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Abstract

Medical x-ray examinations contribute greatly to the population dose from man-made radiation sources. There is
a need to control this dose and therefore to optimise the design and use of x-ray imaging systems. A key stage in
this process is the standardisation of the procedures for dose measurement in the clinic. The Dosimetry and
Medical Radiation Physics section of the IAEA has a number of activities to further advance the standards for x-
ray diagnostics. One of these activities is the coordination of a working group to develop a code of practice,
which will facilitate the IAEA calibration activities, TLD intercomparisons and audits, educational activities, and
a technical assistance to Member States. The code of practice will aid in the standardisation of various
dosimetric techniques in x-ray diagnostic radiology. The CoP working group has had an initial meeting to review
the current status of dosimetry for conventional radiology, fluoroscopy, mammography, computed tomography
and dental radiology. The CoP will include the establishment of standards and calibrations at the SSDLs,
phantom and patient measurements and procedures for dosimetry in the clinic.

1. Introduction

A key stage in controlling x-ray irradiation of patients is the standardisation of the procedures
for dose measurement in the clinic. In many situations, it is of interest to make measurements
directly on the patient. However, for the control of technical parameters, for the comparison
of different systems and for optimisation of the systems, it is preferable to make
measurements using a standard phantom to simulate the patient. With the exception of
mammography, there is hardly any international advice available for the performance of such
measurements or the selection of phantoms for use in different situations.

Approximately 40% of Secondary Standard Dosimetry Laboratories (SSDLs) are currently
involved with calibration of diagnostic ionization chambers. At present, the manner in which
calibrations at diagnostic radiation qualities are performed at SSDLs is not co-ordinated.
Many use different radiation qualities and standards, some of which may be unsuitable.
Quality control can only work satisfactorily if correct measurements are made. A large
number of SSDLs are requesting guidance on establishing calibration facilities.

The objective of the Dosimetry and Medical Radiation Physics (DMRP) section of the IAEA
is to enhance the capacity of Member States to achieve and maintain a high level of quality in
dosimetry and medical radiation physics, to improve the implementation of traceable
standards at the national level and to ensure control of radiation dose in the Member States.
This goal has as its precedent the prior work in radiation therapy. A series of

93



IAEA-CN-85-269

recommendations for dosimetry have been published with the latest dosimetry protocol
"Absorbed Dose Determination in External Beam Radiotherapy: An International Code of
Practice for Dosimetry based on Standards of Absorbed Dose to Water", published in 2000
[1]. The increased need to standardize dosimetric measurements in x-ray diagnostic radiology
led the DMRP to establish a working group with the aim of preparing the new Code of
Practice (CoP) that will review the current status of dosimetric measurements in conventional
radiology1, fluoroscopy, mammography, computerized tomography and dental radiology and
give recommendations on selection of the instruments, their calibration and procedures for
clinical dosimetry.

2. Background of X-ray diagnostic dosimetry

In developed countries about 90% of medical radiation dose is due to x-ray diagnostics and
10% to nuclear medicine [2]. Since the risk for stochastic effects (induction of cancer and
genetic disorders) is believed to be without a threshold, the detriment to the population
increases with increasing population dose. An increasing part of this dose from diagnostic x-
rays is due to the use of procedures such as fluoroscopy in interventional radiology and
computed tomography (CT). Patient dose measurements are therefore becoming increasingly
important. For example, in the International Basic Safety Standards [3] it is stated that
representative dose values shall be determined in radiological examinations. The European
Union has adopted a directive towards "health protection of individuals against the dangers of
ionising radiation in relation to medical exposures" which requires extensive dose
measurements [4]. This translates into a need to optimise the design and use of x-ray imaging
systems. It is generally recognized that even a 10% reduction in patient dose is a worthwhile
objective for optimisation. In this context it is important to note that the image quality should
always be sufficient for the clinical need.

