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Validation of Microionization Chambers in Small-field
Dosimetry
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Aim: This study aims to validate the Razor Nano Chamber (RNC) and Razor Chamber (RC) dosimetric characteristics in a small field. The
dosimetric parameters of the two chambers were compared. Materials and Methods: The chamber characteristics of leakage (pre and post),
stability, energy dependency, dose linearity, dose rate effect, stem effect, angular dependency, ion recombination effect, and polarity effect
were studied. Relative dose measurements of the percentage depth dose, profile measurement, and output factor (OF) measurements were
performed for small fields. All measurements were performed in a Theratron 780E telecobalt unit and an Elekta Versa HD™ Linear Accelerator.
Results and Discussion: The measured pre- and postirradiation leakage and energy dependency were within 0.5% of the acceptable limit. In
the stability check, the standard error and standard error of mean were 0.047% and 0.068%, respectively, for both RNC and RC. The deviation
in the angular responses of the RNC and RC ion chambers was negligible. In the ion recombination measurements, both the RNC and RC were
overestimated for the 10 flattening filter-free photon beam. In small fields, there were no significant differences in the kIDOl values for either
chamber. The RNC showed good agreement in the relative dose measurements compared to the RC. Conclusion: RNC and RC showed good
agreement in small-field dosimetry. The RNC angular dependency and OF showed a superior response compared to the RC because of the
small volume spherical shape and high spatial resolution, which gives a reduced penumbra and no volume averaging effect.
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INTRODUCTION not constructed with sizes smaller than 2-3 mm due to the
low sensitivity of air. In small-field dosimetry, this results
in volume averaging.l'"'?l Chamber materials have the
potential to significantly disturb these small fields.!'*! Other
restrictions include the reliance on the polarity impact on the
field magnitude and other electric phenomena linked to low
signal-to-noise ratios, such as the stem/cable effect and signal
instability.['"1314 JTon recombination is an issue, especially
in FFF beams for ionization chambers. Limited precision in
these domains has been demonstrated by early small active
volume chambers.['! Early solid-state detectors experienced
significant total ionizing radiation damage and poor tissue
equivalence and demonstrated differences in detector response
from similar dosimeters."® Number of publications available

In advanced radiotherapy techniques, small-field segments
are created using a multileaf collimator (MLC), micro-MLC,
stereotactic cones for stereotactic radiosurgery, stereotactic
radiotherapy, and stereotactic body radiotherapy. These
techniques deliver a highly conformal dose to the tumor and
minimize the dose to the surrounding healthy tissues.!'*! In
particular, these techniques utilize flattening filter (FF) and
flattening filter-free (FFF) photon beams to deliver a larger dose
over a shorter period.**! One of the key tasks in the treatment
planning system commissioning data measurements is to
ensure that patients receive high-quality treatment outcomes.
For small-field dosimetry to succeed, the measurement data
must be extremely precise and accurate.[**!

Radiotherapy dosimetry frequently uses ion chambers.? Address for correspondence: Mr. Mageshraja Kannan,
The primary restriction of the ion chamber became apparent Department of Radiation Physics, Kidwai Memorial Institute of Oncology,
when measuring beams that had a width <2 cm or at the Bengaluru - 560 029, Karnataka, India.
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beam penumbra.l'” The active volumes were generally
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in detectors were air-filled ionization chambers, and solid-state
detectors used in small field measurements. New construction
techniques for ion chambers and solid-state detectors may be
necessary in light of current developments in radiotherapy.>!”
The IBA dosimeter was available as a small-volume Razor
Nano Chamber™ (RNC), IBA, Germany, with a volume of 3
mm?® and the Razor Chamber™ (RC), IBA, Germany, with a
volume of 10 mm?,

Reggiori ef al. investigated the characteristics of RNC
ion-chamber with 6MVFF, 6MVFFF, and 10MVFFF photon
beams.["¥! The study did not include the energy dependency
and stability of the chambers. Furthermore, the 10MV photon
beam was not included in this study. Partanen M ez al. (2021),
determine the output correction factor of RNC ion-chamber
in 6MVFF, 6MVFFF, and 10MVFF photon beams.!'! In this
study, the characteristics of the RNC and RC were investigated
and compared for 6MV and 10MV (FF and FFF) photon
beams.

MareriaLs AND METHODS

Materials

Physical characteristics of chambers

The physical characteristics of the RNC and RC are listed in
Table 1.

