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Review of practical aspects and physics of commissioning



 Tools and techniques (phantoms, detectors, software)

 Linear accelerators (matched, reference, or preconfigured data)

 Model commissioning process is, in some cases, “out-of-your 
hands” (Data used to validate instead of to configure a model)

 Does the treatment planning model that has been produced 
match my machine?



 Changes in radiation therapy equipment have led to the terms 
“commissioning” and “validation” becoming largely interchangeable

 If the TPS model was created from data acquired on a different linac, 
the commissioning data measurements will determine:
 The adjustments to be performed on the machine to match the model
 The certainty of how well the beam model matches your new machine
 The limitations of the model for the types of treatments to  be performed

The data measurements taken during the commissioning process will 
determine the certainty of how well the beam model matches your new machine



 Beam data energy match:
  False negative:  results indicate a 

mismatch with reference data
 Secondary independent measurements 

showed a good match (<0.3% in PDDs, 
<1% profiles).  

 Errors in beam data measurements setup 
and techniques were found

 Beam data energy match:
  False positive:  results indicate a 

good match with reference data
 Secondary independent measurements 

showed error of >0.5% in PDD and >2% in 
profile measurements.  

 Data originally acquired during 
acceptance or wrong equipment used

 Acceptance ≠ Commissioning 

Data measurements goals: 
     true positives or negatives





Point Dose
PDD / Energy
Profile / 
Penumbra

All fields
Small fields
Very-small fields
Photons
FFF photons
Electrons
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Detector 
Characteristics

Measurement 
Goals

Field sizes and 
energies

Beam data measurement results can 
vary depending on detector used



Sutlief, S: Introduction to Radiation Detectors. 

2024 Spring Clinical Meeting Session: Detector Selection 
for External Beam Radiation Therapy Quality Assurance,



FFF energies 
require detectors 
that minimize the 
ion recombination 
effect (smaller 
chambers have a 
lower effect)



Water phantom system

Cables & connectors

Electrometer

Detectors





Learn

Learn the 
correct use and 
limitations of 
the detectors 
and equipment. 
•Ex:  using a large 
detector for small field 
measurements

•Ex:  chamber with 
slightly longer cable 
affecting symmetry 
readings in large fields

•Ex: specific chamber 
offset requirements

Test

Test detectors 
or equipment 
prior to use 
•Ex:  limitation on field 
size for reference 
chamber

•Ex: electrometer 
reading extra-
cameral signal during 
scanning

•Ex: electrometer 
settings and ranges

•Ex: cable 
functionality

Review

Review 
manufacturers’ 
guidelines, 
publications, 
and release 
notes. 
•Ex:  error in applying 
background reading

•Ex:  Electrometer 
position for scanning

Compare

Compare new 
and old 
detectors with 
a “trusted” 
detector
•Ex: older diodes 
(degradation may 
affect performance)

•Ex: older chambers 
(loose cables, bad 
connectors, 
materials)

•Ex: old cables 
(leakage)

DETECTORS AND EQUIPMENT SHOULD BE 
EVALUATED AND TESTED BEFORE USE





 Data for machine output calibration (PDD)

 Energy validation

 Beam matching evaluation

 Beam data configuration

 TPS data validation

 TPS modeling validation

 Equipment:  
 3D scanning systems (PDDs and Profiles)
 1D scanning systems (PDDs – some limitations)
 2D Array systems (Profiles – some limitations)



 Choose proper detector based on field size and beam data requirements

 CAX alignment should be consistent 
for all depths of measurements

 Consider the directional setup of 
the detector

 Scanning sequence settings will 
affect data measurements

 Reference detectors assist in 
minimizing noise in the signal



Field overlap with standard detector: check setup 
reproducibility and validate setup for detector shift. 

