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Introduction

Radiotherapy is increasingly used for the treatment of cancer pa-
tients [1]. The goal of radiation therapy is to kill malignant cells 
while preserving normal cells [2], i.e. the prescribed dose for 

tumors is restricted by the tolerance of the organs to save the critical 
organs. In some conditions, the prescribed dose to tumor volumes is 
restricted by the radiation tolerance of the critical organs [3]. New tech-
niques, such as stereotactic radiosurgery (SRS), intensity-modulated 
radiotherapy (IMRT), and volumetric modulated arc therapy (VMAT) 
result in decreasing doses in organs at risk [4]. In these modern tech-
niques, small fields are used for highly conformed dose distributions [5].

ABSTRACT
Background: Electronic portal imaging devices (EPIDs) are applied to measure the 
dose and verify patients’ position. 
Objective: The present study aims to evaluate the performance of EPID for mea-
suring dosimetric parameters in small photon fields.
Material and Methods: In this experimental study, the output factors and beam 
profiles were obtained using the amorphous silicon (a-Si) EPID for square field sizes 
ranging from 1×1 to 10×10 cm2 at energies 6 and 18 mega-voltage (MV). For compari-
son, the dosimetric parameters were measured with the pinpoint, diode, and Semiflex 
dosimeters. Additionally, the Monaco treatment planning system was selected to cal-
culate the output factors and beam profiles. 
Results: There was a significant difference between the output factors measured 
using the EPID and that measured with the other dosimeters for field sizes lower than 
8×8 cm2. In the energy of 6 MV, the gamma passing rates (3%/3 mm) between EPID 
and diode profile were 98%, 98%, 95%, 94%, 93%, and 94% for 1×1, 2×2, 3×3, 4×4, 
5×5, and 10×10 cm2, respectively. The measured penumbra width with EPID was 
higher compared to that measured by the diode dosimeter for both energies.  
Conclusion: The EPID can measure the dosimetric parameters in small photon 
fields, especially for beam profiles and penumbra measurements.
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At least one of the three conditions: 1) the 

lack of lateral charged particle equilibrium, 
2) partial occlusion of the radiation source, 
and 3) larger or equal to the size of the detec-
tor with the beam dimensions, is essential for 
small fields [6]. Small radiation fields are de-
fined at a dimension smaller than 4×4 cm2 [7]. 
The small field dosimetry is associated with 
some complicated issues, as follows: 1) lateral 
electronic disequilibrium (LED), 2) volume 
averaging effect, partial occlusion of the ra-
diation source, and 3) the steep gradient of the 
radiation field and the lack of a reference do-
simeter to measure the relative dosimetric pa-
rameters such as percentage depth dose (PDD) 
and beam profiles [8]. These challenges can 
lead to the transfer of inaccurate data to treat-
ment planning systems during commissioning 
since the known dosimeters have at least one 
disadvantage. The volume averaging effect is 
important for ion chambers [9]; diodes are en-
ergy-dependent [10], and metal oxide–silicon 
semiconductor field-effect transistor (MOS-
FET) is angular dependent [11]. Therefore, a 
dosimeter with good performance is desired in 
small photon fields [8].

Electronic portal imaging devices (EPIDs) 
were originally introduced as a tool for veri-
fying patients’ positions [12]. Current amor-
phous-silicon EPIDs possess special features 
leading to their utilization for alternative  
purposes, such as patient-specific quality as-
surance and dose measurements [13]. In ad-
dition, EPIDs are an invaluable asset in treat-
ment procedures due to their performance as 
an in-vivo dosimeter [14]. However, some 
studies have examined the performance of 
EPID in the dosimetry of conventional fields 
[15, 16], and little effort has been made to 
evaluate the performance of this tool in small 
field dosimetry.

The present study aimed to evaluate the per-
formance of EPID in measuring dosimetric 
parameters in small photon fields. Since no 
ideal dosimeter is defined for measurement 
of dose in the small fields, the measured data  

using EPID were compared with data mea-
sured by pinpoint, diode, and semi-flex do-
simeters. The dosimetric parameters were 
computed with the treatment planning system 
(TPS) to compare measured data.

