Original Article

Influence of Jaw Setting in the Determination of Stereotactic
Small-Field Output Factors with Different Detectors

Seby George, Y. Retna Ponmalar, Henry Finlay Godson, A. Sathish Kumar, B. Paul Ravindran
Department of Radiation Oncology, Christian Medical College, Vellore, Tamil Nadu, India

Background: The experimental determination of relative output factors presents the greatest challenge, especially for small fields with
different detectors. The aim of this study is to evaluate the influence of jaw positions on small-field output factors for the fields defined by
micro-multileaf collimator and circular cones with different detectors. Materials and Methods: The stereotactic output factors were measured
on Primus linear accelerator with BrainLab micro-multileaf collimator (mMLC) and circular cones as add-on tertiary collimators. Square field
sizes ranging from 0.6 cm % 0.6 cm to 9.8 cm x 9.8 cm and circular fields of diameter ranging from 1.0 cm to 4.0 cm were defined by mMLC
and circular cones, respectively. The influence of jaw position on output factor was assessed for different geometric configurations with three
different detectors. Results: The values obtained with PinPoint ion chamber were consistent with microDiamond detector for fields greater than
24 mm % 24 mm, but an underestimation of 23.9% was noticed in 6 mm x 6 mm field size. For the mMLC defined field size of 6 mm x 6 mm,
when the X-Y jaw was moved from 8 mm x 8 mm to 80 mm X 80 mm, an increase in the output by a factor of 1.7 was observed with both
microDiamond and stereotactic radiosurgery diode, whereas an increase in output by a factor of 1.9 was noticed with PinPoint ion chamber.
Conclusion: Output factors obtained with different detectors show high differences in the smallest field size for all collimating systems. This
study confirms that the position of X and Y jaw above the tertiary collimator significantly influences the small-field output factor.
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INTRODUCTION for clinical use. Although a significant amount of data on
small-field output factors and output correction factors for a
spectrum of detectors are published in the literature, there is a
substantial scatter in the data of output factors for the smallest
field sizes.[” Moreover, the dosimetric characteristics of a beam
would also be changed due to the configuration and position
of the jaws.!®! The positions of X and Y jaw setting from the
tertiary field edge significantly affect the smaller field output
due to the increased multileaf collimator (MLC) transmission.

With the introduction of advanced techniques such as stereotactic
radiosurgery (SRS) and intensity modulated radiotherapy, small
radiation fields have become an essential part of radiotherapy
despite the fact that the dosimetry of small beam presents many
challenges that are not encountered in standard field photon
dosimetry.lY) The accurate dosimetry of small-field output factors
is challenging due to charged-particle disequilibrium, finite size
of the detector as well as the partial occlusion of the source.**
These challenging effects instigated an emphasis on the
acquisition of small-field output factor with various detectors.
Hence, an attempt has been made to measure the influence

The experimental determination of relative output factor
presents the greatest challenge in small fields with different
detectors that exhibits high degree of uncertainty.[*5] The
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small-field output factors.!! Several studies recommend using

more than one detector to measure small-field output factors
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of jaw position on small-field output factors using three
different detectors on Primus linear accelerator with BrainLab
micro-MLC (mMLC) and BrainLab circular cones as tertiary
add-on collimators.

MareriaLs AND MEeTHODS

Linear accelerator

A dual energy Primus linear accelerator (Siemens, Germany)
capable of producing 6 MV and 15 MV photon beams was
used in this study. Stereotactic irradiations were performed with
BrainLab mMLC and BrainLab circular cones as an add-on
tertiary collimator to the Primus linear accelerator with 6 MV
photon beams. The BrainLab mMLC has 26 pairs of tungsten
leaves that generate variable small square fields ranging from
6 mm X 6 mm to 98 mm x 98 mm. The BrainLab circular cones
are made up of lead embedded in a brass shell of 11.5 cm length
and an outer diameter of 10.8 cm. The inner diameter of circular
cones varies from 10 mm to 40 mm at isocenter in steps of 5 mm.

