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Overview
Dosimetry: implications or TRS-398 Revision 1 for 
 MV photons 
 MV electrons
 kV photons
 Protons
and
 ACPSEM-ROSIG/ARPANSA recommendations
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Why update?

• Add new ionisation chambers (and delete old and 
inappropriate chambers)

• New data (ICRU Report 90 published in 2016)

• New MC methods to calculate kQ

• Feedback from 20 years of clinical use

• New technology (FFF beams, scanned protons)

• Lack of kV Dw standards has continued
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Overall changes

• Minimal (note: still TRS-398 – number preserved)

• Same structure:
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Chapter 3: Formalism
Chapter 4: Implementation
Chapter 5: 60Co
Chapter 6: MV photons
Chapter 7: MV electrons
Chapter 8: Low energy kV photons
Chapter 9: Medium energy kV photons
Chapter 10: Protons
Chapter 11: Light ions

Stand-alone chapters

Explanations common 
to all chapters



MV photons – special techniques

• Added considerations for FFF beams (e.g. volume averaging)

• No addition for special techniques (e.g. CyberKnife, MR linacs)

   

 Still go to TRS-483 for small fields and reference  

 dosimetry for Tomotherapy and CyberKnife
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MV photons – volume averaging

Table of generic values (page 68):
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New section in Revision 1:

…



MV photons – FFF beam quality
Advice on beam quality measurement for FFF beams:
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TRS-398 Revision 1 / TRS-483 for FFF beams

• An additional correction to the stopping powers for FFF 
beams is included in TRS-483 and neglected in TRS-398 
Revision 1

• Beam quality measurement TPR20,10 slightly different (adjust 
field size for FFF beams in TRS-483, not in TRS-398 Revision 1)

• Volume averaging included in kQ in TRS-483

• Up to 0.5% difference between Revision 1 and TRS-483 at 10 
FFF
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Example: Varian and Elekta 6 FFF and 10 FFF beams

Varian 6 FFF Varian 10 FFF Elekta 6 FFF Elekta 10 FFF

TRS-398 R1 TRS-483 TRS-398 R1 TRS-483 TRS-398 R1 TRS-483 TRS-398 R1 TRS-483

TPR20,10 0.631 0.634 0.706 0.710 0.678 0.681 0.723 0.727

PDD% 63.2% 63.2% 70.7% 70.7% 100.0% 100.0% 100.0% 100.0%

kQ 0.9882 0.9876 0.972 0.9706 0.9785 0.9779 0.9675 0.96649

kSPR 1.000 0.999 1.000 0.996 1.000 0.9973 1.000 0.9955

kvol 1.0016 1.0020 1.0037 1.0047 1.0030 1.0037 1.0043 1.0052

Product* 0.9898 0.9886 0.9752 0.9715 0.9814 0.9789 0.9717 0.9672

Difference 0.12% 0.38% 0.26% 0.46%

*Ion chamber readings, ks, kpol etc the same in each case, so not included

PS: TRS-398 Revision 1 only covers up to 10 FFF.
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Differences TRS-398 Revision 1  / TRS-483

Factor
Varian Varian Elekta Elekta

6 FFF 10 FFF 6 FFF 10 FFF

kQ 0.06% 0.10% 0.06% 0.11%

kSPR 0.10% 0.37% 0.27% 0.45%

kvol -0.04% -0.09% -0.07% -0.09%

Total 0.12% 0.38% 0.26% 0.46%

Summary of differences for FFF beam dosimetry

PS: TRS-398 Revision 1 only covers up to 10 FFF.



MV photons - kQ

• New “consensus” kQ values
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Parameterised data:
only need to look up a and b

Data are also in tables – use either
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MV photons - kQ
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MV photon kQ factors
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MV photon kQ factors
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MV photon kQ factors
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Aside: Measured factors are 
lower than consensus by 
~1% why is this okay? 

Key comparison results for 
absorbed dose to water in 
6X beams

ARPANSA 0.5% below 
reference value (the BIPM 
result = 0 on graph)



MV photons - uncertainties
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Revision 1Original



Use of intermediate kQ,Qint for MV photons

• If for example have ND,w,6X and need ND,w,18X

• Not required in Australian/NZ (ARPANSA gives 4 
points – better to interpolate)
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MV electrons
• Clearer advice on cross-calibration (sections 3.2.1 and 3.2.2 on use of 

Qint)

• Updated kQ factors (for thimble and plane-parallel)

• Limited to R50  10 g/cm2 (previously 20 g/cm2)

 = Reduction from 50 MeV max to 25 MeV max

• Farmer-type chamber allowed down to R50 = 3 g/cm2 (previously 4 
g/cm2) (can use down to 8 MeV instead of 10 MeV)

• Plastic phantoms not allowed
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MV electrons

“For beam qualities R50 > 3 g/cm2 (Eo > 8 MeV), cylindrical 
chambers may be used. This represents a reduction in the 
energy limit for this chamber type and reflects the investigation 
by Muir and McEwen [163].”
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New kQ factors for MV electrons
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Parameterised: • Great for programming and 
spreadsheets.

• Also still in tables. 



MV electrons
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Revision 1

Original
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MV electrons - thimble chamber kQ
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R50 (cm)

Difference to 
TRS-398 
(2006)
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MV electrons
For PTW 30013 there can be up to 1.4% change in clinic Dw

Scenario:
• ~0.8% shift in kQ if reference chamber is PTW 30013 
• Cross-calibrate Roos in high energy electron beam, shift carries through
• kQ,Qint for Roos changes by ~0.6% for low energy beams (4 MeV and 6 MeV)
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Shift for ARPANSA electron cross-calibration 
certificates
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MV electrons – R50
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“The same applicator can be used for all beam energies up to 22 MeV 
for the measurement of the beam quality; there is no requirement to 
use a larger field size for higher energies.”