Figure 1 shows physical and radiographic images of the
chambers.

Treatment units

A Theratron 780E telecobalt unit and Elekta Versa HD™ linear
accelerator (Elekta AB, Stockholm, Sweden) machines were
used for dosimetric measurements. The Elekta Versa HD™
linear accelerator is capable of delivering a 6MV FF, 6MV
FFF, 10MV FF, and 10MV FFF photons, and five electron
beam energies the secondary collimator jaw is replaced with
Agility™ (Elekta AB, Stockholm, Sweden) MLC, which
incorporates 80 pairs of tungsten leaves with 5 mm projected
leaf width at isocenter.

Dosimetric equipment

The chamber characteristics and various dosimetric parameters
were evaluated for the small-volume ionization chambers,
RNC and RC. A radiation field analyzer (RFA), IBA
Blue phantom™ (IBA, Germany), and calibrated dose 1
electrometer (IBA, Germany) were used for all the dosimetric
measurements.

Methods

Pre- and post-irradiation leakage

To achieve the thermal stability of the chambers and electrical
stability of the electrometer, the ionization chambers were
connected to the electrometer in a powered-on condition
and maintained for an hour. The factors including unclean
couplings, moist desiccators, insufficient time given for the
instrument to stabilize, and no preirradiation dose delivered to
the chamber can contribute to natural (preirradiation) leakage.
The preirradiation leakage of the chamber was evaluated for
5 min, with measurements taken five times. Leakage caused by
radiation can be detected only after the chamber has been exposed
to radiation. If radiation-induced leakage occurs, then the charge
continues to accumulate even after the beam is switched off.

Stability and energy dependency
Ionization chamber stability checks are essential because they
are relatively delicate and may show little or no obvious signs

Table 1: Physical characteristics of chambers

RNC RC

Active volume (cm?) 0.003 0.01

Diameter of active 2.0 3.6

volume/length (mm)

Wall thickness 0.5 mm (88 mg/cm?) 0.5 mm (88 mg/cm?)

Outer electrode (g/cm?) Shonka (C-552) Shonka (C-552)
(P=1.76) (P=1.76)

Inner electrode (g/cm?®) Graphite-EDM3 Graphite-EDM3
(P=1.81) (P=1.6)

RNC: Razor Nano chamber, RC: Razor chamber, EDM3: Electrical
discharge machining 3

RNC

RC

==

Figure 1: Physical and radiographical images. RNC: Razor Nano chamber, RC: Razor chamber
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of deterioration. The check source, strontium-90 (Sr*°) was used
to evaluate the ionization efficiency, overall sensitivity, and
stability. The activity of the source is 140MBq as of July 2023.
The source, chamber, and measuring assembly had been placed
in the measuring room an hour before the measurement, to ensure
the thermal stability. The measurement was performed ten times,
and pressure and temperature corrections were applied to the
measured readings. The standard uncertainty and standard error
of the mean were calculated from measurements. To check the
energy dependence, the calculated 2 Gy was delivered in “Co,
6MYV, and 10MV (FF and FFF) photon beams with 10 cm x 10 cm
field size at 5 cm depth for both the RNC and RC chambers.

Dose linearity and dose rate effect

The chamber was positioned at 5 cm with a 95 cm Source to
surface distance (SSD) and a field size of 10 cm % 10 cm for
all measurements. Chamber linearity was checked for monitor
units ranging from 10 to 1000 MU with photon energies of
6MV and 10MV (FF and FFF). During the measurement, a
dose rate of 600 MU/min was maintained and the measurement
was repeated five times. In addition, the chamber response for
different dose rates ranging from 100 to 1200 MU/min was
checked for the dose of 200 MU. It was normalized to 600
MU/min for FF beam and 1000 MU/min for FFF photon beam.

Stem effect and angular dependency

To check the stem effect of the chambers, the chambers
were exposed to a 6MV photon beam at depth of 5 cm
for field size setting 3 cm x 10 cm (width x length) and
10 cm x 3 ¢cm (width X length). The percentage variation in
the response of the chamber for the above-mentioned field size
reflects the stem effect, and to find the angular dependency
in-air measurements with a suitable build-up cap were
performed in ®Co photon beams. The source-to-chamber axis
distance was maintained at 80 cm for gantry angles between
0° and 360° in increments of 30°. The 5 cm x 5 cm field size
was used for this measurement.

lon recombination effect

When the chamber receives a sufficiently high voltage, the
charge generated during the irradiation will be completely
collected if sufficient high voltage is applied to the chamber.
If the chamber is operated below the saturation voltage, few
charges generated on irradiation recombine, which results in a
loss of the dosimetric signal. The chamber response was studied
by varying the bias voltages from 50 to 400 V, with an increment
of 50 V for all the energies used in this study. The field size
was 10 cm x 10 cm at a depth of 5 cm for all measurements.
Ion recombination was analyzed using two methods: the
two-voltage method and saturation curve method.*2!!

