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Use the external radiotherapy StarTrack detector to study the electron beam
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P P U R PSRN -

| Safa Sami Hassan i

Lo st ot ¢t £ £ £ 1 £ £ £ £ £ o £ £ 1 £ £ o £ £ o ¢ £ o £ o £ e+ .l
Abstract

Objective: To assess the electron beam dose verification, and to investigate the dependability and stability of the
Startrack two-dimensional array.

Method: The is cross-secional study was conducted from January to April 2021 at the Baghdad Centre for
Radiotherapy and Nuclear Medicine, Baghdad Medical City, Baghdad, Irag. Quality assurance measurements were
made using a StarTrack two-dimensional detector on an electron beam with an energy of 12MeV at 1.5cm depth for
field sizes 6cmx6cm and 14cmx14cm. The detector was positioned 100cm from the source to the surface of the
linear accelerator infinity. Testing was done using the International Electrotechnical Commissioning protocol.
Results: There was a significant difference between field sizes 6cmx6cm and 14cmx14cm (-4.97+0.83, -2.01+0.68,
respectively) (p<0.05). The beam profile measurements of penumbra, flatness and symmetry were within limits +2
cm, and £2 cm, 2%, respectively. The percentage of output dose curve against distance showed instability in
crossline for 6cm x 6cm and 14cm x 14cm field size.

Conclusion: The output dose was found to be above the tolerance level, and should be corrected before patient
treatment for 12MeV energy electron beam therapy.
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Introduction

Quality assurance (QA) is the software used to monitor
and maintain a programme's specified level of quality’->.
A quality improvement policy is essentially a set of
policies and practices for assuring the highest possible
level of radiation oncology patient care 68,

The Startrack 2D array detector contains 453 vented pixel
ionisation chambers with automated temperature (t) and
pressure (p) changes [k(t,p)]. It utilises Pixel lonisation
Chamber (PIC) technology with a 5mm main axis detector
spacing and 7mm diagonal detector spacing of
56ecmx6cmx32cm (width)9. The usual measurement of the
radiation beams, whether electron or photon, is the
penumbira, flatness and symmetry. These measurements
are also called beam profile (BP). The physical penumbra
refers to the penumbra measured in the dosage profile.
The distance between the places at which the 20% and
80% isodose curves intersect the X-axis is taken as
maximum dose (Dmax)19.

Flatness and symmetry refer to the amount of
modification permitted in radiotherapy over the target

©000000000000000000000000000000000000000000000000000000000¢°

Department of Radiotherapy and Nuclear Medicine, University of Baghdad,
Baghdad, Iraq

Correspondence: Safa Sami Hassan

Email: safa.sami.hussein@gmail.com

Open Access

dose to get the prescribed dosage in a volume at all
places within the range of tolerances. According to
International Electrotechnical Commission (IEC)
regulations, the beam's flatness and symmetry are
specified, and the Dmax distance between the 90%
dosage and the edge of the geometrical field must be
10mm along the principal axis at a water depth of 10cm
11, The formula that determines the flatness of the beam
where Dmax and minimum dose (Dmin) are the
maximum and minimum doses, respectively, within the
areal?s:

Dmax

Flat % = 7100%....(1
atness % T % ... (1)

The symmetry of the radiation field is defined as the
difference in dosage between two places situated
symmetrically from the central axis and should be <3% 13.

Dxy
Symmetry % = D x100%.....(2)

- X’- y
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Sabbar et al.’0 studied the QA beam profile for electron
beam therapy using a linear accelerator for 4 types of
energies (6MeV, 9MeV, 12 MeV, 15MeV) through a
StarTrack two-diemensional (2D) array for 16 weeks to
test the performance and stability of StarTrack. They
determined that the StarTrack 2D array detector
performed well throughout the QA process. The
detetctors were simple to install, but provided
information regarding the beam's temporal stability,
making them well-suited for beam steering mounting.

The current study was planned to assess the electron
beam dose verification and to investigate the
dependability and stability of the Startrack 2D array.

Materials and Methods

This cross-sectional study was conducted from January to
April 2021 at the Baghdad Centre for Radiotherapy and
Nuclear Medicine at Baghdad Medical City, Baghdad, Iraq.
Approval was obtained from the ethics review committee
of the College of Medicine, Mustansiriyah University,
Baghdad.

The study used Infinity Linac (Elekta Incorporation,
Atlanta, Georgia, United States). The electron beam has an
energy of 12MeV with field sizes 6cmx6cm and
14cmx14cm, and quality control (QC) is performed using
a StarTrack 2D array detector. The depth of 1.5cm was
determined using poly-methyl-methacrylate (PMMA)
perspex. Superficial therapy on the patient's skin was
performed, and the machine's diaphragm was frequently
outfitted with an applier or cone. The IEC standard was
used for QC testing'.

