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First generation
Goal: bioinertness

Minimal 
reaction/Interaction

Second generation
Goal: bioactivity

Resorbable biomaterials,
Controlled reaction with the 
physiological environment

Third generation
Goal: regenerate
functional tissue
Biointeractive, 

integrative, 
resorbable, 

stimulate specific
cell response…
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Polymeric biomaterials
processed by 3D-printing

Used as molded or machined parts, coatings, fibers, films, 
membranes, foams, fabrics and nano- or microparticles…

Biomaterials
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INTRODUCTION

Nicolova et Chavali, Bioactive Materials, 2019
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3D PRINTING OF POLYMERIC BIOMATERIALS

3D printing: additive technology
Layer by layer deposition using computer-aided design (CAD) models

Production of complex 3D objects with controlled
structure, microarchitecture, and porosity

A. Sandeep Kranthi Kiran et al. Nanocomposites, 2019
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Tissue engineering and regenerative medicine

Scaffolds

Orthoses 
and 

prosthetic
devices

Mora-Boza et al, Biomaterials Science, 2019 Barios-Murel et al, Materials, 2020

ALL3DP
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 Stereolithography

VARIOUS 3D PRINTING TECHNOLOGIES

 Selective laser sintering (SLS)

Li et al, Material Science & Engineering R, 2020 Wikimedia creative commons
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 Extrusion-based 3D printing

 Inkjet 3D printing

Li et al, Material Science 
& Engineering R, 2020

Li et al, Material Science & Engineering R, 2020

Fused deposition modeling (FDM)

Image credit: Christian Cavallo Consulting



9

REQUIREMENTS FOR PRINTABLE MATERIALS

Polymers
Hydrogels
Bioinks

Have adequate
rheological

properties to be
printable

Appropriate viscosity
Shear-thinning and 
thixotropic behavior

Have the capacity
to form 3D 
structures 

Self-supporting
devices

(essential for good 
shape fidelity)

Can be mechanically
reinforced (UV, 

chemical, physical
crosslinking…) Have tunable

mechanical
properties

Be biocompatible

Have adequate
degradation kinetics

Form non toxic
degradation
byproducts

Be biomimetic and 
display bioactivity

Be able to control 
the release of active 

substances 
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POLYMERS USED FOR 3D PRINTING OF BIOMATERIALS

Solid polymers-based inks
for FDM (filaments) and SLS (powder beads)
-polylactic acid (PLA)
-polycaprolactone (PCL)
Important properties: melting temperature, elastic modulus, elongation
at break

Pugliese et al., Annals of 3D printed medicine, 2021
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POLYMERS USED FOR 3D PRINTING OF BIOMATERIALS

Pugliese et al., Annals of 3D printed medicine, 2021

Polymeric hydrogels based inks
Proteins
Polysaccharides
Important properties: gelation mecanism and kinetics, rheological
properties, mimicking native extracellular matrix microenvironment
and ability to incorporate cells
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CONCLUSION

3D printing of polymer-based biomaterials provides:
-patient specific designs
-high structural complexicity
-rapid on demand fabrication with low cost

Bottlenecks: lack of biomaterials, hydrogels and bioinks that are 
biocompatible with appropriate biomechanical properties to meet
the different needs
Necessity to develop appropiate quality controls and regulations

Towards 4D printing…

-Dynamic and stimuli-responsive bioinks (change 
of function with T, magnetic field, light, pH…)

-Scaffolds with shape memory
(can recover quickly from changes once implanted
in the body)
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