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Introduction 

Biomedical engineering is an 
interdisciplinary field of science that 
increases knowledge in engineering, 
medicine and biology, and contributes to 
human health and wellbeing through 
activities such as research, development 
and applications, that integrate engineering 
with biomedical and basic life sciences but 
also with clinical practice. Recent 
advances in medicine and biology are 
enabled through benefactions from the 
physical sciences and engineering. 

 
Interdisciplinarity 

These trends can be followed in 
scientific literature, but are also evident to 
all those who are not experts in biomedical 
engineering from headlines in the press. 
For example, in 2003, three Nobel Prizes, 
the Prize for Medicine and Physiology, for 
Physics and also for Chemistry were 
awarded to scientists whose research and 
discoveries are very close to biomedical 
engineering. Let me remind you, that the 
Prize for Medicine and Physiology went to 
a chemist, Paul C Lauterbur and a 
physicist, Peter Mansfield for their 
discoveries concerning "magnetic 
resonance imaging" [1]. From 1952, when 
the first Nobel Prize was awarded for basic 
research on nuclear magnetic resonance 
(NMR), the development of this 
technology resulted in one of the probably 
most complicated, but also most useful 
non-invasive devices ever developed for 
the research of living tissue and for 
detection, localization and diagnostics of 
the central nervous system and the 
cardiovascular system. Clinical 
applications of magnetic resonance in 
studies of tissue metabolism and 
physiologic functions are further spreading 
out through development of MR 

spectroscopy and functional MRI. It is only 
a question of time, till medical imaging 
devices of the kind are going to be available 
in daily clinical praxis. Magnetic resonance 
imaging (MRI) is also being adopted for 
guiding surgical procedures. In 2000, 
biomedical engineers extended MRI into 
cardiac surgery for irregular heart rates [2]. 

The Nobel Prize for Physics was 
awarded jointly to Alexei A. Abrikosov, 
Vitaly L. Ginzburg and Anthony J. Leggett 
"for pioneering contributions to the theory 
of superconductors and superfluids". 
Superconducting material is used, for 
example, to obtain strong magnetic fields 
used in magnetic resonance imaging for 
medical examinations, thus the link to the 
MRI devices is obvious. And, the Nobel 
Prize in Chemistry in 2003 was awarded to 
Peter Agre and to Roderick MacKinnon 
“for discoveries concerning channels in 
cell membranes” [3]. 

In previous paragraph, under the 
umbrella of biomedical engineering, we 
suddenly have mentioned large and 
sophisticated diagnostic medical devices 
(approx. dimensions meter and weight in 
tons) and tiny, sub-cellular structures, 
having dimensions in nanometers. Up to 
date research in biomedical engineering 
has moved from the tendency to solve 
health problems exclusively on a technical 
basis to solutions based on understanding 
of the diseases and their origins. So, we 
have to deal with cells, at cellular level, 
and try to e.g. build replacement tissue. In 
order to build it, mechanical properties 
have to be known, understood and 
reproduced. In addition, in order to connect 
the new tissue with the surrounding world, 
enable that it receives and sends 
information; electrical properties of the 
original tissue have to be respected too. 



Biochemical reactions play a key role in 
improving or replacing of biological 
functions at cellular level. Application of 
biological principals to the study and 
design of engineering systems, brought at 
the other hand to development of another 
new discipline, called bionics.  

 
One of the major challenges of 

biomedical engineering these days and in 
future will be to keep together all various 
parts and research fields that have been 
developed recently.  

Let me reflect to pacemakers, probably 
the most successful medical therapeutic 
devices ever invented that saved thousands 
of lives since the first implantation, in 
1958. They merged the principles of 
engineering and medicine. From the basic 
idea of saving the life of patients with total 
heart block, by connecting a few transistors 
into a low-power astabile multivibrator, 
pacemakers developed to implantable 
computer systems having nearly the same 
computational power of a latest generation 
personal computers and making a lot of 
autonomous decisions based on processed 
physiological data. Not only that the 
demand pacemakers pace just in case that 
the pulse rate falls below a predetermined 
level (in order to save the battery life), but 
the physiological pacemakers follow the 
needs of the patient when exercising.  

Concluding his speech at the Nobel 
Prize Ceremony, P. Lauterbur expressed 
his belief that research in MRI has to stay 
interdisciplinary: scientists from nature 
sciences, physicians, primarily radiologists 
and cardiologists, medical physicists, 
engineers and biologists, shall all work 
together, continuing the balance between 
the clinical and engineering aspects of 
MRI development. The impact of MRI has 
been so great because so many people 
contributed. 

