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Abstract: With the continuous development of science and technologies in China, radiotherapy technology in medical field

has been very significantly developing, and intensity modulated radiation therapy (IMRT) technology has been the most

widely used. This paper first introduces the components and types of two-dimensional matrix detector, two-dimensional

ionization chamber matrix detector and two-dimensional semiconductor matrix detector, then analyzes the dosimetric

characteristics of the two-dimensional matrix detector. In the end, the various applications of the two-dimensional matrix

detector are analyzed and discussed in detail. The paper aims to promote the two-dimensional matrix detector’s development

in the field of radiotherapy in China.
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1 Introduction

Since entering the new period, radiotherapy technology in
China has made remarkable achievements as science and
technologies develop. In order to achieve better clinical
treatment effects, radiotherapy technology has higher and
higher requirements on dose. How to control the accuracy of
dose more accurately is the key problem to be solved for
current radiotherapy technologies. Intensity-modulated
radiation therapy (IMRT) is one of the most advanced
radiotherapy technologies over recent years as well as the
most widely used radiotherapy technology now, having a
great therapeutic effect on the medical clinical oncology
treatment!h 2. As old methods of ionization chamber and
film gradually outdated, two-dimensional matrix detector
has become the most popular IMRT dose verification

equipment in China.

2 The classification of two-dimensional matrix

detectors

2.1 Two-dimensional ionization chamber matrix
detector

Two-dimensional ionization chamber matrix detector, which

is comprised of two-dimensional matrix plate, signal
processing circuit, data processing and converter, supports
octagonal module and computer data analysis system, and
can help measure the point dose and two-dimensional dose
In addition, the
highly
efficient in IMRT dose verification, and can also measure

distribution online in real timel*l.

two-dimensional ionization chamber matrix is
the single modulated hadron field and the synthesized
radiation field. The

ionization

two-dimensional plate of the

two-dimensional chamber matrix contains
hundreds, even thousands of miniature ionization chambers,
the sensitive volume of which is small, basically at 0.1.
Compared with the sensitive ionization chamber with large
volume, this kind of ionization chamber can reduce the
verification errors of the absolute dose of IMRT through
modifying and improve the verification accuracy. Currently,
the two-dimensional ionization chamber matrix used in
clinical tumor radiotherapy is mainly divided into two types
that one is the matrix composed of 1020 miniature ionization
chambers with 7.62 mm ionization chamber spacing, and the
other is the matrix composed of 729 stereoscopic columnar
ionization chambers with 10 mm ionization chamber

spacing.
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2.2 Two-dimensional semiconductor matrix detector
The measurement of two-dimensional semiconductor matrix
is also a common method for verifying IMRT dose. The
components of this detector are consistent with those of
two-dimensional ionization chamber matrix detector.
Compared with the two-dimensional ionization chamber
matrix detector mentioned above, the two-dimensional
semiconductor matrix detector has the advantages of high
sensitivity and resolution. Besides, the two-dimensional
matrix plate in the two- dimensional semiconductor matrix
detector contains a semiconductor detector with a sensitive
volume of 1.9x10° cm’. Like the

ionization chamber matrix detector, the semiconductor

two-dimensional

matrix detector is divided into two types. One is a
semiconductor detector, containing a matrix plate in 484
measurement area, that is separated by 7.07 mm in turn in
the central part of the matrix plate, and a matrix, having 445
semiconductor detectors with thickness of 60 pum, that is
separated by 14.14 mm from those in the peripheral part in
part. The
semiconductor matrix detector with a measured area of 832

the central other is a two-dimensional
cm? and 1527 detectors with a space distance of 7.07 mm in
the matrix, and such a space design can ensure a higher
resolution of matrix measurement and improve the accuracy
of IMRT dose verification.

We can infer that the effective measurement area
interval of two-dimensional matrix detector is 484-832 c¢cm?
via comparing and summarizing two kinds of two-
dimensional matrix detectors. In addition, this condition
must be taken into account in the validation of dose to
ensure the validation efficiency and accuracy. And if the
space distance between detectors in the two-dimensional
matrix plate is different, the measurement resolution of the
matrix will be deviated. To correct the temperature and
pressure value in the measurement process, the
two-dimensional ionization chamber matrix plate needs to
be equipped with temperature and pressure sensors, but the
two-dimensional semiconductor matrix is not applicable.
There is another significant difference between 2-D
ionization chamber matrix detector and 2-D semiconductor
matrix detector because of different structures and materials,
so their effective sensitive volume is far from each other.
The sensitivity of semiconductor detector is obviously much
higher than that of ionization chamber detector. In terms of
dose verification, the semiconductor detector has a range of

330 cGy, and it can maintain a good dose-measuring

characteristic after long working hours. Therefore, all the
should be

integrated to select the most suitable two-dimensional matrix

circumstances that need to be considered

detector in the process of dose verification of IMRT.

3 Dosimetric properties of a two-dimensional

matrix detector

3.1 Linearity of dose response and measurement
repeatability

The dosimetric quality of the second-order matrix detector
should be guaranteed in the process of dose verification,
while the dosimetric response linearity is one of the most
important dosimetric indexes of the two-dimensional matrix
detector. Jersenecker and Nelms et al. found that the linear
deviation of two-dimensional semiconductor matrix detector
was <1% when the verification range was 5-300 cGy, and
the linear deviation of two-dimensional ionization chamber
matrix detector was <0.2% when the verification range was
100-500 cGy. Besides the linearity of the dose response, the
measurement repeatability is also an important index.
Moreover, Spezi et al. considered that the repeatability of
experimental data was about 0.2% in a few hours under the
condition of a fixed validation range for 100 cGy and a
beam of 225 cm? and the repeatability increased over time,
eventually remaining around 1%. In addition, Amerio put the
two dimensional ionization chamber matrix under the 6 MV
X-ray to study the dose linear, which demonstrated that the
measurement repeatability of ionization chamber matrix was
very good under these conditions. Therefore, it can be
obtained that the dose response linearity and measurement
repeatability of the two-dimensional matrix can meet the
dosimetric requirements for IMRT dose verification.

