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ÅManufacturer manuals (Varian, ElektaΣΧΦύ

ÅKhan, Physics of Radiation Therapy and similar

ÅIAEA reports

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

Resourcesςyour first task is to understand the 
algorithm and commissioning measurements
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Introduction
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Commissioning

Åάbring (something newly produced, such as a 
factory or machine) into working ŎƻƴŘƛǘƛƻƴέ

ÅAcceptance

ÅCommissioning
ÅCollect data about the treatment device ςfunctionality 

and beam data ςand import into the TPS

ÅCreate a calculation model

ÅVerify that everything works correctly
ÅDose calculations

ÅOther functionality
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Importance of correct TPS 
commissioning
ÅQuality of Plan delivery depends on the accuracy 

that the RTP system models the linacdosimetric
characteristics

ÅClinical outcomes depend on dose delivered which 
in turn depends on how accurately the RTP was 
benchmarked against the linaccommissioning 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

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

ÅThese tests are conducted according to the acceptance testing 
ǇǊƻŎŜŘǳǊŜ ŀƎǊŜŜŘ ƻƴ ōŜǘǿŜŜƴ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ŀƴŘ 
the facility physicist.

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

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

ÅAfter Acceptance, detailed beam data is needed to characterize the 
beam
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AAPM TG53
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Example acceptance tests (Eclipse)
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Example Eclipse acceptance checklist
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Example linacacceptance test
ÅPhoton Energy (100 SSD, 10x10 fs, depth of 10 cm in water)

ÅDeviation from stated value ± 3%, ± 3 mm
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Commissioning process
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AAPM MEDICAL PHYSICS PRACTICE GUIDELINE # 5: 
Commissioning and QA of Treatment Planning Dose 
Calculations: Megavoltage Photon and Electron Beams

ÅάǇǊŀŎǘƛŎŜ ƎǳƛŘŜƭƛƴŜǎέ

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

ÅGoals: 
ÅSummarize the minimum requirements for TPS dose 

algorithm commissioning (including validation) and QA 
in a clinical setting
ÅProvide 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 
ÅAgility is the Head of the linac, that contains all of the BLDs

Elekta AgililtyBLD, 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
ÅElekta calls them Diaphragms

ÅVarian and Pinnacle call them Jaws 

ÅElekta allows them to move during a dynamic treatment

ÅElekta has only one pair of Diaphragms
ÅThe MLCs replace the other pair of diaphragms

Åa[/ǎ ŀǊŜ ƳǳŎƘ ǘƘƛŎƪŜǊ ǘƘŀƴ ±ŀǊƛŀƴΩǎ ό ғ лΦр҈ ǘǊŀƴǎƳƛǎǎƛƻƴ Ҍ [ŜŀƪŀƎŜύ

ÅPinnacle handles this by assuming that the MLCs replace the diaphragms

Å¢ƘŜ άƳƛǎǎƛƴƎέ Ƨŀǿǎ ǿƛƭƭ ǎǘƛƭƭ ǎƘƻǿ ǳǇ ƛƴ ǘƘŜ ǇƭŀƴΦ .ǳǘ ǿƻƴΩǘ ōŜ ǳǎŜŘ.
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Beam data
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Figure from MPPG5a
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Beam data requirements

ÅTPS data requirements are similar
Åbut are vendor specific

ÅAlso depend on the dose calculation algorithm

ÅVendors generally provide good guidelines on what 
is needed for their TPS ςsometimes some 
interpretation is needed.

ÅFollow their guidelines for what data is necessary, 
including measurement conditions

ÅFor IMRT/VMAT, modeling of MLC is crucial
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¢Dмлс ΨǘȅǇƛŎŀƭ ŎƻƳƳƛǎǎƛƻƴƛƴƎ 
ƳŜŀǎǳǊŜƳŜƴǘǎΩ

ÅHave a folder for each beam 

Å[ŀōŜƭ ŜŀŎƘ ŦƛƭŜ ǿƛǘƘ ǘƘŜ Ŧǳƭƭ ŘŀǘŀΥ άмуa± мрŘŜƎ ƛƴΣ 
млȄмл ǇǊƻŦƛƭŜέ ŜǘŎΦ
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Pinnacle MinimumData Requirements

Per Photon 
Energy:

19 PDDS

117 Profiles

14 Factors

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

Field SizeDepth Field SizeDepths 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 SizeDepth Field SizeDepths 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 SizeDepth Field SizeDepth 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 ElektaTPS 
(Monaco, XiO)
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Monaco Data Requirements