Two voltage methods used the following Equation (1):
(High energy) k =a +a (M,/M,) + a,(M,/M,)* (1)
where,

M, and M, are meter readings for the polarizing voltages
V,=+300Vand V,=+150 V.

a,, a,, a, - quadratic fit coefficients.

Agostinelli et al. proposed a J for 1/Q v_ 1/V saturation
curve for the polarity effect, where Q is the polarity-corrected
charge and V is the bias voltages from 50V to 400V.2! To
obtain the stabilized output of the chamber, approximately
a gap of 30 min was given between the measurements while
bias voltages were changed.

The J method used the following Equation (2).

Jsat :ﬁ
Qsoo (2)

where,

Q,,; — Saturation charge.

Q,,, — Charge collected for +300V.
Polarity effect (k,,)

Polarity correction factors for the RNC and RC were
evaluated for the 6MV, 10MV (FF and FFF) photon beams.
The measurements were performed for field sizes ranging
from 1 cm X 1 cm to 10 cm x 10 cm for all photon beams.
The polarity was checked for M+ (+300V) and M~ (=300
V) bias voltages. Equation (3) was used to calculate the
polarity effect.

M|
P OM

k )
where M" and M— are the electrometer reading sat the positive
and negative potentials, respectively, and M is the route polarity
electrometer reading.

Relative dose measurements

Relative dose measurements, such as dose profile, percentage
depth dose (PDD), and output factors (OF), were measured
using the RNC and RC with RFA. The Profile and OFs were
measured at a depth of 10 cm with a source-to-detector
distance of 90 cm. The step-by-step scanning method
was performed with a 0.1 cm step size from a depth of
0.05 cm to 15 cm for the PDD measurement, and the SSD
was maintained at 100 cm. Profile measurements were
performed for field sizes of 3 cm x 3 ¢cm, 5 cm x 5 cm, and
10 cm x 10 cm for 6MV and 10MV (FF and FFF) photon
beams. The OF measurement was carried for the field sizes
0.5cm*x0.5cm,1lcmx1cm,1.5cmx1.5cm,2cm X 2 cm,
25cmx25cm,3cmx3cm,4cmXx4cm,5cm X5 cm,
and 10 cm x 10 cm.

ResuLts anp Discussion

Pre- and post-irradiation leakage

The pre- and postirradiation leakage currents for the RNC and
RC were 2fA, 1.1fA, and 3.2fA, 2.2fA, respectively. RNC
and RC measurements indicate that the constructed ionization
chamber’s pre- and postirradiation leakage current was within
0.5% acceptable limit.1*!
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Stability and energy dependency

The stability of the chamber was tested using *Sr check
source. The standard error and standard error of mean were
0.047% and 0.068% for the RNC and RC, respectively. The
stability of the chamber was compatible with the International
Electrotechnical Commission-60731 recommendations.!?
Energy dependency was checked for both the RNC and RC.
Figure 2 depicts the energy responses of the RNC and RC
ionization chambers. All the energy values were normalized
to Co®® photon beam. No significant variations were observed
in the detector’s energy dependency (<0.5%) and the results
were within acceptable measurement errors. The chamber
response was found to be independent of energy.

Dose linearity and dose rate effect

A good linear response was observed with both chambers for
monitor units ranging from 10 to 1000MU with photon beam
energies of 6MV and 10MV (FF and FFF). Figure 3 shows
the linearity of the RNC and RC for different monitor units.
The variation in linearity was <0.5% and 0.4% in RNC and
RC, respectively. Reggiori et al. reported a dose linearity of
0.4% for RNC with lowest MU (5-10 MU).['® The maximum
deviation was observed at the lowest dose value of 10 MU,

ENERGY DEPENDECE

1.005

1.000 &= = S

«=@==RNC

=—@—RC

NORMALIZED RESPONCE

0.995

6MVFFF 6MVFF 10MVFFF

ENERGY

10MVFFF CO60

Figure 2: Energy response of the Razor Nano chamber and Razor
chamber. RNC: Razor Nano chamber, RC: Razor chamber, FFF: Flattening
filter free, FF: Flattening filter

which could be related to the larger uncertainty of the low
measured signal (<0.1 nC).