In order to continue developing such 
success stories within our field and to solve 
increasingly complicated tasks within 
medicine and health care, we will have to 
build larger inter- and cross-disciplinary 

teams in future. “All Science is 
interdisciplinary”, said Lauterbur [1].  

 
Bioethics 

Mid February saw another jolt in the 
field of cellular engineering: "Evidence of 
a Pluripotent Human Embryonic Stem Cell 
Line Derived from a Cloned Blastocyst" 
[Science, published online February 12, 
2004]. Suddenly the news about the first 
development of a number of cloned human 
embryos was on the cover of nearly all 
daily newspapers and in commentaries on 
television, followed immediately by 
reviews in many scientific magazines and 
journals. This surprise came from the 
Seoul National University where Woo Suk 
Hwang and his multi-university team 
succeeded in producing a line of stem cells 
from cloned embryos. The researchers in 
Seoul injected genetic material from adult 
human cells into human eggs that had their 
own DNA removed. The resulting embryos 
had the same DNA as their adult donors, 
making them clones. The researchers then 
harvested stem cells from these embryos. 
In one of the interviews Hwang said that 
because these cells carry the nuclear 
genome of the individual, after 
differentiation they could be expected to be 
transplanted without immune rejection for 
treatment of degenerative disorders. These 
specially developed cells should, in future, 
enable curing of serious diseases such as 
the Parkinson’s, Alzheimer's, diabetes or 
spinal cord injury. Some researchers 
believe that this work represents a medical 
revolution as important as antibiotics and 
vaccines. Transplantation medicine will 
change extensively due to these 
developments. 

The research in the Korean group is 
considered by themselves as purely 
therapeutic cloning, i.e. within the frame 
allowed by the governments of many 
countries, like Korea, UK or Israel – 
countries leading in stem cell research. In 
contrast to many positive comments to the 
current medical research, there has also 
been a serious concern worldwide with 



voices rising for the cloning to be 
outlawed. The news from Korea certainly 
made these voices even more determined. 
However, Shin Yong Moon, a co-author of 
the recently published study, said that the 
work must continue to help fighting 
threatening illnesses. He also said that a 
new law passed in Korea would require his 
and other Korean research groups to get a 
government licence before proceeding with 
their research. He also predicted that the 
medical use of stem cells derived from 
cloning would require at least another 
decade of research.  

Biomedical engineers have been 
developing enabling technology for many 
of the experiments in this field and won’t 
be able to stay away from the discussions 
with the leading scientists in bioethics on 
this matter. Nevertheless most of us, 
especially when teaching our students, 
have to deal with these matters, too. 

 
MBES Education 

Advances in biology and medicine are 
closely tied up with contributions from 
basic sciences and from engineering. The 
need for cross-disciplinary knowledge 
results with a demand for professionals 
with a strong multidisciplinary education 
and training. However, in the past decades, 
biomedical engineering was expanding so 
rapidly that practically no University in the 
world can offer programs covering all 
areas of BME [4]. Today, the labour 
market for biomedical engineers is not 
only research and development in institutes 
and at universities, but also in industry and 
in the health care system. Since medicine 
and health care became highly specialised 
and technology dependent (more than 85% 
of all diagnostic decisions and therapeutic 
treatments in developed countries are 
resulting from an action of some kind of a 
medical device), and also the public 
awareness for healthy life and wellness 
have risen, clinical and health centres need 
specialised professionals, not only for 
maintenance but also for operation, 
selection and support to medical staff. The 

BM industries and the SME, which 
developed form numerous spin-up 
companies, need specialised professionals 
and e.g. in USA the labour market for 
biomedical engineers is according to 
prognosis the most perspective one in this 
decade [5].  

Each region is addressing the challenge 
of BME education in a different way. 
Lately, the interest for the development of 
BME education in Europe has risen due to 
the efforts of European countries to form 
the European Higher Education Area 
(EHEA) by 2010 [4,6]. Though there is a 
long tradition of BME programs in the 
Europe, the process of their harmonisation 
is still ongoing. Signing of the Bologna 
Declaration in 1999 by the representatives 
of Universities from all EU countries and 
accepting of the Declaration by a large 
group of European Universities from 
countries outside the EU in Prague in June 
2001 accelerated the harmonisation 
process. These efforts were confirmed also 
at the Conference of Ministers responsible 
for Higher Education in Berlin in 2003 
where also the aim of the European 
Council to make Europe “the most 
competitive and dynamic knowledge-based 
economy in the world, capable of 
sustainable economic growth with more 
and better jobs and greater social 
cohesion” was taken into due 
consideration.  

