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Introduction: State-of-art radiotherapy technique as Intensity Modulated Radiotherapy (IMRT) and 
Volumetric Modulated Arc Therapy (VMAT) are being used to treat cancer with high accuracy. Verification 
of planned and delivered dose distribution is critical; in this study we evaluated quality assurance (QA) 
results and effectiveness of Electronic Portal Imaging Device (EPID) and IMatriXX. 
Material and Methods: Performance of EPID and IMatriXX was assessed with dose measurements using 
ionization chamber. Calibrated IMatriXX and EPID are used for pre-treatment patient-specific quality 
assurance (PSQA) for 204 patients plans with IMRT treatment technique on LINAC. Dose image were 
compared for gamma evaluation (3%/3mm) and combination of three scalar parameters were assessed 

against EPID to quantify gamma results within region of interest; namely average (avg), maximum (max) 
and Area Gamma<1. 

Results: The  correlation comparisons yielded an average correlation of 0.991 for IMatriXX and 0.978 for 
EPID. The maximum gamma value is 0.99, while the minimum gamma is 0.872 for IMatriXX and 0.926 for 
EPID, which can be used as baseline. Our result suggests that EPID dosimetry, provides lower gamma 
correlation values than IMatriXX. Students Unpaired t-Test analysis was applied to two data sets. The 
calculated p-value 0.001 shows good correlation. 
Conclusion: The EPID and IMatriXX have significantly improved dosimetric properties, providing more 
sensitive, accurate pre-treatment PSQA. The result shows EPID can replace other 2D dosimetry methods and 
ionization chamber measurements. It’s an efficient, sensitive and accurate dosimetry tool and is primary 
protocol of pre-treatment quality assurance. 
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Introduction 
The dose verification methods are a part of 

advanced treatment techniques like Intensity 
Modulated Radiotherapy (IMRT) in radiotherapy. 
Commercially available Amorphous Silicon Electronic 
Portal Imager Device (a-Si EPIDs) are mainly used for 
patient setup verification before actual treatment and 
for dosimetry purposes i.e. verification of treatment 
plans. 

Authors have reported that for verification of 
newer techniques in radiotherapy, EPIDs are useful 
[1-6]. Dose-response characteristics of EPID show that 
pixel signals are linear with dose and can be converted 
into absolute dose. EPID response is about ±0.5% over 
a long time, when there is no mishap in electronic 
parts [7,8]. 

Intensity-modulated radiotherapy (IMRT) dose 
distribution verification needs quality assurance (QA) 
tools of dosimetry in two dimensions. We know the 
usefulness of an EPID and IMatriXX over the film for 
IMRT fluence verification. EPID and IMatriXX 
measurements are simple to perform and require 
minimum setup. The EPID is mounted to Linear 
Accelerator (LINAC) gantry and it has the advantage of 
higher resolution and no additional hardware 
required for imaging and dosimetry. We can repeat 
these measurements easily and digital data is 
obtained quickly, but dosimetry films have the 
advantage of spatial resolution and it requires more 
time for developing and digitizing. Every new film 
batch requires a calibration curve to be generated 
before its use for dosimetry [9]. 
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After the calibration of EPID and IMatriXX for 
Linear Accelerator (LINAC) Varian Clinac DBX (Varian 
Medical Systems Palo Alto, USA) and for particular 
energy of 6MV, EPID images can be instantly 
converted into absolute dose images or portal dose 
image (PDI) [10]. 

Quantification, Recording and storage of QA 
measurements are more efficient when images are 
available in digital form. Medical physics departments 
require digitizing medical image data, hence film 
dosimetry is becoming more scarce and thus alternative 
measurement device systems will be needed for 
radiotherapy dose verification purposes [11]. 

Investigator has used the placing of detector inside 
a phantom [12], and other used EPID dose images 
measured at the detector plane. These EPID images 
are used to reconstruct the dose in a treatment plane 
or in the phantom or patient. Studies have reported 
the prospect of using an a-Si EPID for verification of 
IMRT treatment fields [13-17].  

The commissioning of LINAC and Treatment 
Planning System (TPS - Eclipse version 11.0), was 
performed for clinical use. The inverse planning 
technique IMRT, was implemented for cancer patients 
in this rural center, where most other dosimetry 
equipments are not available. The treatment plans 
were created with five field plans for Brain, seven field 
plans for pelvis cases, nine field plans for Head and 
Neck tumor, and a dynamic Multi-Leaf Collimator 
(dMLC). The complex head and neck plans require 
nine fields which get splits into 18 fields during 
delivery. 