The response of the RNC and RC for dose rates ranging from
100 to 1200 MU/min for photon beam energies of 6MV and
10MV (FF and FFF) were checked. Figure 4 shows the dose
rate effect for the RNC and RC. The 6MVFFF photon beam
shows a maximum deviation of —0.57% and 0.55% for RNC
and RC, respectively. The data show that both chambers were
independent of the dose rate for all energies.

Stem effect and angular dependency

The stem effects of the RNC and RC ionization chambers were
measured for field sizes of 10 cm x 3 cm (width X length) and
3 cm x 10 cm (width x length). The percentage variations in the
response were 0.45% and 0.35% for RNC and RC, respectively.

The angular response of the RNC and RC was checked
in a °Co beam as an in-air measurement with a field size
of 5 cm x 5 cm. The response is shown in Figure 5; the
measurement shows the maximum deviations of 0.13%
and 0.40% at 90°gantry angle. The deviation was due to
the stem and cable effects in the irradiation field area.
Reggiori et al. (2018) reported an angular response for RNC
with deviations <0.5% for all angles (from 0° to 360°)."8 The
angular responses of the RNC and RC ion chambers were
negligible for all angles.

lon recombination effect (k)

The ion recombination correction factor for the 6MV and
10MV (FF and FFF) photon beams with a field size of
10 cm x 10 cm were checked. Figure 6 shows the saturation
curves. For all the energies, the J_ value was calculated from
the Q_, value. Table 2 shows the ion recombination for the RNC
and RC using the Jeff plot and the two voltage methods. Several
authors#-2 have mentioned that the small-volume chamber
two-voltage method overestimates the ion recombination
values. Similarly, our results also show that J  for IOMVFFF
photon beam in RNC and RC have been overestimated by a
maximum of 1.37% and 1.14%. Figure 7 shows the variation
in ion recombination for both methods.
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Figure 3: Dose linearity of Razor Nano chamber and Razor chamber. RNC: Razor Nano chamber, RC: Razor chamber, FFF: Flattening filter free, FF:

Flattening filter
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Table 2: lon recombination for Razor Nano chamber and Razor chamber

Energy RNC RC

Two voltage method Agostinelli J_ method Two voltage method Agostinelli J_, method
6 MV FFF 1.0168 1.0045 1.0117 1.0013
6 MV FF 1.0068 1.0039 1.0057 1.0041
10 MV FFF 1.0154 1.0040 1.0160 1.0045
10 MV FF 1.0168 1.0017 1.0090 1.0030
RNC: Razor Nano chamber, RC: Razor chamber, FF: Flattening filter, FFF: Flattening filter free

RNC DOSE RATE EFFECT RC DOSE RATE EFFECT
1.05 1.05

w w
(] [}
= =
e} o)
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] 0
& —e—6MVFFF & —a . S—EMVEEF
2 1.00 Q100 | e
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=2 b=
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Figure 4: Dose rate effect of Razor Nano chamber and Razor chamber. RNC: Razor Nano chamber, RC: Razor chamber, FFF: Flattening filter free, FF:

Flattening filter
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Figure 5: Angular response for Razor Nano chamber and Razor chamber.
RNC: Razor Nano chamber, RC: Razor chamber

Polarity effect (k)

The polarity effect with the field size was observed for both
the 6MV and 10MV (FF and FFF) photon beams. The kpol
values are shown in Table 3 for a reference field size of
10 cm x 10 cm. Pasquino et al. (2017) observed that the
polarity effect strongly depended on the field size for smaller
fields. The variation was <1% compared with the reference
field size 10 cm X 10 cm. This behavior is also similar to
that of the PTW (COMPANY NAME (TN)) Pin-Point and
Standard Imaging A26 chambers.? In our study, we observed
a maximum deviation of 0.5% for RNC and 1.0% for RC in

the kpol value. Figure 8 shows the polarity effect for the RNC
and RC.

