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Dosimetry consistency, standards and protocols
One vital requirement in radiotherapy is to ensure as closely as possible consistency in
determination of dose between different centres and at different times, both within a given
country and internationally, because the comparison and transfer of clinical experience and
the evaluation of clinical trials is dependent on common statements of dose delivered. In
addition at each local centre it is vital that the absorbed dose calibration of each beam is
carried out to exacting and consistent standards, as this is the fundamental measurement upon
which the quality of all treatments on that machine depend throughout its clinical lifetime.
The systems in place to ensure consistency in dosimetry differ in the details from country to
country, but all depend on the same basic considerations:
- the use of ion chambers of similar design and similar construction materials,
- traceable calibrations of these chambers to an accredited primary or secondary standard

dosimetry laboratory (SDL) in terms of some agreed relevant dosimetric quantity,
- dose statements in terms of absorbed dose to a common material, water,
- the application of an appropriate recommended national or international dosimetry

protocol (or code of practice) which ensures commonality in the method of use of the
calibrated ion chamber, the radiotherapy treatment beam calibration conditions and any
data required to convert the ion chamber reading to absorbed dose to water, and

- strict quality control on each step in this process.
At the SDL the dosimetric quantity or quantities established in the standards and used as the
calibration quantities vary depending on the facilities and the current dosimetric approaches
and are therefore intrinsically linked to the protocols available. As the basis of dosimetry for
high energy photon and electron beams, the quantities in use in various SDL around the world
include exposure, air kerma, dose-to-air (all for ^Co) and also increasingly dose-to-water for
60Co or, in the NPL in the UK for a range of photon qualities up to 19 MV and a similar range
of electron beam energies. Typically where PSDLs can compare their realisation of
standards, ie at ^Co, agreement is within a few tenths of a per cent, eg. within approx 0.3%
for air kerma and within approx. 0.5% for absorbed-dose-to-water. Specific radiotherapy
dosimetry protocols have been produced to link to the different types of dosimetry standard
provision. Between the different national or international protocols there are small
differences which can provide further variations in the final outcome of determined dose.
The aim here is to compare some widely used protocols for high energy photons and electrons
in terms of methodology, data involved, practical use, and outcome. The main protocols
considered are the existing codes of practice of the UK (IPSM/IPEM(B) photons 1990,
electrons 1996), the IAEA (1987 and 1997) and toalesser extent the AAPM(1983,1994).
These are all based on exposure or air-kerma calibrations, with the exception of the 1990 UK
photon protocol which was the first to be based on a direct absorbed-dose-to-water
calibration. Following this approach a new generation of protocols has begun appearing very
recently (eg AAPM 1999, IAEA 1999, IPEM (UK) electrons 1999) and the moves to this new
basis for radiotherapy dosimetry which is expected to become universal in the near future are
also discussed.
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Beam quality specification
The first step in a dosimetry protocol is to specify the beam quality, as this quantity is
required in the selection of the calibration factors and any correction data needed to covert
reading to dose. For megavoltage photon beams the most common specifier is the so-called
Quality Index, the TPR 20/10, in a 10 x 10 field. However there are other specifiers in use.
The very recent AAPM (1999) protocol has introduced the DD(10)x, ie. the 100 cm fsd depth
dose at 10 cm deep in a standard 10 x 10 beam but excluding any effect from contamination
electrons. In general the choice of specifier and its simplification of various spectrum beams
introduces less than approx. 0.25% uncertainty into dose for lower energy beams and less than
approx. 0.5% for higher energy beams.
For electron beams, the usual energy specifier required in dosimetry protocols is Eo, which is
based on a measurement of R50 in a suitably large field. The methods of selecting the
appropriate depth from ionisation or depth dose curves and the conversion to energy vary in
different protocols. Recent protocols have simply used R» as the specifier, which is simpler.
These differences introduce uncertainties of no more than 1% into the final dose values
measured at the reference depth for typical clinical electron beam energies.

