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Radiotherapy is the clinical application which requires the highest precision in dose delivery because of the very 
high doses administrated to patients, taking into account that new diagnostic methods and new modalities and 
treatment machines give greater possibilities of dose escalation. These higher doses may also produce serious 
side effects if not accurately administered. High qualified personnel is therefore needed for dealing with these 
new complex modalities, assuring that dose prescribed is correctly administered and providing adequate 
radiation protection to patients, public and staff. Education in Physics of Radiotherapy aims to provide students 
with solid theoretical and practical basis in order to be able to work with great responsibility and understanding 
in a Radiotherapy Department and assure that appropriate radiation protection to patients, public and staff. Since 
1964 the National Atomic Energy Office (CNEA) gives course related to Radiotherapy and since 2002, due to a 
collaborative project, these courses are given at the Oncology Institute “Ángel H. Roffo” (IOAR) which belongs 
to the University of Buenos Aires (UBA). The IOAR is well equipped in Radiotherapy and new techniques are 
continuously introduced. That is why, being a University Institution and having highly specialized staff, it is the 
ideal hospital for teaching Radiotherapy in Buenos Aires, not only for regular courses but also for implementing 
workshops, seminars and updating courses as well. Continuous education helps to create and increase awareness 
of the importance of radiation protection in patients as well as in public and staff.     
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1. Introduction 
 
Radiotherapy is one of the modalities for cancer treatment. Of all clinical radiation applications, it is 
the one which requires the highest precision in dose delivery because of the very high doses 
administrated to patients. The goal in radiotherapy is to obtain maximum control of tumours with a 
minimum of complications [1]. Nowadays, new diagnostic tools and new treatment machines help to 
develop more precision techniques and dose escalation, but at the same time there is a need of higher 
qualified staff for dealing with these new treatment machines and treatment planning systems in order 
to achieve a precision of 5 % [2] in dose delivery while reducing normal tissue dose. One important 
task that has to be taken by staff is to increase radiation protection to patients, public and staff. Here 
we analyze academic and practical education in Physics of Radiotherapy carried on by the CNEA and 
the IOAR in order to get highly trained professionals and technicians with great responsibility and 
understanding in a Radiotherapy Department. Radiotherapy is a multidisciplinary specialty that 
requires a common language for achieving its objectives. 
 
2. History 
 
2.1 CNEA 
 
One of the main tasks of this institution is human resources education and training in radiation 
applications to industry, biology and health sciences. The CNEA was always alert to the introduction 
of new technologies and its impact on the radiation protection aspects of public, patients and staff. 
With the arrivals of Co-60 machines to our country, the CNEA implemented the course Dosimetry in 
Radiotherapy in 1964.  This course was initially intended for physicians in order to introduce them in 
the fundamentals notions of dosimetry and radiation protection. In 1979, when linear accelerators were 
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introduced, the course Physics of Radiotherapy for physicists was established. Since 2002, both 
courses are dictated at the IOAR.  The Course Dosimetry in Radiotherapy is attended nowadays not 
only by medical doctors but by physicists and technicians as well. The Radiotherapy Department of 
the IOAR is involved in teaching in this course through its staff and equipment. Besides, clinical 
training for all specialties involved in Radiotherapy is carried on at our Department with all staff 
collaboration. Courses like these are mandatory in order to get the required license given by the 
Nuclear Regulatory Authority (ARN). 
 
2.2 IOAR 
 
The IOAR was the first oncological hospital created in Latin America. At the IOAR various post-
graduate courses are developed. Among them there is the course for Medical Doctors in order to get a 
degree as Radiation Oncology Specialist that started in this Institution in 1995. Till now more than 30 
radiation oncologists, working all over Argentina, and in some other Latin American countries have 
attained this degree. This specialization lasts three years, plus an optional fourth year as instructor 
resident. Every year, one position for resident and two to five positions as concurrent are offered. 
Doctors start their education in clinical oncology (6 months), and then, for the next 5 semesters attend 
to the Radiation Therapy Department. The specialization in Radiation Oncology programme includes 
the course Dosimetry in Radiotherapy. The Institute also participates in some undergraduate courses 
on Radiotherapy at the School of Medicine of the University of Buenos Aires which contain basic 
concepts of the application of radiation for treatment of cancer, and radiation protection.  
 