To verify the planned and delivered dose in 
dynamic IMRT treatment technique with accurate and 
efficient means is the demand of the clinic; hence we 
designed this study intending to demonstrate how 
IMatriXX and EPID dosimetry system can be used 
effectively for routine pre-treatment PSQA in cancer 
patients and further to study the sensitivity of gamma 
criteria. In a cancer center with no advanced 3D dose 
verification method, this study can set baseline values 
for plan verification. 

 

Materials and Methods 
EPID & IMatriXX Phantom dosimetry 

In radiotherapy dosimetry, the gold standard is 
therapy verification films and a calibrated ionization 
chamber for dosimetry. LINAC's initial calibration was 
carried out with ion chamber 0.125cc and 0.6cc (IBA 
Dosimetry, Germany) in a water phantom as it is gold 
standard in radiation dosimetry. 

The IMatriXX (IBA Dosimetry, Germany) device 
uses 1020 vented ion chambers arranged in a 32 x 32 
array grid, with an active measurement area of 24.4 x 
24.4 cm2. The spatial resolution i.e. lateral spacing 
between two ion chambers is 7.62 mm. The dosimetry 
device, amorphous silicon (a-Si) flat-panel imager EPID 
aSi1000 (Varian Medical Systems, Palo Alto, USA) is 
having a 30 x 40 cm2 detection area with 768 x1024 
pixels, phosphor screen, 1.0mm Cu build-up layer and 
hydrogenated a-Si:H photodiode array [18]. The spatial 
resolution of EPID is 0.391mm and detailed 
specifications are tabulated in Table 1 and the setup 
used for measurement is as shown in figure 1. 

 

a 

 
 

b 

 
Figure 1. Linear Accelerator (a) with a-Si EPID (b) IMatriXX phantom 
 
Table 1: the detailed specifications of EPID and ImatriXX 
 

Particulars / 
Dosimetry Devices 

EPID IMatriXX 

Detector material a-Si 1000  a-Si 1200 Ion Chamber Array 

Max irradiated area (cm2) 30 × 40 43 × 43 30 x 30 

Active area (cm2) 30 x 40 40 x 40 24.4 x 24.4 

Active dosimetry matrix  768 × 1024  1190 × 1190 
1020   
Ion Chambers 

Resolution /Pixel size (mm)  0.391 0.336 7.62 
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Patient treatment plans 
IMRT treatment plans were analyzed for the 204 

cancer patients planned with Eclipse Treatment 
Planning System (TPS) version 11.0 (Varian Medical 
Systems Palo Alto, CA). For all 204 patient’s treatment 
plans, a five, seven or nine field dynamic IMRT 
technique was generated with prescription to planning 
target volume (PTV) dose and subsequently treated for 
various sites as seen in figure 2.  

The treatment plans were optimized to achieve the 
prescribed dose to the PTV and better sparing of OARs 
viz. parotids, spine, lens, rectum, oral cavity etc. IMRT 
plan done with seven to nine fields, appropriate OAR 
and target priorities and the dose calculation grid of 
0.25cm3 resolution is used for plan optimization. The 
maximum prescribed dose to the PTV was 74 Gy, given 
in 37 treatment fractions. The dynamic IMRT treatment 
plan was delivered with 6 MV photon beams. 

The verification plans were generated for each 
treatment approved plan and EPID aSi1000 and 
IMatriXX ion chamber array. The basic calibration of 
EPID and IMatriXX for portal dosimetry and 2D dose 
verification respectively at the plane of iso-center was 
already performed. The gantry angle was set to 0° for 
both IMatriXX and EPID measurements and phantom 
position is fixed for all measurements. 

All fluence map images were acquired using an 
amorphous silicon flat-panel imager EPID a-Si 1000. 
Images are processed at a lower resolution of 256x256 
pixels. The calibration procedure that converts EPID 
pixel values to absolute dose (Gy) at the reconstruction 
plane for each beam are described in earlier studies [19, 
20]. 

The intersection of the plane perpendicular to the 
beam axis and rotates at all relevant gantry angles is 
mid-plane. The reconstruction of dose in mid-plane of 
patient or phantom using TPS is like the dose calculated 
in a medium. The pixels from the sensitivity matrix 
collect the dose information used to account for relative 
deviation in the response between pixels over the total 
active area of EPID. 

