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ABSTRACT

Recommendations on diagnostic radiology calibrations are defined by the IEC and IAEA
documents for molybdenum anode target material and molybdenum primary beam filtration
(abbreviated as the RQR-M series). Calibration of diagnostic radiology dosimeters (ionization
chambers and X-ray multimeters) can also be performed for other anode/filter combinations,
including the tungsten anode / aluminium filtration setup. Performance of dosimeters can
significantly vary in radiation fields defined by different anode materials and primary beam
filtrations, where different spectra and first half-value layers are obtained for the same nominal
X-ray tube voltages. Therefore it is important to calibrate or test dosimeters for the range of
radiation qualities or conditions in which they will be used. Performance of two such detectors
was evaluated.

Introduction

The International Electrotechnical Commission (IEC) standard 61674 [1] defines
performance criteria and limits of variation for diagnostic radiology dosimeters in various
diagnostic radiology radiation fields covering different modalities of medical imaging
(general radiography, computerized tomography, mammography etc.). Reference radiation
fields established under laboratory conditions are defined in such a way to closely correspond
to the most common radiation beams encountered in diagnostic radiology procedures.
Properties of these radiation fields are defined in IEC 61267 [2]. Besides the two IEC
standards describing the requirements for the diagnostic radiology detectors and reference
radiation fields, International Atomic Energy Agency (IAEA) Technical Report No. 457 [3]
provides guidance on calibration procedures for diagnostic radiology dosimeters as well as
descriptions of the reference radiation fields. Radiation fields with known and well-defined
photon energy distribution (energy spectra) are termed as radiation qualities. These fields are
established under laboratory conditions either by performing spectrometry measurements or
by determining certain radiation field parameters. A way to define radiation qualities is to
perform 1% and 2™ half-value layer measurements for a known total filtration of the primary
radiation beam and known X-ray tube voltage.

Diagnostic dosimeters can have significant energy dependence, and because of this it is
important to test them in a range of radiation qualities in which they will be used. In
mammography applications, radiation qualities with different anode/filter combination can
have significantly different spectra, and it is important to test the dosimeters in appropriate
conditions. This paper presents the preliminary results of the tests of several dosimeters in
different standard and non-standard radiation qualities.
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Diagnostic radiology radiation qualities

Radiation qualities for general radiography are termed as RQR-series (radiation qualities in
radiation beams emerging from the X-ray source assembly) and cover radiation fields with
X-ray tube voltages from 40 kV up to 150 kV. Similarly, in computerized tomography
RQT-series (radiation qualities based on copper added filter) is defined in the voltage range
from 100 kV up to 150 kV. These radiation fields are defined for the tungsten (W) anode
target material and aluminium (Al) primary beam filtration (with an addition of copper (Cu)
in case of RQT-series). RQR radiation quality series cover general radiography applications
with the reference radiation quality corresponding to one of the most commonly used tube
voltages of 70 kV (RQRS5 radiation quality). Even though these radiation qualities are
well-defined and are appropriate for many diagnostic radiology applications, in specific
situations such as interventional procedures these radiation qualities may not be suitable.

Radiation qualities in mammography are defined for a narrower X-ray tube voltage range
from 25 kV up to 35 kV. The IEC defined radiation qualities [2, 3] are termed as RQR-M and
represent the molybdenum (Mo) anode target material and Mo filtration of the primary beam.
These radiation qualities are based on widely used mammography units prior to the
development of digital mammography which has introduced several different anode material
/ primary beam filtration setups. Many novel mammaography units utilize tungsten anode with
different primary beam filtrations, such as rhodium (Rh), silver (Ag) etc.

ROR, RQT and RQR-M radiation quality series are defined with respect to the minimum
scatter environment where only primary beam is considered. This setup is in accordance with
the corresponding diagnostic modalities where exclusively primary beam is useful for
production of the medical image of the patient, and any scattered radiation does not
contribute to the useful signal.

Besides the primary beam radiation qualities, radiation beams representing beams transmitted
through the patient (PMMA phantoms of different thicknesses) are also of importance for
quality control in diagnostic radiology. For mammography these radiation qualities are
termed as RQA-M, and are also defined for the Mo/Mo anode target/primary beam filtration
setup.

Standard Dosimetry Laboratories which have established reference fields for general
diagnostic radiology utilize tungsten (W) anode and aluminium (Al) filtration of different
thicknesses. On the other hand, reference radiation fields for mammography (RQR-M) are
often not available in the Dosimetry Laboratories due to unavailability of Mo/Mo setup.
Alternatively, a non-standard radiation quality series was developed with W/AI setup which
utilizes additional filtration of 0.5 mm Al. Even though this series is not part of the IEC
standard, at least one primary laboratory has established it and is able to provide traceable
calibrations in terms of air kerma.

Even though W/AI radiation fields can be used for dosimeter calibration, it is important to
assess performance of dosimeters in the standard radiation qualities (RQR-M). As mentioned,
many different anode/filtration setups are in use today, so assessment of dosimeter
performance in these radiation fields is needed as well. The situation where various
anode/filtration combinations are used may introduce the need for redefining reference
radiation conditions introduced by digital mammography.

