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Abstract- The  development  of  biomaterials  is  not  a  new  area  of  science,  having  existed  for  around  half  a  century.  
The study of biomaterials is called biomaterial science.  It  is  a provocative  field  of  science,  having  experienced  steady  
and  strong  growth  over  its  history,  with  many  companies  investing  large  amounts  of  money  into  the  development  
of  new  products. Biomaterial science encompasses elements of medicine, biology, chemistry, tissue engineering and 
materials science. 
  
 
I. INTRODUCTION 
 
A biomaterial is essentially a material that is used and
 adapted for a medical application. Biomaterials  can  
have  a  benign  function,  such as being used for a 
heart valve, or may be bioactive; 
as being used for a heart valve, or may be bioactive; u
sed for a more  interactive  purpose  such  as  
hydroxy‐apatite  coated  hip  implants (the  Furlong  
Hip,  by  Joint  Replacement  Instrumentation  Ltd,  
Sheffield is one such example – such as implants are 
lasting upwards twenty  years).  Biomaterials are also 
used every day in dental applications, surgery, 
and drug delivery. While  a  definition  for  the  term  
'biomaterial'  has  been  difficult  to  formulate,  more  
widely  accepted  working  definitions  include:  "A 
biomaterial  is  any  material,  natural  or  man‐made,  
that  comprises  whole  or  part  of  a  living  
structure  or  biomedical  device  which performs, 
augments, or replaces a natural   
performs, augments, or replaces a natural function".  
 
II. LITERATURE SURVEY 
  
Biomaterials: Protein Surface Interactions 
Protein‐surface  interactions  are  fundamentally  
responsible  for  the  bio  compatibility  of  medical  
devices,  or  the  lack  thereof.  When  a  
solid material (e.g., a catheter, stent, hip joint replace
ment, or tissue engineering  substrate)  comes  in  
contact  with  a  fluid  that  contains  soluble  
proteins  (e.g.,  blood,  interstitial  fluid,  cell  culture  
media),  proteins rapidly adsorb onto  the surface  of  
the material, saturating  the  surface  within  a  time  
frame  of  seconds  to  minutes.  Therefore,  when  
living  cells  (which  are  much  larger  than  proteins  
and  thus much more  slowly moving)  approach  the  
biomaterial  surface,  they do  not  actually  contact  
the  molecular  structure  of  the  material surface  
itself,  but  rather  they  contact  and  interact  with  
the  molecular  structure  of  the  adsorbed  protein  
layer.  Cells,  of  course,  
cannot “see” the adsorbed protein layer, but rather the
y interrogate  their  surroundings  by  way  of  
membrane‐bound  receptors  that  can  bind  to  
specific  bioactive  features  presented  by  the   

 
adsorbed  proteins.  Then,  through  a  series  of  
orchestrated  molecular  mechanisms,  these  
receptor‐protein  binding  events  are  transuded  
through  the  cell  membrane  in  a  manner  that  
stimulates  specific  intracellular  processes  that  
then  determine  a  cell's  response.  Accordingly,  at  
the  most  fundamental  level  the  key  to  
controlling  cellular  response  is  to  control  the  
type  of  bioactive  sites  that  are  presented  by  the  
adsorbed  layer  of  proteins.  This,  in  turn,  can  be  
controlled by controlling the amounts and the types of
 proteins that  are  adsorbed  and  their  orientation,  
conformation,  and  packing  arrangement  on  the  
biomaterial  surface. While  this is  conceptually  
simple  to  understand,  the  numerous  types  of  
soluble  proteins  contained  in  physiological  fluids  
combined  with  their  structural  complexity  has  
made,  and  continues  to  make,  this  an  extremely  
challenging problem.   
 
Attention  will  be  focused  on  highlighting  several  
of  the  most  interesting  relatively  recent  
techniques  that  have  been  developed  and applied  
to  further our understanding of  the sub 
molecular‐level  mechanisms  involved  in  how  
surface  chemistry  influences  the  orientation,  
conformation,  and  organization  of  adsorbed  
proteins.  
The continued development of our understanding of t
hese processes  is  critical if we are  to get  beyond  
the  current  era  of  surface  design  largely by  
trial and error, and move into an era where surfaces ar
e  proactively  designed  to  directly  control  
adsorbed  protein  
bioactivity, and thereby control cellular response.   
Modeling and simulation of biomaterials  
Modeling and simulation are becoming increasingly a
ccepted components of materials research. In this revi
ew the authors discuss  application  of  modeling  
and  simulation  in  the  developing  field  of  
biomaterials.  To  restrict  the  discussion  somewhat,  
authors  focus  
primarily on the structure and properties of biomateri
als and do not discuss biochemical or biomedical 
applications. A discussion of how  atomistic‐level  
simulation  can  be  used  to  study  molecules  and  
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collections of molecules. We then focus on mesoscale
 simulations of  structure and  properties,  followed  
by a  brief  review  of  continuum‐ scale approaches.  
 