Accreditation of biomedical 
engineering educational programs in 
Europe is already well ahead due to the 
efforts of the International Federation for 
Medical and Biological Engineering 
(IFMBE). The Federation and it’s 
European affiliates initiated foundation of 
the European Alliance for Medical and 
Biological Engineering and Science 
(EAMBES) which should take over a 
significant role in creating EHEA and the 
European Research Area (ERA).  

A project of charting the BME 
community in Europe showed that more 
than 200 European universities, 
polytechnic schools and other academic 



institutions offering BME programs at all 
academic levels were recognised. 
Integrated BME education programs 
developed recently next to the BME 
specialisations based on classical 
engineering education show their 
advantages in enlarged Europe, stimulating 
mobility and enabling the students to take 
advantage of the diversity of these 
programs. 

Another European project launched 
recently, BIOMEDEA, aims to establish 
within the EHEA criteria for quality 
assurance in MBES education, including 
guidelines for harmonisation of MBES 
programs, accreditation of MBES 
programs, certification of biomedical and 
clinical engineers and creating of 
continuing education and training 
programs with international coordination 
for health care professionals [4]. 

The matter of education and more 
specifically, harmonisation of education 
programs in our profession is not only one 
of the most important topics of discussion 
and action at this time, but also a matter for 
the future of our profession. Therefore, we 
have to support young scientists in the field 
of MBES with the full power of the 
Federation's relevance and international 
prestige. 

 
International Federation for Medical and 
Biological Engineering 

The International Federation for 
Medical and Biological Engineering 
(IFMBE) is a federation of national and 
transnational BME societies and at the 
time where this field is developing so 
rapidly, it has to pay permanent attention 
to the new growth progress in order to 
extent its services to the membership and 
to the BME community [7]. So, how does 
the IFMBE meet the challenges and serve 
the membership? 

 
Scientific Activities 

BME research is a top priority and it is 
supported through publishing a number of 
scientific publications, organising and 

sponsoring scientific events and work in 
scientific working groups. The well 
established journal, Medical and Biological 
Engineering and Computing (MBEC) 
brings more than 120 scientific papers 
yearly and is available on line, in this year 
still for all registered users. It brings more 
often special issues on topics of high 
interest to the scientific community. [7, 8, 
9] The IFMBE Proceedings Series, 
established in 2001, publishes scientific 
papers from the scientific events like the 
triennial World Congress and regional 
conferences, (co-)organised by the 
Federation, but also from events endorsed 
by the Federation. In 2004, three volumes 
of Proceedings are going to be published. 
The individual members are informed on 
the activities within the Federation and the 
challenging news from the BME 
profession and science through the 
electronic magazine, the IFMBE News 
[10]. And last, but not the least, the 
Federation’s book series, published by the 
IoPP, brings titles from biomedical 
engineering and medical physics. 

Several scientific working groups 
organise discussions within scientists from 
all over the world on specific topics. 
Perhaps the most active is the Cellular 
Engineering working group, which holds 
regular scientific meetings (International 
Conferences on Cellular Engineering), next 
to be organised in Seoul, Korea in 2005. 
The Physiome working group is 
contributing to the international physiome 
project in order to achieve improvement of 
our understanding of mechanisms of 
function of the biological systems. The 
working group in Neural Engineering is 
contribution to development of different 
project in this field. The Federation has 
recently supported establishment of two 
new working groups, one dealing with 
MBES contributions to safety and security 
of individuals and society, and the other on 
autism in order to propose the best way in 
which biomedical engineering can help in 
care and rehabilitation of this group of 
patients. 



International Liaisons 
The IFMBE and the International 

Organisation for Medical Physics (IOMP) 
constitute the International Union for 
Physical and Engineering Sciences in 
Medicine (IUPESM). The principal 
objective of IUPESM is to contribute to the 
advancement of physical and engineering 
sciences in medicine for the benefit and 
well being of humanity. IUPESM 
published a brochure whose purpose is to 
educate the public, government entities and 
legislators to the importance of medical 
physics and biomedical engineering in the 
delivery of health care and in improving 
quality of life [11].  