For each plan the plane of measurement corresponds 
to the EPID dose reconstruction plane. A mid-plane 
dose image was reconstructed; each field's EPID mid-
plane dose image is the sum of all segments dose image. 
The verification plan created in TPS were compared 
with the measured 2D dose distribution in ‘X’ and ‘Y’ 
plane. EPID acquired fluence images were compared to 
the verification plan created in TPS in two dimensions at 
the mid-plane, perpendicular to the beam's axis.  

Gamma images were evaluated with global 3% / 3 
mm criteria and absolute dose profiles. The treatment 

plan is acceptable if, for verification plan, avg = 0.50,  

max = 3.5, and Area Gamma<1 > 95% as tolerance limits 
and IMatriXX correlation > 95%. Combining the above 
parameters gives a detailed and informative outline of 
the general agreement between planned and measured 
2D fluence distributions for these 204 patient plans. 

 

 

Methods of dose-comparison 
Dose distributions were evaluated using software 

‘Portal Dosimetry’ a workspace within ECLIPSE (Ver 
11.0, Varian Medical, Palo Alto USA) and IMatriXX - 
OmniPro software (version 1.7 IBA Dosimetry, 
Germany). Using this software, the user can compare 
dose values obtained with EPID, IMatriXX, and the 
verification plan created from the treatment plan. Dose 
differences are calculated for points and ‘X’ and ‘Y’ 
profiles, and 2D distributions using a difference in 
images and the gamma evaluation method [21, 22, 23]. 

By defining the region of interest (ROI) user can 
quantify each verification plan with the help of three 
scalar parameters. The results are tabulated with 

IMatriXX correlation, maximum  (max), average 

gamma ( avg) and Area Gamma < 1 i.e. percentage of 

points with <1 [24, 25]. 
With Portal Dosimetry images, we get fluence which 

is not comparable to ionization chamber measurements. 
The EPID software gives Calibrated Units (CU) instead 
of dose and during calibration, one can set it as 1CU 
corresponding to 1 Gray (Gy). 

To evaluate results, authors in earlier published data 
have used criteria of 2%/2 mm [26, 27], but also 
suggested that a relaxed criterion of 3% / 3mm can be 
used to include uncertainties. The gamma criteria of 3% 
global dose difference and 3mm distance to an 
agreement were used. During TPS dose calculations, 
uncertainties like calculation accuracy, reproducibility 
and devices used for calibration and measurement affect 
results [28, 29]. 

In 204 patients, statistical calculations showed that 
the patient-averaged gamma value is 0.24 ± 0.10 (1 SD) 
with EPID, while using 3% global dose / 3 mm as 
reference criteria for quantification of pre-treatment 
verification. The results show overall agreement 
between measured and predicted Portal Dose Images. 
The p-value corresponds to the level of statistical 
significance in the difference between the results for 
EPID & IMatrix using the student’s t-test. 

Students Unpaired‘t’ Test analysis is applied for 
comparison to two data sets. ‘p’ value was set at 0.005. 
The calculated p value is = 0.001, which shows a good 
correlation between measured data with IMatriXX and 
EPID. 
 

Results 
A total of 204 patients of various cancer sites were 

planned for IMRT treatment, and plans were verified using 

EPID and IMatriXX. Out of these 204 patients, 128 were 

male and 76 Female. 

The maximum number of patients were from the age 

group of 61yrs - 70yrs, with the maximum dose planned 

for treatment is 74 Gy for carcinoma of the Head and Neck 

and Pelvis, as shown in figure 3.  

IMRT treatment Plans for 204 cancer patients were 

verified at the isocenter plane using aSi-1000 EPID 

measurement and IMatriXX measurement and analyzed 

using software ECLIPSE and OmniPro, respectively. 
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Figure 2. The site wise distribution of patients in each category in this rural setup of Maharashtra 
 

 

 
Figure 3. The maximum planned dose with IMRT treatment technique in each category. 

