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abstract
Purpose: To describe the Quality Assurance (QA) methods of modern Three-dimensional conformal radiotherapy 
(3DCRT) treatments such as image guided Intensity-modulated radiation therapy (IMRT), RapidArc, Stereotactic 
radiosurgery (SRS)/ Stereotactic fractionated radiation (SRT) to ensure quality of treatments delivered to cancer 
patients. 

Materials and methods: 3D-RFA and Ionisation chambers were used for the machine specific QA. Imatrixx-2D 
array with locally fabricated phantom and another locally fabricated spherical phantom with ionization chambers 
is used for relative and absolute QA respectively. Electronic Portal Imaging Devices and Epiqa software is used 
for the QA with portal dosimetry. Varians Eclipse and Brainlab’s Iplan treatment planning systems were used 
for treatment plans and dose calculations. For relative dosimetry the planar dose matrices are analysed using 
global Gamma Index criteria of 3mm distance to agreement (DTA) and 3% dose difference. The QA of Machines 
and patient treatments were carried out using national and international protocols.

Results: The maximum deviations of percentage of dose points in which γ>1 are 1.98 in relative dosimetric QA 
and 1.5 for absolute QA in the delivery of IMRT, RapidArc and SRS/SRT treatments. The mean deviations and 
standard deviation (SD) values are less in portal dosimetry than that of phantom studies in relative dosimetry 
and all the absolute dose deviations are less than that of relative dose deviations.

Conclusion: The results of machine specific QA as well as relative and absolute dosimetric QA of patient 
treatments are well within the acceptable limits of values mentioned in the national and international protocols. 
The study ensures the accuracy and quality of the treatments delivered to the patients at our oncology center.
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introduction 
Machine specific and patient specific quality 
assurance of radiotherapy treatment is an essential 
part of clinical practice to know the quality of 
radiotherapy given to patients. Implementation 
of a comprehensive quality assurance program 
evaluates the tolerance limits and ensures adequate 
level of quality of treatment delivered to patients. 
The image guided IMRT, RapidArc and intensity-
modulated stereotactic radiosurgery (IMSRS)/ 
SRT treatments are known as modern and novel 
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techniques in which either fixed or rotational fields 
are used in the treatments. During the delivery of 
these treatments the multileaf collimators (MLC’s) 
move dynamically while the gantry may either 
fixed or rotated continuously with different dose 
rates [1]. In view of potential sources of errors 
as well as inaccuracies are involved in various 
stages of implementation of these treatments, the 
World Health Organisation (WHO) [2] emphasized 
the need for QA for execution of radiotherapy. 
With advent of these latest treatment delivery 
techniques, recent clinical reviews recommended 
accuracies within ±3.5 in dose delivery [3]. The 
complex nature of these modern treatments needs 
a precise machine and patient specific QA to verify 
whether the intended dose is delivered as planned 
in each treatment and ensure accurate treatment. 
Various methods involved and results obtained 
in the quality assurance procedures of modern 
radiotherapy treatment delivery are reported by 
various authors [4-10]. In our clinical setup to 
carryout machine specific QA and pre treatment 
patient specific QA, we have used various types of 
dosimetric QA equipment for a retrospective study. 
In this study measurements are performed using; 
1) Linac mounted EPIDs (aS-1000) with Portal dose 
prediction and Epiqa (GLAaS) software, 2) Imatrixx-
2D array (IBA Dosimetry Gmbh, Germany) with 
locally fabricated acrylic phantom and Omnipro 
ImRT software and 3) A locally fabricated acrylic 
spherical phantom with Ionisation chambers (IBA 
Dosimetry Gmbh, Germany). The purpose of this 
study is to validate our treatments with different QA 
methods and check the accuracy of the treatments 
delivered to the patients. This paper highlights and 
provides information regarding the QA procedures 
followed and results obtained in the delivery of the 
modern radiotherapy treatments. 

Materials and methods 
The details of dosimetric QA equipment used and 
procedures of measurements done are given in the 
following sections. 

A) Machine specific QA with 3D-RFA and 
ionisation chambers: The daily, weekly, monthly, 
quarterly, half yearly and annual QA of the machines 
is carried out using the 3 dimensional Radiation 
Field Analyser (RFA-Blue Phantom2) and various 
types of Ionisation chambers as per the protocols of 
the institute, which are formed on the basis of the 

national and international protocols. The equipment 
used for these QA tests are shown in figure 1. 

