
Introduction
The practice of placing foreign objects into the human body 
has been around for an incredibly long time. One of the earliest 
instances of this was the insertion of fillings made from 
beeswax in a 6500 year old skull unearthed in Slovenia in 1911. 
These fillings were probably used to reduce temperature 
changes which would cause pain from the exposed nerve while 
eating. It was also common in ancient Egyptian high society  
to insert gold and precious stones  
into teeth in a very early example 
of purely cosmetic surgery.  
They also stapled lost teeth or 
false teeth made of ivory and 
other similar materials into gaps 
to improve both aesthetics  
and functionality. 

In the New World three teeth made from 
sea shell were found in an Aztec skull dating from around 600 AD.  
The shell had actually bonded with the jaw bone and was therefore  
a successful and functional implant. In more recent times, the famous 
astronomer and mathematician Tycho Brahe had a copper (probably 
gold for special occasions) prosthetic nose fitted after he lost the 
original in a duel over a mathematical formula in 1566.

Biocompatibility
Modern implant surgery began around the end of the nineteenth century 
with the introduction of single substance breast implants. A surgeon 
called Vincenzo Czerny (ca. 1895) successfully used body fat from a 
lumbar lipoma (fatty deposit on the lower back) to repair the symmetry of 
a breast from which he had removed a large tumour. A short time later 
another surgeon tried a breast implant using paraffin with disastrous 
consequences, thus alerting people to the importance of 
biocompatibility. Since that time very many materials have been used 
for implants with varying degrees of success.

A substance or object is said to be biocompatible if it can exist together 
with living tissue, or a living system, without being toxic, injurious, or 
physiologically reactive and does not cause an immunological 
rejection; this can be classified as bioinert. In recent years 
biocompatibility has evolved to include the idea of fitting technology to 
enhance biological capabilities, as in the use of intraocular lenses and 
cochlear implants. Bioactive materials work in tandem with the body 
and allow the implant materials to bond with body tissues to form 
composite structures and behave as if they were natural materials.

What is a medical device?
A medical device is any man-made object placed into the body to treat 
medical conditions and act by physical or mechanical means. Many of 
these, such as scalpels and clamps are there for a very short time, but 
others are left in the body for differing periods of time; these are usually 
referred to as medical implants. The term does not normally include 
medicines, although some medical devices (e.g. stents) have slow-
release drugs incorporated into them. Some contraceptive implants 
slowly release reproductive hormones that inhibit implantation of  
the blastocyst. 

Classifying implants
Anything put into the body has the potential to do harm or even cause 
death. Implants can be categorised by the length of time they are in 
contact with the body. They are split into three classes. 

I. Implants with limited exposure which is for less than 24 hours, but 
which may be repeated; e.g. urinary catheters. These rarely cause 
serious problems because the body does not have sufficient time  
to react to them but repeated exposure can lead to sensitivity  
and problems. 

II. Implants with prolonged exposure, i.e. between 24 hours and 30 
days; e.g. dissolving stitches and drains. 

III. Implants with permanent exposure, i.e. from 30 days to a lifetime. 
Examples include contraceptive implants, bone securing plates, 
defibrilator/pacemaker devices or an artificial heart valve. It is in 
this group that biocompatibility problems are most likely to occur.

More invasive procedures such as hip replacements can be problematic 
in several areas. Infections may be introduced either from pathogens 
on the skin or from contamination of the implant. 

Medical devices may also be classified according to their interaction with 
the body. Some are completely passive, for instance a structural joint or 
a stent, while others are designed to be active, to sense and react to the 
body, such as, for example, a pacemaker.

Materials
Most implants will come into contact with a variety of tissues and their 
interaction with each tissue type must be taken into account. For 
example, an automatic insulin pump, as used by some diabetics, will be 
in contact with skin, fatty tissue, muscle, blood vessels and blood.

