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Abstract

Purpose: Small field dosimetry is complicated and accuracy in the measurement of total scatter factor (TSF) is
crucial for dosimetric calculations, in making optimum intensity-modulated radiotherapy plans for treating
small target volumes. In this study, we intended to determine the TSF measuring properties of CC0O1 and CCO4
detectors for field sizes ranging from sub-centimetre to the centimetre fields.

Material and methods: CCO1 and CCO4 chamber detectors were used to measure TSF for 6 and 18 MV photon
beam delivered from the linear accelerator, through small fields in a water phantom. Small fields were
created by collimator jaws and multi-leaf collimators separately, with field sizes ranging from 0-6 to 10 cm?
and 0-5 to 20 cm?, respectively.

Results: CCO1 measured TSF at all the given field sizes created by jaws and multi-leaf collimators for both 6 and 18 MV
beams whereas CCO4 could not measure TSF for field sizes <1 cm? due to volume averaging and perturbation effects.

Conclusion: CCO1 was shown to be effective for measurement of TSFin sub-centimetre field sizes. CC01 can be
employed to measure other dosimetric quantities in small fields using different energy beams.

Keywords: chamber detectors CCO1 and CCO4; collimator jaws; linear accelerator; multi-leaf
collimators; small field dosimetry

INTRODUCTION to the target volumes with enhanced accuracy
_ _ L . by applying very small beam orifices to achieve
Advanced radiotherapy techniques like intensity-  the clinjcal targets of radiotherapy.' But, such
modglated radiation therapy (IMRT), VOh}— small fields possess high dose gradients and
metric modulated arc therapy and stereotactic disequilibrium of the charged particles, thus,
radiosurgery deliver highly localised beam doses making small field dosimetry complicated.

As defined by Sharma, the small fields are the
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deposition at a point that lies along the beam
central axis.” Other authors have also described
the small fields on the basis of charge dis-
equilibrium, size of the source and the choice of
a detector, in the literature.”™ According to
Institute of Physics and Engineering in Medicine
report, radiation fields with dimensions
<40 mm? fall under small photon field category.*

There are a number of detectors like compact
chambers, plastic scintillator detectors and the
EBT films that are employed in the measurement
of dosimetric quantities in small fields. Several
authors have written on the properties of a good
detector and the multiple limitations associated
with various types of detectors in the literature.”””

As stated by Azimi et al., an accuracy in the
measurement of total scatter factor (TSF) in small
fields 1s important for dose calculations in treat-
ment planning systems especially when small
targets are treated with IMRT."”

The measurement of TSF is important for the
calculation of monitor units (MUs) in order to
ensure the precise delivery of radiation dose to
the target volume. But there presented a little
published data on the measurement of TSF
through chamber detectors like CCO1 and CC04
in small fields. This study is based on the
measurement of TSF of 6 and 18 MV photon
beams delivered from a Varian linear accelerator,
at various field sizes by using CC01 and CC04
detectors in a water phantom.

MATERIALS AND METHODS

In this study, two compact chamber detectors
CCO01 and CCO04 from IBA Dosimetry America
(Bartlett, TN, USA) were used for the measure-
ments of TSF for 6 and 18 MV photon beam
delivered from a Varian linear accelerator
(Palo Alto, CA) Clinac 21EX, at a dose rate of
300 MU/minute and it was equipped with
Millennium 120 multi-leaf” collimator (MLC).
CCO01 consisted of sensitive diameter of 2 mm
and sensitive length of 3 mm. CCO04 detector had
sensitive diameter of 4 mm and sensitive length of
3-6 mm. Field sizes for both the photon beams,
were defined by using two arrangements. In first
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arrangement, X-Y collimator jaws were used to
define the field sizes ranging from 0-6, 0-8, 1-0,
1.2, 1-5, 20, 2-5, 3-0, 4-0, 5-0, 6-0, 8-:0 and
10-0 cm”. In second arrangement, MLCs formed
the squared fields with the sizes ranging from 0-5,
1-0, 1.5, 2:0, 2-5, 3-0, 4-0, 5-0, 6-0, 8-:0 and
20-0 cm”. Both energy beams were made to fall
into a 40 X 40 X 40 cm” water phantom (CNMC
Company Inc., Nashville, TN, USA) which had
a vertical translation stage attached on one of the
walls. CCO1 and CCO04 detectors were attached
to the stage and positioned such that the mea-
surement point of the detectors remained at
beam isocenter at the depth of 10 cm in a water
phantom. An SSD (source-to-surface distance)
was kept at 90 cm.

RESULTS

In advanced radiotherapy techniques, the
measurement of the dosimetric parameters is
important in making optimum treatment plans
for small-sized targets. TSF 1is among the
dosimetric parameters which are essential in the
calculation of the MUs needed to deliver pre-
scribed radiation doses to the target volumes.''

The results for the measurements of TSF of
6 and 18 MV photons are divided into two
sections on the basis of two different types of
collimator fields (collimator jaws and MLCs).