Material and Methods
In this experimental study, a linear accel-

erator (Elekta synergy platform linac system) 
with photon beam energies of 6 and 18 MV 
was used, equipped with amorphous silicon 
(a-Si) EPID and a multileaf collimator system, 
with 40 leaf pairs. The flat-panel of EPID was 
a Perkin-Elmer XRD 1640 detector with spec-
ifications, as follows: 1) active imaging area 
of 41×41 cm2, 2) matrix size of 1024×1024 
pixels, and 3) pixel size of 0.4 mm; the X-ray 
imaging software (XIS, US, version 3.2) was 
used to acquire the imaging data. Other de-
tectors used, are pinpoint (model 31016, vol-
ume of 0.016 cm3, PTW company, Germany), 
Semiflex (model 31010, volume of 0.125 cm3, 
PTW company, Germany), and diode (Type 
E, model 60017, volume of 0.03 mm3, PTW, 
Germany). Commissioned Monaco treatment 
planning system was used for calculated data.

EPID calibration
EPID was calibrated based on Elekta proto-

col before imaging to eliminate background 
noise and achieve a spatially uniform re-
sponse. First, a dark field is acquired by aver-
aging frames without any radiation to obtain 
the background pixel value. These measured 
pixel values were assumed as an offset and 
subtracted from all image frame acquisition. In 
the next step, the difference between the pixel 
sensitivities was determined via the flood field 
acquired by the uniform irradiation of the field 
over the entire active area. Finally, the EPID 
dosimetry system was calibrated using deliv-
ering a known dose to the EPID and a relation-
ship between the pixel value and the dose.

Dose linearity measurement
The dose linearity of Linac was confirmed 
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via a PTW MP3 water phantom, and a  
Farmer ion chamber and imaging were per-
formed in an open field of 10×10 cm2 with dif-
ferent monitor units (MU) from 20 to 200 MU 
in 20 MU steps. For each image, a region-of-
interest (ROI) in the dimension of 10×10 mm2 
was selected at the center of the image. For a 
certain field, the pixel values were measured 
in mentioned ROI for all frames and averaged. 
In the next step, the sum of the average values 
was considered as the pixel value of that field; 
finally, the pixel value versus MU was drawn.

Output factor measurement
The collimator scatter factors were mea-

sured behind the build-up region at depths of 
2.08 cm and 3.26 cm for 6 and 18 MV, respec-
tively. A slab with a water-equivalent thick-
ness of 1.18 cm and an intrinsic buildup of 
EPID (9 mm) were placed on EPID for 6 MV. 
Two slabs were placed on the EPID surface 
to measure the collimator scatter factors at a 
depth of 3.26 cm and an energy of 18 MV. 
In addition, the slab layers (water-equivalent 
thickness of 10 cm) were placed upon EPID 
to measure total output factors; irradiation 
and imaging were conducted with 100 MU 
for square field sizes ranging from 1×1 to  
10×10 cm2 (1×1, 2×2, 3×3, 4×4, 5×5, 8×8, 
and 10×10 cm2). For each field size, the pix-
el values were determined by a certain ROI. 
Both collimator scatters and total output fac-
tors were calculated by normalizing the mea-
sured pixel value from each field size to that 
measured from the reference field size (10×10 
cm2). The output factors were obtained for two 
energies 6 and 18 MV, separately. 

The output factors were measured using pin-
point, Semiflex, and diode detectors for simi-
lar conditions (field sizes, depth, energies, and 
source-detector distances (SDD)) with EPID. 
The collimator scatter factors and total output 
factor were obtained in the air and water phan-
tom (dimension: 30×30×30 cm3), respectively. 
Appropriate brass build-up caps were used for 
each above-mentioned dosimeter to determine 

collimator scatter factors. In addition, a virtual 
water phantom was defined in Monaco soft-
ware (version 5.11) to measure the total out-
put factor with TPS. In the next step, a point 
dose was measured and the dose was calculat-
ed for each above-mentioned field size at the 
depth of 10 cm three times to minimize mea-
surement errors. Other conditions (energies 
and SSD) were selected similar to what was  
reported above.

Beam profile measurement
The detective layer of EPID was set to 160 

cm from the source for beam profile measure-
ments. The water equivalent slabs with appro-
priate thickness were placed on EPID so that 
the active layer was placed at a depth of 10 
cm; images were obtained with 100 MU irra-
diation for square field sizes ranging from 1×1 
to 10×10 cm2 (1×1, 2×2, 3×3, 4×4, 5×5, and 
10×10 cm2). The beam profiles are obtained in 
the central frame at an SDD of 160 cm. For 
each field size, the pixel values were calculat-
ed in the cross-plane (right-left). The in-plane 
profiles were not reported in the present work 
due to good agreement with the cross-plane 
profiles. All pixel values were normalized to 
the central axis pixel value (by multiplying by 
100) to calculate the beam profiles, measured 
for two energies 6 and 18 MV, separately.

