IOPSClence iopscience.iop.org

Home Search Collections Journals About Contactus My IOPscience

Performance of three pencil-type ionization chambers (10 cm) in computed tomography

standard beams

This content has been downloaded from IOPscience. Please scroll down to see the full text.
2016 J. Phys.: Conf. Ser. 733 012091
(http://iopscience.iop.org/1742-6596/733/1/012091)

View the table of contents for this issue, or go to the journal homepage for more

Download details:

IP Address: 200.136.52.125
This content was downloaded on 27/12/2016 at 18:54

Please note that terms and conditions apply.

You may also be interested in:

The application of computed tomography in wound ballistics research
Nick Tsiatis, Konstantinos Moraitis, Stavroula Papadodima et al.

The application of computed tomography and magnetic resonance imaging at diagnostics of the human
maxillofacial system
V Nikitin, E Karavaeva, Yu Cherepennikov et al.

Algorithm Study on Reconstruction of Refractive Angles in Fan Beam Diffraction Enhanced Computed
Tomography
Wang Min, Cen Yu-Wan, Zhu Pei-Ping et al.

An ART iterative reconstruction algorithm for computed tomography of diffraction enhanced imaging
Wang Zhen-Tian, Zhang Li, Huang Zhi-Feng et al.

A framework of modeling detector systems for computed tomography simulations
H. Youn, D. Kim, S.H. Kim et al.

A silicon detector in edge-on configuration for (spectral) Computed Tomography: proof of concept
M. Doni, J. Visser, E. Koffeman et al.

Planar cone-beam computed tomography with a flat-panel detector
S.H. Kim, D.W. Kim, H. Youn et al.

Comparison of air kerma-length product measurements between the PTB and the IAEA for x-radiation
qualities used in computed tomography (EURAMET.RI(1)-S12, EURAMET project #1327)
Istvan Csete, Ludwig Bliermann, Babak Alikhani et al.



http://iopscience.iop.org/page/terms
http://iopscience.iop.org/1742-6596/733/1
http://iopscience.iop.org/1742-6596
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience
http://iopscience.iop.org/article/10.1088/1742-6596/637/1/012029
http://iopscience.iop.org/article/10.1088/1757-899X/135/1/012033
http://iopscience.iop.org/article/10.1088/1757-899X/135/1/012033
http://iopscience.iop.org/article/10.1088/0256-307X/25/3/060
http://iopscience.iop.org/article/10.1088/0256-307X/25/3/060
http://iopscience.iop.org/article/10.1088/1674-1137/33/11/009
http://iopscience.iop.org/article/10.1088/1748-0221/11/01/C01085
http://iopscience.iop.org/article/10.1088/1748-0221/11/12/C12020
http://iopscience.iop.org/article/10.1088/1748-0221/10/12/T12004
http://iopscience.iop.org/article/10.1088/0026-1394/52/1A/06014
http://iopscience.iop.org/article/10.1088/0026-1394/52/1A/06014

8th Brazilian Congress on Metrology (Metrologia 2015) IOP Publishing
Journal of Physics: Conference Series 733 (2016) 012091 doi:10.1088/1742-6596/733/1/012091

Performance of three pencil-type ionization chambers (10 ¢cm)
in computed tomography standard beams

Maysa C de Castro, Marcos Xavier, Linda V E Caldas.

Instituto de Pesquisas Energéticas e Nucleares (IPEN / CNEN - SP). Av. Professor Lineu
Prestes, 2242. 05508-000 Séo Paulo, SP.

E-mail: mcastro@ipen.br, mxavier@ipen.br, Icaldas@ipen.br

Abstract. The use of computed tomography (CT) has increased over the years, thus generating
a concern about the doses received by patients undergoing this procedure. Therefore, it is
necessary to perform routinely beam dosimetry with the use of a pencil-type ionization
chamber. This detector is the most utilized in the procedures of quality control tests on this
kind of equipment. The objective of this work was to perform some characterization tests in
standard CT beams, as the saturation curve, polarity effect, ion collection efficiency and
linearity of response, using three ionization chambers, one commercial and two developed at
the IPEN.

1. Introduction
The use of diagnostic imaging making use of ionizing radiation has been shown an increase over the

years, especially computed tomography (CT). It allows the obtention of images with better resolution
than by other techniques, consequently it is responsible for increasing the radiation dose during the
procedure. Therefore, there is an increased concern regarding the dose received by the patients
undergoing this kind of imaging procedure.

