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• Manufacturer manuals (Varian, Elekta,….)

• Khan, Physics of Radiation Therapy and similar

• IAEA reports

• AAPM MPPG5, TG106, TG119 and others (e.g. TG53)

Resources – your first task is to understand the 
algorithm and commissioning measurements
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Introduction
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Commissioning

• “bring (something newly produced, such as a 
factory or machine) into working condition”

• Acceptance

• Commissioning
• Collect data about the treatment device – functionality 

and beam data – and import into the TPS

• Create a calculation model

• Verify that everything works correctly
• Dose calculations

• Other functionality
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Importance of correct TPS 
commissioning
• Quality of Plan delivery depends on the accuracy 

that the RTP system models the linac dosimetric
characteristics

• Clinical outcomes depend on dose delivered which 
in turn depends on how accurately the RTP was 
benchmarked against the linac commissioning data
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An incident from the Lessons learned from Accidental 
Exposures in radiotherapy, IAEA
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From: World Health Organization, Radiotherapy Risk Profile, 2008
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Acceptance Testing
(happens before commissioning)
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Acceptance Testing

• Acceptance testing is performed by the physicist to ensure that the 
machine meets the product specifications and the purchase agreement. 

• These tests are conducted according to the acceptance testing 
procedure agreed on between the manufacturer’s representative and 
the facility physicist.

• They can include a lot of functionality tests (can you calculate dose)

• They do not mean that the system is ready do use, or ready to correctly 
calculate patient doses

• After Acceptance, detailed beam data is needed to characterize the 
beam
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AAPM TG53
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Example acceptance tests (Eclipse)

4/3/2017 13



Example Eclipse acceptance checklist
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Example linac acceptance test
• Photon Energy (100 SSD, 10x10 fs, depth of 10 cm in water)

• Deviation from stated value ± 3%, ± 3 mm
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Commissioning process

4/3/2017 16



AAPM MEDICAL PHYSICS PRACTICE GUIDELINE # 5: 
Commissioning and QA of Treatment Planning Dose 
Calculations: Megavoltage Photon and Electron Beams

• “practice guidelines”

• summary of what the AAPM considers prudent 
practice for what a clinical medical physics should 
do with respect to dose algorithm commissioning 
and validation

• Goals: 
• Summarize the minimum requirements for TPS dose 

algorithm commissioning (including validation) and QA 
in a clinical setting

• Provide guidance on typical achievable tolerances and 
evaluation criteria for clinical implementation
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Figure from MPPG5a
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Another chance 
to review the 
data



Machine description 
data
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Use forms and guidelines from the 
TPS manufacturer when available
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From: Eclipse photon and electron algorithm guide 13.6
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Eclipse
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Agility BLD 
• Agility is the Head of the linac, that contains all of the BLDs

Elekta Agililty BLD, from Elekta Clinical Mode Instructions for Use4/3/2017 23
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4/3/2017 25Collect all the information, then start to enter it in
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Agility Diaphragms / Jaws
• Elekta calls them Diaphragms

• Varian and Pinnacle call them Jaws 

• Elekta allows them to move during a dynamic treatment

• Elekta has only one pair of Diaphragms
• The MLCs replace the other pair of diaphragms

• MLCs are much thicker than Varian’s ( < 0.5% transmission + Leakage)

• Pinnacle handles this by assuming that the MLCs replace the diaphragms

• The “missing” jaws will still show up in the plan. But won’t be used.
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Beam data
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Figure from MPPG5a
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Beam data requirements

• TPS data requirements are similar
• but are vendor specific

• Also depend on the dose calculation algorithm

• Vendors generally provide good guidelines on what 
is needed for their TPS – sometimes some 
interpretation is needed.

• Follow their guidelines for what data is necessary, 
including measurement conditions

• For IMRT/VMAT, modeling of MLC is crucial
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TG106 ‘typical commissioning 
measurements’

• Have a folder for each beam 

• Label each file with the full data: “18MV 15deg in, 
10x10 profile” etc.
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Pinnacle Minimum Data Requirements

Per Photon 
Energy:

19 PDDS

117 Profiles

14 Factors

PDD - jaw defined field size Profiles - jaw defined field size

Field Size Depth Field Size Depths Direction

5x5 5x5

10x10 10x10

20x20 20x20

30x30 30x30

40x40 40x40

20x5 20x5

5x20 5x20

PDD - MLC defined field size (jaws at 20x20) Profiles - MLC defined field size (jaws at 20x20)