The beam profile curves were constructed 
using three detectors (pinpoint, Semiflex, and 
diode) for similar conditions (field sizes, depth, 
energies, direction, and SSD) with EPID. All 
beam profiles were performed with PTW MP3 
water phantom and MEPHYSTO software. A 
virtual water phantom was defined and doses 
were measured at the cross-plane direction to 
measure the beam profiles using TPS; these 
data were read in VeriSoft software, version 
7.1 (PTW, Frieburg, Germany). All conditions 
were selected similar to what was reported 
above. The beam profiles were compared us-
ing the gamma index method with criteria of 
3% for dose difference and 3 mm for distance 
to an agreement; further, each measurement 
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was performed three times to achieve high 
precision.

Results
In Figure 1, the EPID response versus the 

different monitor units (MU) was shown for 
two energies 6 and 18 MV. The slope and 
linear correlation coefficient of the linearity 
curve were 30066 and 0.9999, for energies 6 
MV and 31438 and 0.9998, for energies 6 MV, 
respectively.

The measured total output factor (Sc,p)  
using EPID, Semiflex, pinpoint, diode, and 
TPS at two energies of 6 and 18 MV are 
shown in Figure 2a and b, respectively. For 
6 MV, The differences between EPID and di-
ode were 11.9, 10.7, 8.9, 10.4, 9.6, and 3.9% 
in the 1×1, 2×2, 3×3, 4×4, 5×5, and 8×8 cm2 
field sizes, respectively. For the 18 MV pho-
ton beam, these differences were obtained 
13.2, 12.2, 8.6, 6.2, 4.1, and 1.3% for the 1×1, 
2×2, 3×3, 4×4, 5×5, and 8×8 cm2 field sizes,  

respectively. The maximum difference be-
tween all measurements was 34.6% between 
the diode and pinpoint in 1×1 cm2 field size at 
energy 6 MV.

The measured collimator scatter factor us-
ing EPID for 6 and 18 MV photon beams were 
compared with corresponding output factors 
of Semiflex, pinpoint, and diode as seen in  
Figure 3a and b, respectively. The result shows 
that the difference between EPID and diode 
were 12.9, 10.6, 10.2, 7.8, 6.1, and 0.1% in the 
1×1, 2×2, 3×3, 4×4, 5×5, and 8×8 cm2 field 
sizes, respectively, in 6 MV energy. Further-
more, for energy 18 MV, the above-mentioned 
differences were obtained 15.6, 13.7, 9.4, 6.3, 
5.2, and 1.6% for the 1×1, 2×2, 3×3, 4×4, 5×5, 
and 8×8 cm2 field sizes, respectively. 

Figures 4 and 5 demonstrate the beam pro-
files measured with EPID, pinpoint, diode, and 
Semiflex and calculated with TPS at a depth 
of 10 cm for 6 MV and 18 MV. In the energy 
6 MV, the gamma passing rates (3%/3 mm)  

Figure 2: Measured total output factor (Sc,p) for two energies. a) 6 MV and b) 18 MV. 

Figure 1: Electronic portal imaging devices (EPID) response to different monitor unit (MU) for 
two energies. a) 6 MV and b) 18 MV
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between EPID and diode profiles were 98, 98, 
95, 94, 93, and 94% for 1×1, 2×2, 3×3, 4×4, 
5×5, and 10×10 cm2, respectively. Further-
more, for 18 MV, these passing rate indexes 
were calculated at 98, 97, 96, 97, 94, and 93% 
for 1×1, 2×2, 3×3, 4×4, 5×5, and 10×10 cm2, 
respectively.

The penumbra widths (80%-20%) and field 
sizes at SDD of 160 cm were measured with 

EPID, pinpoint, diode, and Semiflex at 10 cm 
depth and energy of 6 MV for actual field sizes 
of 1×1, 2×2, 3×3, 4×4, 5×5, and 10×10 cm2. 
Accordingly, these data were compared with 
calculated penumbra obtained from TPS as 
seen in Table 1. It is evident that the ratio of 
penumbra to field size decreased as field size 
increased. Table 2 highlights the measured 
and calculated penumbra widths (80%-20%) 

Figure 4: Measured beam profiles at depth=10 cm and beam energy=6 MV for field sizes 1×1, 
2×2, 3×3, 4×4, 5×5 and, 10×10 cm2.