Some chambers may not comply to 0.6rcav shift with errors 
up to 1.6mm (within 0.5mm for standard chambers)
[Med.Phys. 35(3), March 2008]



SCANNING AND 
NOISE

- 

 Phantom:
 Setup 

 Alignment

 Functionality

 Scanning techniques:
 Speed

  Continuous or step-by-step

 Measurement time

 Direction of scanning

 Cable:
  Positioning

 Connections

 Detector:
  Orientation

 Alignment

 Temperature

 Electrometer:
 Positioning

 Resolution

 Voltage





Processed profiles with and without noise

 Processing noisy scans will potentially alter the data

 Evaluate data before and after processing



Noise in scans may yield incorrect data.  
PDD data may result in incorrect energy values
Processing noisy scans may further distort the data
Good quality scans will improve the measurement accuracy



- Combine and evaluate 
PDDs for all field sizes 
for each energy

- Check PDDs do not 
cross at depth for all 
field sizes 



 Profile shape for 
multiple field sizes 
at a depth
 Evaluate profiles at 

different depths 
for each field size:  
out-of-field region



2D arrays can be used to 
measure profiles

Flatness and symmetry checks
Constancy checks

Some limitations exist: 
Resolution

Effects of electronic components
Buildup material used

Small field profiles
Detector type



 Beam shape can provide valuable information (beyond numerical 
parameters) and higher measurement resolution may be necessary

Symmetry changes:  1.6%/1.4% to 0.6%/0.6%
after flattening filter replacement



 Beam center misalignment





SMALL FIELD DATA MEASUREMENTS

Selection
Selection of the 
appropriate 
detector for 
measurement 
goals 

Procedures
Measurement 
procedures:  
equipment 
settings, scanning 
sequences, 
background, 
noise, etc.

Positioning
Positioning 
accuracy of the 
detector (setup 
and effective 
point of 
measurement)

Alignment
Correct 
alignment of the 
detector (CAX 
and vertical 
alignment)

Multiple
Use of multiple 
detectors to 
measure data 
(validate and 
overlap data for 
certain field 
sizes)

Corrections
Correction factors 
for dosimetric 
data  (volume and 
perturbation 
effect, and assist 
in detector 
selection)

• Potential for a large magnitude effect in the detector misuse or using an inappropriate detector.
• The need for quality data measurement increases as the field size decreases
• The choice of a proper detector is crucial for small field quality data



POSITIONAL ACCURACY

Position of detector 
off central axis can 
lead to errors due 
to the beam shape

Ex:  Errors in 
positioning can 
result in smaller 

OFs and incorrect 
PDDS and profiles

PDDs measured 
at central axis 
and off axis  
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- Electron diode
- Unshielded SRS diode
- Plastic scintillator
- Microdiamond

- Very small ion 
chambers 

Detector choice 
considerations:
• Detector with known correction 

factor preferably close to one

Field sizes 
≤1cmx1cm
Field sizes 
>1cmx1cm

DETECTOR CHOICE



• Volume averaging effect
• Density difference between detector material and water

Kd:    density perturbation 
Kvol: volume effect 

Das et. al, Medical Physics, 2021; 48 (10): e886-e921

• For small fields:
• Ion-chambers under-respond
• Diodes over-respond

TRS-483:
- Correction factor tables

- Linac type
- Detector type
- Field size
- Energy



TRS-483:  
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APPLICATION OF SMALL FIELD 

Beyer, G.P.: Small Field Detectors and Measurement Uncertainty. 

2024 Spring Clinical Meeting Session: Detector Selection for 
External Beam Radiation Therapy Quality Assurance,



Challenges and opportunities within practical small field dosimetry
G.P, Beyer, 9th May 2019  Queen Elizabeth Hospital, Birmingham, UK



- Data provided by manufacturer
- Published data
- Experimental determination 

McGrath et. al. J App Clin Med Phys. 2022

Correction Factors and New Detectors

Use of corrected output factors for 
five detectors included in TRS-483

Use of corrected output factors for 
one detector included in TRS-483

Beyer G.P. et al, PO-1332, Estro 2020
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Overlap OFs measured with different 
detectors for all field sizes measured

Overlap OFs measured with detectors with 
IAEA and vendor compiled factors



THANK YOU!

 Q&A at the end of the session

 Contact:
 gpbeyer@MedicalPhysicsServices.com
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