Field Size Depth Field Size Depths Direction

2x2 2x2

3x3 3x3

5x5 5x5

10x10 10x10

15x15 15x15

Wedge PDD - MLC defined field size (jaws at 20x20) Wedge Profiles - MLC defined field size (jaws at 20x20)

Field Size Depth Field Size Depth Direction

5x5 5x5

10x10 10x10

15x15 15x15

20x20 20x20

40x30 40x30

Output Factors Wedge Factors

Field Size Field Size

2x2 2x2

5x5 5x5

10x10 10x10

20x20 20x20

30x30 30x30

40x40 40x30

0-25cm

dmax 

5cm 

10cm 

20cm

inplane & 

crossplane

inplane & 

crossplane

inplane(all)

& 

crossplane 

(10cm only)

dmax 

5cm 

10cm 

20cm

dmax 

5cm 

10cm 

20cm

0-25cm

0-25cm
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Beam measurement data (Eclipse)
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Mandatory vs. optional

Table based on Eclipse (Varian) requirements4/3/2017 37



Data needed for Elekta TPS 
(Monaco, XiO)
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Monaco Data Requirements

From: Monaco Photon Beam Data Requirements etc4/3/2017 39



Electron density measurements

• MPPG5a recommends CT scanner-specific calibration curves
• If you have more than one CT scanner, at least verify whether a single curve will do
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Experimental details
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MPPG5
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MPPG5
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Find center of the chamber
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Check setup

46

• Axis alignment (all directions) – can impact profiles

• Tank tilt (figure from TG106)

• Gantry tilt
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Beam Profiles Chamber orientation
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Electron measurements can be particularly 
sensitive to scanning parameters

• Tank scanning parameters –
speed and undersampling can 
give suboptimal data, 
especially for low energy 
electron beams (TG106)

• High scanning speed can cause 
ripples so scanning probe sees 
varying depths

• If small volume ion chamber is 
used, then slower speeds can 
help smooth out statistical 
variations in signal

• Delay time: can be useful to 
delay time between 
subsequent points to avoid 
ripple effects

TG106484/3/2017
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Figure from MPPG5a
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Data Review
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Data Review

• Review data before and after entry into the 
planning system

1. Check for potential setup and measurement errors 
prior to importing data to TPS
• Inverse square
• Beam divergence
• Expected changes with field size
• PDDs

2. Compare data to reference dataset
• Do for as much of the data as possible – not just PDDs

3. Re-evaluate data after entering into TPS
• Check for import problems, mirroring of data, smoothing
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Use a second 
datasource
• Data should be checked 

against an independent 
source whenever 
possible
• BJR-25

• Machine standard data

• Spot checks by an 
independent physicist 
(with independent 
equipment)
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Data processing
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Figure from MPPG5a
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Preparing Data for Modeling
• Want our model to be based on good data.

• Measured Data has  a certain amount of “noise”.

• Smoothing the data can remove noise
• Care must be taken not to over-smooth the data

• This can alter how the data represents the beam

(Your data should not 
look as noisy as this!)
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Data processing for wedges data 
(TG106)
• Orientations – can 

compromise data entry 
(TG106)

• Signal saturation –
signal varies significantly 
from toe to heel of the 
wedges, so examine 
profiles for evidence of 
this.

• Over smoothing data 
can degrade the data –
review the data and use 
common sense.
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Beam modeling
Approaches:

• Do-it-yourself

• Vendor creates the models based on customer data

• Vendor provides pre-configured model
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Pinnacle Modeling Process
• Measured Data is imported into the Pinnacle Physics Tool

• Pinnacle AutoModeling Scripts guide you through Modeling.
• The AutoModeling is run

• The resulting Model is analyzed visually and quantitatively 

• Adjustments are made and the automodeling may be repeated

• Similar to optimizing an IMRT Plan
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Pinnacle Modeling Process
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Pinnacle Modeling Process

4/3/2017 63



Pinnacle Modeling Process
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Eclipse

4/3/2017 65
First review the data to ensure it was properly imported



Calculate beam data in Eclipse
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Analysis in Eclipse
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Use pre-configured data?
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Varian can provide golden beam dta, but with 
caveats:

Warning from Eclipse manual4/3/2017 69



• I am a big fan of pre-configured data, if available

• You do still need to verify the TPS calculations

• At a minimum, standard beam data is great for 
sanity checks

• You also have to decide this yourselves 
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MLC measurements
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Good starting point for 
understanding different MLCs
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• First measure leaf transmission following vendor recommendations
4/3/2017 73

