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Learning objects

Describe the scope of dosimetric measurements

– Understand which physical checks are included in QUATRO (e.g. reference and clinical dosimetry for 

photons/electrons).

Identify required equipment and preparations

– Know what the audit team brings (ion chambers, electrometer, etc.) and what the center must provide 

(e.g. water phantom, TPS access).



Physical measurements

Physicist is required to perform physical measurements as part of the QUATRO audit



Audit preparation: before visit

Mandatory reading: IAEA TRS 398, IAEA TRS 430  and IAEA TECDOC-1543



Audit preparation: before visit

• Information on TPS 
• Treatment delivery machines (beam 

types, energy, …)
• Dosimetry equipment of the center
• Measurement protocols



QUATRO equipment test kit

The kit provides:

• Electrometer
• Calibrated ionization chamber (cylindrical and plane-

parallel)
• Water phantom
• Supplementary equipment (thermometer, barometer, 

rulers,….)
• TRS 398
• General documentation



Two evenings measuring

What is included in the dosimetry audit



• There is no need to suspend or reschedule patient treatments.

Measurements are performed after treatments are completed.

• The experts bring all the necessary equipment for the measurements

(except the water phantom).

• At least one member of the institution with knowledge of the TPS and the linear accelerator must be present

with the expert during measurements or TPS evaluations.

• The TPS will be used during the expert's visit.

• Access to the CT may be required.

Logistics





… It includes the security of QUATRO team

MPE is the responsible of the radiation safety of all QUATRO team

Safety first



• Check the interlock and radiation light warning 
under all conditions

• In not functional, first repair before to proceed

Safety first



Mechanical test as second

• All mechanical parameters must be within 
tolerance before to proceed



Dosimetry equipment comparison

Barometer, thermometer

• If differences with the IAEA equipment are too 
large, replacement is to be recommended.

• Differences should be within 1% and 0.5°C for 
pressure and temperature respectively

• Be aware for digital thermometers, they can drift!



Dosimetry equipment comparison

Ion chamber comparison

• The two readings will be converted to the same physical quantity, i.e. air-kerma
or absorbed dose-to-water depending on the institution’s dosimetry practice.

• The acceptance level of 2% is to be applied.
• Recalibration of their dosimetry system at the local SSDL, if there is one, or at 

the IAEA Dosimetry Laboratory is to be recommended.



IAEA (2000) Code of Practice in terms of ND,w
(TRS-398)



• Useful excel files exist for the 
application of TRS-398 in 
reference dosimetry.

• However, use of a spreadsheet 
does not replace understanding of 
the code and careful selection of 
appropriate equipment and data.

IAEA (2000) Code of Practice in terms of ND,w
(TRS-398)



Basic and clinical dosimetry

TECDOC 1543 is a useful resource
Provides examples
Provides a list of measurements to be 
performed by the medical physicist



… from TECDOC 1543: measurement list for clinical dosimetry



• Establish list of measurements to be performed
• Discuss the list with local physicist
• Ask for the TPS calculation of the same dose points
• Ask for the independent dose calculations of the same 

dose points

Photon reference dosimetry

Electron reference dosimetry

Clinical dosimetry



• Establish list of measurements to be performed
• Measurements are following TRS-398
• Use the Farmer type ionization chamber
• Use of the water phantom
• Use of the excel files for the calculations

• Ask for the center to perform their reference 
dosimetry or daily output check

• This is following the center methodology
• Check difference with the standard output in 

TPS

Photon reference dosimetry

Clinical photon dosimetry: Measurements



Clinical photon dosimetry: Measurements

• Ask for the center commissioning 
data and reference dosimetry data



Clinical photon dosimetry: Comparison



• Ask for the center to calculate the 
same dose points in the TPS

• Ask for the TPS algorithm 
• Standard water phantom can be 

created in TPS

Clinical photon dosimetry: TPS calculations



Clinical photon dosimetry: Comparison



Clinical electron dosimetry: Measurements

• Establish list of measurements to be performed
• Measurements are following TRS-398
• Use the Farmer type ionization chamber for high 

energies
• Use the plane-parallel (ROOS) type ionization 

chamber for lower energies
• Perform, if possible a cross-calibration between a 

Farmer and Roos ion chamber at high electron 
energy (for instance: 15 MeV)

• Use of the water phantom
• Use of the excel files for the calculations

Electron reference dosimetry

• Ask for the center to perform their reference 
dosimetry or daily output check

• This is following the center methodology
• Check difference with the standard output in TPS



Recommendation
# Inst. Receiving 

rec.

