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ABSTRACT 
In these days of public aversion to nuclear power, it can be important to point at the medical applications of ionising 

radiation. Not only the general public, but also the authorities and research centres have to be aware of these medical 
applications, which are not without risk for public health. Now that funding for nuclear research is declining, an opening 
to the medical world can give new opportunities to a nuclear research centre. A lot of research could be done where the 
tools developed for the nuclear power world are very useful. Even new applications for the research reactors like BNCT 
(boron neutron capture therapy) can be envisaged for the near future. 

In this contribution an overview will be given of the different techniques used in the medical world with ionising 
radiation. The specific example of the Belgian Nuclear Research Centre will be given where the mission statement was 
changed to include a certain number of medical research topics. 

INTRODUCTION 

The average dose from ionising radiation to the 
general public in Belgium is estimated to be about 4 mSv 
per year. From this 2.6 mSv is coming from natural 
sources, 1.35 mSv from medical applications and less than 
0.05 mSv from other man-made sources such as nuclear 
energy production (Vanmarcke, 1998). So in view of risk 
to the average population the medical exposures are much 
more important than the nuclear power plants. Still, 
radiation protection is far less developed in the medical 
world than it is in nuclear power plants and research 
centres. There is a general lack of knowledge and 
awareness in hospitals, both by patients and medical 
doctors. For instance it turns out to be very difficult to 
persuade some doctors of the necessity to wear a 
dosemeter. The implementation of ALARA in the medical 
field is almost inexistant up till now, while the highest 
dose at work occur in medical facilities and deterministic 
effects are reported on patients in interventional 
radiology.  

METHODS 

Most common are the examinations of patients with 
X-rays. In Belgium everybody has on average 1.1 
radiodiagnostic investigations each year. Most frequent 
are the investigations of the thorax, the extremities and the 
teeth. The average effective dose per Belgian citizen 
coming from radiological examinations is 1.14 mSv. In 
figure 1 it is shown how this total effective dose is divided 
among the different examinations (Vanmarcke, 1999). 
Most important in view of doses to the patient are 
investigations of the spine and the CT-scans (computed 
tomography). Although quality assurance is slowly finding 

its way in the largest hospitals, doses to the patient keep 
on rising due to the increasing number of high dose 
investigations like CT-scans. This can be seen in figure 2.  
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FIGURE 1.  Composition of the radiology effective dose 
in Belgium (total 1.14 mSv) 
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FIGURE 2.  Relative number of radiological 

investigations in Belgium 



 

 

For the investigation of dynamical phenomena 
fluoroscopy is used during surgical interventions. This is 
done during e.g. the implantation of a heart stimulator or 
the use of catheters in the gall bladder. These kinds of 
interventions can give high doses to the patient, which 
must be weighed against the advantages derived from 
them. The surgeons themselves can also receive doses 
above the limits for instance at their hands. These 
fluoroscopy applications will need a careful reassessment 
of risks while putting radiology in a higher category for 
authorisation requirements and control regime.  

Radiopharmaceuticals are primarily used for diagnostic 
purposes. At present about 60 different pharmaceuticals are 
used, the most important being 99mTc, 201Tl, 67Ga and 125I. 
Another technique that is gaining applications is a PET-scan 
(Positron Emission Tomography). Such a scan can also 
yield high doses for the patient. The therapeutical use of 
radiopharmaceuticals essentially concerns 131I for the 
successful treatment of the thyroid gland, creating however 
a number of radiation protection challenges for the hospital, 
the family and even the environment.  

The most common form of radiotherapy is the 
irradiation with an external radiation source, being an 
isotopical source or an accelerator. When the radiation 
source is introduced in the body the treatment is called 
brachytherapy. Since it is the intention to cause 
deterministic effects, and since dose limits are not of 
application to patients, it does not make much sense to 
compare the doses with the contribution of other sources 
of ionising radiation causing almost exclusively stochastic 
effects. Whether the treatment is a success depends on the 
precision with which the high radiation doses are 
delivered to the malignant tissues, without harming too 
much the healthy tissues. Ingenious diagnostic, 
geometrical, physical and biological methods have been 
developed to provide sparing of normal tissues. In figure 3 
the preferential and selective effects on tumour cells 
relative to normal tissues can be seen. 
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FIGURE 3.  Sparing of normal tissues, and preferential or 
selective effects on tumour cells relative to normal tissues 

A new radiation therapy method that is being studied 
is boron neutron capture therapy (BNCT) (Gahbauer, 
1997). For this treatment a suitable boron compound is 

delivered to tumour cells, followed by irradiation of the 
tumour with thermal neutrons. As seen in figure 4 the 
reaction of a thermal neutron with a boron nucleus results 
in an alpha particle and a lithium nuclei that deliver their 
energy very locally. The rationale for BNCT is based on 
the fact that the capture cross sections values of normal 
tissue are two orders of magnitude less then of 10B. So if 
the boron can be selectively delivered to the tumour cells, 
BNCT is conceptually an ideal method of delivering high 
LET radiation to tumour cells.  
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FIGURE 4.  Overview of the 10B(nth,Ι)7Li reaction,  
used in BNCT 

Initially, only reactors were thought to be capable of 
delivering the necessary fluence in suitable lengths of 
time. So this was one of the first medical applications that 
came into the attention of the research reactor people. In 
search for funding, many of them investigated the 
possibility of performing BNCT at their research reactor. 
At present clinical trials are being done for some specific 
tumours in Japan, the USA and the Netherlands. Still, the 
biggest problem for a real success is to develop boron 
compounds that have a high tumour specificity. 