3.2 Energy dependence and lateral scattering

Owing to current imperfections of detector technology and
materials,

the  characteristics of  manufacturing

two-dimensional matrix detector in the process of
production does not guarantee that every dose response
micro probes are exactly the same, so the two-dimensional
matrix to the detectors for Jane occurs before leaving the
factory, in order to achieve the consistency and accuracy of
dose measurement. To explore the dose-dependent of two
dimensional ionization chamber matrix, American experts in
radiotherapy technology put the ionization chamber under
the accelerator photon energy of 6, 10 and 15 MV to get
relevant numerical readings. After comparing with the

dosimeter reading, it was found that the energy response
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error of the ionization chamber was <1.2%, which was a
relatively ideal number, proving that the energy dependence
of the ionization chamber was small. Part of the Chinese
had the

two-dimensional ion chamber under different beam area of

scholars corresponding  experiments on
dose distribution, which displayed that there was a
significant difference for the measured value between the
existential center detector and ionization chamber due to the
existence of the lateral scattering center. Based on this, the
scholars conducted a convolution correction and found that
the correction matrix measurement accuracy was improved
obviously after correction. Therefore, before the application
of two-dimensional matrix, the measurement of energy
dependence under different energy photon lines and the
calibration of lateral scattering should be carried out for the
micro detector in order to reduce the measurement deviation.

3.3 Directional response

When conducting directional response detection on
two-dimensional semiconductor matrix detector and
two-dimensional ionization chamber matrix detector,

researchers found that there was a certain degree of
directional response difference in both of them. The
two-dimensional matrix detector is composed of many
miniature detectors arranged in a certain layout. Moreover,
the incident angle of the ray under the same field is not
exactly in unison, so when the central axis of the field is not
perpendicular to the plane of the matrix detector, especially
when the ray is parallel to the plane of the detector, the
possible difference in directional responsiveness must be
taken into account. Over recent years, with the further study
of two-dimensional matrix detectors in China, it was found
that if the two-dimensional matrix is added to the periphery
of the appropriate thickness of the module, then this
structure can reflect a good IMRT dose verification effect.
The researches have shown that if the two-dimensional
matrix plate is properly moved in the actual operation, the
difference in directional response can be weakened or even
eliminated. Therefore, the directional response should be
adjusted when the two-dimensional matrix detector is used
to verify the dose of IMRT.

4 The application of two-dimensional matrix

detector

4.1 Application of ionization chamber matrix
Two-dimensional ionization chamber matrix detector has

excellent performance in IMRT dose verification.

Meanwhile, as a verification tool, it is also simple, efficient,
accurate and reliable in the process of use. Due to its high
verification accuracy, many radiotherapy experts have made
many innovative applications of two-dimensional ionization
chamber matrix. In the process of studying the ionization
chamber matrix, Spezi used less than a quarter of an hour to
assemble and debug the ionization chamber matrix, and then
found a lot of meaningful properties of which in the
dosimetry test. Firstly, the ionization chamber matrix had an
independent which was a new
breakthrough for the verification of IMRT's small field dose.

Secondly, Spezi also found that the dose verification curve

energy  response,

of the ionization chamber matrix was consistent with the
scanning curve of the ionization chamber in the tank under
IMRT. Moreover, Jia et al. found that the final results were
similar after measuring different ionization chamber
matrices. Besides, Ren et al. verified 100 cases of IMRT,
and found that the verification results basically met the
international dose deviation standard, and the pass rate of the
entire IMRT dose could reached up to 97%. When Wizluk
used the ionization chamber matrix to measure the flatness
and repeatability of the field, he found that the measurement
accuracy of the two-dimensional ionization chamber matrix
could achieve good accelerator quality control. Cybernetan
discovered that the ionization chamber matrix could not only
provide good quality control for the accelerator, but also
improve the efficiency of IMRT dose verification in the
research center of two-dimensional matrix.

4.2 Applications of semiconductor matrices
with  the film

two-dimensional matrix

Compared traditional dosimeter,

semiconductor dosimetry
characteristics, the dose of linearity and repeatability
characteristics in particular is more outstanding. As it was
specifically designed to verify the IMRT doses of a
validation work, the actual operation of which is more
simple than film dosimeter, its measuring precision stays at a
good level, in the measurement of absolute dose also has the
very good application. Chen et al. tested the accuracy of
dose verification of two-dimensional semiconductor matrix
through experiments, and the test results showed that when
the dose position was limited under standard conditions, the
pass rate of relative doses of all radiation fields could reach
85%-100%.

two-dimensional semiconductor matrix to verify the dose of

Many radiotherapy institutions are using
IMRT, and in the process of clinical application, they have

also innovated matrix verification methods to replace the
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combination of film dosing method and ionization chamber

matrix for IMRT dose verification method.
5 Conclusion

In summary, how to control the accuracy of dose more
accurately is of great significance for the improvement of
current radiotherapy technology level. Two-dimensional
ionization chamber matrix detector has great advantages in
IMRT dose verification and can significantly improve the
efficiency of IMRT dose verification and has a very
outstanding contribution in the offset of semiconductor
matrix, and exerts important effects in the field of radiation

therapy in China.
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