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



Electron density measurements

Å MPPG5a recommends CT scanner-specific calibration curves
Å 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

ÅAxis alignment (all directions) ςcan impact profiles

ÅTank tilt (figure from TG106)

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

ÅTank scanning parameters ς
speed and undersamplingcan 
give suboptimal data, 
especially for low energy 
electron beams (TG106)

ÅHigh scanning speed can cause 
ripples so scanning probe sees 
varying depths

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

ÅDelay 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

ÅReview data before and after entry into the 
planning system

1. Check for potential setup and measurement errors 
prior to importing data to TPS
ÅInverse square
ÅBeam divergence
ÅExpected changes with field size
ÅPDDs

2. Compare data to reference dataset
ÅDo for as much of the data as possible ςnot just PDDs

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

against an independent 
source whenever 
possible
ÅBJR-25

ÅMachine standard data

ÅSpot 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
ÅWant our model to be based on good data.

ÅaŜŀǎǳǊŜŘ 5ŀǘŀ Ƙŀǎ  ŀ ŎŜǊǘŀƛƴ ŀƳƻǳƴǘ ƻŦ άƴƻƛǎŜέΦ

ÅSmoothing the data can remove noise
ÅCare must be taken not to over-smooth the data

ÅThis 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)
ÅOrientations ςcan 

compromise data entry 
(TG106)

ÅSignal saturation ς
signal varies significantly 
from toe to heel of the 
wedges, so examine 
profiles for evidence of 
this.

ÅOver smoothing data 
can degrade the data ς
review the data and use 
common sense.
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Beam modeling
Approaches:

Å Do-it-yourself

Å Vendor creates the models based on customer data

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

ÅPinnacle AutoModelingScripts guide you through Modeling.
ÅThe AutoModelingis run

ÅThe resulting Model is analyzed visually and quantitatively 

ÅAdjustments are made and the automodelingmay be repeated

ÅSimilar to optimizing an IMRT Plan
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Pinnacle Modeling Process
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Pinnacle Modeling Process
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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



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

ÅYou do still need to verify the TPS calculations

ÅAt a minimum, standard beam data is great for 
sanity checks

ÅYou also have to decide this yourselves J
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MLC measurements
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Good starting point for 
understanding different MLCs
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ÅFirst 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
ÅFor single focus MLCs a rounded leaf end is used to maintain 

approximately the same penumbra size as the leaf moves 
off axis

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

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

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

ÅOn the Elektamachine the offset is calculated to make the 50% 
radiation line match the position programed in the MLC controller

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

Å.Ŝ ŎŀǊŜŦǳƭ ǘƘŀǘ ȅƻǳ ǳƴŘŜǊǎǘŀƴŘ ŀƴŘ Ŧƻƭƭƻǿ ǘƘŜ ǾŜƴŘƻǊΩǎ 
specifications

ÅSome TPS (e.g. Eclipse) have already included these offsets ςand 
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
/ŀƴ ōŜ ǳǎŜŘ ŀǎ ŀ άǘǳƴƛƴƎ ǇŀǊŀƳŜǘŜǊέ ƛƴ ōŜŀƳ ƳƻŘŜƭƛƴƎ
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Dynamic leaf gap (Eclipse)

Based on a slide by KeSheng4/3/2017 79



Based on a slide by KeSheng4/3/2017 80



Dose calculations are sensitive to DLG setting

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

Also see Keilaret 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

Szpalaet 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

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

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

ÅShould 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

Åhttps://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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ÅThis report contains a 
very extensive set of 
tests
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Å9cm 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
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Type and optional tests include 
more complicated geometries:
Å 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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ÅIAEA examples are with this CIRS phantom

ÅAny 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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ÅCreate plan (2Gy to reference point)

ÅCheck with manual MU/time calculation

ÅPosition phantom

ÅTreat (with ionization chamber at reference 
point)

ÅRepeat 3+ times

ÅCompare measured and calculated values 
(3% criterea)

ÅRepeat 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

Å In the Pinnacle beam Model
ïWe will underestimate the maximum dose rate:

Å Ensures the Pinnacle VMAT plans will not violate machine capabilities

Å Because we want to use one Pinnacle model for both of our ±ŜǊǎŀΩǎ
ïWe will use the lesser of the two maximum dose rates

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

to deliver it as fast as it can.

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

ï Uses continuously variable dose rate
Å 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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ÅTest suite, instructions and spreadsheets: 
http://www.aapm.org/pubs/tg119/default.asp

Ezzellet 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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Ezzellet al, Med Phys 36(11), 5359-5373, 2009 
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