Figure 1: Dosimetric equipment used in Machine Specific 
Quality Assurance.

B) Portal dose prediction with EPID: Forty five 
verification plans each of fifteen IMRT, RapidArc and 
SRS/SRT treatments were created using portal dose 
prediction software and delivered them on the Linac 
mounted Electronic Portal Imaging Device (EPID). 
The EPID is a flat panel detector with 1024 x 768 
amorphous silicon detectors of size 0.39 x 0.39 mm2. 
The setup of a typical RapidArc treatment delivery 
on EPID without keeping any phantom in between 
is shown in figure 2. The treatment planning system 
(TPS) calculated and EPID measured planar dose 
matrices are analysed with Epiqa software and 
compared the results. 
 

Figure 2: RapicArc verification plan delivery method on EPID 
in portal dosimetry.

C) Imatrixx evolution-2D array with locally 
fabricated phantom: Forty five verification plans 
each of fifteen IMRT, RapidArc, SRS/SRT were 
created and delivered on the IBA-Imatrixx-2D array 
embedded Phantom. The IBA-Imatrixx-2D array 
contains 1024 air vented pixel ionization chambers 
of size 4.5 (dia) x 5 (h) mm with a volume of 0.08cm3. 
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The setup for measurement of a verification plan on 
the phantom is shown in figure 3. Omnipro ImRT 
software is used to compare and analyse the TPS 
calculated and phantom measured dose planes.
 

Figure 3: Setup arrangement of Imatrixx-2D array phantom 
for relative dosimetry 

D) Acrylic Spherical Phantom with Ionization 
chambers: All the 45 verification plans were 
delivered on the locally fabricated spherical 
phantom. The CC-13 and CC-01 Ionisation chambers 
were used to measure the absolute doses. The 
measurement setup is showed in figure 4. The TPS 
calculated and measured doses were compared and 
the results were shown in table 1.

Figure 4: Setup arrangement of spherical phantom for 
absolute dosimetry

Results 
The calculated and measured planar relative dose 
distributions and absolute central axis (CAX) point 
doses are compared with profiles/isodose matching 
methods using their respective software’s. The 

3mm DTA and 3% dose difference for the global 
Gamma Index (γ≤1) and 97 % data pass criteria is 
used for the analysis and the results obtained were 
presented. The planar dose evaluation of a typical 
RapidArc plan done with portal dose prediction and 
Epiqa software is shown in figure 5. The evaluation 
of planar dose matrix of another typical RapidArc 
plan done with Imatrixx-2D array phantom and 
Omnipro Imrt software is shown in figure 6. 

The planar dose evaluation of a verification plan with 
the percentage of points falling outside of passing 
criteria (3% & 3mm) which are defined by γ>1 of 45 
patients along with maximum, mean and SD values 
obtained from the analysis is shown in table 1. The 
mean and SD values are less in portal dosimetry 
than that of Imatrixx-2D array phantom studies in 
relative dosimetry. All the forty five treatments have 
shown less dose deviations in absolute dosimetric 
measurements than that of relative dosimetry. 
 

Figure 5: Comparision of calculated and measured planar 
dose distributions of a typical RapidArc plan with portal 
dosimetry

Figure 6: Comparison of calculated and measured planar 
dose distributions of a typical RapidArc plan with Imatrixx-
2D array phantom.
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table 1: Percentage of dose deviations for 45 verification plans of three dosimetric systems

Verification
Plan No.

Imatrixx-2D array Phantom
Relative Dosimetry (γ>1)

Portal Dosimetry
with EPID

Relative Dosimetry (γ>1)