Due to the increased need for quality assurance in diagnostic radiology, it has become
important to provide traceability of measurements in this field. The Standing Advisory
Committee "SSDL Scientific Committee" recommended in 1996 that the experience of the
IAEA in the field of standardization at radiotherapy and radiation protection levels for the
IAEA/WHO Network of SSDLs be extended to the field of x-ray diagnostics. This
recommendation has led DMRP to start the development of the necessary facilities and
procedures for the calibration of ionization chambers [5].

Various examination techniques are used in x-ray diagnostics. They include conventional
radiography, fluoroscopy and other interventional radiological procedures, mammography, CT
and dental. In some cases specialised dosimeters are required, whose design and performance
must be matched to the needs of the clinical measurement. The use of such dosimeters and/or
the interpretation of the results obtained may require specialised techniques and knowledge. In
addition there are special requirements for the calibration of such instruments at the SSDLs.
Methods to perform such calibrations are not yet completely developed. The most common
type of radiation detector for diagnostic radiological dose measurement is a parallel plate
ionization chamber. There may be special requirements for the calibration and use of each
type of chamber. All ionization chambers should have a sufficiently flat energy response over
the range of the relevant radiation qualities. Mammographic ionization chambers generally
require a thin entrance window and a construction using low atomic number materials, e.g. air
equivalent or plastic materials. A CT-chamber, often called a pencil chamber, has an active

1 In this paper the term conventional radiology is used to cover all x-ray imaging modalities other than dental
radiography, fluoroscopy, mammography and CT.
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volume in the form of a thin cylinder about 100 mm in length. Its response should be uniform
along its entire axial length. In fluoroscopy there is a need to measure the input air kerma rate
to the image intensifier and the patient dose. The chambers used for each aspect need to be of
adequate design and size. Air Kerma Area Product (KAP) meters are also used in fluoroscopy.
They are mounted on the x-ray housing and their sensitive area extends over the entire cross-
section of the beam. The signal from a KAP meter is proportional to the product of air-kerma
and field size at any plane perpendicular to the beam axis. For the measurement of panoramic
dental examinations, ionisation chambers need to be cylindrical.

Although ionization chambers are the main devices used for dosimetric measurements, other
devices with special properties are frequently used. Important examples are semiconductor
diodes and thermoluminescent dosimeters (TLDs). Because of the inherent problems involved
in the use of these two devices, they should not be used for calibrations at SSDLs. They are
used for quality control and in clinical dosimetry.

The contrast in a radiographic image is mainly determined by the x-ray tube voltage. It is
standard practice, therefore, to measure this voltage as part of quality control. Non-invasive
instruments are mostly used for this purpose. Such instruments require special calibration
consideration [6].

It is obvious, that standardisation of procedures for measurements in the clinic and the SSDLs
is of great importance. The CoP will address both of these areas to bring coordination to them.

3. Present status of the code of practice

The working group established to prepare the CoP has met in November 2000 to review the
current status of dosimetry in diagnostic radiology and prepare an initial draft of the
document. Its basic concepts are briefly outlined below.

Requirements for calibrations at SSDLs

The chamber and electrometer (or charge-measuring device) both need to be calibrated at an
SSDL, either separately or as a system. The quality for which the calibration was performed
must be stated, since past work has indicated a significant energy dependence of response of
some chambers. For this reason, the SSDLs need to establish radiation qualities suitable for
each application. Radiation qualities as given in IEC 61267 [7] provide some guidance but
these are in the process of revision. Where such radiation qualities do not exist, appropriate
beams must be identified. Each SSDL must have chambers calibrated at the reference
radiation qualities. For a chamber with sufficiently flat energy dependence, interpolation can
be done for any intermediate point. Sufficiently flat energy response depends on the
application, e.g. for conventional x-rays this is a maximum variation within +3% across the
energy range. An application of this response is in the measurements of HVL with ionization
chambers. These measurements can be affected by the energy dependence of response [8],
and by the beam diameter used.

