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Introduction 
 
The core mission of the International Commission on Radiation Units and Measurements 
(ICRU) is to develop a coherent system of quantities and units that could be universally 
accepted in all fields where ionising radiations are used and in particular in medicine. 
 
Radiation protection and effective use of radiation in medicine require the capability to 
accurately quantify the characteristics and magnitude of radiation exposure. This is essential 
for progress in the beneficial use of radiation in medical diagnostic and therapy and for the 
assessments of the potential health consequences and risks to the public and radiation 
workers. 
 
The work carried out via this concerted action has addressed these needs. 
 
 
Objectives 
 
A set of fundamental quantities and units has been developed by the ICRU since its creation 
in 1925 and has been in wide use worldwide for many years. It was proven to be vital to 
successful dissemination and comparison of results and information.  
 
However, this field is not static, and the expanding uses of radiation in medical and industrial 
applications – and radiation producing processes, when coupled with the increasing concern 
about the effects of radiation in humans and the environment – demand further development 
and elaboration of the concepts and understanding that will facilitate meeting the new needs. 
 
As measurable objectives, ICRU reports setting out the consensus of international 
understanding on matters of quantities and units and of measurement techniques are needed 
on a wide variety of topics ranging from fundamental quantities and units through the in vivo 
determination of body contents of radionuclides to the assessment of the image quality in 
mammography taking into account the dose received by the patient. 
 
In radiation protection, an accepted set of quantities and units in which research results can 
be reported and agreement on how such units should be used is essential for a better 
understanding of the mechanisms of radiation action and for improved quantification of risks 
from radiation exposure. 
 
 
Results 
 
The achievements of RAD UNITS in the field of radiation protection are presented first. The 
progress made in the other fields is then presented shortly. The ICRU reports published 
during the contract period, or prepared during that period, are listed below. 
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ICRU reports 2001-2005 

 
– Dosimetry of High-energy Photon Beams Based on Standards of Absorbed Dose to Water (N° 

64, May 2001) 
– Quantities, Units and Terms in Radioecology (N° 65, July 2001)  
– Determination of Operational Dose Equivalent Quantities for Neutrons (N° 66, October 2001) 
– Absorbed-dose Specification in Nuclear Medicine (N° 67, July 2002)  
– Retrospective Assessment of Exposures to Ionising Radiation (N° 68, November 2002) 
– Direct determination of the body content of radionuclides (N° 69, 2003) 
– Image quality in chest radiography (N° 70, July 2003) 
– Prescribing, recording and reporting electron beam therapy (N° 71, June 2004)  
– Dosimetry and reporting of therapeutic applications of beta rays and low-energy photons (N° 

72, December 2004) 
– Stopping of ions heavier than helium (N° 73, June 2005) 
– Dosimetry of Diagnostic X-rays (N° 74, end of 2005) 
 
 
  
Radiation protection 
 
Report 65, “Quantities, Units and Terms in Radioecology”, provides the first comprehensive 
and authoritative set of definitions for quantities, units and terms used in the highly 
interdisciplinary field of radioecology. It will be followed by the report “Sampling for 
radionuclides in the environment” which is close to completion. 
 
For neutron exposure, Report 66, “Determination of Operational Dose-equivalent Quantities 
for Neutrons”, introduces measurement principles and techniques for the determination of 
operational dose-equivalent quantities for neutron radiation. It is directed to readers who 
need practical advice and provides guidance to the operational health physicists as to what 
instrumentation is needed for routine radiation protection when neutrons are involved. A 
detailed introduction is given of some of the peculiarities of neutron dosimetry. The report 
supports the decisions needed in the field regarding the choice of instruments, deployment of 
such instruments and interpretation of the instrument response.  
 
For the complex problem of retrospective dose evaluation, Report 68, “Retrospective 
Assessment of Exposures to Ionising Radiation”, compiles current knowledge accumulated 
from the various methods in use, provides guidance on the suitability and potential of these 
methods, and offers practical recommendations. For each method, the report discusses basic 
aspects, conditions of applicability and detection limits. An important chapter is devoted to 
biological dosimetry: chromosome aberrations and micronuclei. The potential of 
chromosome painting techniques (FISH) but also their limitations are discussed. 
 
Report 69, “Direct Determination of the Body Content of Radionuclides”, addresses the 
direct measurement process of radionuclides present in the body for radiation protection and 
medical purposes. In vivo measurement applies standard measurement equipment to a unique 
set of measurement conditions. It requires a detailed understanding of the body and 
application of the geometric constrains imposed by a measurement of an active living 
sample. Therefore the measurement can be quite complex. The report addresses development 
in detector technology, mathematical calibration procedures and other elements of the 
measurement process.  
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An important report (ICRU 74), “Dosimetry of Diagnostic X-rays”, is devoted to the 
radiation quantities of interest in radiological imaging. A clear definition of the involved 
quantities is indeed essential in radiology, although the accuracy required on the absorbed 
dose is often not very high (compared for example to the requirements in radiation therapy). 
The report addresses measurement methods for normalisation quantities and for quantities 
recommended for the establishment and clinical use of reference levels. It presents methods 
for deriving organ and tissue doses as well as doses in localised regions of organs and tissues, 
including detailed information on dose conversion coefficients. 
 