Relative dose measurements

The PDD measurements were performed in 6MV and
10MV (FF and FFF) photon beams with field sizes of 3 x 3,
5 x5, and 10 cm x 10 cm. The PDD curves of the RNC and
RC are compared, and the results are shown in Figure 9.
The RNC gives the overresponse with depth for all energies,
the effect also varies with field sizes 10 x 10 (1.7 + 0.15%),
5x5(1.0£0.2%), 3 x 3 (0.7 £ 0.1%) cm? compared to RC.
Similarly, Reggiori et al. reported that the RNC showed a slight
over response with increasing depth. The maximum difference
was observed for the 6 MV photon beam, where this effect
increased with increasing field size. Maximum values observed
were 1.9%, 0.9%, and 0.7% for the field sizes 10 cm x 10 c¢m,
5 cm x5 em, and 3 cm x 3 cm, respectively.[']

Profile measurements were performed for all energies using
RNC and RC. The 10 FFF photon-beam crossline and inline
profiles are shown in Figure 10. Reggiori ef al. compared
RNC and CCO1 chambers and observed a penumbra of 0.5
mm for a 5 cm x 5 cm field size." Similarly, in our study,
the small-volume RNC showed good spatial resolution in the
penumbra region compared to the RC. For all energies, the
penumbral variation between the RNC and RC was <0.4 mm.
The penumbral effect was greater in smaller fields than in
larger fields.

The OF was measured for both chambers with field sizes
05ecm*x05cm,lcmx1cm,1.5cmx1.5cm,2cm %X 2 cm,
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Figure 7: Variation of k  between two voltage method and J_, method
for Razor Nano chamber and Razor chamber. RNC: Razor Nano chamber,

RC: Razor chamber, FFF: Flattening filter free, FF: Flattening filter

Table 3: Polarity correction factor values for Razor Nano
chamber and Razor chamber

Energy RNC RC

6 MV FFF 0.9942+0.002 0.9931+0.003
6 MV FF 0.9941+0.001 0.9929+0.002
10 MV FFF 0.9953+0.003 0.9941+0.003
10 MV FF 0.9956+0.002 0.9931+0.001

RNC: Razor Nano chamber, RC: Razor chamber, FF: Flattening filter,
FFF: Flattening filter free

25cmXx25cm,3cm X3 cm,4cm X4 cm,S5cm X5 cm,
and 10 cm x 10 cm for all photon energies used in this study.
The OF results are shown in Table 4 and the percentage of
variation between the OF for the RNC and RC is shown in
Figure 11. Reggiori et al. compared the OFs of micro-diamond
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Figure 8: Polarity effect for Razor Nano chamber and Razor chamber.
RNC: Razor Nano chamber, RC: Razor chamber, FFF: Flattening filter free,
FF: Flattening filter

and razor-diode detectors. The RNC showed a good agreement
0.4% without applying the volume average correction.!'®!
Similarly, in our study, the RNC showed good agreement
for the smaller field size <1.5 cm x 1.5 cm compared to
RC. The variation between OF for the RNC and RC is <1%
for a field size >1.5 cm x 1.5 cm for all photon energies
whereas, the maximum variations were —4.02%, —4.50%,
—4.0%, and —4.46% for 6MVFF, 6MVFFF, 10MVFF, and
IOMVFFF photon energies, respectively, for the field size
0.5 cm x 0.5 cm. Table 4 shows the OF variation with an
increase in field size for both chambers. The maximum of
RNC and RC, the variation was —4.02%, —4.50%, —4.0%,
and —4.46% for 6 MVFF, 6MVFFF, 10MVFF, and 10MVFFF
photon energies, respectively.

CoNCLUSION

The RC (0.01 cm?®) and RNC (0.003 cm?) are potential
alternatives to classical vented ionization chambers for
small-field dosimetry. Despite the similarities in their
phenomena, the application of RC and RNC in radiotherapy
has been hindered by the lack of studies on the dosimetric
characteristics of high-energy beams in radiotherapy for
small fields. In this study, the dosimetric characteristics of
RC and RNC were examined for different photon energies.
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Figure 9: The comparison of percentage depth dose curves for Razor
Nano chamber and Razor chamber. RNC: Razor Nano chamber, RC: Razor
chamber, FFF: Flattening filter free, FF: Flattening filter