Biomaterials for healthcare  
Development of the prototype. Islets of animal origin 
were enclosed  in  a  device  formed  by  a  support  
and  a  polycarbonate  membrane,  with  an  extra  
cellular  matrix  in  the  encapsulation  chamber  to  
prevent  aggregation  of  the  islets.  By  association  
of  20  devices  in  a  plate‐type  support,  it  was  
possible  to  implant  up  to  20  000  
pancreatic islets, as necessary for testing on a mini‐pi
g. Sterile macro devices were implanted into normal 
mini-pigs and their biocompatibility studied after 
upto 92 days of implantation. Despite  the  induction  
of  fibrosis,  there  was  no  observable  inflammatory 
response,  nor  any  significant  effect  on  the  
peripheral  immune  system. 
Key biomaterials focussed activities in the 
Department of Materials include the development of 
new scaffolds for regenerative medicine, biomaterials 
characterisation, stem cell therapy, cell-materials 
interface engineering, self-assembled bio mimetic 
copolymers and nonmaterial’s for bio sensing 
applications. 
Advances in Vascular Tissue Engineering Using 
Protein Based Biomaterials  
The clinical need for improved blood vessel substitut
es, especially in small‐diameter applications,  drives  
the  field  of  vascular  tissue 
engineering. The blood vessel has a well‐characterize
d structure and  function,  but  it  is  a  complex  
tissue,  and  it  has  proven  difficult  to  create  
engineered  tissues  that  are  suitable  for  
widespread  clinical  use.  This  review  is  focused  
on  approaches  to  vascular  tissue  engineering  that  
use  proteins  as  the  primary  matrix  or  “scaffold”  
material  for  creating  fully  biological  blood  vessel  
replacements.  In  particular,  this  review  covers  
four  main  approaches  to  vascular tissue  
engineering:  1)  cell‐populated  protein  hydro gels,  
2)  cross‐ 
linked protein scaffolds, 3) decellularized native tissu
es, and 4) self‐ assembled  scaffolds.  Recent  
advances  in  each  of  these  areas  are discussed,  

along  with  advantages  of  and  drawbacks  to  these  
approaches.   
Smart biomaterials design for tissue engineering and 
regenerative medicine As  a  prominent  tool  in  
regenerative  medicine,  tissue  engineering  (TE)  
has  been  an  active  field  of  scientific  research  for  
nearly  three  decades.  Clinical  application  of  TE  
technologies  has  been  relatively  restricted,  
however,  owing  in  part  to  the  limited  number  of  
biomaterials that are approved for human use. While 
many excellent  biomaterials have been developed in  
recent  years,  their  translation  into  clinical  
practice  has  been  slow.  As  a  consequence,  many  
investigators  still  employ  biodegradable  polymers  
that  were  first  
approved for use in humans over 30 years ago.   
Systemic effects of biomaterials  Evaluation  of  the  
host  response  to  implanted  biomaterials  usually  
focuses  on  the  implant  site  tissue  response.  This  
may  lead  to  erroneous  conclusions in  the  
same way  that examination  of battles  outside  of  
their  historic  context  does.  A  broader  view  
discloses  a  variety  of  possible  and  actual  
systemic  effects  of  carcinogenic,  
metabolic, immunological and bacteriological nature. 
Recognition of  these  effects  in  patients  is  
hampered  by  a  lack  of  epidemiological  studies.   
Tissue engineering has the potential to achieve this by 
combining materials design and engineering with cell 
therapy. Biomaterials can provide physical supports 
for engineered tissues and powerful topographical 
and chemical cues to guide cells. Biomaterials 
engineering involves synthesis, processing, and 
characterisation of novel materials, including 
polymers, proteins, glasses, cements, composites and 
hybrids. Introducing nano scale cues such as nano 
topography or nano particles as therapeutic agents 
provide an exciting approach to modulate cell 
behaviour. In order to probe the cell-material 
interface, we are pioneering new analytical and non-
invasive techniques such as high resolution electron 
microscopy and live cell bio-Raman micro-
spectroscopy. We are developing new synthetic 
biocompatible polymeric materials with 
unprecedented function and probing their biological 
efficacy. 
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Biomaterials is the discipline dealing with natural and 
synthetic materials as well as the interactions between 
materials and biological tissues. It covers a wide 
range of research areas including basic materials 
science, biocompatibility, implant device 
development, surgical applications, and failure 
analysis and has application throughout most 
physiologic systems (hip and knee implants, contact 
lenses, coronary artery stents, catheters, etc.).Courses 
in this are begin with the domain course in 
Biomaterials and expand into an array of graduate 
courses. Faculty members in the BME department 
with research interest in biomaterials include Profs. 
Hans ford, He, Litsky, Powell, and Winter. 
Collaborating faculty across the College of 
Engineering (Materials Science and Engineering, 
Chemical and Bio molecular Engineering) and the 
University (Colleges of Dentistry, Medicine, 
Pharmacy, and Veterinary Medicine) also work in the 
area of biomaterials. 
 