Protocol Methodology
Most current protocols are based on air-kerma calibration, including the IAEA codes, the UK
electron code and the AAPM codes. They typically convert this to ND,aLr, a calibration factor
to absorbed-dose-to-air in the chamber cavity, requiring the product of air calibration
corrections, k;. The next step is to use the calibrated chamber to take a measurement in a
phantom and in the user's (hospital) beam. Whatever the protocol for any practical ion
chamber measurement the chamber/electrometer reading requires various corrections for the
so-called influence quantities, temperature, pressure, recombination, polarity, humidity.
Bragg-Gray cavity theory is then used to convert the measurement into absorbed dose to
water. This requires Sw^, stopping power ratios, water-to-air, and the product of chamber
phantom corrections, pi, (eg wall material, central electrode material, fluence and
displacement corrections) for that particular beam quality.
The UK (1990) photon protocol is different, being based on the provision of direct
absorbed-dose-to-water calibration factors, ND,W, for a range of photon beam qualities
including ^Co and from 4-19 MV x-ray beams at the recommended depths of beam
calibration and originating from the NPL (UK PSDL) graphite calorimeter standard. This
makes for a very simple application, as the absorbed dose to water in the user beam is simply
the product of the corrected chamber reading and the appropriate calibration factor for that
beam quality. The EPEM and the NPL are currently pilot testing a similar protocol for
electron beams based on a graphite calorimeter electron dosimetry standard.
Recently other protocols have followed this approach (eg DIN 1997, IAEA 1999, AAPM
1999). However as their calibrations have currently to be restricted to 60Co the methodology
is to use an ND,W for Co and then to correct to other modalities and qualities using kq factors,
which are essentially ratios (user beam/calibration beam) of the product of Sw,̂  and the
appropriate p; factors. The perceived advantages of moving to absorbed-dose to-water based
protocols are:
- reduced uncertainties; individual chamber differences are inherently included in the

calibration factors, whereas air-kerma based protocols assume that all chambers of the
same type have exactly the same correction factors. These uncertainties can be approx.
0.5% for NE 2571,2561,2611 graphite-walled chambers and greater for some other
designs. The newer approach only requires ratios of quantities, for which the uncertainties
are significantly less than for the absolute quantities. In addition if calibration factors are
directly available over the range of beam qualities required, as in the UK service, then the
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possible chamber variations with beam quality are also inherently included. Typically the
estimated uncertainties are reduced from approx. 2-3% for absorbed dose determined
using an air-kerma based approach to 1-1.5% for the No, w approach.

- using absorbed-dose-to-water provides a more robust system of primary standards, as the
different PSDLs have different independent methods of determining that quantity.
Agreement is within approx. 0.5% between the different systems in Co beams.

- the formalism and practical use is much simpler, reducing the probability of error and
increasing the consistency in clinical use. It may be noted that the most recent dosimetry
intercomparisons (1997) between all 65 UK centres have shown standard deviations of
1% at the level of beam calibration. In part this is expected to be due to the controlled
approach to dosimetry that the well-established direct absorbed-dose-to-water protocol
produces.

Practical application of protocols
The practical requirements embodied in different dosimetry protocols for clinical high energy
photon and electron beams can be compared, eg. phantom requirements, beam calibration
depths, chamber positioning, etc., as well as the recommended influence corrections to the
readings. The different calibration methodologies and correction data, where appropriate, can
then also be compared. For most modern protocols in current use (eg UK, IAEA, AAPM,
etc.) there is agreement between them on the dose determined when using a graphite-walled
cylindrical chamber (eg NE 2571,2561,2611) in a water phantom for photon beams and for
those electron beams where such a chamber is acceptable (greater than approx. 10 MeV).
However for other chamber types or materials and for other phantom materials there can be
significantly greater discrepancies. This is particularly true for electron beam dosimetry using
prallel-plate chambers and non-water phantoms, as frequently required for lower-energy
electron beams.
The recent, or still in draft, NDw protocols can be compared to the UK (1990) protocol and to
the air-kerma based protocols that they will replace. In general it is expected mat they will
change the reported doses under beam calibration conditions by less than approx. 1% for
photon beams and less than approx. 2% for electron beams, using standard chambers and
phantoms. However the overall uncertainties are reduced using this approach and also the
consistency of dosimetry will be improved between different modality and quality beams and
also in situations where less standard conditions and instrumentation are utilised.

Conclusions
Current modern protocols agree reasonably well in the most standard conditions, less so
where different situations are involved. The current moves towards dosimetry protocols
based on absorbed-dose-to-water calibrations are expected to improve consistency further and
to reduce overall uncertainties by a factor approaching 2 as compared to air-kerma based
protocols. It is expected that within a relatively short time all radiotherapy dosimetry
protocols will be based on this approach.
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