(1) Measurement of TSF of 6 and 18 MV beam
through jaw fieldsIn first section, TSF was
measured by the detectors CC0O1 and CC04
for 6 and 18 MV photon beams from a
Varian linear accelerator through the jaw
fields with dimensions varying from 0-6 to
1 cm®. Table 1 shows the measurement of
TSF for 6 and 18 MV energy beam by
employing jaw fields ranging from 0-6 to
10 cm”. CCO1 and CCO04 were used for the
measurement of TSF. CCO1 detector
measured TSF for all the given field sizes.
CC04 did not measure scattering for the
field sizes <1-0 cm® due to gerturbation and
volume averaging effects."> TSF increased
with the increasing field sizes as measured
by both detectors. “For 18 MV beam, both
detectors measured TSF for the same set
of field sizes as for 6 MV beam. CCO1
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Table 1. Measurement of total scatter factor (TSF) of 6 and
18 MV beam through jaw fields

Table 2. Measurement of total scatter factor (TSF) of 6 and 18 MV

through

multi-leaf collimator (MLC) fields

6 MV beam through jaw field 18 MV beam through jaw field

6 MV beam through MLC

18 MV beam through MLC

field field
Field size TSFby TSFby Field size TSFby TSF by
(cm?) CC01  CCO4  (cm?) CCo1  CCO4 Field size TSFby TSFby Field size TSFby TSF by
0o 0560 0 0o 0420 0 (ecm?) CCO1  CCO4  (cm?) CCoO1  CCO4
0-8 0630 0 0-8 0505 0 05 0540 0 05 0410 O
1 0-670  0-660 1 0560 0 1 0-710  0-700 1 0-610  0-600
1.5 0-750  0-740 1.5 0-680 0-675 1.5 0-780  0-780 1.5 0720  0-720
2 0-780  0-780 2 0-752  0-752 2 0-820  0-820 2 0-800  0-80
3 0-821  0-830 3 0-840  0-840 3 0-870  0-870 3 0-890  0-890
4 0-860  0-865 4 0-890  0-890 4 0-900  0-900 4 0-940  0-940
5 0-890  0-892 5 0920  0-920 5 0930  0-930 5 0-970  0-970
6 0920  0-920 6 0942  0-942 10 1.029 1.029 10 1.025 1-025
8 0-965  0-965 8 0-978  0-978 15 1-080 1-080 15 1.055 1-055
10 1 1 10 1 1 20 1-110 1-110 20 1-060 1-060
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Figure 1. (a) Comparison between CCO1 and CCO04 measured
total scatter factor (TSF) for 6 MV beam through jaw field.
(b) Comparison between CCO1 and CCO4 measured TSF for
18 MV beam through jaw field.
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measured scattering for all the given field
sizes. TSF for 18 MV beam is slightly less
than that for 6 MV for the field sizes ranging
from 0-6 to 2 cm” because of the decrease
in the probability of scattering of higher
energy beam as compared with lower
energy beam but the scattering of higher
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Figure 2. (a) Comparison between CCO1 and CCO04 measured
total scatter factor (TSF) for 6 MV beam through multi-leaf
collimator (MLC) field. (b) Comparison between CCO1 and

CCo04

2

measured TSF for 18 MV beam through MLC field.

energy beam also increases with the increas-
ing field sizes.'"* CC04 did not measure
scattering for the field sizes smaller than
1-5cm® due to reason given above
(Figure 1a and 1b).

Measurement of TSF of 6 and 18 MV beam
through MLC fields
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In second section, TSF measurements were
carried out using CCO1 and CCO04 for 6 and
18 MV photon beams through the MLCs with
field sizes ranging from 0-5 to 20 cm”.

In Table 2, CCO1 measured scattering for all
the given field sizes for both 6 and 18 MV beam
but CC04 did not show any TSF value for field
size <1 cm” again due to volume averaging and
perturbation effects. TSF measured through
MLCs was higher as compared with that mea-
sured through jaw fields due to the increased
scattering in the collimator leaves and leakage
between the closed leaves.'> TSF is higher for
6 MV beam because leakage through MLC
leaves is higher for lower energy beam as studied
by Jabbari et al.'® The above given results are
presented graphically in Figure 2a and 2b.

DISCUSSION

Several challenges in small field dosimetry exist,
including lack of charged particle equilibrium,
overestimation of field size, perturbation of the
particle fluency in the chamber and volume
averaging effect of the detector. The radiation
detectors are capable of averaging the dose over
their volume. When the radiation beam dose
changes over the detector volume, then the
averaging may cause a different signal in com-
parison with the signal that any small detector
would measure in the central area of a large
detector and it gives rise to volume averaging
effect as defined by Weurfel.'”

The volume averaging effects and perturbation
appeared because of the finite size of the sensitive
volume of the detector, lateral charge dis-
equilibrium and also due to non-water equiv-
alency of the detectors, as documented by various
authors in the literature.'™' In comparison with
CCO01 detector, CC04 detector is not capable of
measuring dosimetric quantities and scatter factors
like TSF, for field sizes <1 cm” using 6 and 18 MV
beams in this study, because of the larger pertur-
bation and volume averaging effects.”**'

There occurred differences in the TSFs,
measured by CC01 and CC04 due to differences
in the active volumes of the two types of the
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detector. This type of discrepancy was also
observed by Muhammad Kamran et al. They
analysed the TSFs for 6 and 15MV photon
beams by using CCO1 and CC13 detectors. They
found underestimation in the measurement of
TSF by CC13 due to larger volume averaging
and disequilibrium of the charged particles, as
compared with CC01."?

Reduan et al., discussed about the minimum
scattering of photons through small field sizes due
to reduced lateral scattering of the photons from
the primary beam and it becomes greater for the
larger field sizes.”” This study also revealed that
TSF went on increasing with the field sizes
whether they are formed by the collimator jaws
or by the MLCs because the increased collimator
openings cause more scattering of the photon
beam.> Amfield et al., in their findings showed
that the scattering by the leaves of MLCs
increased with the increasing field sizes because
the greater MLC surface area got exposure to
the photon beam.**

CONCLUSION

In this exploration, CCO1 detector measured
TSF at all the given field sizes for both the energy
beams whereas CC04 could not measure TSF for
the field sizes <1 cm” due to volume averaging
and perturbation effects. CCO1 was shown to
be effective for measurement of TSF in sub-
centimetre field sizes. CCO1 can be employed to
measure other dosimetric quantities in small
fields using different energy beams.
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