The dose-response behavior is independent of dosimetric
parameters, such as leakage, stability, linearity, dose rate,
directional dependency, stem effect, polarity effect, and ion
recombination effect. The pre-and postirradiation leakage
currents for the RNC and the RC were within acceptable limits.
As the active volume of the RC and RNC is very small, they can
be used for measurements in very small fields. As the volume
is small, there is no volume-average effect, and it is more
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Table 4: Output factor for Razor Nano chamber and Razor chamber

Field size 6 MV FFF 10 MV FF 10 MV FFF
(cm?) RNC RC RNC RC RNC RC RNC RC
0.5%0.5 0.4140 0.3974 0.4165 0.3978 0.3550 0.3408 0.3264 0.3118
1.0x1.0 0.6850 0.6632 0.7075 0.6827 0.6555 0.6356 0.6650 0.6442
1.5x1.5 0.7703 0.7592 0.7980 0.7841 0.7550 0.7450 0.7850 0.7705
2.0x2.0 0.8040 0.8012 0.8320 0.8265 0.8020 0.7972 0.8380 0.8320
2.5%2.5 0.8255 0.8274 0.8450 0.8508 0.8300 0.8339 0.8700 0.8687
3.0x3.0 0.8476 0.8490 0.8711 0.8739 0.8570 0.8595 0.8925 0.8931
4.0%4.0 0.8820 0.8830 0.9020 0.9038 0.8930 0.8951 0.9230 0.9248
5.0%5.0 0.9075 0.9077 0.9241 0.9256 0.9200 0.9207 0.9435 0.9465
10.0x10.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

RNC: Razor Nano chamber, RC: Razor chamber, FF: Flattening filter, FFF: Flattening filter free
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Figure 10: The 10 flattening filter free photon beam crossline and inline
profile for Razor Nano chamber and Razor chamber. RNC: Razor Nano
chamber, RC: Razor chamber, FFF: Flattening filter free, FF: Flattening filter

accurate. The good stability of both chambers demonstrated
that they could be conveniently reused several times, providing
less leakage before and after irradiation.

Acknowledgment

The authors are also grateful to Mr. Sandeep B S and Mr. Prabhu
K for their contribution while doing the measurement. The authors
would like to thank Mr. Sakthichelvam R. R IBA Dosimetry India
Pvt Ltd. for the support related to experimental work.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

OF variation between RNC and RC

e

5 °8 ¢ §

0 4 4 6 8 10 12
-1
e @ 6MVFF
S 2 s ® 6MVFFF
© 10MVFF
= 2 10MVFFF

FIELD SIZE (cm?)

Figure 11: Comparison output factor variation between the Razor Nano
chamber and Razor chamber. RNC: Razor Nano chamber, RC: Razor
chamber, FFF: Flattening filter free, FF: Flattening filter, OF: Output factor

REFERENCES

1. Seuntjens S, Lartigau E, Cora S. ICRU-91: Prescribing, recording, and
reporting of stereotactic treatments with small photon beams. J ICRU
2014;14:1-160.

2. Palmans H, Andreo P, Christaki K, Huq MS, Seuntjens J. Dosimetry
of Small Static Fields Used in External Beam Radiotherapy: An IAEA
AAPM International Code of Practice for Reference and Relative
Dose Determination. Vol. 1. Vienna: IAEA Technical Report Series;
2017. p. 2.

3. Das 1J, Francescon P, Moran JM, Ahnesjo A, Aspradakis MM,
Cheng CW, et al. Report of AAPM task group 155: Megavoltage photon
beam dosimetry in small fields and non-equilibrium conditions. Med
Phys 2021;48:¢886-921.

4. Reggiori G, Mancosu P, Castiglioni S, Alongi F, Pellegrini C, Lobefalo F,
et al. Can volumetric modulated arc therapy with flattening filter free
beams play a role in stereotactic body radiotherapy for liver lesions? A
volume-based analysis. Med Phys 2012;39:1112-8.

5. Mancosu P, Castiglioni S, Reggiori G, Catalano M, Alongi F,
Pellegrini C, et al. Stereotactic body radiation therapy for liver
tumours using flattening filter free beam: Dosimetric and technical
considerations. Radiat Oncol 2012;7:16.

6. Alfonso R, Andreo P, Capote R, Huq MS, Kilby W, Kjill P, et al. A new
formalism for reference dosimetry of small and nonstandard fields. Med
Phys 2008;35:5179-86.

7. Charles PH, Cranmer-Sargison G, Thwaites DI, Crowe SB, Kairn T,
Knight RT, et al. A practical and theoretical definition of very small
field size for radiotherapy output factor measurements. Med Phys
2014;41:0417071-8.