For the dosimetry of CT beams, the radiation detector has a special geometry, because the tube
rotates around the patient table, and it presents a uniform response to the incident radiation beam from
all angles [2]. This detector receives the name of pencil-type ionization chamber. These commercial
ionization chambers present a length of the sensitive volume of 10 cm, and they are used for quality
control testing of the equipment.

The Calibration Laboratory of Instruments (LCI) of the IPEN has developed different kinds of
ionization chambers, including a pencil-type [3,4]. However, this ionization chamber presents some
differences in its construction in relation to the commercial models. The main differences were in
relation to the material used in manufacturing the chamber body and the position of the BNC
connector. This homemade configuration provides a low cost in its construction, and the response to
the test met the internationally recommended limits, as noted in previous studies [3,4].
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This work aims to show results on the characterization tests as saturation curve, polarity effect, ion
collection efficiency and response linearity, for each of the pencil ionization chambers in standard CT
X radiation beams at the LCI.

2. Materials and Methods
Three pencil-type ionization chambers were tested in this work: one of them was a commercial

chamber (Victoreen 660-6) called C1 (sensitive volume of 3.2 cm®), and the other two chambers were
prototypes developed at the LCI called C2 and C3; all of the ionization chambers present a sensitive
volume length of 10 cm.

Table 1 shows the specifications of the ionization chambers developed at LCI, and the difference
between them are based on the collector electrode material and on the dimensions of their components.

Table 1: Technical specifications of the pencil ionization chambers developed at the LCI.

Specifications

Characteristics

C2 C3
Collecting Aluminum
: Aluminum  with graphited
electrode material
layer
PVC with .
Wall material ~ graphited - MMA with

layer graphited layer
Collecting 1.22mm 3.0 mm
electrode diameter
lonization
chamber diameter

Wall thickness 0.26 mm 0.26 mm
Sensitive volume 10 em 10em

length

Sensitive volume  3.40 cm® 3.50cm®

6.72 mm 7.40 mm

The tests were performed using the reference standard CT X radiation quality at the LCI: RQT 9.
This radiation quality presents the following characteristics: tube voltage of 120 kV, tube current of 10
mA, half value layer of 8.4 mmAl, additional filtration of 3.5 mmAl + 0.35 mmCu, and air kerma rate
of 34.0 mGy/min.

The polarity effect for each ionization chamber should be within the internationally recommended
limit of 1% [5]. The ion collection efficiency was obtained using the voltages V1= +200 V and
V2= +100 V for all three ionization chambers. The results should be within the recommended limit of
95 % [5].

The X-ray system Pantak/Seifert (ISOVOLT model 160HS) of LCI/IPEN was utilized; it operates
up to 160 kV.
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3. Results
Initially are presented the results obtained for the saturation curves, polarity effects and ion collection
efficiencies for the ionization chambers. Figure 1 shows the saturation curves.
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Figure 1: Saturation curves of the ionization chambers for the radiation quality RQT 9: (a) C1; (b) C2;
(c) C3. The maximum measurement uncertainty was 0.59%.

It is possible to observe that all three pencil-type ionization chambers present good results for the
saturation curves, but they reach saturation at different values, because of their slightly different
volumes and constituent materials.

The results for the polarity effects and ion collection efficiencies were obtained through the
saturation curves, and they can be seen in table 2.

Table 2: Polarity effects and ion collection efficiencies for the ionization chambers.

[Jlonization  Polarity lon collection
chamber  effect (%) efficiency (%)
C1 0.32 99.97
C2 0.57 99.99
C3 0.29 99.98
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As can be observed, the three ionization chambers with a sensitive volume length of 10 cm
presented results within the internationally acceptable limits. The operating voltage used for all
characterization tests for all three ionization chambers was chosen as +100 V.

The response linearity obtained for each ionization chamber in the standard CT reference radiation
quality of LCI is presented in figure 2. This test was performed varying the tube current from 2 mA to
18 mA in steps of 2 mA, in order to obtain different air kerma rates, and each response was
normalized for 2 mA, in the case of the commercial Victoreen ionization chamber and also for the
homemade ionization chambers.
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Figure 2: Linearity of response to quality RQT 9 of the ionization chambers: (a) C1; (b) C2; (c) C3.
The linear correlation coefficient in all cases is R?>=1.000.

As can be observed, all three ionization chambers with a sensitive volume length of 10 cm
presented the linear correlation coefficients of 1.000, showing that the ionization chambers have a
linear response, as required by the quality control program.

4. Conclusions

The test results of the commercial ionization chamber (10 cm) were all within the internationally
recommended limits. The homemade ionization chambers (10 cm) presented also results within the
limits, although of their differences in size and construction material.
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