At the 26th General Assembly of the 
International Council of Science Union 
(ICSU) held in Cairo, Egypt in 1999 
admitted IUPESM, already an International 
Scientific Associate of ICSU since 1982, 
as a Full Scientific Union Member. ICSU 
is the largest scientific union in the world, 
consisting of National Academies of 
Sciences and Scientific Unions. 
Membership in this Union gives to the 
professions of medical physics and 
biomedical engineering significant 
recognition for their contribution to 
science. 

The IUPESM has to identify how best 
to relate to and function within ICSU, to 
become an influential advocate globally for 
Medical Physics and Biomedical 
Engineering, contribute to public 
understanding of their contributions in 
health care. Within the program “Science 
for Health and Well Being”, the Union is 
proposing projects together with other 
unions and associations, e.g. “Science and 
Technology in the Care of Patients and 
Persons with Disabilities” and “the Impact 
of Technology on Hypercom-municable 
Disease Processes”.  

 
Many of international activities of the 

Federation are performed in collaboration 
with the World Health Organisation. The 
World Health Organisation has recognised 
patient safety as one of important issues for 

the whole world [12]. Most medical 
devices are inherently safe, or have 
embedded systems that sense their failure 
and disable any potentially harmful 
operation of the device so that no single 
failure could cause the device to become 
unsafe at any time of its life-cycle. It is 
also recognised that implementation of 
high technology is not a “vaccination” 
against errors; they may happen at any 
level and in any health facility in the 
world. The best way to prevent mistakes is 
to act in a systematic way, from producing 
safe equipment to high quality education 
and training and straight forward 
procedures that leave no doubt and space 
for inaccuracy.  

Finding the way to reduce the number 
of medical errors is one of the challenges 
modern society considers a task for 
professional organisations. The IFMBE, 
like some others has incorporated the 
essential topics of patient safety into its 
regular efforts, by supporting biomedical 
engineering research of the highest quality 
and also through a number of bodies within 
its structure that work on the improvement 
and follow up of essential medical 
equipment. The IFMBE is also 
representing the WHO in international 
standardisation bodies [13]. 

The WHO is also an important partner 
in the context of human resources program 
that could significantly strengthen the 
position of clinical engineers and 
biomedical engineers whose workplace is 
within the healthcare system. The 
contribution of our colleagues to everyday 
safety of patient through assessment of 
appropriate medical equipment, it’s testing 
and maintenance as well as the knowledge 
they built in new clinical procedures, earns 
them full recognition.  

 
Regional Activities 

The IFMBE has affiliates from all over 
the world, at the time 50 member 
organisations and also individual members 
from countries where no national BME 
societies have been founded yet. As the 



umbrella organisation of all these affiliates, 
the Federation is developing programs and 
project globally. However, it has 
recognised that some issues have to be 
addressed more specifically in some 
regions, due to obvious differences in local 
organisation and development of the health 
care. Therefore, regional working groups 
have been founded for Europe, Asia-
Pacific, Latin America and Africa, as well 
as for developing countries as well. The 
European working group further evolved to 
the European Alliance for Medical and 
Biological Engineering and Science 
(EAMBES) which is as an all-inclusive 
umbrella organisation and represents 
European IFMBE member societies, other 
national and European societies in the 
fields of artificial organs, biomaterials, bio-
informatics and clinical engineering, as 
well as a large number of academic BME 
programs and research institutions. The 
Federation will support foundation of 
regional MBES alliances in all parts of the 
world in order to best adopt its activity to 
the needs of the members.  

 
Specialized Divisions 

The Clinical Engineering Division and 
the Division for Health Care Technology 
Assessment are established to address 
continuing and long term needs in these 
fields. Both divisions are active in 
supporting the development of health care 
and in education and training of both 
medical and technical staff in the health 
care facilities in African and other 
developing countries. 

 
Other Activities 

However, it is very difficult to quote all 
activities of such a large organisation as 
the IFMBE in just a few lines. For further 
reading on its activities you should visit the 
web pages of the Federation where you can 
find up to date information. 

 
Conclusion 

Biomedical Engineering is recognised 
as one of the most important engines of 

development within the life sciences and 
engineering sciences as well as 
irreplaceable driver of most achievements 
in medicine and health care. All aspects of 
biomedical engineering and science, from 
research and development, education and 
training, implementation in health care 
systems, internationalisation and 
globalisation, and other, new issues are 
present in the strategy and in action plans 
of the IFMBE which, with help of a large 
number of highly motivated volunteers, 
will stay in leading position in biomedical 
engineering and science. 
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