficies usando un modelo animal, para verificar qué tratamientos superficiales
presentan una mayor bioactividad. Se usaron conejos de Nueva Zelanda donde fueron insertados, en
ambos fémur, pequefios implantes con los diferentes tratamientos superficiales. Se mantuvieron vivos
por 6 y 8 semanas y posteriormente se sacrificaron para explantacién y andlisis. La respuesta tisular se
evaludé mediante analisis histoldgico, la interaccidn tejido-implante se observé mediante SEM y ana-
lisis elemental EDS. Los resultados fueron alentadores observdndose una marcada diferencia entre
las superficies de control vy las superficies tratadas. Los mejores resultados los tuvieron los implantes
con el péptido RGD, donde los analisis histolégicos no mostraron ninguna reaccidon inmune al implante
mientras que se observé regeneracion de hueso, osteoinduccién. En el SEM se observa que estos im-
plantes presentan una unién con el hueso mientras que el control esta totalmente separado de este.
Aprovechando la fase experimental in vivo se implemento un método CAD/CAM para la fabricacién
de implantes personalizados. Se obtuvieron tomografias de defectos creados intencionalmente en
un lechdn y se fabricaron implantes a la medida usando disefio computacional y fabricacién CAM. Los
implantes personalizados fueron implantados exitosamente demostrando la efectividad del método
para futuras aplicaciones en la medicina, donde se podra aplicar la biofuncionalizacién en implantes
personalizados.
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Abstract

Surface biofunctionalization of inert biomaterials is a growing trend aimed at improving bioactivity
in implants. The approach involves using biomolecules such as peptides to promote osseointegration
and enhance tissue-implant interactions, thereby reducing failure rates. In previous studies led by J.
Castro and L. Tapia, three progressive levels of surface biofunctionalization were developed for zirconia
and PEEK, including: plasma activation, chemical functionalization with calcium and phosphate, and
biofunctionalization with the RGD peptide. These treatments were evaluated in cell cultures, showing
positive results in terms of adhesion, morphology, and cell viability. The objective of this study was
to evaluate the same surfaces using an animal model to determine which surface treatments exhibit
greater bioactivity. New Zealand rabbits were used, and small implants with different surface treat-
ments were inserted into both femurs. The animals were kept alive for 6 and 8 weeks, after which they
were sacrificed for explantation and analysis. Tissue response was assessed through histological anal-
ysis, while tissue-implant interaction was observed using SEM and elemental EDS analysis. The results
were encouraging, showing a marked difference between control surfaces and treated surfaces. The
best outcomes were observed in implants treated with the RGD peptide, where histological analyses
showed no immune reaction to the implant and evidence of bone regeneration and osteoinduction.
SEM images revealed that these implants formed a bond with the bone, whereas the control implants
were completely separated from it. Taking advantage of the in vivo experimental phase, a CAD/CAM
method was implemented for the fabrication of personalized implants. CT scans of intentionally creat-
ed defects in a piglet were obtained, and custom implants were manufactured using computer-aided
design and CAM fabrication. The personalized implants were successfully implanted, demonstrating
the effectiveness of the method for future medical applications, where biofunctionalization could be
applied to customized implants.
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