3. Methods and Materials 
 
As previously stated the courses are developed at the IOAR, where there are installed a Co-60 unit, a 
linear accelerator with X-ray beams of 6MV and 15 MV and electron beams from 5 MeV to 14 MeV. 
For Brachytherapy, there are Cs-137 sources for low dose rate (LDR) treatments and a high dose rate 
unit (HDR) with Ir-192 for treatments with HDR. The combined resources of the CNEA and the 
IOAR allow to have a dosimetric package, with a variety of ionisation chambers, water and plastic 
phantoms and daily quality assurance equipment. Film Dosimetry is used as well, using software 
provided by the International Atomic Energy Agency (IAEA). Lectures are dictated not only by the 
CNEA staff but also by specialists in different subjects like the IOAR and ARN staffs. 
 
3.1 Collaborative group 
 
Since 2002, the Clinical Dosimetry staff from the CNEA develops its activities at the IOAR. The 
combined resources of both institutions are shown in Table 1. 
 
Table 1: resources of the combined group IOAR (Radiotherapy Dept.)-CNEA established at the IOAR 
 
RESOURCES  CNEA IOAR 

Physicists 3 1 
Dosimetrists -- 2 
Therapists -- 15 

STAFF 

Radiation Oncologists 1 7 staff, 10 residents 
GENERAL  Technical support, 

TLD dosimetry, 
radiobiology, 
bibliography. 

Radiotherapy 
equipments and 
buildings. Imaging 
Diagnostic 
Department, Surgery 
rooms, networking, 
bibliography 
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3.2 Course Dosimetry in Radiotherapy 
 
Medical doctors, physicists and technicians who wish to involve themselves in Radiotherapy, attend 
the Course Dosimetry in Radiotherapy. The course is an introductory one and has the aim of providing 
a common language to all the different professions involved in Radiotherapy. This will turn out in 
better results for patient’s treatment and for radiation protection of patients and staff. It is an intensive 
lasting 6 weeks, from Monday to Friday all day long. Its program starts with basic dosimetry notions 
and includes quality assurance as well as radiation protection aspects [3]. It is a theoretical and 
practical course including basic dose calculation as well as elementary calibration in a Co-60 unit, a 
conventional X-Ray machine, a simulator and a linear accelerator. For medical doctors there is an 
additional modulus of Metabolic Radiotherapy of 20 hours including dosimetry and radiation 
protection aspects of non-sealed radioactive sources. The number of physicists and technicians 
attending this course has been increasing in average from its beginning (Table 2). 
 
Table 2: number of students in the course Dosimetry in Radiotherapy along the years, sorted out by 
profession 
 

Course Dosimetry in Radiotherapy 

  
Physicians Technicians Physicist / 

Engineers 
1964 13  -  1 
1972 13 - - 
1976 10 2 3 
1988 7 1 3 
1992 4 3 6 
1997 4 5 8 
1998 4 3 7 
2002 13 7 4 
2003 6 4 7 
2004 4 4 4 
2005 8 7 7 
2006 9 7 7 
2007 7 4 9 
2008 12 11 5 

 
3.3 Course Physics in Radiotherapy 
 
The Course Physics in Radiotherapy is intended for physicists and/or engineers only. It lasts 6 months 
and students take several subjects covering the basis of radiotherapy and its practice. These subjects 
are Radiobiology, Treatment Planning, Radiation Protection, Clinical Dosimetry and Equipment and 
Dosimeters Calibration. In the following sub-sections there are briefly mentioned relevant items of 
each subject. 
 
