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ABSTRACT

Introduction: According to the American Society of Radiation Oncology, all patients receive radiation
therapy during their illness, where radiation is delivered by the medical linear accelerator (Linac). The aim of

this study was to evaluate the quality assurance (QA) of the Linac in analyzing the used dose profile in the
treatment of cancer tumors.

Material and Methods: This experimental study was performed using Linac (synergy device type) at
Baghdad Radiotherapy and Nuclear Medicine laboratories, Baghdad, Irag. The Star Track device was used
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for the routine quality assurance of the Linac, using photon beam for the reference Dmax and source to surface

K_eywords: distance of 100 cm. The Star Track consists of 453 vented parallel plate ionization chambers.
Linear Accelerator Results: The flatness and symmetry of beams for the reference field size did not exceed from +2%, as they
Star Track

were within the allowed range. Moreover, the penumbra region showed a change in value that did not exceed
Radiation Therapy from £0.2 cm. using the Star Track method; maximum differences in beam symmetry and beam flatness were
Iraq measured at 0.76%+2% and 1.17%+2%, respectively. Moreover, the maximum difference in the penumbra
region was estimated at 0.12+0.2 cm.

Conclusion: The results indicated, the Star Track could successfully calculate the characteristics of dose
profile during a time period of 2,500 ms, showing the superiority of this instrument over other verification

devices.
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Introduction

The linear accelerator (Linac) machine produces
photon energy higher than 6 MV [1]. Linear
accelerators modify high-vitality X-beams or electrons
to adjust to tumor shape and kill malignant cells, while
saving the surrounding normal tissues. The Linac is a
device that uses electromagnetic waves to accelerate
charged particles, such as elevating the electron
kinetic energy from 4 MeV to 25 MeV [2-3].

It is prescribed that the quality assurance of beam
energy for radio therapeutic machines is performed at
customary interims, either weekly or monthly.
Therefore, the purpose of using quality assurance
machines is to measure the actual dose, and then
compare it with the reference value. Quality assurance
procedures are designed to minimize the difference
between the prescribed and delivered dose [4-8].

Real segments of quality confirmation projects
manage the safe precision of dose conveyance to the
right target volume. Quality assurance tests should be
carried out intermittently to guarantee the deviations
in dosimetry, as well as mechanical and wellbeing
parameters, are inside specific resistance.

Mistakes can emerge from numerous components,
including mechanical breakdown after some time and
faulty electronics.

The quality procedure program is based on the
recommendations of the American Association of
Physicists [9-12]. In radiotherapy, dose variations are
distributed in tumors, although these variations must
remain within the permissible limits. In IEC protocol,
the flatness, symmetry, and penumbra are defined at
Dmax [13, 14].

Beam profiles of the radiation beam

The axis data are given where beam profiles are
measured perpendicular to the beam central axis at a
given depth. The depth measurements inside the
machine are typically at Dmax [15, 16]. If we need
information about the dissemination of the dose
outside the central axis, we should use the dose
profile. Dose profile uniformity is usually measured by
scan along the center of the beam. Three parameters
that quantify field uniformity are determined as beam
symmetry, beam flatting, and penumbra region, which
are described as:
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Flatness is defined as the ratio of the maximum
absorbed dose in the radiation field to the minimum
absorbed dose in the flattened area at the standard
depth of measurement and is calculated using
Equation (1):

F.B = Imax~dmin y 100y 1)

dmax+dmin

Beam symmetry of radiation is referred to as the
maximum ratio of the absorbed dose measurement at
points located at equidistant from the radiation beam
axis, up to 80% of the field size [17] and is calculated
using Equation (2):
$.B= —HEett ¢ 1)) 2)
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Penumbra regions are defined as the areas near
the edge of the field where the dose is in a growing
and decreasing state. This area can be defined more
accurately as a lateral distance between 80% and 20%
of the maximum dose points at one side of the beam
profile. The measurement of this area is calculated at
the same time for both symmetry and flattening
photon beams [18, 19].

Materials and Methods

Star Track

This experimental study was conducted at Baghdad
Radiotherapy and Nuclear Medicine Center, Baghdad,
Irag. All data measurements were made by the Star Track
device for the routine validation of the quality assurance
of photon or electron beam radiation outside the Synergy
Linac, which was used for managing cancerous tissue.
The Star Track machine according to the Omni Pro-
Advance Users Guide consists of 453 vented parallel
plate ionization chambers. The distance between
ionization detectors is 5 mm. The ionization counter
diameter is approximately 3 mm. The machine power
supply module can be connected to the main power with
the voltage ranging from 100 to 240 V.

In the Star Track device, the chambers were arranged
in horizontal, vertical, and diagonal lines as shown in
Figure 1.

wz] A

Figure 1. Detectors in the Star Track device.
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Table 1. Characteristics of the detectors in the Star Track device

Active Area 27%27 cm, measuring field sizes up to
25x25 cm

Chamber size Cylindrical, 3 (@)x5 (h) mm,  Sensitive volume
0.035 cm?