Figure 3: Measured collimator scatter factor (Sc) for two energies. a) 6 MV and b) 18 MV.
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for 1×1, 2×2, 3×3, 4×4, 5×5, and 10×10 cm2 
field sizes at the depth of 10 cm and energy of 
18 MV.

Discussion
Advanced radiotherapy techniques, such 

as SRS, Stereotactic body radiation therapy 
(SBRT), IMRT, and VMAT are widely used 

due to better therapeutic ratios and need veri-
fication dosimetrically before applying even 
during treatment. The advanced techniques 
are based on small fields; however, dosim-
etry of small fields is associated with some  
challenges, such as charged particle disequi-
librium, volume averaging effect, and partial 
occlusion of the radiation source. Different  

Actual Field 
Size (cm2)

Measured field size (cm) Penumbra widths (80%-20%) (cm)
EPID Semiflex Pinpont 3D Diode TPS EPID Semiflex PinPoint 3D Diode TPS

1×1 1.64 1.74 1.72 1.66 1.60 0.60 0.70 0.65 0.60 0.70
2×2 3.20 3.24 3.23 3.23 3.20 0.72 0.85 0.77 0.67 0.80
3×3 4.88 4.88 4.84 4.83 4.80 0.76 0.89 0.79 0.74 0.90
4×4 6.48 6.46 6.44 6.44 6.40 0.84 0.93 0.83 0.75 1.00
5×5 8.08 8.07 8.05 8.05 8.00 0.90 0.96 0.87 0.78 1.00

10×10 16.20 16.13 16.08 16.10 16.00 1.07 1.00 1.00 0.94 1.05
EPID: Electronic Portal Imaging Devices, TPS: Treatment Planning System

Table 1: Measured penumbra widths (80%-20%) for six field sizes 1×1, 2×2, 3×3, 4×4, 5×5, and 
10×10 cm2 at the beam energy 6 MV and depth of 10 cm.

Figure 5: Measured beam profiles at depth=10 cm and beam energy=18 MV for field sizes 1×1, 
2×2, 3×3, 4×4, 5×5 and, 10×10 cm2.
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radiotherapy centers use different devices; EPID 
can be a tool for pre-treatment verification and  
in-vivo dosimetry, in addition to its main role as a  
patient position verification tool. In the present 
study, the performance of EPID was evaluated 
to measure the dosimetric parameters, such as 
output factor and beam profiles at field sizes 
ranging from 1×1 to 10×10 cm2.

As shown in Figure 1, the EPID exhibits a 
linear response in the range of 20 to 200 MU. 
In the current study, the high correlation coef-
ficient squared (r2) shows the presented por-
tal imaging system with a good linearity re-
sponse, which is one of the essential properties 
of a dosimetry system. The presented results 
demonstrate similar behavior for two ener-
gies of 6 and 18 MV. The obtained results are 
consistent with those of Grządziel et al. that 
evaluated the performance of EPID as a pre-
treatment verification tool in IMRT [17].

As seen in Figures 2 and 3, the total out-
put factors and collimator scatter factors 
were measured using EPID, pinpoint, diode, 
and Semiflex for some field sizes at two en-
ergies and compared with TPS data. In the 
field sizes equal to and lower than 4×4 cm2, a  
significant difference was considered between 
the obtained output factors using EPID and 3 
other dosimeters. The main reason could be 
the selected ROI size. The number of pixels 
adjacent to the central axis pixel affecting the 
output factor measurement increased as the 

size of ROI increased. Consequently, the un-
certainty in the measurement of output factors 
increased, especially for small fields. Anoth-
er reason for the difference between output  
factors measured using EPID and 3 other  
dosimeters is the detector positioning errors, 
playing the main role in measuring the output 
factors at small photon fields with a bell-shaped  
profile [18].

Figures 2 and 3 revealed that the output  
factor measured with diode is higher than that 
measured using EPID, pinpoint, and Semiflex, 
due to the inherent overresponse of the diode 
dosimeter. As field size increases, the inher-
ent over response of the diode also increased 
because of the containing high-density materi-
als [18], leading to the output factor measured 
using the diode associated with uncertainty. 
Therefore, a diode is not a suitable tool for 
output factor measurement in small fields with 
sizes lower than 2×2 cm2 [18].