Dosimeters

The detectors used in this study were PTW microDiamond,
PTW SRS diode, and PTW PinPoint ionization chamber. The
tissue equivalent microDiamond (60019) detector has an active
area of 1.1 mm radius and 1 um thick disc with a sensitive
volume of 0.004 mm?®. The waterproof SRS diode (60018)
has a sensitive volume of 0.3 mm?® with an active area of
1.2 mm diameter and 0.25 mm thick circular silicon disk. The
PinPoint (31014) ionization chamber has a sensitive volume
of 0.015 cm® and 2 mm in diameter. The response of the
aforementioned detectors was obtained with PTW UnidosE
electrometer. The microDiamond and SRS diode were operated
at 0 V whereas PinPoint ionization chamber was operated
at +400 V. The microDiamond and SRS diode detectors were
positioned with its axis parallel to the central axis (CAX) of
the beam, whereas the ionization chamber was positioned
perpendicular to the CAX of the beam in MP3 radiation field
analyzer (PTW, Germany). Accurate positioning of the detector
at the center of the radiation field was confirmed with the dose
profiles acquired at 10 cm depth.

Influence of jaw position on output factor

The influence of jaw position on the stereotactic output
factor for the fields defined by tertiary collimators with
different detectors was analyzed. Stereotactic output factors
were measured for the square fields defined by BrainLab
mMLC ranging from 0.6 cm x 0.6 cm to 9.8 cm x 9.8 cm
with various jaw positions and for circular fields defined
by BrainLab cones ranging from 1.0 cm to 4.0 cm diameter
with an increment of 0.5 cm using 6 MV photon beams. The
geometric configuration of mMLC and the jaw defined fields
for which measurements were carried out are highlighted in
Table 1. All measurements were carried out by positioning
the detectors at a depth of 10 cm with a source-to-surface
distance of 100 cm. Each measurement was repeated three
times by delivering 100 MU for all field sizes, and the average
value was used in the study. Figure 1 depicts the placement of

Table 1: The geometric configuration of the fields defined
by micro-multileaf collimator and the secondary jaws

mMLC field Jaw field mMLC field Jaw field

(mmxmm) (mmxmm) (mmxmm) (mmxmm)

6%6 8x8 12x12 14x14
10x10 20%20
20x20 44x44
44x44 80x80
80x80 98x98
98x98

18x18 20%20 24x24 44x44
44x44 60x60
80x80 80x80
98x98 98x98

30x30 44x44 36x36 44x44
60x60 60x60
80x80 80x80
98x98 98x98

42x42 44x44 60x60 60x60
60x60 80x80
80x80 98x98
98x98

80x80 80x80 98x98 98x98
98x98

mMLC: micro-multileaf collimator

detectors with respect to CAX of the beam in radiation field
analyzer during measurement. The detector-specific output

correction factors ( kg‘f”fén»sr ) published in IJAEA TRS 483

protocol for different detectors have been used to account for
the under-response and over-response of the detectors in the
determination of output factors.

ResuLts

BrainLab micro-multileaf collimator output factors

The influence in small-field output factors due to the presence
of an add-on BrainLab mMLC attached to the Primus linear
accelerator with different detectors was analyzed. A good
agreement (<1%) was obtained with microDiamond detector
and SRS diode for fields greater than 12 mm x 12 mm,
however a high estimation of 2% was seen in SRS diode
for 6 mm x 6 mm field. The values obtained with PinPoint
ion chamber were consistent with microDiamond detector
for fields >24 mm x 24 mm, but a downgrade of 23.9% was
noticed for the smallest field size (6 mm x 6 mm). The PinPoint
ion chamber underestimated the output factor for the field
size of 12 mm x 12 mm by 6.3%. Measurements performed
for larger fields greater than 24 mm x 24 mm were found to
be consistent for all detectors. Figure 2 represents the output
factors obtained with various detectors for the fields defined
by mMLC for the minimum and maximum jaw setting. Table 2
represents the output factors obtained with three detectors for
the fields defined by BrainLab mMLC for various jaw settings
and the percentage deviation of each detector with respect to
the microDiamond reference detector.
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Figure 1: Experimental setup for the output factor measurements