DISCUSSION 

The Belgian Nuclear Research Centre has over 600 
highly qualified researchers and technicians mainly 
working in following research area's: nuclear safety (the 
behaviour of MOX-fuel, the embrittlement of reactor 
pressure vessels,...), radioactive waste research (disposal 
of vitrified waste and spent fuel in geological clay 
formations, decommissioning of nuclear installations,...) 
and radiation protection (radiobiology, site and 
environmental restoration, emergency planning,...). For a 
long time isotopes have been produced in the BR2 high 
flux research reactor for use in nuclear medicine (Tc-
99m). Also for BNCT some feasibility calculations were 
done, but before further steps are taken the results of the 
pilot study in the Netherlands is awaited.   

A few years ago the research for medical applications 
was put forward as a strategic objective for our nuclear 
research centre. As a result enhanced attention was paid to 
the medical applications. Until now two projects have 
started.  

The first new project is investigating the possibility of 
producing 188Re for nuclear medicine. 188Re is a daughter 



 

 

product of 188W, and this 188W can be produced by double 
neutron capture of enriched 186W in a high flux reactor 
like the BR2-reactor at the SCK-CEN.  With this 188W-
188Re a simple and reliable generator can be produced that 
can provide sufficient activity of 188Re for 6 months. Such 
a generator provides a cost-effective reliable ready source 
of medically useful radionuclides in-house, while 
eliminating the major drawbacks to the use of short-lived 
products: costs of production and the uncertainty of 
transportation. The merit of such a system has been 
proven with the much used 99Mo/99mTc generator. The 
SCK-CEN is collaborating with other research centres to 
optimise such a generator and to provide adequate and 
regular supply at a reasonable price. 

Rhenium-188 has a strong beta emission (Emax=2.12 
MeV) capable of delivering high radiation doses to target 
tissues in a relative short period (half-life 17h). The 
presence of gamma photons of 155 keV allows relative 
good quality imaging and quantification of the dose 
delivered to targeted organs. The 188W-188Re generator is a 
multi-use generator, which provides the radionuclide for 
an infinite variety of therapeutic applications. The most 
important would be in intra-arterial irradiation for the 
inhibition of restenosis after percutaneous transluminal 
coronary angioplasty. Other possible applications are for 
the treatment of painful bone metastasis, and 
radiosynoviorthesis. An international consortium has been 
set up for the introduction of 188Re in the medical world. 
This includes hospitals for the clinical trials, 
radiopharmaceutical research centres to produce the 
required carriers, and our research centre for the 
production of the generator. Because Re-188 is new in the 
hospital environment, the SCK-CEN is involved in 
studying the radiation protection aspects of the project. 
Experience exists to solve problems of handling and 
transportation of radioactive materials, of measuring 
activities and doses, and particularly in helping to develop 
a reasonable policy of risk governance with ALARA tools 
and culture development. So we can work out guidelines 
and devices for safe manipulations within the clinical 
environment, and we can organise actions to be taken in 
case of an accident. For the waste management the know-
how out of a nuclear centre can help in medical 
applications.  

A second project where the SCK-CEN is involved 
concerns the optimisation and inventory of doses to 
workers and patients in radio-diagnosis. The exact 
regulation and geometry of X-ray machines and of X-ray 
investigations can differ substantially from hospital to 
hospital, just as the maintenance and the QA 
prescriptions. This causes the doses to the patients to 

differ with even a factor of 50 to 100 from one practise to 
another, without improved image quality. In the new 
European Directives reference doses for patients are 
included for different investigations. These reference 
doses should optimise the exposure of patients.  

The dose of patients moreover is only known very 
approximately. No dose evaluations at large scale have 
been done in Belgium. Only recently the distribution of 
medical radiation consumption could be estimated; the 
previously mentioned average dose derivation is only 
based on general UNSCEAR dose data for the different 
medical acts. On the contrary the use of nuclear medicine 
and radiology per capita is one of the highest in the 
developed world. A lot of assessment work has to be done 
and will be mandatory from May 2000 on as requested by 
the Medical directive of the EC. The dose measuring 
experience and capacity of the Nuclear Research Centre 
could be helpful in the numerous investigations needed to 
manage medical exposure as low as reasonably 
achievable. Also a recommendation to improve radiation 
protection was made by the Belgian Health Council. A 
working group with active involvement of the SCK-CEN 
is now studying interventional radiology and cardio 
vascular brachytherapy. 

CONCLUSION 

Policy advisory tools, training, dosimetry facilities, 
ALARA tools and research of the SCK could contribute to 
help the medical sector to avoid similar risk perception 
problems as the nuclear energy sector meets. It is a 
challenge for the SCK-CEN to profile itself as an 
interesting and complementary partner for the university 
hospitals. It is considered as an opportunity as nuclear 
scientists to contribute to the peaceful applications of 
ionising radiation in medicine and to sustainable 
development also in those fields.  
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