One of the most useful biocompatible materials  
is titanium, which is frequently used for things  
such as tooth implants because it does not react  
with the body to form ions but rather forms a layer  
of unreactive oxide on its surface. It is strong and  
light and has the added advantage that it can form  
strong bonds with bone in a process called  
osseointegration. (see biographical notes).  
The cost of making an implant entirely of suitable  
biocompatible materials may be prohibitive; an  
effective alternative is to coat implants with a very  
thin layer of biocompatible material. In all cases the  
material used must be durable enough to last  
beyond the expected lifetime of the device without 
becoming degraded.
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The immune system
It is important to understand how the body recognises and reacts to 
foreign bodies. There are three mains ways that the body recognises 
things as non-self or foreign. 

1. The most common way is by 
using surface proteins, like 
those found on the surface  
of bacteria and viruses. 

2. When ions from metallic implants 
react with proteins, changing 
their shape. This may stop the 
body’s defences recognising 
them as ‘self’, and so they  
are attacked. 

3. Sometimes metal ions form an 
ion-protein complex, which is mistaken for an antigen to which the 
body might react. Substances to which the body reacts are called 
antigens.

The body’s response is to produce proteins called antibodies, which 
mark antigens for attack by the immune system. This attack on non-self-
substances is carried out by white blood cells, namely B-cells and 
T-cells. B-cells make antibodies against antigens and also present the 
antigen to T-cells. 

There are four types of T-cell, each with a specific job: helper T-cells 
recognise the antigen and inform the killer T-cells which then attack the 
antigen; suppressor T-cells switch off the killer cells once the attack 
has done its job and finally the memory T-cells continue to circulate for 
a long time afterwards and will trigger a rapid response if the antigen is 
reappears. 

Occasionally the body reacts to a harmless material as potentially 
dangerous and begins to attack it, sometimes violently; this is called an 
allergic response. For example, some people are allergic to  earrings 
and wristwatches that have a high nickel content.

There is no doubt that implants and other medical devices have made  
a very significant contribution to improving the quality of life of numerous 
people. In science fiction there have always been characters whose 
biological abilities have been greatly enhanced by the integration of 
mechanical or electronic devices into their bodies. With the great variety 
of implants available today some people may ask if the age of cyborgs 
has arrived.
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• Remember pathogens they have 
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• Produced in the bone marrow
• They have a special surface 

protein that can bind to 
antigens, so marking them for 
attack by T-cells.
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counter antigens)

• Once activated they become 
memory cells.
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Syllabus references
The main syllabus references for the lesson are:

Leaving Certificate Biology
• Specific defence system (immune system): antigen antibody 

response. 
• Role of lymphocytes: B and T cell types.
• Role of T cells as helpers, killers, suppressors, and memory  

T cells. 
• Digestive system: teeth
• Musculoskeletal system: joint
• Reproductive system: methods of contraception
• Endocrine System: Hormones 

Science and Technology in Action is also widely used  
by Transition Year classes. 

Did You Know?
• The pioneering Swedish cardiac surgeon Åke Senning  

(1915-2000) implanted the first human cardiac pacemaker in 
1958. It worked for only a few hours but it showed that it was  
a feasible idea. Later models had to be plugged into a mains 
electricity supply. Then followed battery-powered models but 
the batteries were large and heavy, and only lasted a few hours. 

• With the advent of transistors and smaller long-life batteries,  
it became possible to implant the entire device inside the 
thoracic cavity. 

• With the development of integrated circuits it was possible to 
incorporate defibrillators that could re-establish the proper 
rhythm of the heart when required. Modern units can be 
programmed and controlled using wireless technology but this 
raises ethical questions regarding privacy.

Biographical Notes

Dr. Per Ingvar Branemark (1929 - )
For his PhD in 1952, Per Ingvar Branemark, a Swedish orthopaedic 
surgeon and researcher, was doing research into the process of 
bone repair after injury.  He placed titanium tubes into bone to make 
observation easier and when he tried to remove the tubes he found 
that they were so firmly attached to the bone that they could not be 
removed without breaking the bone — a serendipitous discovery of  
a  special property of titanium called osseointegration. 