The guidelines for the electron beam used in the
radiotherapy field were in line with the International
Atomic Energy Agency (IAEA) Technical Report Series
(TRS)-398)'4 and the American Association of Physicists in
Medicine (AAPM) Task Group (TG)-142)15. The beam
profile measurements are one of the most significant QC
tests. Profile measures, such as penumbra, flatness at 80%
of the isodose line, and symmetry were all included in the
study. Beam profiles are subject to the regulations set out
by the IEC911). Any fluctuation in the penumbra
measurements less than +/-0.20cm is considered
acceptable. The average penumbra value was calculated
by adding together the percentages of the left and right
sides of each profile. There should not be more than a
Tcm or 10mm discrepancy between flatness readings,
and a 3% discrepancy between symmetry readings or the
deviation for electron beams’6,

The electron beam energy used was 12MeV at a field size
of 6cmx6cm and 14cmx14cm for 5 weeks to measure the
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dependability of the therapy.

Results

The dose difference was acceptable for no more than + 2
centigrade (cGy). There was a significant difference in
output dose between the studied field sizes, with the
output doses at 6cmx6cm field size being higher than
those at 14cmx14cm (p<0.05). All the doses exceeded the
tolerance level except the dose in the first week with a
14cmx14cm field size which was within the accepted
value (Table 1).

Table-1: Output dose measurements for 5 weeks.

6cmx6cm 14cmx 14 cm
Output dose (cGy) Difference  Output dose (cGy) Difference

1st week 104 -4 100.89 -0.89
2nd week 104.89 -4.89 1021 -2.1

3rd week 104.64 -4.64 102.18 -2.18
4th week 105.08 -5.08 102.14 -2.14
5th week 106.28 -6.28 102.78 -2.78
Mean +SD 10497 +0.83  -4.97 £0.83 102.01 £ 0.68 -2.01+£0.68
p-value <0.00001

¢Gy: Centigray, SD: Standard deviation.

All the calculated results were within the range of
acceptability (Table 2). StarTrack 2D's distance-versus-
percentage plot of output dosage profiles for the field
sizes of 6cmx6cm showed that the inline results were
stable and similar in all weeks, while there was a small
change in the apex of the lines for crossline (Figure A-B).

Field size 14cmx14cm showed a wide apex due to a wider
window, and the change in crossline was more than the
inline curves, especially on the right side of the apex
(Figure C-D).

Discussion

The 2D array detector verification devices are now used
for patient-specific QA. Poor resolution detectors and the
time it takes to connect the detectors and phantom to an
external computer system running analytical software are
only two of the numerous problems with employing a 2D
array system. When comparing portal dosimetry system
results to 2D array detector system results, the portal

dosimetry system values were found to be more reliable
17

The current study performed a dose verification checkup
and found that the mean dose was higher than 100cGy
for both field sizes, especially for 6cmx6cm field size. The
difference in output dose was -4.97+0.83 for 6cmx6cm
and -2.01+0.68 for 14cmx14cm over 5 weeks, which is not
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Table 2: The dose profile.
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Inline 6 cmx 6 cm
Penumbra Diff. Penumbra Diff. Flatness Diff. Symmetry Diff.
Left (cm) Right (cm) 80 (cm) (%)
Reference 0.97 1.01 0.39 100.09
150 week 0.95 0.02 0.98 0.03 0.37 0.02 100.14 -0.05
Z"d week 0.98 -0.01 0.98 0.03 0.38 0.01 100.1 -0.01
31 week 1 -0.03 1 0.01 0.38 0.01 100.19 -0.1
4t ek 0.97 0 0.98 0.03 0.37 0.02 100.14 -0.05
5th week 0.96 0.01 1.01 0 0.4 -0.01 100.03 0.06
Crossline 6 cm x 6 cm
Penumbra Diff. Penumbra Diff. Flatness Diff. Symmetry Diff.
Left (cm) Right (cm) 80 (cm) (%)
Reference 1.03 0.94 0.42 101.14
15t week 0.98 0.05 0.96 -0.02 0.4 0.02 101.57 -0.43
2" ek 0.96 0.07 1.01 -0.07 0.38 0.04 101.5 -0.36
37 week 0.98 0.05 1.01 -0.07 0.38 0.04 101.13 0.01
4t week 0.99 0.04 0.96 -0.02 0.39 0.03 101.53 -0.39
5th week 1 0.03 0.98 -0.04 0.4 0.02 101.45 -0.31
Inline 14 cm x 14 cm
Penumbra Diff. Penumbra Diff. Flatness Diff. Symmetry Diff.
Left (cm) Right (cm) 80 (cm) (%)
Reference 1.05 0.96 0.2 101.57
15t week 1.04 0.01 0.91 0.05 0.23 -0.03 102.14 -0.57
2" ek 1.06 -0.01 0.94 0.02 0.21 -0.01 102.05 -0.48
3 week 1.07 -0.02 0.93 0.03 0.24 -0.04 102.08 -0.51
4th week 1.04 0.01 0.91 0.05 0.22 -0.02 102.07 -0.5
5th week 1.06 -0.01 0.93 0.03 0.24 -0.04 102.08 -0.51
Crossline 14 cm x 14 cm
Penumbra Diff. Penumbra Diff. Flatness Diff. Symmetry Diff.
Left (cm) Right (cm) 80 (cm) (%)
Reference 0.97 1 0.13 100.91
15t week 0.95 0.02 0.96 0.04 0.1 0.03 102.03 -1.12
an week 1.01 -0.04 0.94 0.06 0.13 0 102.44 -1.53
3rd week 1.01 -0.04 0.95 0.05 0.12 0.01 101.3 -0.39
4t wyeek 0.96 0.01 0.95 0.05 0.09 0.04 103.21 -23
5th week 1.01 -0.04 0.96 0.04 0.13 0 101.78 -0.87