8. Kung JH, Chen GT. Intensity modulated radiotherapy dose delivery
error from radiation field offset inaccuracy. Med Phys 2000;27:1617-22.

Journal of Medical Physics | Volume 49 | Issue 2 | April-June 2024 -




Kannan, ef al.: Microionization chambers characteristic in small-field dosimetry

A new formalism for reference dosimetry of small and nonstandard
fields. Med Phys 2008;35:5179-86.

. Martens C, De Wagter C, De Neve W. The value of the PinPoint

ion chamber for characterization of small field segments used in
intensity-modulated radiotherapy. Phys Med Biol 2000;45:2519-30.

. Stasi M, Baiotto B, Barboni G, Scielzo G. The behavior of several

microionization chambers in small intensity modulated radiotherapy
fields. Med Phys 2004;31:2792-5.

. Capote R, Sanchez-Doblado F, Leal A, Lagares JI, Arrans R,

Hartmann GH. An EGSnrc Monte Carlo study of the microionization
chamber for reference dosimetry of narrow irregular IMRT beamlets.
Med Phys 2004;31:2416-22.

. Agostinelli S, Garelli S, Piergentili M, Foppiano F. Response to

high-energy photons of PTW31014 PinPoint ion chamber with a central
aluminum electrode. Med Phys 2008;35:3293-301.

. Miller JR, Hooten BD, Micka JA, DeWerd LA. Polarity effects and

apparent ion recombination in microionization chambers. Med Phys
2016;43:2141.

. Gomez F, Gonzalez-Castafio DM, Fernandez NG, Pardo-Montero J,

Schiiller A, Gasparini A, et al. Development of an ultra-thin parallel
plate ionization chamber for dosimetry in FLASH radiotherapy. Med
Phys 2022;49:4705-14.

. De Angelis C, Onori S, Pacilio M, Cirrone GA, Cuttone G, Raffaele L,

et al. An investigation of the operating characteristics of two
PTW diamond detectors in photon and electron beams. Med Phys
2002;29:248-54.

. De Martin E, Alhujaili S, Fumagalli ML, Ghielmetti F, Marchetti M,

Gallo P, et al. On the evaluation of edgeless diode detectors for
patient-specific QA in high-dose stereotactic radiosurgery. Phys Med

20.

21.

22.

23.

24.

25.

2021;89:20-8.

. Reggiori G, Stravato A, Mancosu P, Lobefalo F, Paganini L, Zucconi F,

et al. Small field characterization of a nanochamber prototype under
flattening filter free photon beams. Phys Med 2018;49:139-46.

. Partanen M, Niemeld J, Ojala J, Keyrildinen J, Kapanen M. Properties

of IBA razor nano chamber in small-field radiation therapy using
6MV FF, 6MV FFF, and 10MV FFF photon beams. Acta Oncol
2021;60:1419-24.

International Atomic Energy Agency Technical Reports Series No. 398.
Absorbed Dose Determination in External Beam Radiotherapy: An
International Code of Practice for Dosimetry based on Standards of
Absorbed Dose to Water. Vienna, MD: International Atomic Energy
Agency Publication; 2000.

Agostinelli S, Garelli S, Piergentili M, Foppiano F. Response to
high-energyphotons of PTW31014 PinPoint ion chamber with a central
aluminumelectrode. Med Phys 2008;35:3293.

International  Electrotechnical Commission IEC-60731. Medical
Electrical Equipments — Dosimeters with Ionization Chambers Asused
in Radiotherapy. Geneva, UK: BSI Standards; 2011.

Hyun MA, Miller JR, Micka JA, DeWerd LA. Ion recombination and
polarity corrections for small-volume ionization chambers in high-dose-rate,
flattening-filter-free pulsed photon beams. Med Phys 2017;44:618-27.
Pasquino M, Cutaia C, Radici L, Valzano S, Gino E, Cavedon C,
et al. Dosimetric characterization and behaviour in small X-ray fields
of a microchamber and a plastic scintillator detector. Br J Radiol
2017;90:20160596.

Zankowski C, Podgorsak EB. Determination of saturation charge and
collectionefficiency for ionization chambers in continuous beams. Med
Phys1998;25:908-15.

.Journal of Medical Physics | Volume 49 | Issue 2 | April-June 2024

293