 
 

(a) (b) 

 

Gamma (3.0%, 3.0mm) Value Tol. Abs.Dose Difference Value 

Area Gamma < 1.0  99.9 % 95.0 % Max. Dose Difference 0.12 CU 

Maximum Gamma 1.77 3.50 Avg. Dose Difference 0.01 CU 

Average Gamma 0.20 0.50 Area Dose Diff > 0.50 CU 0.0 % 

Area Gamma > 0.8 0.4 %  Area Dose Diff > 0.80 CU 0.0 % 

Area gamma > 1.2 0.0 %  RESULT PASSED 

 

Figure 4. Comparison of predicted fluence and measured fluence with (a) portal dosimetry workspace in ECLIPSE TPS (b) IMatriXX – OmniPro, the 

planned fluence curve is displayed in both figures.  
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Table 2. Details of the Gamma analysis with acceptance criteria and the actual analysis 

 

Site_Diag No. of Patients 
Imatrix- 
Correlation  

Imatrix- 
Histogram  

Area Gamma 
<1 (Tol=95%) 

Max Gamma 
(Tol=3.50) 

Avg Gamma      
(Tol = 0.5) 

Head & Neck 122 0.992 91.80 97.90 2.283 0.196 

Ca Breast 6 0.995 95.60 94.93 3.017 0.217 

Ca Cervix 19 0.996 96.58 97.42 2.478 0.200 

Brain-GBM 16 0.993 96.65 97.88 2.223 0.184 

Ca Lung 2 0.997 96.00 96.55 2.895 0.205 

GI malignancy 13 0.997 95.04 94.51 3.675 0.252 

Lymphoma 7 0.997 95.01 95.52 3.317 0.241 

Pelvis 10 0.996 96.34 97.95 2.331 0.190 

Sarcoma 6 0.996 98.98 97.84 2.557 0.243 

Other 3 0.996 98.81 98.07 2.350 0.210 

 

 

 
 

Figure 5. The ratio of EPID / IMatriXX vs. site, which reflects that, both the methods are equivalent for the plan comparison in a clinical setting. 

 

EPID and IMatriXX 2D dose distributions for total of 

204 patient plans were verified, these distributions agreed 

within the set criteria for all points within the image sets, 

with  avg = 0.25 (0.05 SD),  max = 2.71 and Area 

Gamma <1 = 96.86%. These values can be set as baseline 

values for this center during patient-specific quality 

assurance for cancer patients treated with IMRT. It was 

observed that as the Area Gamma<1 decreases, as the value 

of avg and  max increases, which indicates poor agreement 

between planned and measured 2D dose distribution with 

decreased IMatriXX correlation. 

The measured value of the above parameters can be 

given by the example of Head and Neck (Table 2). If 

97.90% of points of a field are contained by 3% and 3 mm, 

i.e. Area Gamma<1 = 97.90%, and the  max value is 2.283, 

then a avg value of 0.196 indicate a much better agreement 

with IMatriXX correlation of 99.2%. Figure 4 shows the 

comparison of the result of the Head and Neck patient 

treatment plan with EPID and IMatriXX phantom device. 

Some overresponse was observed in the doses measured 

for various field sizes at EPID and IMatriXX. The 

percentage difference is less than 3% with a dose 

difference of less than 2.0 cGy. The overresponse is due to 

the spatial resolution of IMatriXX and EPID as resolution 

of device has a great impact on the response for comparing 

dose distributions in steep dose gradient areas. For 

IMatriXX correlation = 0.995 and for EPID area gamma<1 

is 96.86%, the over the response in IMatriXX is due to 

interpolation of values within ion chamber spacing of 

7.62mm. Figure 5 shows that both the EPID and IMatriXX 

correlation can be compared in a clinical setting for cancer 

cases. 

The observed area gamma<1 for breast carcinoma was 

94.93%, and GI malignancy it was 94.51% which was the 

lowest among all other sites because in IMRT planning of 

breast and GI malignancy, stringent OAR constraints create 

more dose gradient regions with less number of treatment 

fields.   

Disagreement is observed in 5 plans out of the 204 

verification plans. All these 5 plans fail in a high dose 

gradient area, and errors exceeded the acceptance criteria. 

The IMatriXX correlation and Area Gamma < 1 are found 

to be. 81.5%, 91.6%, 89.5%, 88.4 and 87.2% which are 

less than acceptable criteria of 95.0 %.  

After examining line profiles of these 5 plans with 

disagreement revealed the failure in high dose gradient 

regions that were 3.4% - 13.5% lower than the reference 

tolerance value of 95%. The treatment plan was performed 

again with modified plan parameters for these cases, which 

reduces high dose gradient regions and shows improved 

dose agreement between planned and measured fluence 

distributions. 

The IMatriXX slightly overestimates the gamma 

correlation, as it has a resolution of 7.62 mm and 
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interpolates values between missing measurement points in 

dose image (TG-218) [30, 31], as seen from table 2 the 

IMatriXX correlation values are higher than that of EPID 

values. 
 