Sensor layout Chamber arrays organized along the main axes and
diagonals, additional 4 arrays parallel to the lateral
main axis, 10 additional

chambers for energy constancy check

Additionally, the characteristic of the detectors in the
Star Track device is shown in Table 1.The released
charge in the active volume of the chambers was
separated by an electrical field between the bottom and
top electrodes. The collected current that was proportional
to the dose rate was measured and digitized by an
individual electrometer for each chamber. For the
purpose of achieving the quality assurance procedure,
dose profile was measured using the energies of 6 MV
and 10 MV for photon beams towards the x-axis, by the
sophisticated Star Track machine, in addition, the
measured dose was compared to the reference values.

The purpose behind using the Star Track device was
to evaluate the performance of this instrument in
evaluating the quality assurance of the Linac in analyzing
the dose profile of photon or electron beams in
comparison to that of other verification devices, such as
phantom, which reduces time and effort.

Measurement of dose profile by the Star Track method

All dose profile measurements were performed at a
source to surface distance (SSD) of 100 cm and depth of
Diax- In these measurements, the Star Track was placed
on the treatment couch, precisely under the Linac head;
then, the Star Track was moved to a distance of 100 cm
(distance from the Linac source to the device surface).
Afterward, the Star Track was connected to the electrical
source and the computer outside the examination room
(Figure 2). Inline profiles (x-axis) were scanned at the
Dnmax for a field size of 10x10 cm using photon beams in
this study. Flatness and symmetry of the beams were
well-defined in 80% of the full width at half of the
maximum area of the profile dose.

Figure 2. Star Track system, IBA dosimetry
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Table 2. Device operation conditions

Conditions )
Temperature +15-+35C
Pressure 500- 1,100 h pa

30-70% without condensation
100-240 V

Relative humidity
Power supplied

Linear accelerator

The Synergy Linac device was installed at Baghdad
Radiotherapy and Nuclear Medicine Center as shown in
Figure. 3. This system was capable of generating X-rays
in the range of megavoltage and delivering dual energies
of 6 and 10 MV.

Figure3. Synergy linear accelerator device at Baghdad Radiotherapy
and Nuclear Medicine Center, Baghdad, Iraq

Photon beam
Analysis of dose profiles

A field with a size of 10x10 cm and photon beam
energies of 6 and 10 MV at D, was selected for this
study. Figures 4 and 5 illustrate the dose profile using 6
and 10 MV at Dy, The data extracted from the curves
show the dose characteristics using the Star Track
method (Table 3). The results in Table 3 show the
measured dose profile in the obtained and referenced
reading with minimum differences. This value did not
exceed from +2% and £0.2 cm for beam flatness/beam
symmetry and penumbra region, respectively, during the
first week.

Figures 6 and 7 depict the dose profile using 6 and
10 MV at Dya. The data extracted from the curves show
the characteristics of the dose using the Star Track
method (Table 4). The result in Table 4 depicts the
measured dose profile in the obtained and referenced
reading with minimum differences. As the results
indicated, this value did not exceed from +2% and +0.2
cm for beam flatness/beam symmetry and penumbra
region, respectively, during the second week.

The penumbra value on the right-hand side using 6
MV was similar to the reference value. In addition, the
value of penumbra on the left-hand side sing 10 MV
was identical to the reference value, as shown in Table
4. Figures 8 and 9 illustrate the dose profile using 6 and
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10 MV at D The data extracted from the curves show
the dose characteristics using the Star Track method
(Table 5). Table 5 presents the measured dose profiles in
the obtained and referenced reading with minimum
differences. This value did not exceed from +2% and
+0.2 cm for beam flatness/lbeam symmetry and
penumbra region, respectively, during the third week. In
addition, the value on the right-hand side penumbra
using 6 MV showed similarity to the reference value
(Table 5).Figures 10 and 11 display the dose profile
using 6 and 10 MV at D The data extracted from
curves by the Star Track method show dose
characteristics (Table 6). Table 6 present the measured
dose profiles in the obtained and referenced reading
with minimum differences. The value did not exceed
from +2% and %0.2 cm for beam flatness/beam
symmetry and penumbra region, respectively, during the
fourth week.
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Figure 4. Dose profile graph in the direction of x-axis using 6 MV for
a field size of 10x10 cm? during the first week of using the Star Track
method
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Figure 5. Dose profile graph in the direction of x-axis using 6 MV for
a field size of 10x10 cm? during the first week of using the Star Track
method
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Figure 6. Dose profile graph in the direction of x-axis using 6 MV for
a field size of 10x10 cm? during the second week of using the Star
Track method
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Figure 7. Dose profile graph in the direction of x-axis using 6 MV for
a field size of 10x10 cm? during the second week using the Star Track
method
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Figure 8.Dose profile graph in the direction of x-axis using 6 MV for a
field size of 10 x10 cm? during the third week of using the Star Track
method
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Figure 9. Dose profile graph in the direction of x-axis using 10 MV for

a field size of 10x10 cm? during the third week of using the Star Track
method
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Figure 10. Dose profile graph in the direction of x-axis using 6 MV for
a field size 10x10 cm? during the fourth week of using the Star Track
method
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Figurell. Dose profile graph in the direction of x-axis using 10 MV
for a field size of 10x10 cm? during the fourth week of using the Star
Track method