3.3.1 Radiobiology 
 

- basic notions of molecular and cellular biology  
- radiation effects on tissues  
- concepts of threshold and tolerance doses 
- fractionation in radiotherapy 
- survival curves and models 
- human anatomy, physiology and histology  
- tumor classification 
- clinical complications during and after irradiation 
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3.3.2 Treatment Planning 
 

- 2D and 3D planning in external treatment and brachytherapy  
- heterogeneity corrections 
- irregular fields 
- simulations 
- algorithms 
- quality assurance 

 
3.3.3 Radiation Protection 
 

- quantities and units in radiation protection 
- basis for radiological protection and safety 
- radiation protection for patients 
- technical aspects of radiological protection and safety 
- radiological emergencies 
- regulatory aspects 

 
3.3.4 Clinical Dosimetry 
 

- physical aspects of interaction of radiation with matter 
- treatment units and simulators 
- dose quantities and units 
- relative dose quantities used in radiotherapy 
- brachytherapy 
- quality assurance 

 
3.3.5 Clinical Dosimetry 
 

- characteristics of dosimeters by ionometric measurement 
- film dosimetry 
- dosimeter calibration 
- protocols for calibration 
- treatment units and simulator calibration 
- quality assurance 

 
Calibration and treatment planning has to be done in groups of no more than 3 or 4 people in order to 
acquire a real comprehension of the subject. So, the number of places for this course is limited to 8 per 
year (Table 3).  
 
3.4. Trainees 
 
The collaboration between the IOAR and the CNEA also resulted in training of physicists, 
dosimetrists and radiotherapists after courses approval. Many of these trainees get their operative 
license after their training period. The training follows the guidelines of the ARN for getting the 
corresponding license [4] and the programme includes mainly LDR brachytherapy, external treatment 
planning, equipment calibration, QA aspects of a Radiotherapy Center. Besides, several scholar 
fellows from the IAEA choose ours institutions for developing their activities and a number of theses 
(magister in medical physics from Balseiro Institute (IB) and UBA) are carried on co-directed by 
IOAR and CNEA physicists (Table 3).  
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Table 3: number of students for several years 
 

Course Physics of 
Radiotherapy 

  
Physicists / 
Engineers 

1979 4 
1984 6 
1988 4 
1991 7 
1994 6 
1997 7 
2001 8 
2003 7 
2004 2 
2005 7 
2006 8 
2007 10 

 
Table 4: number of trainees and theses carried on at the Physics Department of the IOAR 
(collaborative group CNEA-IOAR) since 2002. 
 

 physicists 5 
dosimetrists 3 

Trainees 

IAEA 2 
IB 7 Theses 
UBA 1 

 
 
 
 
 

 
4. Results and conclusion 
 
There is an important number of physicists and technicians interested in this area as number of 
attendants shows.  
 
Education in Radiotherapy begins with post grade courses, but it is necessary to go on with clinical 
training as well as with continuing education and refreshing courses. The CNEA-IOAR group has 
organised and carried on national and international seminars and workshops [5-7]. Through numerous 
international documents [8], it is suggested that medical physicist education has to be an academic 
post-grade one plus a clinical practice. One of the reasons is that the medical physicist has to be 
responsible enough as to take decisions relative to equipment management (e. g. failures and repair), 
patient treatment, education and interaction with technicians among other items. 
 
The course “Dosimetry on Radiotherapy” and “Physics of Radiotherapy” are both continuously 
upgraded and accepted as post-graduate courses, being part of the requirements needed for getting the 
license for each specialty in Radiotherapy.   
 
The IOAR, being a University Institution and having highly specialized staff, is the ideal hospital for 
teaching Radiotherapy in Buenos Aires. 
 
Till now, there is no hospital career for medical physicists in Argentina at a national level. The support 
of Health Authorities in this point is crucial for the Medical Physics growing. It will help with the 
hierarchy of specialty; the physicist would be able to take more legal responsibilities in medical 

5 



situations where the physicist is involved. This would benefit patients, staff and public in general 
when radiation is used as a clinical practice. 
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