Diagnostic radiology dosimeters

Dosimeters used for Quality Assurance (QA) of X-ray generators in diagnostic radiology are
based on ionization chambers or solid state detectors. lonization chambers are proven to have
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more stable and flatter response over a wider range of photon energies (and tube voltages)
and therefore, are preferable for reference air kerma measurements (usually under laboratory
conditions), ensuring traceability to the primary standard. Solid state detectors are more
compact and easy to use, therefore more suitable to be used for regular QA routines.
Additionally, these detectors are usually incorporated in multi-element dosimeters which are
able to measure several parameters of importance for quality assurance. These devices are
termed as X-ray multimeters (XMMs) and are able to measure dose, dose rate and X-ray tube
voltage non-invasively. Besides these conventional quantities some of these devices are able
to estimate total-filtration of the radiation beam (TF), irradiation time, current time product,
as well as 1% half-value layer (HVL). XMMs usually utilize several different filters for
energy compensation of the detectors and for establishing correction factors which are
applied to the measured value based on the chosen software setting. The settings of the
multimeters usually cover the diagnostic radiology modality, the anode/filtration setup and
the X-ray tube voltage. Depending on these settings the data produced by the XMM can
greatly differ in the same radiation field.

Performance tests

Traceability to the primary standard at the Vinca Institute of Nuclear Sciences Secondary
Standard Dosimetry Laboratory (VINS SSDL) is available for the W+Al radiation qualities in
the X-ray voltage range from 25 kV to 35 kV, with the Exradin A600 (Standard Imaging)
ionization chamber. Since only tungsten anode X-ray tube is available in the laboratory,
XMM and ionization chamber performance was also evaluated at the Ruder Boskovié
Institute (RBI) SSDL where both W+Al and RQR-M radiation qualities have been
established. Performance of two ionization chambers and eight solid state detectors will be
evaluated in the standard Mo/Mo radiation fields. For comparison purposes performance of
these dosimeters will be also assessed in the W/AI radiation fields in the same X-ray tube
voltage range in both laboratories. Additionally, performance of these detectors in the
RQA-M radiation qualities will be examined. Tested IEC and non-standard radiation qualities
and their parameters are tabulated in Table 1.

The non-standard radiation qualities have a slightly increased HVL values for the same X-ray
tube voltages. Nevertheless, these radiation quality series have quite different photon energy
distribution due to molybdenum target characteristic X-radiation peaks in this photon energy
range. The spectra for 28 kV X-ray tube voltage radiation fields (W+AI28 and RQR-M2) are
generated by using SpekPy [4] and presented in Figure 1.
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Table 1. Mammaography radiation qualities used for the assessment of diagnostic radiology
dosimeters’ performance: IEC 61267 [2] reference radiation quality series RQR-M and
RQA-M, and non-standard W/AI anode/filtration radiation fields.

Radiation X-ray tube filAt(rj;?gn 1st HVL
Quality voltage [kV] [mm] [mm Al]
RQR-M 1 25 0,033 Mo 0,28
RQR-M 2 28 0,033 Mo 0,31
RQR-M 3 30 0,033 Mo 0,33
RQR-M 4 35 0,033 Mo 0,36
W+AI 25 25 0,5 Al 0,31
W+AI 28 28 0,5 Al 0,35
W+AI 30 30 0,5 Al 0,38
W+AI 35 35 0,5 Al 0,43
RQA-M 1 25 0,033 Mo + 2 Al 0,56
RQA-M 2 28 0,033 Mo + 2 Al 0,60
RQA-M 3 30 0,033 Mo + 2 Al 0,62
RQA-M 4 35 0,033 Mo + 2 Al 0,68
le7
1.0
RQR-M2

> — W+AI 28
2% 0.8 4
ST 06
2%
<
% 0.4
~ C
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Figure 1. SpekPy [4] generated spectra for the RQR-M2 and W+AI28 radiation fields.

One of the most important influence quantities on the detector response is the photon energy.
Dosimeter response was determined by comparing the reference air kerma value (corrected
for changes in air density, i.e. ambient temperature and atmospheric pressure) and measured
value. The reference and measured value were corrected for collected charge by the PTW
34014 plane parallel ionization chamber (monitor chamber) to account for variations in the
X-ray generator output. In Figure 2, preliminary results of performance tests on two XMMs
performed in the RQR-M, RQA-M and W+AI radiation fields are presented.
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Figure 2. Absolute response of two XMMs in the RQR-M and RQA-M IEC radiation quality
series and the non-standard W+AI radiation fields.

The responses of examined XMMs are stable for the reference RQR-M radiation quality
series where the deviations are within £5 % from the reference value. In the non-standard
radiation fields of W+AIl one of the XMMs has displayed an increase in response of
approximately +5 % for the whole X-ray tube voltage. It should be noted that for both of the
direct beam radiation quality series appropriate software settings in the multimeters were
selected. In the case of RQA-M series one of the XMMs has displayed an under response
with the maximum deviation greater than 10 % (for the 28 kV radiation field), while the other
XMM has exhibited a great overresponse of 20 % at the 35 kV radiation field. Examination
of the response in the transmitted beams through the patient has not been performed for the
W+Al radiation fields, because such beams have not been established so far.

Conclusion

Diagnostic radiology dosimeters are used for verification and quality assurance of the X-ray
generator output in the hospitals. Performance of the diagnostic radiology detectors can differ
for the same X-ray tube voltage due to differences in the X-ray beam spectra and HVL. These
dosimeters should be calibrated and traceable to the primary standards for one or more
reference radiation qualities, depending on their intended use. Due to the unavailability of the
IEC defined Mo/Mo radiation qualities in many calibration laboratories, traceability is often
established for the non-standard W/AI radiation qualities.

The presented performance tests are a work in progress and the results produced in this
research will be published in a peer-reviewed journal upon completion of the performance
tests for all of the dosimeters.
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