Discussion 
With the introduction of state-of-art radiotherapy 

treatment techniques as IMRT and VMAT for cancer 
treatment, the requirement for QA in radiotherapy has 
increased. The gold standard in Radiation Dosimetry is 
the use of calibrated ion chambers. For dose 
verification, in addition to ion chamber measurements, 
other techniques like EPID dosimetry are being used.  

Authors have studied the dose-response 
characteristics of EPID and described its use in clinical 
dosimetry. As the EPID has higher sensitivity, the 
results of Portal dosimetry can persuade accurate dose 
delivery to patients to get better accuracy in treatment 
delivery [32, 33]. 

Pre-treatment evaluation for a large group of patients 
has been reported by other authors using film dosimetry 
and not by using EPID and IMatriXX. Stock et al [34] in 

this study author reported that the average gamma ( 
avg) = 0.45 ± 0.10 when using 3% global dose/3 mm 
criteria. The results of this study are comparable with 
the study of Stock et al. which proves the sensitivity of 
gamma criteria for IMRT plan verification. This study 
shows the average gamma passing is 0.20 ± 0.05 with 
EPID while using 3% global dose / 3 mm criteria for an 
evaluation in the various site of carcinoma. Earlier 
studies show that iث other than 3% / 3mm, these values 
would be re-scaled as per new criteria.  

Author Chang J. et al. [35] compared 25 IMRT plans 
reported that overall agreement was within 2%. The 
results of this study with mean gamma 0.19 and 
standard deviation of 0.05 are comparable to the present 
study, which suggests that EPID dosimetry is an 
effective tool for verification. 

Van Zijtveld M. [36] revealed the pre-treatment 
verification for clinically relevant errors.  It showed that 
the patient-averaged mean gamma value inside the field 
was 0.43 ± 0.13 (1 SD). The results of this study are 
comparable with the mean gamma value of 0.48 ± 0.19 
(1 SD). 

In 204 patients, statistical calculations showed that 
the patient-averaged gamma value is 0.24 ± 0.10 (1 SD) 
with EPID, while using 3% global dose / 3 mm as 
reference criteria for quantification of IMRT pre-
treatment plan verification. The results show overall 
agreement between measured and predicted Portal Dose 
Images and IMatriXX correlation. The p-value 
corresponds to the level of statistical significance in the 
difference between the results for EPID & IMatriXX 
using the Student’s unpaired t-test (IBM SPSS 16.0 
Statistics). It is applied for comparison to two data sets. 
‘p’ value was set at 0.005. Calculated p value is = 0.001, 
which shows good correlation between measured data 
with IMatriXX and EPID. 

The gamma correlation result shows average 
correlation of 0.991 for IMatriXX and 0.978 for EPID. 

The observed maximum correlation for IMatriXX is 
0.990 while for EPID it is 0.926. The present study 
suggests EPID dosimetry as QA tool having better 
sensitivity and effectiveness. 

The time taken for dose measurement varies for 
various methods, depending on the equipment and 
software used. It is observed that measuring a digital 
EPID fluence image is always faster than other 
techniques of dose images measurements. In the absence 
of advanced 3D dosimetry techniques, EPID dosimetry 
can give confidence in beam delivery. The study shows 
that EPID has advantages over IMatriXX and can be 
efficiently used for IMRT plan verification. Thus, with 
appropriate calibration, EPID can serve as an efficient 
dosimetry tool in rural setup. 

 

Conclusion 
The verification of clinical IMRT plans before actual 

treatment to cancer patients using 2D portal dosimetry is 
very effective and helpful. The results of the 204 
patients using 2D dosimetry suggest that it could replace 
other 2D dosimetry systems used in pre - treatment plan 
verification methods.  

EPID has an advantage over other dosimetry devices 
like IMatriXX, because of its high resolution of 
0.391mm. Our result suggests that EPID dosimetry, also 
called Portal Dosimetry, provides lower gamma 
correlation values than IMatriXX. 

In radiation dosimetry, the use of therapy 
verification films and measurements using an ion 
chamber is considered the gold standard. The EPID 
shows close consistency with ion chamber measurement 
at the plane of the isocenter.  

The treatment plan verification i.e. planned versus 
measured fluence distribution results of 2D dosimetry, 
are used to setup baseline values, which will be used for 
further dosimetry purposes. The sensitivity, efficiency 
and accuracy in measurement using EPID have 
demonstrated the usefulness of this dosimetry tool in 
pre-treatment quality assurance process. 
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