- Leaf transmission (inter-leaf and intra-leaf)
- Dynamic Leaf Gap (leaf edges)
- Tongue and Grove effect



Rounded leaf ends
• For single focus MLCs a rounded leaf end is used to maintain 

approximately the same penumbra size as the leaf moves 
off axis

• This causes the light field to be offset with respect the 
projected leaf motion
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MLC offset table

• The MLC motions on single focused MLCs are not constant as a 
function of off-axis distance

• On Varian machines the offset is calculated to make the light field 
always agree with the position programed in the MLC controller

• On the Elekta machine the offset is calculated to make the 50% 
radiation line match the position programed in the MLC controller

• Some TPS require that these offset tables are entered into the 
TPS for proper calculation of dose (e.g. Pinnacle)

• Be careful that you understand and follow the vendor’s 
specifications

• Some TPS (e.g. Eclipse) have already included these offsets – and 
they are not editable by the user.
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Interpretation of the MLC position in Pinnacle4/3/2017 76



MLC offset table

Varian (from manufacturer) Elekta(empirically determined)

Should be a physical set of parameters stored in the MLC controller
Needs to be verified against measurements
Can be used as a “tuning parameter” in beam modeling
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Dynamic leaf gap (Eclipse)

Based on a slide by Ke Sheng4/3/2017 79



Based on a slide by Ke Sheng4/3/2017 80



Dose calculations are sensitive to DLG setting

Figure from Szpala et al, JACMP 15(2), 67-84, 2014

Also see Keilar et al, Med Phys 39(10), 6360-6371, 2012 for similar results

Note: reduction in DLG has a similar effect to reduction in leaf transmission
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Impact of DLG error reduced for 
larger MLC slits

Szpala et al, JACMP 15(2), 67-84, 2014
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DLG used in calc: 2.3mm

T&G extensions
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DLG summary

• More segments with large gaps and small T&G 
extensions (i.e. large fields) increases the dose 
agreement

• Measuring DLG is a good starting point, but need 
additional IMRT or VMAT data to finetune

• Should review data after initial experience to see if 
additional fine tuning is needed.
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Calculation Validation
Repeat for each individual beam
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Figure from MPPG5a
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MPPG5a spreadsheet available on github

• https://github.com/Open-Source-Medical-Devices/MPPG4/3/2017 88



MPPG5a profile comparison tool
https://github.com/Open-Source-Medical-Devices/MPPG
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MPPG5: Basic condition tolerances
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Figure from MPPG5a
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Example 1: Basic Photon Test: 5.5 Large MLC
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• This report contains a 
very extensive set of 
tests
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• 9cm x 9cm 45deg (Co) or 60deg (LINAC) wedge. 
Dose calculated at central axis and ±2.5cm. Depths: 
1,3,5,10,15,20,25,35cm

964/3/2017



Type and optional tests include 
more complicated geometries:

• Asymmetric open half and quarter wedged fields (LINACs only). 
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Figure from MPPG5a
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Test 6.2. Heterogeneity correction
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100

(end-to-end treatment planning tests)
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• IAEA examples are with this CIRS phantom

• Any appropriate phantom can be used (IAEA Technical Report Series No. 430)

http://www.cirsinc.com/products/all/12/imrt-thorax-phantom/
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• Create plan (2Gy to reference point)

• Check with manual MU/time calculation

• Position phantom

• Treat (with ionization chamber at reference 
point)

• Repeat 3+ times

• Compare measured and calculated values 
(3% criterea)

• Repeat for each dose calculation algorithm

X
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X
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VMAT/IMRT
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Figure from MPPG5a
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Some additional settings in the 
TPS. E.g. Dose Rate in Pinnacle

• In the Pinnacle beam Model
– We will underestimate the maximum dose rate:

• Ensures the Pinnacle VMAT plans will not violate machine capabilities

• Because we want to use one Pinnacle model for both of our Versa’s
– We will use the lesser of the two maximum dose rates

• VMAT delivery
– Elekta will take the Pinnacle generated plan from Mosaiq, and calculate a way 

to deliver it as fast as it can.

– Because machines will have different dose rates, the VMAT plan delivered will 
be slightly different for each.

