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Abstract 

Unlike treatment with static fields, using a dynamic multileaf collimator (dMLC), there are 

significant dosimetric issues which must be assessed before dynamic therapy can be 

implemented. The advanced techniques  require some additional commissioning and quality 

assurance tests. The results of standard quality assurance (QA) machine tests and 

commissioning tests for volume modulated arc therapy (VMAT) using electronic portal image 

device (EPID) and “EPIQA” software are presented.  

 

Introduction 

In recent years EPID is widely used for commissioning and QA for Linacs, because of its 

several advantages: simple and quick set up, controlled by the machine and high resolution 

detector. We used EPID Varian aS-1000 detector and “EPIQA” software for analyzing the 

results. 

The new dose delivery techniques for radiotherapy such as intense modulated radio therapy 

(IMRT) and volume modulated arc therapy (VMAT) require the synchronization of the 

dynamic MLC, dose rate, and gantry speed to deliver a specific dose to a point in space. 

Additional testes are mandatory. RapidArc is an extension of IMRT and incorporates 

capabilities such as variable dose-rate, variable gantry speed, and accurate and fast dynamic 

multileaf collimators (dMLC), to optimize dose conformity, delivery efficiency, accuracy and 

reliability. In order to do these tests, one can use a number of different software products. 

Commercial software such as “EPIQA” offers 4 modules for QA. The software compares the 

measured and the calculated dose distribution. We present some routine QA tests and also 

tests for commissioning of the VMAT technique. 

1. dMLC dosimetry – measurements at gantry angles 0,180,90, 270 for 4x10 dMLC field 

with 0.5 slit to test the effect of gantry on leaf position and the dosimetry system; 

2. Picket Fence (PF) test vs. gantry angle; 
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3. PF test during VMAT –to test effect of gantry rotation on the MLC positional 

accuracy; 

4. PF test during VMAT with intentional errors ; 

5. Accurate control of  Dose rate and gantry speed during VMAT; 

6. Accurate control of leaf speed and dose rate to give equal dose to four strips . 

 

Material and methods  

All tests are made using Varian medical accelerator Clinac iX with electronic portal image 

device (EPID) type- aS1000 with dimensions 40x30 cm. The set up is shown on fig.1 

Fig1  

Example for 6MV source detector distance SDD=100cm. Source surface distance  

SSD=SDD-dmax= 98.7 cm 

 

 

Figure 1.  Geometry setup for mix configuration. 

 

Standard quality assurance machine  tests: 

 Test 1: The measured with the ionization chamber output and wedge factors were 

compared. There were made 6 measurements for square field sizes from 

3x3,5x5,10x10,15x15,20x20,30x30 cm2. They were made in a PMMA phantom at dmax in the 

field center and SSD=100 cm. Profiles we get from EPID as an images and analyzed with 

“EPIQA” and the data were compared with the profiles calculated by the treatment planning 

system (TPS) 

VMAT Commissioning Tests: 
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 Test 1. Measurement of the output and gantry angels 0o, 180o, 90o, 270o for 4x10cm2 

dMLC fields with 0.5 slit to test the effect of gravity on leaf position. This test is made on 

EPID and analyzed by “EPIQA ”. 

 Test 2. Test 3,4 - Picket Fence test vs. gantry angle ; test effect of gantry rotation on 

the MLC positional accuracy; the same test with intentional errors.  

 To assess the accuracy of MLC leaf positions the first picket fence patterns were 

obtained at stationary gantry angle for comparison with tests during VMAT. In the fence test 

all leaf pairs move simultaneously at constant speed creating alone uniform background. 

Stops of the leaf during irradiation are inserted at predefined positions creating lines of 

increased dose. If leaf positions are accurately aligned, the resulting dose pattern will have a 

fence like appearance, showing dark lines regularly placed at equal distances over a light 

background. The results are analyzed with “EPIQA”.  

 Test 5. Accurate control of Dose rate and gantry speed during VMAT; 

 This test uses 7 combinations of dose rate, gantry range and gantry speed to give equal 

dose to 7 0.8 cm strips in a RapidArc field. 

 Test 6. Accurate control of leaf speed and dose rate to give equal dose to four strips. 

 This test uses 4 combinations of leaf speed and dose rate to give equal dose to 4 strips 

in a VMAT field. 

 

Results 

The results of standard machine QA tests are presented in Table 1, Table 2, Table 3, Table 4  

Table 5 and Fig 2 to 6. 

 

Table 1. Output factor comparison between “EPIQA” and ionization measurements 

S, cm 
OF 

ionization chamber 

OF 

EPIQA 
Diff., % 

3x3 0.924 0.921 -0.3 

5x5 0.943 0.953 +1.0 

10x10 1 1 0 

15x15 1.04 1.043 +0.3 

20x20 1.065 1.07 +0.5 

30x30 1.104 1.099 -0.4 
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Table 2. Dynamic Wedge factors comparison with “EPIQA” and TPS calculations 

Field size, cm 
Wedge 

angle 

Wedge 

orient. 