He is now widely regarded as the father of effective dental implants 
after pioneering the process of using titanium as the foundation for 
tooth implants and presenting his findings to a Canadian dental 
conference in 1982.  He was awarded the Swedish Society of 
Medicine’s Soederberg Prize, often referred to as the ‘mini-Nobel 
Prize’ in 1992. 

Learning Outcomes
On completion of this lesson, students should be able to: 

• Give some examples of implants from various periods in human 
history

• Know the difference between a medical device and an implant
• Explain what biocompatibility is and give a variety of examples
• Explain why biocompatibility is important 
• Describe some of the problems involved in placing objects 

inside the human body
• Have a general understanding of how implants are detected by 

the body and how the body’s defences reacts to them
• Know that modern implants can enhance the ability of the 

biological systems.

General Learning Points 
These are additional relevant points which are 
used to extend knowledge and facilitate discussion.

• Neolithic man was every bit as observant and intelligent as 
modern man but he did not have the knowledge and data 
recording and retrieval systems modern man has.

• The variety of white blood cells present in the human body give 
an indication of the great complexity of our immune responses

• Implants were once a science fiction fantasy as were cyborgs. 
Modern medical implants bring us ever closer to the day when 
fantasy becomes fact. External devices can make paralysed 
people walk by themselves while cochlear implants can make 
the deaf here. 

• Modern manufacturing processes and electronics have enabled 
the production of very complex but yet reliable.

Revise The Terms
Can you recall the meaning of the following terms?  
Revising terminology is a powerful aid to recall and retention.

aesthetics, allergic reaction, allergic response, antibody, antigen, 
B-cells, biocompatibility, biocompatible, blastocyst., catheter, 
cochlear implants, cyborg, defibrillator /pacemaker, durable, 
electrochemical cell, helper T-cells, immunological rejection, 
implantation, intraocular, ions, ivory, killer T-cells, leach, medical 
device, medical implants, memory T-cells, New World, 
osseointegration, pathogen, physiologically reactive, prosthetic, 
stents, suppressor T-cells, surface protein, T-cells, titanium.

Check the Glossary of terms for this lesson on www.sta.ie

Student Activities
These activities are suitable for group work.

1. List as many different types of implants as you can think of. 
Classify them in two different ways.

2. Can you think of any reasons why slow release drugs or other 
chemicals might be incorporated into implants. What problems 
that might arise and how might they be overcome?

3. In groups of two or three, consider the properties an implant  
of your choice must have to do its job effectively?

4. Discuss what new medical devices you think should be 
produced to improve the quality of life of people with particular 
diseases or injuries.

5. Discuss the idea that cyborgs are a thing of the present,  
not the future.

6. The image shows a stent — a device 
that can be inserted into a blood 
vessel to ensure it stays open.  
Use available resources to find out 
what materials are commonly used  
for making stents and why those 
materials are used.  
How does the body react to them?

Examination Questions 
Leaving Certificate Biology (HL) 2005, Q. 15 a

(iii)  Name two types of lymphocyte and state a role of each when 
viruses or other microorganisms enter the blood.

(iv)  “Immunity that results from vaccination is effectively the same 
as the immunity that develops following an infection”.  
Do you agree with this statement? Explain your answer.

Leaving Certificate Biology (HL) 2005, Q. 13

(iv)  What is the role of the SA (sinoatrial) and AV (atrioventricular) 
nodes in the heart?

(v)  Give the precise locations of both the SA and the AV nodes in 
the heart. 

Leaving Certificate Biology (HL) 2012, Q. 15 b

(ii)  Name a group of white blood cells, other than lymphocytes.
(iii)  Lymphocytes may be divided into B cells and T cells. B cells 

produce antibodies.
 1. What is the role of antibodies in the body?

 2. Name any three types of T cell.

 3. State a role of each of the T cell types that you named  
in part 2.

 

Leaving Certificate Biology (HL) 2007, Q. 15 b

(iii)  Copy the following table into your answer book and fill each  
of the empty boxes

Endocrine Gland Location Hormone Role of Hormone

Pancreas Insulin

Thyroid Gland

“fight or flight”

(iv) In the case of a named hormone give:
 1. a deficiency symptom,
 2. a corrective measure. 

