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Unit 1

Introduction to Biomaterials



Why – The Need for 

Biomaterials?

• Biomaterials is a field which is continuing 
to expand. Scientists, engineers, surgeons 
and clinicians work together to develop 
ways of repairing and replacing broken or 
worn out body parts.

• As people live to older ages and want to 
retain the same quality of life worn bits 
need replacing.

• We sometimes need to repair damaged or 
broken body parts following disease or 
accident.



What are “biomaterials”? 

• “A nonviable material used in a medical device, intended 

to interact with biological systems.”* 

• Any material of natural or of synthetic origin that comes 

in contact with tissue, blood or biological fluids, and 

intended for use in prosthetic, diagnostic, therapeutic or 

storage application.

* Biomaterials Science: An Introduction to Materials in Medicine, 2nd ed., B.D. Ratner et 

al., eds., Elsevier, NY 2004



Choosing a Biomaterial

Biomaterials must fulfil a range of criteria:

• Similar mechanical properties to the tissue it is replacing in terms of 
strength, stiffness and fatigue resistance.

• Similar values of electrical and thermal conductivity to the tissue it is 
replacing.

• Not allow unwanted diffusion between the implant and surrounding 
tissue.

• Not absorb water from the surrounding tissue.

• Stable within the environment of the human body so it does not react 
chemically with surrounding tissues or fluids –
BIOSTABLE/BIOINERT

• Compatible with the surrounding tissue, that is it should not be toxic 
or rejected by human tissues - BIOCOMPATIBLE



Choosing a Biomaterial

The materials used must fulfil a range of criteria:

• Mechanical. The material must have the right mechanical properties. Ideally 
these should be about the same as the tissue that the implant is replacing, and the 
implant should be able to cope with the large number of cycles (i.e. loading and 
unloading) required. In the case of joints or bone plates the implant must not 
carry more load than the surrounding tissue; if this is the case bone tissue can 
degrade and eventually be lost (this is a phenomenon known as weight shielding). 
This can be achieved by choosing a material with a similar stiffness to bone.

• Thermal and electrical conductivity. These values must mimic those of the 
natural tissues the implant is being used around.

• Diffusion. Unwanted diffusion must not take place between the implant material 
and natural tissues.

• Water absorption. The implant must not absorb water from the surrounding 
tissues as this can lead to an imbalance in the natural systems.

• Biostability. The material must be stable within the environment of the human 
body; that is, it should not corrode, dissolve or react chemically in any other way.

• Biocompatibility. The material must not be toxic and must not be rejected by the 
human tissues. Biocompatibility is essentially a surface phenomenon, where there 
is interaction between the implant and surrounding tissue. Generally a layer of 
water, proteins and ions will be adsorbed on to the surface of the implant between 
the bulk material and tissue.



Types of Biomaterials

• Biomaterials are a small 

and special group of 

metals, polymers, 

ceramics and composites

that are safe to use 

alongside and inside the 

human body.



Types of Biomaterials
Biomaterials Science: An Introduction to Materials in Medicine, 2nd ed., B.D. Ratner et 

al., eds., Elsevier, NY 2004



Types of Biomaterials

• Biomaterials cover all classes of 
materials – metals, ceramics, 
polymers 

• Biomaterials are defined by their 
application, NOT chemical make-up 

• Ex. Intraocular lenses 



Biomedical Devices 

Classification

Based on the duration of the device use, invasiveness and risk to 
the user.

• Class I: crutches, bedpans, tongue depressors, adhesive 
bandages etc. minimal invasiveness, does not contact the user 
internally.

• Class II: hearing aids, blood pumps, catheters, contact lens, 
electrodes etc. higher degree of invasiveness and risk, but 
relatively short duration.

• Class III: cardiac pacemakers, intrauterine devices, intraocular 
lenses, heart valves, orthopedic implants, etc. considerably 
more invasive and can pose immense risk to the user-
implantables.



First Generation Implants

• “ad hoc” implants.

• Specified by physicians using common and 
borrowed materials.

• Most successes were accidental rather than by 
design.

• Examples

• Gold fillings, wooden teeth, dental prosthesis.

• Steel, gold, ivory, etc., bone plates.

• Glass eyes and other body parts.

• Dacron and parachute cloth vascular implants.



Second Generation Implants

• Engineered implants using common and borrowed materials.

• Developed through collaborations of physicians and engineers.

• Built on first generation experiences.

• Used advances in materials science (from other fields).

• Examples

• Titanium alloy dental and orthopaedic implants.

• Cobalt-chromium-molybdinum orthopaedic implants.

• UHMW polyethylene bearing surfaces for total joint 

replacements.

• Heart valves and pacemakers.



Third Generation Implants

• Bioengineered implants using bioengineered 
materials.

• Few examples on the market.

• Some modified and new polymeric devices.

• Many under development.

• Example

• Tissue engineered implants designed to 
regrow rather than replace tissues.

• Integra LifeSciences artificial skin.

• Genzyme cartilage cell procedure.

• Some resorbable bone repair cements.

• Genetically engineered “biological” 
components (Genetics Institute and Creative 
Biomolecules BMPs).



Biomaterial Evolution



Applications



Material Attributes for 

Biomedical Applications 



Challenges



Assignments

• Groups of 4 – 5 students

• Assignment 1 – Case Studies

• Assignment 2 – Present the case studies after 

corrections/feedback



Case Study 1 - Hemodialysis

• This is a group-based case study that looks at 
hemodialysis and the polymer membranes used for the 
separation process. Working in a group, select one of the 
following topics (or another topic related either to 
hemodialysis or to polymer membranes for separation 
processes), and carry out web/literature search for 
information.

• Biocompatibilty of hemodialysis membranes

• Choice of polymers for membrane separation

• Making holes in membranes

• Structure of membranes for gas separation



Case Study 2 – Heart Valves

• In this group-based case study, students will examine the 

various factors involved in the design, materials selection and 

production of an artificial heart valve. At the end of this case 

study, students should be able to:

• Identify the critical design and property requirements, and explain 

why they are critical.

• Describe the replacement valve design options currently available.

• Compare and contrast the relative merits of natural tissue/organ 

modified valves and synthetic material/fabricated valve

• Identify the critical factors limiting their optimal functioning and 

longevity.



Case Study 3 - Sutures

• This case study requires you to consider the factors involved in 
suture function, construction and selection. This is a group-
based activity on sutures and tapes used for wound closure. At 
the end of this case study, students should be able to: 

• Summarize the key stages of wound healing

• Find out the time taken for the wound to regain 50% of its original 
strength

• Find out which type of suture construction reduces the possibility 
of wound infection.

• Explain how polymer morphology affects the rate of 
biodegradation.

• Find out when a tape would be used instead of a suture.



Assessment

• Assignment 1 - Each group must submit a single written 

report (20 marks) addressing the above tasks and 

summarizing the main findings and conclusions drawn. 

The report is to be 1500 words long (about 4 pages) not 

including diagrams and references. 

• Assignment 2 - Each group must also give a 10 minute 

presentation (20 marks). Ensure you introduce who you 

are and the main areas of your talk. Finish with a slide 

showing the main conclusions.



Quizzes

• Quiz 1 – Units 1-4 (10 marks)

• Quiz 2 – Units 5-7 (10 marks)

• Quiz 3 – Units 8-10 (10 marks)

• Finals – Units 1-10 (30 marks)