% of Inst 

receiving rec

# Linacs 

receiving rec

% of Linacs receiving 

rec

QA 337 82.4 - N/A

Small FS dependence 132 59.2 165 50.8

Wedge (FS or depth) 134 32.8 171 16.8

Off-axis factor 87 21.3 109 10.7

Electron calibration 83 20.3 105 10.3

Photon PDD 75 18.3 100 9.8

Update calibration 70 17.1 - N/A

Electron PDD 47 11.5 57 5.6

Temp/press correction 44 10.8 - N/A

IGRT coincidence 3 9.4 4 8.0

Beam symmetry 34 8.3 44 4.3



Measurements: TECDOC 1543 

• Set of tests
• Required equipment is described
• Acceptance criteria are provided



IAEA SUPPORTED NATIONAL “End-to-End” Audit system 
for Dose Delivery Using IMRT through 
On-Site-Visits to Radiation Therapy Institutions

1. Share an antropomorphic phantom (SHANE TM CIRS) + set of contours (RT-structure)

2. Audit methodology proposal

3. Offer an excel book for evaluation of results



IAEA audit preferences

Preference for “on site audit” to ease discussion with the auditors immediately after measurements

Preference for an “end to end” test to include all aspects from planning to delivery. Volume delineation not included.

Aim to let the phantom + methodology to national organizations who will run the audit nationally. Results shared with IAEA



Audit structure

IAEA

Local Audit Organisation

Organizes a Workshop:
Explain the objectives of the audit
Discuss the design of the audit

Contacts IAEA for the phantom and 
the audit methodology

Leeds the audit

Local Radiotherapy institutions Request an audit



CET to RED 
conversion 
curve

Small field OF
Small field profiles

Volume calculation 
TPS

MLC QA test

Pre-treatment 
verification

Shane irradiation
Point and 2D dose 
measurements

Audit structure

Patient data 
aquisition

Treatment 
planning Delivery

CET to RED 
conversion curve

Small field OF
Small field profiles

Volume 
calculation TPS

MLC QA test

Pre-treatment 
verification

Shane irradiation
Point and 2D dose 
measurements



Audit structure

PRE-VISIT

Treatment plan

Verification

TPS output factors small fields

TPS beam profile field size 2x2cm2 MLC

Picket fence TEST

SITE VISIT (1st day)

CT Shane (check of HU-RED curve)

Register, re-calculation, re-optimization treatment plan

Pre-treatment verification

SITE VISIT (2nd day)

Beam output reference conditions

Shane Irradiation(i.c.+ radiochromic film)

Ouput factors measurement

Profiles(radiochromic film)



Important

The computational activities should be performed using a clinically commissioned algorithm for H&N IMRT 

treatment planning with usual calculation settings (heterogeneity correction, calculation grid etc.). 

The test on the machine should be performed on the treatment unit that will be used for the audit.



Recommended reading
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Key messages

• Dosimetry audits are performed on-site using independent, calibrated equipment to verify treatment beam accuracy.

• Physical measurements cover both reference and clinical conditions:

– Photons: output, depth-dose, TPS vs. measured points

– Electrons: cross-calibrations, use of ROOS and Farmer chambers

• TRS-398 and TECDOC-1543 are the basis for measurement procedures and acceptance thresholds.

• No patient treatments are interrupted: measurements are conducted after clinical hours.

• Institutions must provide local data and staff support: TPS details, measurement protocols, access to CT if needed.

• Common findings include:

– Ion chamber mismatches

– Output factor discrepancies

– Barometer/thermometer calibration issues

Goal: Improve accuracy, not just assess compliance.