Leaving Certificate Biology (HL) 2005, Q. 13 c

(i)  What is meant by contraception?
(ii)  Give an example of a surgical method of male contraception. 

Suggest an advantage and a disadvantage of the method that 
you have named.

(iii)  List three methods of contraception other than surgical. In your 
answer you may refer to either or both sexes.

(iv)  Suggest a possible effect on a human population that may result 
from an increased availability of contraception. 

True/False Questions
a) All substances placed into the human body 

produce an immune response  T F
b) A defibrillator re-establishes the correct rhythm of  

the heart.  T F
c) An antibody is a substance that causes the production  

of an antigen.  T F
d) Neolithic man could put fillings into teeth.  T F
e) Suppressor T cells stop disease causing cells multiplying  

in the body.  T F
f) Cosmetic surgery is a modern invention.  T F
g) Osseointegration is the placing of pieces of bone taken  

from one part of the body into another part.  T F
h) Gutta percha an early form of rubber has been used for  

breast implants.  T F
i) If two different metals are used in an implant they can in  

effect form a battery and cause one of the metals to  
corrode at an increased rate.  T F

j) Dr. Per Ingvar Branemark was the first surgeon to implant  
a working pacemaker into a human.  T F

Check your answers to these questions on www.sta.ie.
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4. Discuss what new medical devices you think should be 
produced to improve the quality of life of people with particular 
diseases or injuries.

5. Discuss the idea that cyborgs are a thing of the present,  
not the future.

6. The image shows a stent — a device 
that can be inserted into a blood 
vessel to ensure it stays open.  
Use available resources to find out 
what materials are commonly used  
for making stents and why those 
materials are used.  
How does the body react to them?

Examination Questions 
Leaving Certificate Biology (HL) 2005, Q. 15 a

(iii)  Name two types of lymphocyte and state a role of each when 
viruses or other microorganisms enter the blood.

(iv)  “Immunity that results from vaccination is effectively the same 
as the immunity that develops following an infection”.  
Do you agree with this statement? Explain your answer.

Leaving Certificate Biology (HL) 2005, Q. 13

(iv)  What is the role of the SA (sinoatrial) and AV (atrioventricular) 
nodes in the heart?

(v)  Give the precise locations of both the SA and the AV nodes in 
the heart. 

Leaving Certificate Biology (HL) 2012, Q. 15 b

(ii)  Name a group of white blood cells, other than lymphocytes.
(iii)  Lymphocytes may be divided into B cells and T cells. B cells 

produce antibodies.
 1. What is the role of antibodies in the body?

 2. Name any three types of T cell.

 3. State a role of each of the T cell types that you named  
in part 2.

 

Leaving Certificate Biology (HL) 2007, Q. 15 b

(iii)  Copy the following table into your answer book and fill each  
of the empty boxes

Endocrine Gland Location Hormone Role of Hormone

Pancreas Insulin

Thyroid Gland

“fight or flight”

(iv) In the case of a named hormone give:
 1. a deficiency symptom,
 2. a corrective measure. 

Leaving Certificate Biology (HL) 2005, Q. 13 c

(i)  What is meant by contraception?
(ii)  Give an example of a surgical method of male contraception. 

Suggest an advantage and a disadvantage of the method that 
you have named.

(iii)  List three methods of contraception other than surgical. In your 
answer you may refer to either or both sexes.

(iv)  Suggest a possible effect on a human population that may result 
from an increased availability of contraception. 

