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Copy plan to phantom

CT data of patient CT data of phantom

Verification of a plan using film dosimetry
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Calculate the dose distribution in the phantom

CT data of patient CT data of phantom

Verification of a plan using film dosimetry

Position film and ionisation chamber

Film

Ionisation
chamber
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Gamma evaluation
(total plan)

Calculation Film measurement

D = 3%
d  = 3mm

The ESTRO-QUASIMODO dose intercomparison

(Gillis S et al., Radiother. Oncol. 76: 340-353, 2005). 

The agreement between measured and computed dose 
distributions was better than might have been expected for the 
wide range of planning and delivery system combinations used 
by the participating institutions. 
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The ESTRO-QUASIMODO dose intercomparison

(Gillis S et al., Radiother. Oncol. 76: 340-353, 2005). 

Patient-specific QA procedures: 
helical tomotherapy

Solid water cheese phantom

Verification of an oropharynx case
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RPC IMRT head and neck phantom
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Radiographic film dosimetry
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Radiographic film dosimetry

Figure 6.15 The EasyCube phantom (left) and the calibration 
film (right) used for the verification of the hybrid plan.
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Diode and ionisation chamber matrix 
devices for 2-D dose verification
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PTW - VeriSoft

IMRTLog

MapCheck

Gamma evaluation

Comparison of the various techniques for 
dosimetric verification
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Polymer gel dosimetry

gel fabricationgel fabrication

Monomers:
- acrylamide & bisacrylamide (PAG)
- methacrylic acid

Gelatin matrix
Oxygen removal:

- physical (N2 / Ar)
- chemical (anti-oxidants)

irradiationirradiation
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(Yves De Deene, Ghent University, Belgium)
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IMAT treatment verification

PTV

LK
RK

Median dose to PTV in gel phantom: 7.5 Gy

IMAT for whole abdominal radiotherapy

simulator

transverse

sagittal

gel phantom
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The gel phantom

IMAT treatment verification
Pinnacle Measured in gel
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4D dosimetry verification

Measured Ungated (left) vs. Measured Gated (right)

MapCHECK 4D



14

Utility of radiographic and radiochromic film dosimetry 
Diode and chamber arrays
3D gel dosimetry
4D dosimetry
Experimental design for dosimetry
In vivo measurements
Portal dosimetry

IMRT plan verification
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Ratio of measured and calculated dose values for 
various types of detectors. Cases 1-7 step-and-shoot 

techniques; cases 8-13 dynamic IMRT treatments.
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Dose measured with three different types of 
ionisation chamber. Case 1:step-and-shoot 
technique; Case 2: dynamic IMRT treatment

From this study of the characteristics of different 
types of detectors to be used for IMRT verification, 
the following observations can be made:

Ionisation chambers having a small volume are more                       
suitable for IMRT verification than chambers with 
large volume such as Farmer-type chambers. 

The use of solid-state detectors will introduce 
additional uncertainties particularly during 
measurements using the sliding window IMRT 
technique. Their use is therefore not recommended.

The additional standard uncertainty in the dose 
determination in IMRT fields using small ionisation 
chambers is about 1.0 to 1.5%. 
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In vivo dose verification of IMRT of head and 
neck cancer patients using TLD rods

(P.E. Engström, et al., Acta Oncol. 44, 572-578, 2005)
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In vivo dosimetry of IMRT using an EPID 
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1 Forward/backward hybrid from transit images

1. measure transit EPID dose 
(DEPID_meas)

2. extend patient CT data to 
EPID level and calculate TPS 
EPID dose (DEPID_calc)

3. compare measured with 
calculated EPID dose

4. use adapted primary fluence
as input to calculate dose 
distribution in patient/phantom

McNutt Med Phys (23) 1996
Pasma IJROBP (45) 1999
Van Esch Radiother Oncol (60) 2001

EPID

DEPID_meas = DEPID_calc ?

adapt
primary 
fluence
in TPS

no

yes

dose 
calculation 
algorithm

Predicted - measured portal dose
AP beam; each patient 1 data point

predicted on-axis portal dose - average measured dose [%]
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mean: 0.6%
SD:     2.7%

(Pasma et al. , IJROBP 45,

1297-1303, 1999) Systematic deviations

Gas pocket in
planning CT
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AP beam
fraction 3-5

-8.4%
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Planning CT-scan:
large gas pocket in rectum 

University Hospital Rotterdam

Daniel den Hoed Cancer 
Center

Comparison of a line profile 
extracted from a dosimetric EPID 
image to: (a), a film scan (open 
symbols); and (b), ion chamber 
measurements in a water phantom 
(closed symbols). All 
measurements have been 
normalised to the data point on the 
beam-axis.

(Van Esch et al. Radiother Oncol)
60: 181-190, 2001)
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2) measure 
EPID dose

patient
(CT)

1) calculate
plan

3) reconstruct 
dose in many planes
for all gantry angles

4)  compare plan and 
reconstructed patient dose

NKI-AVL: in vivo EPID dosimetry
by back-projection (3D approach) 

5-field IMRT prostate cancer treatment
18 MV beam

3D in vivo dose reconstruction

dose -indexCT

3D -evaluation with criteria:
3% of dose at isoc. and 3 mm DTA
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Patient record of 2D -evaluation

Per field:
mean 
max (1%)
% points <1
isoc dose

Per fraction:
isoc dose

Warning: yellow
Error: orange

Site patients / year in vivo Jan-Mar

Prostate 200 1-2005 29
Rectum 200 7-2006 59
Head & neck 250 6-2007 61
Breast 800 12-2007 202
Lung 300 1-2008 57
Other (IMRT) 150 + 1-2008 53 +       

1900 461

In vivo IMRTverification
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Approaches for IMRT verification and the methods of 
data analysis 

QA tests for accelerator and MLC performance 
Comparison of the various techniques for 

dosimetric verification
Independent dose calculations
Patient-specific QA procedures 
Pitfalls, potential errors and possible actions
Strategies for patient-specific IMRT verification

Contents of the ESTRO booklet:
Guidelines for the verification of IMRT

Pitfalls, potential errors and possible actions

Lacking algorithm in the TPS for tongue-and-groove effect.
Action: Design and verify a new plan in which the tongue-and-
groove effect plays a minor role. Discuss the issue with the TPS
manufacturer.

Systematic deviations between TPS calculations and ionisation 
chamber measurements at the isocentre for plans with many small 
segments due to uncertainties in the output factor calculation. 
Action: Rescale the number of MUs. Discuss the issue with the 
TPS manufacturer.

Large regions with gamma values larger than one during repeated 
film measurements, while ionisation chamber measurements are 
correct. 
Action: Check if the film batch is not expired and if so repeat the 
measurement with a new batch.



23

Pitfalls, potential errors and possible actions

Missing significant errors, e.g., resulting from MLC displacements, 
due to the limited resolution of the measuring device.
Action: Move the device in different directions and repeat the 
measurement.

Missing errors at other parts of the PTV or in OARs by performing 
only one ionisation chamber measurement or an independent MU 
calculation at a point.
Action: Perform also measurements in a plane for representative 
clinical cases. 

Wrong parameter in the TPS for the definition of leaf position.
Action: Understand and verify the definition of leaf position in your 
TPS. 