– Uses continuously variable dose rate
• 256 bins between max dose rate and about 37 MU/min
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MPPG5 VMAT.IMRT test summary
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MPPG5: Test 7.2. Small MLC-defined field

MLC examples downloadable from GITHUB
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• Test suite, instructions and spreadsheets: 
http://www.aapm.org/pubs/tg119/default.asp

Ezzell et al, Med Phys 36(11), 5359-5373, 2009 (also downloadable from the above link)

Series of downloadable tests:

MPPG5 
recommends 
these
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Ezzell et al, Med Phys 36(11), 5359-5373, 2009 
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Ezzell et al, Med Phys 36(11), 5359-5373, 2009 
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Functionality review
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Functionality checks

• The TPS performs many non-dosimetric functions –
need to verify
• (includes “is the license turned on?”)

• Import (images etc)

• Export (to R&V – Mosaiq etc)

• Dataset management + presentation

• Coordinate systems

• Image generation (DRRs)

• DVH calculation……..

• Much of this may be in the acceptance document

• Good information source: IAEA documents and TG53
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Checking display and other software functionality

IAEA TRS 4304/3/2017 115



Independent verification
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What sort of events can happen?

One way to categorize event:
• Events that involve individual patients
• Events that are related to equipment, 

and affect many patients
• Commissioning
• Change in machine function

The Role of Independent Dosimetry Audits in Patient 

Safety
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• The IAEA report has many more examples of these types of 

events that affect many patients

An Example:
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IAEA Safety Reports Series No.17. Lessons learned from accidental exposures in radiotherapy
1194/3/2017



• Inter-comparison of all 64 UK centers

• Organized by 15 regional coordinators who took equipment and made 
measurements with a local physicist

• Central axis measurements (5cm depth, 5, 10, 15cm fields)

• Dose at 5 points in a phantom

• 5% difference seen for 9 centers

• 25% difference seen for 1 center

Thwaites et al, PMB 1992: 37;445-61.

First Comprehensive UK Audit (1987-91):
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• The purpose of independent audits is to aim for 
consistent treatments (between centers)

• Many different approaches:
• On-site visits by an auditing body (e.g. IAEA, IROC, other 

national institutions)

• Remote audits – dosimeters sent by post

• Virtual audits – remote evaluation of dosimetry, planning 
data

• Voluntary “buddy visit” audits (especially when 
introducing new treatment techniques)

Independent Dosimetry Audits:
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• Anthropomorphic shape

• Water filled

• Plastic inserts containing targets and 
organs at risk (heterogeneity)

• Point dose (TLD) and planar 
(radiochromic film) dosimeters

• Purpose is to evaluate the complete 
treatment process: (imaging to 
planning to delivery)
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IROC-Houston Phantom –
example results for the 
H/N phantom
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IROC-Houston Phantom – example results for the H/N phantom
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• 1139 irradiations, 763 institutions

Molineu et al, Med Phys 40(2) 022101-1, 2013 4/3/2017 126
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• The purpose of independent audits is to aim for consistent 
treatments (between centers)

• Much (published) evidence independent audits can prevent 
mistreatment of many patients

• Many different ways to achieve independent audits

Audit Summary:
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Figure from MPPG5a

So where are we?
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Electrons
MPPG5

TG25

TG70
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Commissioning data examples
eMC in Eclipse

For each electron energy:

• Profile in air for NO CONE

• PDD in water for NO CONE

• Absolute dose in water for NO CONE

• PDD in water for each cone

• Absolute dose in water for each cone

132

Diamond:

4/3/2017



Decide on calculation parameters (Eclipse)
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Calculation parameters
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Example data table for Diamond

6MeV

cone: 6 6 6 6 10 15 20 25

SSD/FS 2 3 4 6 10 15 20 25

100 100 1 1 1 1 1 1 1 1

105 105 0.779769 0.898332 0.945715 0.961729 0.986681 0.990248 0.992925 0.993341

110 110 0.581114 0.775123 0.88404 0.919613 0.965417 0.976786 0.986224 0.987967

115 115 0.440675 0.656516 0.812396 0.878801 0.952642 0.966392 0.979013 0.983869

120 120 0.341656 0.549858 0.73287 0.831277 0.932387 0.954826 0.969782 0.976696

4/3/2017 135



Evaluation of eMC (and 
datasheets)
• 25 cutouts + 5 open cones

• 5 electron energies

• 100 and 110cm SSD (to check calculations)

• Absolute dose (water phantom, solid water)

• Relative dose distributions (water phantom)

• 30 x 5 x 2 = 300 output measurements 

• Same number (or subset) of relative dose 
distributions (2D)
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Figure from MPPG5a
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More data review
A good idea

We’ve done a lot of measurements and comparisons – how do they 
look? Why not have another review…..