Revision 1
Original

R50



MV electrons - Dw
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Revision 1

Dw

Original

In the text it says larger is 
allowed p108



MV electrons - uncertainties
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Revision 1

Original



MV electrons
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Original

Recommended not using a plane-parallel chamber with a 60Co 

calibration for MeV electrons

Revision 1

Recommendation remains but is weaker. Only the text at the 

start of the chapter suggests this path not be used:

“Ideally, the chamber should be calibrated in an electron beam, 

either directly at a standards laboratory or by cross-calibration 

in a clinical electron beam.”



Low- and medium-energy X-rays

• Revision 1 allows NK as well as ND,w pathways

 NK pathway - chamber is calibrated for air kerma

 ND,w pathway - chamber is calibrated for absorbed dose to water

• Emphasis on beam quality as both kV and HVL

• Updated backscatter factors and μen/ρ ratios

• Dosimetry data available from a web database

 http://52.233.195.208/About
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https://aus01.safelinks.protection.outlook.com/?url=http%3A%2F%2F52.233.195.208%2FAbout&data=05%7C02%7CDuncan.Butler%40arpansa.gov.au%7C1a96970671ff4d1e6fdd08dc5f542315%7Ce23b734400e149cb94682759cc63a844%7C0%7C0%7C638490062185457420%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=bA1fb9SPnkBMOfXpj%2B84x81aNGH%2FeKlPp0u0WnOKUdA%3D&reserved=0
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Low energy kV x-rays
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Revision 1Original

In-phantom method In-phantom method

(in-air method allowed – see next slide)



Low energy kV x-rays
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Revision 1

In-air method



Low-energy kV: now includes field-size 
corrections
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- Measured by PTB, Germany, at 30 cm



Medium-energy kV photons: In-water measurement

• Like previous version only allows in-water method, not in-air 

– Thimble chamber placed in water at 2 cm depth

– In-air measurement not allowed

• AAPM TG-61 (and IPEMB) allows in-air method

• In Australia/NZ nearly all dosimetry is performed in air

• Adopting TRS-398 would involve significant effort
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Applicator

In-air method
Chamber 
with NK 
calibration

Measure

Dw,z=0 (water kerma) 
here

Calculate

Applicator

Air kerma 
here

Calculate

Applicator
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In-water method
Chamber with 
NK or ND,w 
calibration

Measure

Applicator

2 cm

Dw,z=2 cm

Calculate

Applicator

2 cm
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In-air method v in-water method

Dw,z=2 cm

Applicator

2 cm

Dw,z=0

To change to in-water method, need accurate measurement of Dw,z=0 / Dw,z=2 cm

Not so easy to measure at surface “z=0”

• to compare with previous
• to calculate prescribed doses if prescribed at z=0



• No kV Dw standards in Australian/NZ,

• 2 cm not usually closer to target depth

Advantages minimal

Lots of effort

Still need in-air method below 100 kV
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Adopting TRS-398 Revision 1 for kV not recommended at 
this stage 



Interpolation to clinic Q?

“The air kerma calibration coefficients NK,air,Q of the user 
chamber for clinical qualities are obtained (usually by 
interpolation) from those provided by the calibration laboratory 
for a set of standard (Q, f, SSD)lab conditions; as the in-air 
calibration coefficients have a negligible dependence on f and 
SSD64 for the limited range of values used at the calibration 
laboratory, only the beam quality needs to be considered for 
their derivation”
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MV protons

• More emphasis on pencil beam scanning (PBS) delivery

• Re-calculated kQ values, ICRU-90 based, but still analytical 
(and within 2% of 1st edition)

• Changes to reference depths in plateau region

• Addresses issues with recombination and polarity

• New supplement on calibration of monitor chambers to be 
published separately
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Protons - beam quality
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Revision 1Original



Protons - dosimetry

• Absorbed dose under reference conditions
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Same MU (or NP) per spot

Symmetry of <1% and flatness of <2% required



48

Original version of TRS-398: PBS is only a footnote
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Broad beams Pencil Beam ScanningRevision 1



MV proton kQ factors
• Updated values published in:

• Plane-parallel kQ factors changed by 0.2% - 0.5% 

 (NACP02, Markus, Roos)

• Thimble kQ factors up to 1.7% change
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Palmans H, Lourenço A, Medin J, Vatnitsky S, Andreo P. Current best 
estimates of beam quality correction factors for reference dosimetry of 
clinical proton beams. Phys Med Biol. 2022 Sep 29;67(19)
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MV protons:
thimble kQ
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Potential for ambiguity in reference point
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4.2.5.2 “…On the other hand, in 
charged particle beams, the energy 
loss due to the chamber wall can 
be significantly different from that 
caused by the same thickness of 
phantom material, and the water 
equivalent thickness of the 
chamber wall has to be taken into 
account when calculating where to 
position the chamber”



Appendix II
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• Details! 
• Goes through all the derivations
• Lots of data
• Some kQ factors still based on minimal published data



Recommendations
• Joint ROSIG/ARPANSA statement?
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Proposal
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Summary
• Main difference for clinics probably MV electrons (up to 1.4%)

• Can re-calculate without re-measuring

• Be careful! (wrong way and ~3% error)

• ARPANSA electron cross-calibrations can be changed via:
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CONTACT ARPANSA

 Email: psdl@arpansa.gov.au
 Website:  www.arpansa.gov.au
 Telephone: +61 3 9433 2211
  Freecall 1800 022 333
 General Fax: +61 3 9432 1835

THANK YOU
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From Pedro Andreo’s 
powerpoint
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