Report 74 includes several appendices on: backscatter factors (A), comparison of conversion 
coefficients from the USA, Germany, and the UK (B, C, D), conversion coefficients for 
mammography (E), PC-based Monte Carlo programme for calculation of patient dose in 
radiography (F).  The report is a precursor to a sequence of more specific reports dealing 
with individual radiological modalities such as computed tomography (CT). In particular, it 
will be followed by a report on image quality and patient dose in computed tomography that 
is now in preparation and will include image formation, density contrast resolution, volume 
reconstruction, critical organ absorbed dose, and other specific aspects of CT imaging. 
 
Progress has also been made in a joint ICRU/ICRP report, “Doses from cosmic radiation 
exposure for aircrew”. The report compiles and evaluates results from measurements and 
calculations of effective dose and ambient dose equivalent rates for exposure to cosmic rays 
in aircrafts at aviation altitude. It will provide basic input for evaluation of individual doses 
(calculating “route doses”) and be of fundamental importance for regulatory applications and 
in legal contexts. The feasibility of the proposed approach is based on the fact that the 
existing large database of experimental and calculated data is remarkably consistent. 
 
 
In the field of radiation physics 
 
Report 64, “Dosimetry of High-energy Photon Beams Based on Standards of Absorbed Dose 
to Water”, examines the methods by which the absorbed dose to water (a standard substitute 
for human tissue) can be determined for photon radiations with energies ranging from about 
1 to 50 MeV. 
 
Report 73, “Stopping of ions heavier than helium”, provides the most comprehensive and up-
to-date coverage available on the stopping of ions heavier than helium. Stopping tables are 
given for 17 projectile ions on 25 elemental and 34 compound materials covering energies 
from 0.025 to 1000 MeV/u. 
 
A report on quality assurance in ionising radiation dosimetry is planned for 2006. 
“Specification and reporting of low-dose and low-dose-rate exposure to ionising radiation” 
raises complex issues that are the subject of a coming ICRU report. The concept of absorbed 
dose may show limitations.  



 4

In the field of medical imaging 
 
ICRU Report 70, “Image quality of chest radiography”, appeared in July 2003. Based on a 
long-standing and profound medical experience, the possibilities and limitations of the 
different techniques and approaches to chest examination are discussed in depth within the 
context of different pathological situations. The report also contains basic information on 
radiation physics related to image formation. The technical conditions that can influence the 
image quality and the interpretation of the image are analysed systematically.  
 
The report “Bone densitometry” is close to completion. By accurate absolute determinations 
(< 5 % uncertainty), bone mineral density can be monitored in such a manner as to allow 
medical intervention. Different techniques are in use based on divergent technology. 
Realising the differences in resolutions, absorbed dose, relative and absolute uncertainties, 
the report provides guidance on the choice and relative merits of the various technologies. 
 
 
Radiation therapy  
 
In the field of radiation therapy, the ICRU has devoted several reports to the complex but 
important problem of harmonisation in prescribing and reporting the treatments (Reports 38, 
50, 58, 62) for the traditional techniques. Report 71, “Prescribing, recording and reporting 
electron beam therapy”, is the last one in that series. These reports recommend and clarify a 
certain number of concepts, definitions and terms such as “gross tumour volume”, “clinical 
target volumes” and “planning target volume” that are now part of the current teaching 
programme of ESTRO in Europe and of RTOG and AAPM in the USA. 
 
Aiming at the same general goal of safer dissemination of clinical information, three new 
report committees were established to deal with more recently introduced but complex 
techniques: IMRT (intensity-modulated radiation therapy), proton beam therapy and 
brachytherapy in gynecology. These three techniques have in common the fact that the 
absorbed dose in the planning target volume (and even in the gross tumour volume) is no 
longer systematically prescribed to be homogeneous. This raises complex issues for 
prescribing and reporting. A new approach (the “volume approach”) is needed and under 
investigation. 
 
The report “Dosimetry of beta rays and low-energy photons for brachytherapy with sealed 
sources” contains a detailed survey on beta-ray dosimetry. Recommendations are made on 
how to report treatment of uveal melanoma and endovascular brachytherapy. 
 
Finally, ion-beam therapy (in particular carbon-ion beams) raises a great interest in Japan, 
Europe and the USA. It appears to be one of the recent and most promising technical 
breakthroughs in the treatment of some cancer types. In collaboration with the International 
Atomic Energy Agency (IAEA), the ICRU is being involved in an effort to harmonise the 
description of the ion treatments between centres in order to improve reporting and facilitate 
dissemination of information. The variation of the relative biological effectiveness (RBE) of 
carbon-ion beams raises specific but serious issues. 
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In nuclear medicine, the report “Absorbed dose specification in nuclear medicine” appeared 
in 2002. A report on analysis and specification of image quality in nuclear medicine is in 
preparation. 
 
 
Implications 
 
Determination of human exposures to radiation and radioactivity, whether arising from 
environmental exposures, medical practice or industrial activities, requires a fundamental set 
of quantities and units to specify and measure these exposures. It is also important that these 
quantities and units be reported and disseminated in a harmonised way, especially if medical 
uses of radiation are to be improved.  
 
In the various fields where radiations are used, the ICRU has succeeded in maintaining its 
essential role in recommending the use of a coherent, universally accepted system of 
quantities and units, which is required for an efficient and safe exchange and dissemination 
of information.  
 
The ICRU continuously evaluates and updates the methods for measuring these quantities 
and for applying them accurately in practical situations, with a particular emphasis on 
defining their limits of validity. This set of quantities relies fundamentally on sound basic 
physics principles.  
 
 