A noticeable increase in output factor was noticed in small
fields when the jaws were moved away from the edges of the
tertiary collimated field. For the mMLC defined field size of
6 mm x 6 mm, the increase in jaw position from 8 mm x 8§ mm
to 80 mm x 80 mm showed a significant increase in the output
factor with different detectors. An increase in output by a factor
of 1.7 was observed with microDiamond and SRS diode whereas
an increase in output by a factor of 1.9 was noticed with PinPoint
ion chamber. While for a field size of 12 mm X 12 mm, when
the jaw was moved to 98 mm X 98 mm from 14 mm x 14 mm,
the increase in output by a factor of 1.20 was observed
with all detectors. For mMLC fields of 6 mm x 6 mm and
12 mm x 12 mm, when the jaws were moved to the maximum
position of 98 mm x 98 mm from 60 mm x 60 mm, the output has
been increased only by a factor of 1.008 and 1.009, respectively.
No significant deviation in output factor was noticed for the
fields greater than 24 mm x 24 mm for the minimum and
maximum jaw opening. Table 3 shows the increase in output
factor for fields defined by mMLC when the jaws were moved
from the minimum jaw field to maximum jaw field setting.
Figure 3 depicts the influence of jaw position on output factor
for four different fields defined by mMLC.

The detector-specific output correction factors ( kf““”fmsr )

clin¥msr

account for the variation in response of solid-state detectors
and ionization chamber when small fields are involved.”! The
detector specific output correction factors mentioned in TRS
483 report'® for microDiamond and SRS diode are 0.968,
0.960 and 0.989, 0.990 for 6 mm x 6 mm and 12 mm X 12 mm
fields, respectively. For the 6 mm x 6 mm field defined by
mMLC with a X-Y jaw opening of 10 mm x 10 mm, the
over-response of the microDiamond and the SRS diode was
corrected and the output factor was reduced to 0.438 = 0.03
and 0.443 + 0.03, respectively. With 12 mm x 12 mm mMLC
field for a jaw opening of 20 mm x 20 mm, the output factor
obtained with microDiamond detector and SRS diode was
reduced to 0.718 £ 0.03 and 0.716 + 0.03, respectively. The
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Figure 2: Comparison of output factors obtained with various detectors
for the fields defined by BrainLab micro-multileaf collimator when X and
Y jaws were positioned closer to the micro-multileaf collimator defined
field and at the maximum jaw position (98 mm x 98 mm)

detector-specific output correction factor (kéf’i”fér»fr ) for PTW
clinmsr

PinPoint ionization chamber is 1.041 for 12 mm x 12 mm field.
For the mMLC field opening of 12 mm X 12 mm with the jaw
opening of 20 mm x 20 mm, the under-response of the ionization
chamber was enhanced to 0.727 £+ 0.04 from 0.699 + 0.04.

BrainLab stereotactic cone factors

Output factors for all detectors were consistent with microDiamond
detector values (< 1%) for cones of diameter ranging from 2.5 cm
to 4.0 cm. The jaws were positioned at a fixed distance of 0.5 cm
away from the tertiary collimated field. The values obtained for
PinPoint ion chamber and SRS diode were in good agreement
with microDiamond reference values for all circular fields greater
than 2 cm diameter. For the smallest cone of diameter 1 cm,
the output factors determined by microDiamond, SRS diode,
and PinPoint ion chamber were 0.646 + 0.03, 0.657 + 0.04,
and 0.615 £ 0.05, respectively. The SRS diode showed an
overestimation of 1.7% and 1.1% for cones of diameter 1.0 cm
and 1.5 cm, respectively, with respect to microDiamond detector,
and a good agreement was noticed for larger cone sizes. An
underestimation of 4.8%, 2.9%, and 1.9% was observed with
PinPoint ion chamber for 1.0 cm, 1.5 cm, and 2.0 cm diameter
cones, respectively. Table 4 represents the output factors obtained
with three detectors for the fields defined by BrainLab stereotactic
cones and the percentage deviation of each detector from the
microDiamond reference detector.