Table 3 . Dose profile parameters using 6 and 10 MV for a field size of 10x10 cm? by the Star Track device in the first week

Dosage characteristics toward

Dosage characteristics toward

x-axis, 6 MV x-axis, 10 MV
Test Result Reference Dif. Test Result Reference Dif.
P.L 0.56cm 0.53cm 0.03 P.L 0.68cm 0.67cm 0.01
P.R 0.50cm 0.46cm 0.04 P.R 0.63cm 0.59cm 0.04
B.F 101.69% 101.36% 0.33 B.F 101.96% 102.1% -0.14
B.S 100.74% 100.38% 0.36 B.S 101.30% 101.35% -0.05

P.L: left-hand side penumbra, P.R: right-hand side penumbra, BF: beam flatness, BS: beam symmetry
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Table 4. Dose profile parameters using 6 and 10 MV for a field size of 10x10 cm? by the Star Track device in the second week

Dosage characteristics toward

Dosage characteristics toward

x-axis, 6 MV x-axis, 10 MV
Test Result Reference Dif. Test Result Reference Dif.
P.L 0.48cm 0.53cm -0.05 P.L 0.66cm 0.67cm -0.01
P.R 0.46cm 0.46cm 0 P.R 0.61cm 0.59cm 0.02
B.F 102.53% 101.36% 117 B.F 101.74% 102.1% -0.36
B.S 101.14% 100.38% 0.76 B.S 101.14% 101.35% -0.21
P.L: left-hand side penumbra, P.R: right-hand side penumbra, B.F: beam flatness, B.S: beam symmetry
Table 5. Dose profile parameters using 6 and 10 MV for a field size of 10x10 cm? by the Star Track device in the third week
Dosage characteristics toward Dosage characteristics toward
x-axis, 6 MV x-axis, 10 MV
Test Result Reference Dif. Test Result Reference Dif.
P.L 0.65cm 0.53cm 0.12 P.L 0.73cm 0.67cm 0.06
P.R 0.65cm 0.46cm 0.19 P.R 0.71cm 0.59cm 0.12
B.F 101.61% 101.36% 0.25 B.F 102.00% 102.1% -0.1
B.S 100.56% 100.38% 0.18 B.S 101.47% 101.35% 0.12
P.L: left-hand side penumbra, P.R: right-hand side penumbra, B.F: beam flatness, B.S: beam symmetry
Table 6. Dose profile parameters using 6 and 10 MV for a field size of 10x10 cm? by the Star Track device in the fourth week
Dosage characteristics toward Dosage characteristics toward
x-axis, 6 MV x-axis, 10 MV
Test Result Reference Dif. Test Result Reference Dif.
P.L 0.54cm 0.53cm 0.01 P.L 0.67cm 0.67cm 0
P.R 0.46cm 0.46cm 0 P.R 0.60cm 0.59cm 0.01
B.F 101.75% 101.36% 0.39 B.F 102.26% 102.1% 0.16
B.S 100.5% 100.38% 0.12 B.S 101.42% 101.35% 0.07

P.L: left-hand side penumbra, P.R: right-hand side penumbra, B.F: beam flatness, B.S: beam symmetry

Discussion

Photon beams dose profile

The dose profile parameters measured by the Star
Track method were in agreement with the dose profile
parameters referenced for 6 and 10 MV photon beams,
respectively. The dose profiles parameters showed a
very good match with the reference value by the Star
Track method for reference depth. In addition, the
values of beams edge (penumbra region) were matched
very well with the referenced value using the Star Track
method. The dose profile parameters determined by the
Star Track method for 6 and 10 MV at a field size of
10x10 cm and SSD of 100 cm are shown in the
provided figures.

The results showed a maximum difference in the
symmetry and flatness of beams at 0.76%+2% and
1.17% +2%, respectively. A little distinction in dose was
found between the left and right penumbra regions,
whereas the maximum difference in the penumbra
region was measured at 0.12+0.2 cm. This confirms the
stability of the Star Track machine in the validation of
the quality assurance of the Linac by analyzing the dose
profile of photon beams (6 and 10 MV) over 4 weeks.

Iran J Med Phys, Vol. 17, No. 4, July 2020

Conclusion

The quality assurance program of the radiotherapy
division remained the fundamental perspective for the
nature of the treatment just as for the security of the
conveyed dose using the Star Track methods. The
penumbra region with symmetry and flatness beams
established essential attributes for the photon beam
results obtained from the analysis of the dose profile by
the Star Track methods, which were compatible with the
reference values. These results did not exceed the
permissible limits with the difference between
references. Additionally, the resulting value did not
exceed from £2% for beam flatness and symmetry and
0.2 cm for the penumbra region. The Star Track system
was able to verify the quality of the Linac through the
analysis of the dose profiles.
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