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Tissue	
  engineering	
  
an	
   interdisciplinary	
   field	
   that	
   applies	
   the	
   principles	
   of	
  
engineering	
  and	
   life	
   sciences	
   towards	
   the	
  development	
  of	
  
biological	
   subs8tutes	
   that	
   restore,	
   maintain,	
   or	
   improve	
  
biological	
  8ssue	
  func8on	
  or	
  a	
  whole	
  organ	
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Regenera7ve	
  medicine	
  

the	
   applica7on	
   of	
   7ssue	
   science,	
   7ssue	
  
engineering,	
   and	
   related	
   biological	
   and	
  
engineering	
   principles	
   that	
   restore	
   the	
  
structure	
   and	
   func7on	
   of	
   damaged	
   7ssues	
  
and	
  organs	
  

U.S.	
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  and	
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  2006:	
  	
  
A	
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  Vision	
  -­‐	
  A	
  Future	
  for	
  Regenera7ve	
  Medicine,	
  	
  



Biofabrica7on	
  
the	
   genera8on	
   of	
   biologically	
   func8onal	
   products	
   with	
  
structural	
   organiza8on	
   from	
   living	
   cells,	
   micro-­‐8ssues	
   or	
  
hybrid	
   8ssue	
   constructs,	
   bioac8ve	
   molecules	
   or	
  
biomaterials	
   either	
   through	
   top-­‐down	
   (Bioprin8ng)	
   or	
  
bo@om-­‐up	
  (Bioassembly)	
  strategies	
  and	
  subsequent	
  8ssue	
  
matura8on	
  processes.	
  	
  



Living	
  7ssues	
  
•  Mul7scale	
  and	
  mul7material	
  structure	
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In	
  vitro	
  model	
  
•  Requirements


–  Availability  (storage)

–  easiness  of  use  

–  cost


•  Opportuni*es  given  by  
biofabrica*on

–  high  customiza*on  (prin*ng  

pa*ent’s  cells)


–  increase  complexity


–  increase  reproducibility

•  Norms


–  "Three  Rs”:  Replacement,  
Reduc*on  and  Refinement  


–  Direc*ve  2010/63/EU

•  Weakness


–  limited  func*ons

–  not  a  single  model  but  a  

family  of  models
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How we may mimic natural tissue? 
 

Three	
  main	
  simuli	
  

Topological	
  

Mechanical	
  Biochemical	
  



What is a scaffold? 
Polymeric structure topogically well-defined and 
modulating biochemical and mechanical signals typical 
of natural tissue, i.e. a 3D structure which 
supports 3D tissue growth 
 	
  



What are the features of  
an ideal scaffold? 

•  Biocompa7ble,	
  cell	
  adhesive,	
  bioerodable	
  
and	
  bioac8ve	
  

•  Mechanical	
  proper7es	
  similar	
  to	
  those	
  of	
  
natural	
  7ssue	
  

•  Op7mal	
  meso,	
  micro	
  and	
  nano	
  pores	
  
•  Well-­‐defined,	
   or	
   quan8fiable	
   topology	
   at	
  
meso-­‐	
  micro-­‐	
  and	
  nanoscales	
  



Designer or Random? 



Biochemical stimuli in scaffolds 
•  Synthetic biomaterials 

with ligands 

•  Natural biomaterials 

•  Decellularized Tissue 
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Methods for generating MS 
stimuli in scaffolds 





Additive = rapid prototyping 

3D	
  object	
   Triangle	
  
and	
  vertex	
   Toolpath	
  

FreeCAD	
   FreeCAD	
  
(MeshLab)	
   Slic3r	
   Printrun	
  

to	
  3DP	
  

CAD	
  FILE	
   STL	
  FILE	
   GCODE	
  



Designer Scaffold 

Three main groups: 

o  laser systems 

o  nozzle based systems 

o  direct writing systems 



Scaffolds	
  



Scaffolds	
  



Scaffold	
  



Pressure Assisted Microsyringe 
 (PAM) 

Software 

Syringe 
design 

PAM system 

Software 
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Scaffolds with PAM 
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