It’s another chance to catch any issues….
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Data Quality

• What is wrong with this 6X model (Varian truebeam)
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How was the problem detected

• IMRT QA had poor results for highly modulated 
fields

• A bad electrometer was found being used for the 
IMRT QA
• Caused random spurious IMRT results that made it had 

to detect the trend with modulation

• IMRT QA was compared running the same plans on 
the new truebeam and our existing 2100 machines
• It was noted that the measurements matched but the 

calculations did not
• We did a parameter by parameter check between the 

two models
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What happened

• New Linac – no previous history on this type of 
machine

• New model water scanner
• Had history with the manufacture/software
• No history with the new electrometer

• New physicist 
• Physics group that had previously managed TPS system left 

over the course of a few years
• Physicist who took was very prominent and experienced but 

not with TPS modeling
• Another new physicist then took over during the acceptance 

testing of our 2nd truebeam.
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What happened technically

• New electrometer on the scanning system was an 
in-room design which had a relatively high 
background signal

• Chamber used for all scanning was a 0.04 cc 
chamber that has been used in the past as a 
universal scanning chamber

• Inside the field the noise was trivial and not easily 
detected

• Outside the field the noise was misinterpreted as a 
higher jaw/MLC transmission
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Commissioning Report
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Figure from MPPG5a
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Commissioning report

• TG-106 recommendations
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Dose Algorithm Commissioning Inventory (MPPG5) 
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An example4/3/2017 153
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TPS QA
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Figure from MPPG5a
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MPPG5: QA recommendations

• Annually or after major TPS upgrades

• Reference plans should be selected at the time of commissioning and 
then recalculated for routine QA comparison.

• Photons: representative plans for 3D and IMRT/VMAT, from validation 
tests

• Electrons: for each energy use a heterogeneous dataset with reasonable 
surface curvature.

• No new measurements required!

• The routine QA re-calculation should agree with the reference dose 
calculation to within 1%/1mm. A complete re-commissioning (including 
validation) may be required if more significant deviations are observed

(AAPM TG53 can also be a useful resource)4/3/2017 157



Hand calculation data
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Hand Calc vs TPS data

• The machine databook may require different data 
than the TPS
• Example Output factors for Pinnacle are at 10 cm depth 

vs at Dmax(or Dreference) for most hand calculation systems

• Wedge factors for hand calc need to be a function of FS 
and depth (Dr. Court will discuss)

• Hand calc data should not be derived from the TPS
• Loss of independence

• This includes data for secondary software calculation 
systems (ie RadCalc)
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Hand Calc Data (TG-45)

The following are needed for the 
calculation of the number of 
monitor units required to deliver a 
prescribed absorbed dose at a 
point at a given depth along the 
central ray of a square or 
rectangular beam in a unit density 
medium
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Output (Scp) vs FS at Dmax and 10 cm
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Planning the 
commissioning process

4/3/2017 162



Plan your measurements

• Create a list for Hand calc

• Create a list for TPS

• Include time for auditing

• If possible work in teams 
• One person taking data
• One person auditing and processing the data

• Have a spare day every few days of data taking for 
problem solving/investigation

• Use caution with trainees
• Ensure you know the equipment before letting them “help”
• Spot check any data generated without direct supervision
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Time Required
• Beam Scanning

• A day per photon energy

• Extra scanning can take additional time
• Not used for modeling, but useful data

• Relative Output Factors
• Half a day per photon energy

• Data Smoothing
• About a day or more per 

energy

• Pinnacle Modeling
• A week per photon energy
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Verification
• The Model is used Compute dose distributions that are 

compared to measurement
• TLDs: In-house and/or RPC

• Must read TLDs

• 24 hours for in-house TLDs, Weeks for RPC TLDs

• IMRT / VMAT QA Measurements - Days
• Must generate a plan for several CTs / phantoms

• And take measurements

• RPC Phantoms – Days to Weeks
• Simulate phantom

• Generate a plan

• Setup Phantom and Deliver plan

• Send to RPC for analysis

• Direct comparison with data - Days
• Must generate and export data from Pinnacle

• Comparison in a manual process
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MPPG5 time estimates (4 photon energies, 5 
electron energies)
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Figure from MPPG5a

Final slide 
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