True/False Questions
a) All substances placed into the human body 

produce an immune response  T F
b) A defibrillator re-establishes the correct rhythm of  

the heart.  T F
c) An antibody is a substance that causes the production  

of an antigen.  T F
d) Neolithic man could put fillings into teeth.  T F
e) Suppressor T cells stop disease causing cells multiplying  

in the body.  T F
f) Cosmetic surgery is a modern invention.  T F
g) Osseointegration is the placing of pieces of bone taken  

from one part of the body into another part.  T F
h) Gutta percha an early form of rubber has been used for  

breast implants.  T F
i) If two different metals are used in an implant they can in  

effect form a battery and cause one of the metals to  
corrode at an increased rate.  T F

j) Dr. Per Ingvar Branemark was the first surgeon to implant  
a working pacemaker into a human.  T F

Check your answers to these questions on www.sta.ie.
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Syllabus references
The main syllabus references for the lesson are:

Leaving Certificate Biology
• Specific defence system (immune system): antigen antibody 

response. 
• Role of lymphocytes: B and T cell types.
• Role of T cells as helpers, killers, suppressors, and memory  

T cells. 
• Digestive system: teeth
• Musculoskeletal system: joint
• Reproductive system: methods of contraception
• Endocrine System: Hormones 

Science and Technology in Action is also widely used  
by Transition Year classes. 

Did You Know?
• The pioneering Swedish cardiac surgeon Åke Senning  

(1915-2000) implanted the first human cardiac pacemaker in 
1958. It worked for only a few hours but it showed that it was  
a feasible idea. Later models had to be plugged into a mains 
electricity supply. Then followed battery-powered models but 
the batteries were large and heavy, and only lasted a few hours. 

• With the advent of transistors and smaller long-life batteries,  
it became possible to implant the entire device inside the 
thoracic cavity. 

• With the development of integrated circuits it was possible to 
incorporate defibrillators that could re-establish the proper 
rhythm of the heart when required. Modern units can be 
programmed and controlled using wireless technology but this 
raises ethical questions regarding privacy.

Biographical Notes

Dr. Per Ingvar Branemark (1929 - )
For his PhD in 1952, Per Ingvar Branemark, a Swedish orthopaedic 
surgeon and researcher, was doing research into the process of 
bone repair after injury.  He placed titanium tubes into bone to make 
observation easier and when he tried to remove the tubes he found 
that they were so firmly attached to the bone that they could not be 
removed without breaking the bone — a serendipitous discovery of  
a  special property of titanium called osseointegration. 

He is now widely regarded as the father of effective dental implants 
after pioneering the process of using titanium as the foundation for 
tooth implants and presenting his findings to a Canadian dental 
conference in 1982.  He was awarded the Swedish Society of 
Medicine’s Soederberg Prize, often referred to as the ‘mini-Nobel 
Prize’ in 1992. 

Learning Outcomes
On completion of this lesson, students should be able to: 

• Give some examples of implants from various periods in human 
history

• Know the difference between a medical device and an implant
• Explain what biocompatibility is and give a variety of examples
• Explain why biocompatibility is important 
• Describe some of the problems involved in placing objects 

inside the human body
• Have a general understanding of how implants are detected by 

the body and how the body’s defences reacts to them
• Know that modern implants can enhance the ability of the 

biological systems.

General Learning Points 
These are additional relevant points which are 
used to extend knowledge and facilitate discussion.

• Neolithic man was every bit as observant and intelligent as 
modern man but he did not have the knowledge and data 
recording and retrieval systems modern man has.

• The variety of white blood cells present in the human body give 
an indication of the great complexity of our immune responses

• Implants were once a science fiction fantasy as were cyborgs. 
Modern medical implants bring us ever closer to the day when 
fantasy becomes fact. External devices can make paralysed 
people walk by themselves while cochlear implants can make 
the deaf here. 

• Modern manufacturing processes and electronics have enabled 
the production of very complex but yet reliable.

Revise The Terms
Can you recall the meaning of the following terms?  
Revising terminology is a powerful aid to recall and retention.

aesthetics, allergic reaction, allergic response, antibody, antigen, 
B-cells, biocompatibility, biocompatible, blastocyst., catheter, 
cochlear implants, cyborg, defibrillator /pacemaker, durable, 
electrochemical cell, helper T-cells, immunological rejection, 
implantation, intraocular, ions, ivory, killer T-cells, leach, medical 
device, medical implants, memory T-cells, New World, 
osseointegration, pathogen, physiologically reactive, prosthetic, 
stents, suppressor T-cells, surface protein, T-cells, titanium.

Check the Glossary of terms for this lesson on www.sta.ie
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