For field sizes lower than 4×4 cm2, the beam 
profiles obtained with EPID were in better 
agreement with the diode and pinpoint mea-
surements than those measured by the Semi-
flex and calculated using TPS due to the close 
size of pixels at EPID (0.4 mm) to the active 
volume of the diode and pinpoint detector with 
0.03 mm3 0.016 cm3, respectively. The pixel 
size of EPID is significantly lower than the  
active volumes of Semiflex with 0.125 
cm3. One of the main challenges in small 

Actual Field 
Size (cm2)

Measured field size (cm) Penumbra widths (80%-20%) (cm)
EPID Semiflex Pinpont 3D Diode TPS EPID Semiflex PinPoint 3D Diode TPS

1×1 1.68 1.77 1.74 1.70 1.60 0.60 0.74 0.67 0.61 0.70
2×2 3.24 3.25 3.24 3.23 3.30 0.76 0.90 0.80 0.72 0.80
3×3 4.88 4.86 4.85 4.81 4.80 0.84 0.95 0.85 0.78 0.80
4×4 6.44 6.45 6.41 6.43 6.40 0.90 1.00 0.90 0.80 0.88
5×5 8.04 8.05 8.02 8.02 8.00 1.00 1.00 0.93 0.85 0.90

10×10 16.10 16.10 16.08 16.08 16.00 1.12 1.10 1.00 0.92 0.96
EPID: Electronic Portal Imaging Devices, TPS: Treatment Planning System

Table 2: Measured penumbra widths (80%-20%) for six field sizes 1×1, 2×2, 3×3, 4×4, 5×5, and 
10×10 cm2 at the beam energy 18 MV and depth of 10 cm.
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field dosimetry is the steep gradient of the 
radiation field. In this situation, an ideal  
dosimeter should have a good spatial resolu-
tion. Therefore, EPID and diodes have better  
performance in measuring the beam profiles 
due to lower pixel size. Increasing field size re-
sults in decreasing the difference between the 
measured profiles. Accordingly, in field sizes 
equal to and larger than 4×4 cm2, no noticeable 
difference was between the obtained beam pro-
files using EPID and 3 other dosimeters. The  
reason for this behavior is the reduction of 
dose gradient and decreasing of lateral elec-
tron disequilibrium with increasing field size.

In Tables 1 and 2, the penumbra widths 
(80%-20%) were measured using EPID, pin-
point, diode, and Semiflex for several field 
sizes at two energies and compared with TPS 
calculated penumbra. According to obtained 
results, the diode detector showed the low-
est penumbra due to its small pixel size. The 
penumbra width measured using EPID is in 
better agreement with the diode and pinpoint  
measurements than those measured with 
Semiflex because of pixels of almost the same 
size. The Semiflex demonstrated the highest 
penumbra width compared to the others in the 
current study, due to the volume averaging  
effect in small field dosimetry using detectors 
with large sensitive volumes. Some studies  
reported that the volume averaging effect 
causes the penumbra broadening [19, 20]. In 
addition, the results showed that the ratio of 
penumbra width to field size decreases with  
increasing field size since partial occlusion of  
radiation source reduced with increasing the 
field size [21,22]. 

The flatness and symmetry parameters were 
extracted from the beam profiles at a depth of 
10 cm for both energies. Analysis of the data 
revealed no significant difference between the 
measured and calculated flatness and symme-
try. Finally, our finding is consistent with that 
of Ding et al. who evaluated the flatness and 
symmetry parameters using EPID and various 
detectors [23].

Conclusion
In the present study, the performance of 

EPID was evaluated for measuring output  
factors and profiles of small fields for two-
photon energies of 6 and 18 MV. The EPID 
showed a linear response in the range of 20 
to 200 MU for both energies of 6 and 18 MV. 
A notable difference was seen between the 
obtained output factors using EPID and other 
dosimeters for field sizes equal to and lower 
than 4×4 cm2. In addition, the beam profiles 
obtained with EPID were in better agreement 
with the diode measurements than those mea-
sured by the pinpoint and Semiflex, due to the 
close size of pixels at EPID to the active vol-
ume of the diode. Overall, EPID is a valuable 
tool to measure the dosimetric parameters in 
small photon fields, especially for beam pro-
files and penumbra measurements.
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