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To teach is to learn twice… 



Our Overall Goal 

Enhance the health & welfare of patients 

Implants 

Biomaterials 

Prostheses 









Medicines and Heathcare 
products Regulatory Agency 









‘‘We do not understand and 
appreciate the past, we are 

doomed to repeat it in the future.’’ 



1950 -1975 bioMATERIALS 

1975 - 2000 BIOMATERIALS 

2000- BIOmaterials 



In 1998, Thompson, 
University of Wisconsin,  

✪ isolated cells from the inner cell mass 
of early embryos and developed the first 
embryonic stem cell lines.  
¤ cells from bone marrow could produce 
nerve or liver cells and cells in the brain 
could also yield other cell types.  



Biomaterials 

•  As a synthetic material used to replace 
part of a living system or to function in 
intimate contact with living tissue. 

•  Systematically and pharmacologically 
inert substance designed for 
implantation within or incorporation 
with living systems (Clemson University). 



Biomaterials 

•  Any substance (other than drugs) or 
combination of substances,  
synthetic or natural origin, which can be 

used for any period of time, as a whole or 
as a part of a system which treats, 

augments, or replaces any tissue, organ, 
or function of the body (Williams,1987). 



Biomaterials 

•  made today are information rich and 
incorporate biologically active 
components derived from nature. 

Inert 

Bioactive components 

Biomimetic materials 



RELIABLE 

ECONOMIC 

SAFE 

Biomaterials 



Success of 
Biomaterials 

Design 

Material 
properties 

Biocompatibility 



Science and 
Engineering 

Metals, Ceramics, 
Polymers, 
Composites, Tissues 

Biology and 
Physiology 

Anatomy, 
Histopatology, 
İmmunology,etc. 

Clinical Sciences Orthopaedics and 
Traumatology 



Replacement of 
diseased or 
damaged part 

Total Hip Replacement 
Total Knee Replacement 
Total Ankle Replacement 
Total Shoulder Replacement 

Asist in healing 
Bone Plates, IM 
Rods, Screws, 
Anchors, Sutures 

Improve Function All 

Uses of Biomaterials 



NOTABLE DEVELOPMENTS 
RELATING to IMPLANTS 

Late 18th-19th 
centruy 

Various metal devices to fix bone fractures; wires 
and pins from Fe, Au, Ag, and Pt 

1886 Ni-plated steel bone fracture plate 

1893-1912 Steel screws and plates 

1912 Vanadium steel plates, first developed for medical 
use; lesser stress concentration and corosion 

1924 CoCrMo alloy 

1926 18-8sMo stainles steel (better 18-8 stainless steel) 



NOTABLE DEVELOPMENTS 
RELATING to IMPLANTS 

1931 First femoral neck fracture fixation device made of 
stainless steel 

1936 Vitallium (19-9 stainless steel, later CoCr alloys) 

1938 First total hip replacement prosthesis (P. Wiles) 

1939 Tantalum (Ta) 

1946 First biomechanically designed femoral head 
replacement prosthesis 
First plastics (PMMA) used in joint replacement 

1947 Intraduced Ti and its alloys 



NOTABLE DEVELOPMENTS 
RELATING to IMPLANTS 

1958 First use of acrylic bone cement in total hip 
replacement 



Metallic Implant Materials 

•  40% of annual 3.6 million 
orthopaedic operations 

•  6 billion market 

✪ 5 out of 100 Americans carry a 
piece of metal in them ! 



Stainless Steels 

•  Type 302: 18-8 
•  Type 316 : 18-8sMo stainless steel 
•  Type 316 L: Carbon content reduced 



Austenitic Stainless Steels 



Austenitic Stainless Steels 

v Nonmagnetic 
v Better corrosion 
resistance 



Austenitic Stainless Steels 

Highly stressed and oxygen depleted region 

TEMPORARY IMPLANT 

Contact under the screws 
of the plate 



PROBLEMS? 

¤ Corrosion resistance 
¤ Wear resistance 
¤ Fatigue strenght 

✔ Anodization 
✔ Passivation 
✔ Glow-discharge nitrogen implantation 
 



Cobalt Chromium Alloys 

cast CoCrMo alloy (F75) 

✪ wrought CoCrWNi alloy (F90)  

wrought CoNiCrMo alloy (F562) 

wrought CoNiCrMoWFe alloy (F563) 



Cobalt Chromium Alloys 



Cobalt Chromium Alloys 

•  The molybdenum is added to produce 
finer grains which results in higher 
strengths after casting or forging. 

•  The chromium enhances corrosion 
resistance as well as solid solution 
strengthening of the alloy. 



Metallic products 
•  Wear 
•  Corrosion 
•  Fretting 

Cobalt Chromium Alloys 



✪ Lightness and good 
mechanochemical properties 

Ti Alloys 



✪ Relative inertness to the body fluids 
✪ High compressive strenght 
✪ Biocompability 
èBioactive or Surface-Reactive Ceramics 
 

Bio/ceramics 



Polymeric Biomaterials 

✪ Ease of manufacturabilty to produce 
various shapes 



Composites 

 

 

ècarbon fiber reinforced polyethylene 

èhydroxyapatite particle reinforced polylactic 

acid polymers  

èreinforced methyl methacrylate bone cement 

èreinforced UHMWPE 

èorthopedic implants with porous surfaces 

 

 

✪ Consist of two or more distinct parts 



Natural Biomaterials 

✪ exhibit lower incidence of toxicity and 
inflammation 



Biological Coating 

✪ facilitate ossointegration 
✪ mitigate adverse tissue responses 
(foreign body reaction & implant infection) 

A Silver Ion-doped Calcium Phosphate-based 
Ceramic Nanopowder-coated Prosthesis 
Increased Infection Resistance 
Köse,N. Clin Orthop Relat Res, 2013 



















‘‘All new things are not 
necessarily better ’’ 

-CSR 



Fast	  track	  recovery	  ?	  

SUCESS	  
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The	  future	  of	  new	  biomaterials	  

✔ Molecular	  /	  Cellular	  /	  Tissue	  interac6ons	  
with	  biomaterials	  
✔ Mechanis6c	  understanding	  of	  6ssue	  /
material	  interac6ons	  

BIOMATERIAL	  &	  BIOLOGICAL	  MATERIAL	  



‘‘All	  good	  things	  ul6mately	  
prevail.’’	  

CSR	  


