
1

Additively manufactured implants with multifunctional surfaces
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Aging happily...

• Thanks to an orthopaedic implant
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Additively manufactured implants

• Customised implants

• Enhanced porosity and surface area 

©Marieke de LorijnDesign by Eline Kolken
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Implant-associated infection

• Bacteria form biofilm and infect surrounding tissue

• 1-2% of implants become infected

Riool, Acta Biomater., 2014
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Implant-associated infection

• 1-2% of implants become infected

Kurtz, J Arthr., 2012



6

Aseptic loosening
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Revision surgeries

• 1.3% of total Dutch population
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Aim

Synthesize bone implants to prevent infection
and implant loosening
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Experimental design

Additive 
Manufacturing

Surface 
Biofunctionalization

Multifunctional
bone implants
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Rational design



11

Rational design

Van Hengel, Biomaterials, 2017
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Selective Laser Melting (SLM)
Porous Solid



13

Plasma electrolytic oxidation (PEO)
• Electrochemical surface treatment

• Silver, copper and zinc nanoparticles to create multifunctional surface
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PEO
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Biomaterial characterisation
• Highly porous surface with nanoparticles

Ag Np
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Phase composition: X-ray diffraction
• X-ray beam fired at biomaterial

• Sample rotates and intensity is collected at different angles

• Phases can be detected according to peaks
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Phase composition
• Ca/P phases, including hydroxyapatite

• Addition of strontium in PEO electrolyte results in Sr/P/Ca phases

Van Hengel, Mat. Today Bio, 2020
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Silver ion release
• Increased Ag ion release from porous compared to solid implants

Porous Solid

Porous PEO+Ag

Solid PEO+Ag
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Antibacterial zone of inhibition
• Larger zone for porous compared to solid implants

Porous Solid
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Prevention biofilm formation

• Methicillin-resistant Staphylococcus aureus (MRSA) after 48 h

Untreated PEO treated surface
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Overview
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Ex vivo bone infection model

Van Hengel, J. Mat. Chem. B, 2020
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Multifunctional implants reduce bacterial 
growth ex vivo

• MRSA after 24 h Van Hengel, Acta Biomaterialia, 2020



26

Multifunctional implants are not cytotoxic

• Human Mesenchymal Stem Cells (MSCs) after 24 h

Untreated PEO PEO+Ag

• Alive
• Dead

Van Hengel, Biomaterials, 2017
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Multifunctional implants enhance cell activity

Van Hengel, Biomaterials, 2017
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Discussion

• Duration of biological properties

• Explore PEO parameters

• Translate research into clinically relevant implants
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Conclusion

Rationally designed, additively manufactured implants

Surface biofunctionalization with Ag, Cu and Zn nanoparticles

Multifunctional implants

Implant functioning and longevity↑
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Lecture Universiteit van Nederland

• “Wat hebben Japanse origami en botimplantaten met elkaar gemeen”?
• https://universiteitvannederland.nl/college/wat-hebben-japanse-origami-en-botimplantaten-met-elkaar-gemeen

• With Sebastien Callens

https://universiteitvannederland.nl/college/wat-hebben-japanse-origami-en-botimplantaten-met-elkaar-gemeen
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Thank you!