safe for the patients. The difference in results was highly
significant between the field sizes (p<0.05).

The homogeneity of the electron beam may be properly
characterised by defining a configuration based on
fundamental flatness and symmetry criteria at a reference

Open Access

depth'”. Any change in the beam profile indicates a
problem with the linear accelerator (LINAC) configuration,
and it is not suitable to use the same criterion as
commissioning. So, the profile should not deviate from its
shape by >2%. The beam asymmetry affects beam
steering. Only measurements taken within the flattened
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Figure: The dose during 5 weeks at

(A) 6¢cm x 6¢m for inline, (B) 6cm x 6¢cm for crossline (C) 14cm x 14cm for inline, and (D) 14cm x 14c¢m for crossline.

region have been recommended for use to determine
flatness and symmetry?6.

Symmetry refers to the distribution of dose along the
beamline, whereas flatness refers to the average to the
lowest dose in each beam. A 3% asymmetry is allowed by
the IEC'6, However, a modern accelerator would enable
100% beam symmetry'8. Even then, a quick check only
needs 3% measurement accuracy. The current results in
this regard agreed with Sabbar et al.’®

For open-field simulations of the penumbra, the profile
requirements are dependent on the treatment planning
system (TPS) (6cmx6cm and 14cmx14cm). Irradiating
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healthy tissues may happen, for instance, if the penumbra
values were to be greatly increased?.

Patatoukas et al.’8 investigated the relationship between
energy and penumbra. They included different energies
and found that the mean percentage difference
decreased considerably when the beam energy
increased. They use a variety of ionizing chamber
detectors for QA measurements, while the current study
employed a StarTrack 2D array with IEC standards. The
penumbra values in the current study did not surpass the
+/-0.20cm value, indicating that the results obtained with
the StarTrack 2D array were stable and reliable.
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Pathak et al.”” also employed multiple tools, field sizes
and energy parameters.

According to a study2?, the 2D array delivers superior
overall accuracy to the single ionization chamber. The
dosage calibration for the 2D array is also simple and
consistent.

However, the 2D array system has several limitations,
including limited detection resolution, lengthy setup
times, the use of a phantom, and the necessity to connect
to a separate computer system running analysis software.

Conclusion

The output dose alone and the 2D array distance above
the tolerance should be corrected before patient
treatment, while the beam profile was found to be stable
for 12MeV of electron beam therapy. Weekly checkups
should be performed to acquire accurate results.

Acknowledgement: We are grateful to the Baghdad
Centre for Radiation Therapy and Nuclear Medicine for
their cooperation and support.

Disclaimer: None.
Conflict of Interest: None.
Source of Funding: None.

References

1. Alwakeel AF, Al Musawi MS, Alabedi HH, Mohammed HJ.
Retracted article: Dosimetric assessment of IMRT treatment
planning for unilateral breast cancer patient using Octavius
phantom detector. Appl Nanosci 2023;13:549. doi:
10.1007/513204-021-01836-1

2. Jubbier ON, Abdullah SS, Alazawy NM, Hassan AM, Alabedi HH, Al-
Musawi MJ. The correlation of Modulation Complexity Score
(MCS) with number of segments and local gamma passing rate for
the IMRT treatment planning delivery. In: Conference: Academic
International Medical Physics Conference (AIMPC 2021). Baghdad,
Irag: AIMPC; 2021.