The detector-specific output correction factors (kg"’:"fg"”' ) for
the fields defined by stereotactic cones have been inclgrﬁgrated
to correct for the difference in response of the detectors in
small fields. After applying the correction factors, the output
factors observed with microDiamond and SRS diode were

0.636 + 0.03 and 0.646 = 0.04, respectively, for the smallest
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Table 2: Output factors obtained with different detectors for the small fields defined by BrainLab micro-multileaf
collimator and the percentage deviation from microDiamond reference detector

mMLC field Jaw field Output factor Percentage deviation
(mm xmm) (mm xmm) microDiamond SRS diode PinPoint Diode PinPoint
6%6 8x8 0.367 0.374 0.279 1.9 -239
10x10 0.453 0.462 0.368 2.0 -18.8
20%20 0.615 0.619 0.511 0.5 -17.0
44x44 0.631 0.634 0.527 0.5 -16.5
80%80 0.635 0.638 0.532 0.5 -16.2
98x98 0.636 0.640 0.536 0.6 -15.8
12x12 14x14 0.643 0.643 0.603 -0.1 -6.3
20%x20 0.726 0.723 0.699 -0.3 -3.7
44x44 0.759 0.756 0.735 -0.3 -3.1
80x80 0.767 0.766 0.746 -0.1 -2.8
98x98 0.771 0.770 0.750 -0.2 -2.7
18x18 2020 0.756 0.753 0.740 -0.4 -2.1
44x44 0.801 0.798 0.798 -0.3 -0.4
80x80 0.822 0.819 0.820 -0.4 -0.2
98x98 0.828 0.826 0.826 -0.3 -0.3
24x24 44x44 0.822 0.820 0.825 -0.2 0.4
60x60 0.834 0.832 0.838 -0.3 0.4
80x80 0.848 0.845 0.851 -0.4 0.4
98x98 0.859 0.856 0.862 -0.3 0.3
30%30 44x44 0.837 0.835 0.840 -0.3 0.3
6060 0.851 0.848 0.855 -0.4 0.4
80x80 0.868 0.866 0.871 -0.3 0.3
98x98 0.878 0.875 0.880 -0.4 0.2
36x36 44x44 0.854 0.850 0.857 0.4 0.3
6060 0.866 0.864 0.869 -0.2 0.4
80x80 0.884 0.882 0.886 -0.3 0.2
98x98 0.895 0.892 0.897 -0.3 0.2
42x42 44x44 0.864 0.859 0.866 -0.5 0.3
60%60 0.881 0.877 0.883 -0.5 0.2
80x80 0.896 0.892 0.899 -0.4 0.3
98x98 0.908 0.904 0.911 -0.4 0.3
60%60 60%60 0.911 0.908 0.914 -0.3 0.3
80x80 0.932 0.929 0.935 -0.4 0.3
98x98 0.946 0.943 0.948 -0.3 0.2
80%80 80x80 0.960 0.958 0.962 -0.2 0.2
98x98 0.977 0.976 0.979 -0.1 0.2
98x98 98x98 1 1 1 - -

SRS: Stereotactic radiosurgery

cone of diameter 1 cm. For the 1.5 cm diameter cone, the
response of the PinPoint ionization chamber was corrected
to 0.715 £ 0.005. The output factor values were found to be
consistent for fields >2 cm diameter cone. Figure 4 represents
the output factors obtained before and after applying the
detector-specific output correction factor of various detectors
for the stereotactic fields shaped by an add-on BrainLab
circular cones in Primus linear accelerator.

Discussion

The influence of jaw position in the determination of output
factors with different detectors for radiation fields defined by
tertiary collimators such as BrainLab mMLC and cones is

discussed. Noticeable difference in output factors measured
with different detectors was observed for the smallest field
size with all tertiary collimating systems as reported in the
literature.’'"! The rapid decrease in output factors observed
for fields <2 cm X 2 cm could be primarily due to the loss
of lateral charged-particle equilibrium and partial source
occlusion by different collimating devices.! The dependence
of field size observed on output factor could also be due to the
rapid decrease in primary dose where no electronic equilibrium
exists for fields smaller than the lateral electron range. These
differences imply that the density of the detector is vital in
small fields where lateral electronic disequilibrium breaks
down significantly.!?
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Figure 3: (a-d) Influence of jaw position on output factor for four different fields defined by micro-multileaf collimator
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Figure 4: The output factors obtained before and after applying the
detector-specific output correction factor of various detectors for the
fields defined by stereotactic cones

