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History of biomaterials!
•  Biomaterials range from prosthetics, to 

stents, to implantable scaffolds !

Huebesch and Mooney, Nature, 2009!

•  Biomaterials developed, at least 
initially, for tissue engineering!

Mikos et al., Tissue Engineering 2006!
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Bioinert	
  materials	
  
Purposes:	
  	
  
1)	
  do	
  not	
  en5ce	
  an	
  immune	
  response	
  once	
  implanted	
  into	
  the	
  body.	
  
2)	
  Have	
  incredible	
  mechanical	
  toughness	
  withstand	
  physiological	
  loading	
  
3)	
  Long	
  las5ng	
  in	
  the	
  body	
  (won’t	
  degrade	
  over	
  5me)	
  

Applica5ons:	
  	
  
1)	
  Skeletal	
  5ssue	
  prosthesis	
  (hip,	
  knee	
  replacement)	
  
2)	
  Vascular	
  stents,	
  heart	
  valves	
  
3)	
  Tooth	
  caps,	
  replacements,	
  other	
  dental	
  applica5ons	
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Background

Biomaterials improve the quality of life for an ever increasing number of people each year. The range of
applications is vast and includes such things as joint and limb replacements, artificial arteries and skin, contact
lenses, and dentures. While the implementation of some of these materials may be for medical reasons such as
the replacement of diseased tissues required to extend life expectancies, other reasons may include purely
aesthetic ones including breast implants. This increasing demand arises from an ageing population with higher
quality of life expectations. The biomaterials community is producing new and improved implant materials and
techniques to meet this demand, but also to aid the treatment of younger patients where the necessary
properties are even more demanding. A counter force to this technological push is the increasing level of
regulation and the threat of litigation. To meet these conflicting needs it is necessary to have reliable methods
of characterisation of the material and material/host tissue interactions.

Biomaterial Classifications

Biomedical materials can be divided roughly into three main types governed by the tissue response. In broad
terms, inert (more strictly, nearly inert) materials illicit no or minimal tissue response. Active materials
encourage bonding to surrounding tissue with, for example, new bone growth being stimulated. Degradable, or
resorbable materials are incorporated into the surrounding tissue, or may even dissolve completely over a
period of time. Metals are typically inert, ceramics may be inert, active or resorbable and polymers may be inert
or resorbable.

Some examples of biomaterials are provided in table 1.

Table 1. Some accepted biomaterials

Metals Ceramics Polymers

316L stainless steel

Co-Cr Alloys

Titanium

Ti6Al4V

Alumina

Zirconia

Carbon

Hydroxyapatite

Ultra high molecular weight
polyethylene

Polyurethane

Key Properties
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Natural biopolymers!
Taken straight from body: are native proteins found in the ECM!
Fibrous, instructive, soft (in bulk): the opposite of bioinert examples!
Regulate cell function, act as a physical scaffold, can be remodeled by cells!
Not very controllable (lumped parameters)!

Images taken from 
Molecular Biology of 
the Cell!

Examples: Type I Collagen, Fibrin, Matrigel!
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Can Functionalize inert surfaces 
with many cell-binding proteins!

RGDS	
  Type	
  I	
  Collagen	
  

Fibronec5n	
   KQAGDV	
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No	
  treatment	
  

Hydrophilic	
  
surface,	
  so	
  no	
  

protein	
  will	
  s5ck	
  

AUack	
  amines,	
  thiols	
  on	
  proteins,	
  or	
  bio5nylate	
  them	
  



PaUerning	
  surfaces	
  to	
  control	
  cell	
  alignment,	
  shape	
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Courtesy	
  Chen	
  Lab,	
  Penn	
  

Crosby,	
  Emrick,	
  Peyton	
  

Plos	
  One,	
  2012	
  



Degradable	
  polymers	
  
Purposes:	
  
1.  Temporary	
  space	
  holder	
  for	
  5ssue	
  replacement	
  
2.  Not	
  en5rely	
  bioinert	
  –	
  meant	
  to	
  degrade	
  away	
  while	
  being	
  replace	
  by	
  na5ve	
  5ssue	
  in	
  vivo	
  
3.  Is	
  adhesive	
  to	
  matrix	
  proteins	
  
4.  Tune	
  biodegrada5on	
  to	
  match	
  body’s	
  kine5cs	
  (rate	
  of	
  5ssue	
  produc5on/replacement)	
  
5.  Degrada5on	
  can	
  be	
  either	
  hydroly5c	
  (PLGA),	
  or	
  biospecific/enzyma5c	
  (via	
  MMPs)	
  
6.  Unstable.	
  

Applica5ons:	
  	
  
1)  Both	
  Hard	
  and	
  Soa	
  5ssue	
  repair	
  	
  
2)  where	
  vasculariza5on	
  is	
  needed	
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Degradable,	
  Bioinstruc5ve	
  Polymer	
  

 

PEG-­‐fibrinogen	
  
For	
  3D	
  culture,	
  need	
  to	
  
make	
  PEG	
  degradable	
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Non-­‐degradable	
  

degradable	
  



Biomaterial	
  S5ffness	
  

Peyton, S.R. and Putnam, A.J. J. Cell. Phys. 2005 Jul;204(1):198-209.	



Polyacrylamide	
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Overview	
  

•  There’s	
  a	
  biomaterial	
  out	
  there	
  for	
  every	
  need	
  
•  Establish	
  design	
  criteria	
  from	
  biological	
  
purpose	
  

•  Some	
  are	
  easier	
  than	
  others	
  to	
  modify	
  
•  Some	
  are	
  cheaper	
  than	
  others	
  
•  Some,	
  but	
  not	
  many,	
  (PAA)	
  are	
  star5ng	
  to	
  be	
  
used	
  by	
  biologists.	
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