When choosing an instrument for dosimetry in diagnostic radiology, it is important to match
the instrument to the task. This will include the size and sensitivity of the instrument and its
response to different radiation qualities. The use of an appropriate instrument is essential. In
some cases, the commercially available instrumentation marketed for general or particular
applications does not meet these requirements [9] and there may be no internationally agreed
specification. This can create difficulties, particularly where there is no local expertise
available. Specific devices are designed for use in the clinic. For example, the KAP meter is a
very useful instrument for dosimetry in diagnostic radiology as 'kerma-area product' is more
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directly related to radiation risk than dose itself. Opinion is divided about the calibration of
KAP meters, whether they should be calibrated at the SSDL or in situ. Examples of
calibration procedures are given by IPEM [10] and by Larsson et al. [11]. Semi-conductor
devices can be as small as TLDs and have the advantage that they allow real time
measurement. A problem is that the inherent response of semi-conductor devices is not
sufficiently flat. This problem is sometimes compensated for by the software corrections in
the instrument.

Clinical measurements

Many times it is preferable to make dose measurements using a phantom to simulate the
patient. When a phantom is used, the measured dose will depend upon the phantom shape and
size and it is essential that the phantom is standardised so that such variations are avoided.
Ideally, standard phantoms should be designed to offer the same primary attenuation and
scatter production as a representative patient. The phantom only needs to be representative of
average or mean values of a typical patient. It is not the intention that the result of dose
measurements with phantoms should equal that from measurements with patients. When a
phantom is used to simulate the patient, the x-ray equipment should be set up in the same way
as for the real examination. Dose measurements made at the surface of the phantom include
backscatter whereas those made free in-air do not. It is desirable to standardise the dose
specification to avoid ambiguity. In this regard, standardized worksheets will be provided for
each application. These worksheets will facilitate the international intercomparison of results.
Two applications are discussed below as representative of the needs suggested by the CoP.

Mammography

During the past few decades there have been significant advances in the equipment used for
mammography. Even when the latest equipment is used, there is considerable variation from
centre-to-centre in the choice of imaging parameters and techniques. Thus, there may be quite
large differences in breast dose. A review of the development and current status of dosimetry
for mammography is given in Dance et al. [12].

The most practical dose measurement for mammography is an estimate of the incident air
kerma at the surface of the breast (with or without backscatter). Since a low energy x-ray
spectrum is used for the examination, the dose decreases rapidly with increasing depth in the
breast. More appropriate quantities for specifying breast dose have therefore been suggested.
The use of the mean dose to the glandular tissues within the breast (MGD) has been generally
adopted. Direct measurement of MGD is not possible. Instead, use is made of conversion
factors that relate measurements of entrance air kerma to MGD. Several countries have
introduced protocols for dosimetry in mammography but there is wide variation in the
methodology suggested.

CT

CT examinations constitute about 4% of all radiographic examinations but can contribute 40%
of collective dose [13]. It is therefore of considerable importance to monitor the dose for such
examinations. In conventional CT scanning, the patient dose is built up from that received
from each individual CT slice. In-phantom measurements are more representative of the
patient dose. Standard phantoms are available for both body and head examinations [14] and
are in common use. Within the last decade helical CT scanning has been introduced. Care
must be taken to ensure that the guidance is appropriate for this imaging technique.
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4. Conclusion

The need for standardization of dosimetry measurements in diagnostic radiology and for
calibrations of the measurement equipment is obvious. A limited international guidance is
available for the performance of measurements in the hospital. A few SSDL laboratories offer
a calibration service for diagnostic radiology instruments but a greater uniformity amongst the
SSDLs is needed. Methods to perform such calibrations are not yet completely developed. The
CoP should identify separately the requirements for conventional radiology, fiuoroscopy,
mammography, CT and dental radiography. It is expected that the document will be published
in the beginning of 2003.
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