Another area in which our biomaterials activities are 
particularly exciting is the tailoring of inorganic nano 
particles such as gold and quantum dots with 
bioactive peptides so that they can act as reporters for 
the detection of enzyme activity. Ultrasensitive 
detection of enzymes related diseases such as cancer 
or infectious diseases is of huge global impact. 
Functional materials are generally characterised as 
those materials which possess particular native 
properties and functions of their own. For example, 
ferro electricity, piezoelectricity, magnetism 
or energy storage functions. 
Functional materials are found in all classes of 
materials: ceramics, metals, polymers and organic 
molecules. Functional materials are often used in 
electromagnetic applications from KHz to THz and at 
optical frequencies where the plasmonic properties of 
metals assume particular importance. Functional 
materials are also of critical importance in materials 
for energy such as electro- and magneto caloric 
materials, for energy storage and for solar harvesting 
functions. 
 
Simply put, our perspective is that derived from 
surgical pathology and the identification of 
inflammatory and wound healing responses as 
opposed to an immunology perspective, which 
focuses on innate and adaptive immunity. The 
consistent diagnosis of the foreign body reaction with 
macrophages and foreign body giant cells at 
tissue/material interfaces and the persistence of the 
foreign body response prompted our interest in 
subsequent investigation of various aspects of this 
phenomenon at the tissue/material interface of 
medical devices, prostheses, and biomaterials 

Host reactions following implantation of biomaterials 
include injury, blood-material interactions, 
provisional matrix formation, acute inflammation, 
chronic inflammation, granulation tissue 
development, foreign body reaction, and 
fibrosis/fibrous capsule development. In the very 
early process of implantation, blood/material 
interactions occur with protein adsorption to the 
biomaterial surface and development of a blood-
based transient provisional matrix that forms on and 
around the biomaterial. The provisional matrix is the 
initial thrombus/blood clot at the tissue/material 
interface. Obviously, protein adsorption and fibrin-
predominant provisional matrix formation are 
intimately linked in their mechanistic responses. The 
injury to vascularised connective tissue not only 
initiates the inflammatory responses (innate 
immunity), it also leads to thrombus formation 
involving activation of the extrinsic and intrinsic 
coagulation systems, the complement system, the 
fibrinolytic system, the kinin-generating system, and 
platelets. These protein cascades may be intimately 
involved in the dynamic phenomenon of protein 
adsorption and desorption that is known as the 
Vroman Effect. From a wound healing perspective, 
blood protein deposition on a biomaterial surface is 
described as provisional matrix formation. The 
provisional matrix furnishes structural, biochemical, 
and cellular components to the processes of wound 
healing and foreign body reaction. The presence of 
mitogens, chemoattractants, cytokines, growth 
factors, and other bioactive agents within the 
provisional matrix provides for a rich milieu of 
activating and inhibiting substances capable of 
modulating macrophage activity, along with the 
proliferation and activation of other cell populations 
in the inflammatory and wound healing responses. 
The provisional matrix may be viewed as a naturally 
derived, biodegradable sustained release system in 
which bioactive agents are released to control 
subsequent phases of wound healing. Two factors that 
may play a role in multinucleated giant cell studies 
are the surface chemistry of the substrate onto which 
the cells adhere and the protein absorption that occurs 
before cell adhesion. These two factors have been 
hypothesized to have significant roles in the 
inflammatory and wound healing responses to 
biomaterials and medical devices in vivo. 
 