Acrylic Spherical
Phantom

Absolute Dosimetry 

% of planar dose deviations % of planar dose deviations % of CAX dose deviations

IMRT 
Plans

Rapid-Arc 
Plans

SRS/ SRT 
Plans

IMRT 
Plans

Rapid-Arc 
Plans

SRS/ SRT 
Plans

IMRT 
Plans

Rapid-Arc 
Plans

SRS/ SRT 
Plans

1 1.82 1.52 1.22 1.67 1.25 1.55 1.30 1.10 0.80

2 1.54 1.15 1.90 1.19 1.15 1.30 1.20 0.75 1.10

3 1.20 1.75 1.12 1.46 1.75 1.70 1.10 0.85 0.90

4 1.87 1.90 1.40 1.35 1.32 1.10 0.90 1.50 0.80

5 1.78 1.25 1.50 1.650 1.54 1.94 1.20 1.22 1.30

6 1.75 1.15 1.20 1.80 1.25 1.30 1.30 1.10 1.30

7 1.51 1.65 1.90 1.61 1.12 1.45 1.20 1.32 1.20

8 1.80 1.95 1.76 1.74 1.72 1.56 1.40 0.75 0.80

9 1.20 1.35 1.89 1.58 1.05 1.74 1.20 0.85 1.20

10 1.90 1.40 1.90 1.42 1.64 1.72 1.10 1.14 0.90

11 1.25 1.35 1.75 1.10 1.76 1.71 0.80 1.32 1.40

12 1.65 1.84 1.94 1.18 1.54 1.40 1.20 1.28 0.80

13 1.45 1.38 1.36 1.20 1.42 1.02 0.90 1.28 1.30

14 1.85 1.45 1.25 1.76 1.22 1.54 1.40 1.14 1.40

15 1.98 1.72 1.49 1.27 1.34 1.32 1.25 1.18 0.95

Maximum 1.98 1.95 1.94 1.80 1.76 1.94 1.40 1.50 1.40

Mean 1.64 1.52 1.57 1.47 1.40 1.49 1.16 1.12 1.08

SD 0.25 0.26 0.29 0.23 0.23 0.25 0.17 0.22 0.23

Abbreviations: Gamma Index criteria= 3mm DTA and 3% dose difference; SD= standard deviation

Discussion 
A retrospective investigation on technical and QA 
data from the 45 treatment plans were performed 
to provide evidence about delivery features and 
accuracy of modern radiotherapy treatments. All the 
machine specific QA tests have passed the tolerance 
limits of the protocols. The forty five verification 
plans created for their quality assurance study have 
passed the gamma evaluation criteria. The results 
show that, overall, minimal differences exist between 
the methods. The portal dose prediction with EPID 
and Epiqa software method is a less time-and 
material consuming system and yet given minimal 
deviations. This may be due to the type and more 
number of closely placed detectors and accuracy of 
the EPID setup during the treatment delivery. 

In the Imatrixx-2D Array phantom method, it 
requires gantry correction device known as 
inclinometer in rotational type RapidArc treatments 

for patient specific QA as reported by earlier authors 
[11, 12]. The density effect of locally fabricated 
acrylic phantom is not considered since the plan is 
both created and verified with the same phantom, 
which makes the interpretation of results quite 
straightforward. All the methods used for the 
measurements taken were subject to similar set-
up uncertainties. We have used 2.5mm grid size in 
all verification plans calculations for the uniformity 
in the comparisons. The mean deviations and SD 
values are lower in the portal dosimetry compared 
to that of phantom studies in relative dosimetry. The 
measured absolute dose values at the central axis 
point of all the plans with the three methods are well 
in agreement with the TPS predicted values and the 
maximum deviation found was <1.5%. 

The number of plans in which γ>1 values are less 
in portal dosimetry than that of phantom studies 
as shown in table 1. The less deviations in portal 
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dosimetry is attributed to closely embedded 
chambers and their directional dependence in the 
EPID compared to that of the distance between the 
chambers placed in Imatrixx 2D-Array as reported 
in our earlier paper [13]. The present results of our 
portal dosimetry are comparable with the earlier 
reported values by others [14-16]. The present 
phantom studies dosimteric QA results are similar 
to the summaries provided by other groups using 
different phantoms and independent dosimetric 
tools [17-19]. 

Conclusions 
The retrospective study on machine and patient 
specific quality assurance has shown the probable 
uncertainties and errors in dose delivery of modern 
radiotherapy treatments. The results revealed that 
all the dosimetric QA methods are suitable for the 
patient specific QA of IMRT, RapidArc and SRS/
SRT treatments. The study confirmed that the 
observed deviations were well within the limits 
of international standards and ensured the high-
level of confidence in the accuracy and quality of 
the treatments delivered at our oncology center. 
The study helped us in understanding various QA 
procedures and provided guidance to improve the 
work practices of the department. 
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