3. Abdulbagi AM, Abdullah SS, Alabed HH, Alazawy NM, Al-Musawi
JM, Heydar AF. The Correlation of Total MU Number and
Percentage Dosimetric Error in Step and Shoot IMRT with Gamma
Passing Rate Using OCTAVIUS 4D-1500 Detector Phantom. Ann
Trop Med Public Health 2020;23(Suppl 19):5p232126. doi:
10.36295/ASR0.2020.232126

4, Abdulbagi AM, Abdullah SS, Alabedi HH, Alazawy N, Al-Musawi M,
Heydar A. The effect of total fields' area and dose distribution in
step and shoot IMRT on gamma passing rate using OCTAVIUS 4D-
1500 detector phantom. Iran J Med Phys 2021;18:226-31. doi:
10.22038/ijmp.2020.44712.1690.

5. Madlool SA, Abdullah SS, Alabedi HH, Alazawy N, Al-Musawi MJ,
Saad D, et al. Optimum treatment planning technique evaluation

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

The 16th scientific international conference

for synchronous bilateral breast cancer with left side
supraclavicular lymph nodes. Iran J Med Phys 2021;18:414-20. doi:
10.22038/1JMP.2020.49211.1791.

Alani EA, Almusawi MS, Mahdi AH. Evaluation the role of vitamin
C as a radiation protective agent using y-h2ax for signaling of
DNA damage on irradiated mice testis. Per Tché Quim
2020;17:128. doi:
10.52571/ptq.v17.n36.2020.144_periodico36_pgs_128_139.pdf
Al Alani EA, Al Musawi MS, Mahdi AH. Influence of vitamin C on
irradiated mice tissues induced DNA double strand breaks DSB
using gH2AX marker. J Pak Med Assoc 2021;71(Suppl 8):s117-22.
Faraj MK, Naji NA, Alazawy NM. The efficiency of the prescribed
dose of the gamma knife for the treatment of trigeminal
neuralgia. Interdiscip  Neurosurg  2018;14:9-13.  Doi:
10.1016/j.inat.2018.05.017

de la Vega JM, Ruiz-Arrebola S, Tornero-Lépez AM, Vilches M,
Guerrero R, Guirado D, et al. A method to relate StarTrack(®)
measurements to R50 variations in clinical linacs. Phys Med
2014;30:827-32. doi: 10.1016/j.ejmp.2014.03.007.

Sabbar AR, Abdullah SS, Alabedi HH, Alazawy NM, Al-Musawi MJ.
Electron Beam Profile Assessment of Linear Accelerator Using
Startrack Quality Assurance Device. J Phys Conf Ser
2021;1829:012015. DOI: 10.1088/1742-6596/1829/1/012015

Sami S, Hameed BS, Alazawy NM, Al-Musawi MJ. Measurements of
Electron Beam Dose Distributions in Perspex Block for Different
Field Size. J Phys Conf Ser 2021;1829:012025. DOI: 10.1088/1742-
6596/1829/1/012025

Arunkumar T, Supe SS, Ravikumar M, Sathiyan S, Ganesh M.
Electron beam characteristics at extended source-to-surface
distances for irregular cut-outs. J Med Phys 2010;35:207-14. doi:
10.4103/0971-6203.71763.

Lazim BS, Rejah BK, Alabedi HH. Quality Assurance of LINAC by
Analyzing the Profile of 6-MV and 10-MV Photon Beams Using Star
Track Device. Iran J Med Phys 2020;17:260-5. doi:
10.22038/ijmp.2019.39987.1543.

International Atomic Energy Agency (IAEA). Implementation of
the International Code of Practice on Dosimetry in Radiotherapy
(TRS 398): Review of testing results. [Online] 2005 [Cited 2024
March 8]. Available from URL: https://www-
pub.iaea.org/MTCD/publications/PDF/te_1455_web.pdf

Klein EE, Hanley J, Bayouth J, Yin FF, Simon W, Dresser S, et al. Task
Group 142 report: quality assurance of medical accelerators. Med
Phys 2009;36:4197-212. doi: 10.1118/1.3190392.

International Electrotechnical Commission (IEC). IEC 60976,
International Standard: Medical electrical equipment - Medical
electron accelerators - Functional performance characteristics,
2nd ed. Geneva, Switzerland: IEC; 2007.

Pathak P, Mishra PK, Singh M, Mishra PK. Analytical study of
flatness and symmetry of electron beam with 2D array detectors.
J Cancer Sci Ther 2015;7:294-301.

D Patatoukas G, Kalavrezos P, Seimenis |, Dilvoi M, Kouloulias V,
Efstathopoulos E, et al. Determination of beam profile
characteristics in radiation therapy using different dosimetric set
ups. J BUON 2018;23:1448-59.

Syamkumar SA, Padmanabhan S, Sukumar P, Nagarajan V.
Characterization of responses of 2d array seven29 detector and its
combined use with octavius phantom for the patient-specific
quality assurance in rapidarc treatment delivery. Med Dosim
2012;37:53-60. doi: 10.1016/j.medd0s.2010.12.013.

Open Access

Vol. 74, No.10 (Suppl. 8), October 2024