Gy/100 MU 

ECL 

Gy/100 MU 

PV 
∆% OFTPS OFPV 

Diff., 

% 

10x10 10 in 0.981 0.976 0.5 Ref TPS Ref PV  

10x10 10 out 0.982 0.978 0.4 1.001 1.002 -0.1 

10x10 15 out 0.957 0.956 0.1 0.976 0.979 -0.4 

10x10 15 in 0.955 0.956 -0.1 0.974 0.980 -0.6 

10x15 10 out 1.006 0.973 3.4 1.006 0.999 0.8 

10x15 60 in 0.618 0.614 0.7 0.619 0.631 -1.9 

10x15 60 out 0.623 0.61 2.1 0.624 0.627 -0.5 

 

Table 3. Analysis of measured and computed profile for field 10x10cm2 

 Field size 
Left 

penumbra 

Right 

penumbra 
Dmax Dmin Homogeneity Symmetry 

X PV 10.05 2.4 2.2 101.1 99.3 0.9 100.6 

X TPS 10.21 3.8 4.0 101.0 100.0 0.5 100.0 

X DIFF 0.16 1.4 1.8 -0.1 0.7 -0.4 -0.6 

Y PV 10.07 2.8 2.7 102.1 100.0 1.0 100.5 

Y TPS 10.19 3.4 3.7 101.3 100.0 0.6 100.1 

Y DIFF 0.12 0.6 0.9 -0.8 0.0 -0.4 -0.4 

 

Table 4. Analysis of measured and computed profile for field size 10x10cm2, 

dynamic wedge 45o 

 Field size, cm Left penumbra Right penumbra Dmax Dmin Homogeneity Symmetry 

X PV 10.05 2.4 2.2 101.0 99.2 0.9 100.6 

X TPS 10.06 4.2 4.4 101.0 100.0 0.5 100.0 

X DIFF 0.00 1.8 2.2 0.0 0.8 -0.4 -0.5 

Y PV 10.07 5.5 2.3 124.9 83.4 19.9 149.1 

Y TPS 10.04 7.7 3.2 125.4 82.7 20.5 150.8 

Y DIFF -0.04 2.2 0.9 0.5 -0.7 0.6 1.7 
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Table 5  dMLC dosimetry 

Image name Gantry angle [deg] Deviation from ref value [%] 

RI.DosimetryM1.dcm 180 -0.500 

RI.DosimetryM2.dcm 90 -0.673 

RI.DosimetryM3.dcm 0 0.145 

RI.DosimetryM4.dcm 270 1.028 

Reference average value: 0.135 ± 0.001 

     

   A    B    C   D 

Figure 2.  PF vs gantry angle : A-2700, B-00, C-1800, D-900 

 

 

 

  

  

  

   

Figure 3. PF-Test during VMAT 

 

 

 

 

 

 

 

 

Figure 4. PF-Test during VMAT with intentional errors 
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Figure 5. Accurate control of  Dose rate andgantry speed during VMAT. Max divination from 

reference value is 1.34 % 

 

 

 

 

 

 

 

Figure 6. Accurate control of leaf speed and dose rate to give equal dose to four strips . 

Max divination from reference value is -1.44 % 

 

Discussion 

VMAT is increasingly used in Radiotherapy, due to its advantages over competing 

approaches. The commissioning procedures are still in development. We did Varian’s 

recommended tests. A set of tests were made using EPID and EPIQA. VMAT commissioning 

tests include verification of gantry speed stability, dose rate accuracy, dMLC position 

accuracy, gravity effects on leaf position. Successful implementation of these tests provides 

assurance that the Clinac has the functional ability to deliver VMAT accurately. The 

approaches of VMAT verification procedures are open and each contribution to the solution 

of the problem is welcome. The second phase is to verify the patient’s plan and the same set 

up can be used.  

 

Conclusions 

1. The comparison of EPIQA and ionization chamber measurements for standard machine 

QA showed that the differences are within the uncertainty of the measurement. Therefore 
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we can use the EPID+EPIQA for QA.  

2. Based on the results of VMAT commissioning tests the following conclusions can be 

made: 

 Test 1: the dose delivery is consistent and stable in dMLC mode at different gantry 

angles 

 Test 2: PF test for all gantry angles appear linear, uniformed, well aligned and has 

consistent widths. The dMLC performance is stable regardless of gantry angle 

 Test 3: dMLC in VMAT mode is acceptable 

 Test 4: tested sensitivity is acceptable 

 Test 5: deviations from reference value show that dose output is consistent despite 

the use of different combination of MLC 

 Test 6: deviations from reference value show that machine can vary dose rate and 

gantry speed during VMAT to achieve specified values 
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