We have extensively investigated the effect of 
substrate surface chemistry on monocyte/macrophage 
adhesion, macrophage fusion, and foreign body giant 
cell development . The overall goal of these studies is 
to identify surfaces that do not permit 
monocyte/macrophage adhesion and/or macrophage 
fusion to form foreign body giant cells. Long-chain 
hydrocarbon groups on glass surfaces 
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BIOLOGICAL RESPONSES TO MATERIALS 

 
 
Fibrosis and Fibrous Encapsulation  
The end-stage healing response to biomaterials is 
generally fibrosis or fibrous encapsulation. However, 
there may be exceptions to this general statement 
(e.g. porous materials inoculated with parenchyma 
cells or porous materials implanted into bone).Repair 
of implant sites involves two distinct processes: 
regeneration, which is the replacement of injured 
tissue by parenchymal cells of the same type, or 
replacement by connective tissue that constitutes the 
fibrous capsule .These processes are generally 
controlled by either (a) the proliferative capacity of 
the cells in the tissue or organ receiving the implant 
and the extent of injury as it relates to the destruction 
or (b) persistence of the tissue framework of the 
implant site. The regenerative capacity of cells 
permits classification into three groups: labile, stable 
(or expanding), and permanent (or static) cells. Labile 
cells continue to proliferate throughout life, stable 
cells retain this capacity but do not normally 
replicate, and permanent cells cannot reproduce 
themselves after birth. Perfect repair with restitution 
of normal structure theoretically occurs only in 
tissues consisting of stable and labile cells, whereas 
all injuries to tissues composed of permanent cells 

may give rise to fibrosis and fibrous capsule 
formation, with very little restitution of the normal 
tissue or organ structure. Tissues composed of 
permanent cells (e.g. nerve cells, skeletal muscle 
cells, and cardiac muscle cells) most commonly 
undergo an organization of the inflammatory 
exudates, leading to fibrosis. Tissues composed of 
stable cells (e.g. parenchymal cells of the liver, 
kidney, and pancreas), mesenchymal cells (e.g. 
fibroblasts, smooth muscle. 
 
BIOLOGICAL RESPONSES TO MATERIALS  
cells, osteoblasts, and chrondroblasts), and vascular 
endothelial and labile cells(e.g. epithelial cells and 
lymphoid and hematopoietic cells) may also follow 
this pathway to fibrosis or may undergo resolution of 
the inflammatory exudates ,leading to restitution of 
the normal tissue structure. The condition of the 
underlying framework or supporting stroma of the 
parenchymal cells following an injury plays an 
important role in the restoration of normal tissue 
structure. Retention of the framework may lead to 
restitution of the normal tissue structure, whereas 
destruction of the framework most commonly leads 
to fibrosis. It is important to consider the species-
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dependent nature of the regenerative capacity of cells. 
For example, cells from the same organ or tissue but 
from different species may exhibit different 
regenerative capacities and/or connective tissue 
repair. Following injury, cells may undergo 
adaptations of growth and differentiation. Important 
cellular adaptations are atrophy (decrease in cell size 
or function), hypertrophy(increase in cell size), 
hyperplasia (increase in cell number), and 
metaplasia(change in cell type). Other adaptations 
include a change in which cells stop producing one 
family of proteins and start producing another 
(phenotypicchange) or begin a marked 
overproduction of protein. This may be the case in 
cells producing various types of collagens and 
extracellular matrix proteins in chronicinflammation 
and fibrosis. Causes of atrophy may include 
decreased workload(e.g. stress-shielding by 
implants), as well as diminished blood supply and 
inadequate nutrition (e.g. fibrous capsules 
surrounding implants).Local and systemic factors 
may play a role in the wound healing response to 
biomaterials or implants. Local factors include the 
site (tissue or organ) of implantation, the adequacy of 
blood supply, and the potential for infection. 
Systemic factors may include nutrition, 
haematological and immunological derangements ,  
glucocortical steroids, and pre-existing diseases such 
as atherosclerosis, diabetes, and infection. 
 
CONCLUSION 
 
Our perspective has been on the inflammatory and 
wound healing response to implanted materials, 
devices, and tissue-engineered constructs. The 
incorporation of biological components of allergenic 
or xenogeneic origin as well as stem cells into tissue-
engineered or regenerative approaches opens up a 
myriad of other challenges. Considerations into how 

the immune system interacts with these cells and how 
biomaterials influence these interactions have been 
discussed superficially and it is only the tip of an 
iceberg .Opening this Pandora box ensures unlimited 
challenges to the scientific world. 
In fact it is not unknown to the ancient Indians. In our 
epics, presence of Unicorn GOD is evident and also 
information regarding Aswathama possessing a stone 
with special features on his head which represent all 
his powers tells us that knowledge of Biomaterial  
Science is there in our Ancient Culture. Hence it is 
the onus of our researchers to take  this to further 
heights. 
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