The positions of X and Y jaw setting from the tertiary field edge
significantly affect the smaller field output and decrease with
increase in field size. The deviation observed was found to be
more prominent for smaller opening than larger opening of X
and Y jaws from the tertiary collimator edge in smaller fields.!'*
Generally, X and Y jaws are fixed 5 mm away from the mMLC
field edge, and the jaws were fixed 5 cm x 5 cm for all conical

collimators during clinical treatment. A noticeable increase
in small-field output with increasing jaw field size observed
could be due to the increased MLC transmission. The partial
occlusion of the X-ray target by the field boundaries could be
the reason that lowers the output, and the effect of occlusion
is prominently dependent on the design of the collimating
system and the divergence of small fields.!'*!>) The X-Y jaw
settings greatly alter the incident fluence and the output of small
fields due to the finite radiation source.!"! A finite error in jaw
position could significantly alter the output in small fields. The
multiple scatters within the tertiary collimator as well as the
differential photon scatter angle from the X and Y jaws could
significantly alter the output factor in small fields. Moreover,
the reduction in photon fluence owing to the obscure of source
periphery decreases the output factor. The proportion of the
flattening filter and aperture of primary collimator viewed by
the detector highly influences the output as the collimating
setting is decreased.!'>!”! The output characteristics of small
fields depend not only on the type of collimating device but
also on the configuration of jaw position.

The output factors measured with PinPoint ion chamber
agree well with microDiamond detector (~0.5%) for all field
sizes except with an underestimation in smaller fields. The
under-response observed in ion chamber is due to the reduction
in field width and greater cross-section of the sensitive
volume faced by the beam that attributes to lateral electronic
disequilibrium and volume averaging effect.['32% The response
of SRS unshielded diode was comparable with microDiamond
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Table 3: The increase in output factor for fields defined by micro-multileaf collimator when the jaws were moved from

the minimum jaw field to maximum jaw field setting

mMLC field Jaw field (mmxmm) Increase in output factor

(mm xmm) Minimum Maximum microDiamond SRS diode PinPoint
6%6 8x8 98x98 1.73 1.71 1.92
12x12 14x14 1.20 1.20 1.24
18x18 20%20 1.10 1.10 1.12
24x24 44x44 1.05 1.04 1.04
30x30 44x44 1.05 1.05 1.05
36x36 44x44 1.05 1.05 1.05
42x42 44x44 1.05 1.05 1.05
60%60 60%60 1.04 1.04 1.04
80%80 80%80 1.02 1.02 1.02
98x98 98x98 1 1 1

SRS: Stereotactic radiosurgery, mMLC: micro-multileaf collimator

Table 4: Output factors obtained with different detectors for the small fields defined by BrainLab stereotactic cones and
the percentage deviation from PTW microDiamond detector reference value

Cone size Jaw size Output factor Percentage difference
(cm) (cm) microDiamond SRS diode PinPoint Diode PinPoint
1 1.5 0.646+0.03 0.657+0.04 0.615+0.06 1.7 -4.8
1.5 2 0.720£0.03 0.728+0.04 0.699:£0.05 1.1 -2.9

2 2.5 0.783+0.03 0.781+0.03 0.768+0.04 -0.2 -1.9
25 3 0.803+0.02 0.801+0.02 0.802+0.02 -0.2 -0.1

3 3.5 0.823+0.01 0.820+0.01 0.821+0.01 -0.3 -0.2
3.5 4 0.840+0.01 0.837+0.01 0.839+0.01 -0.4 -0.1

4 4.5 0.854+0.01 0.851+0.01 0.853+0.01 -0.4 -0.1

detector, while for the smallest field configuration, an
increase in detector response was observed for all collimator
configurations. Although the unshielded diodes have shown
to be the reliable detectors in the measurement of small-field
output factors, it has been reported that the diodes over-respond
in small fields.?!*? The presence of a high-density silicon
chip (pSi = 2.33 g cm™) and the nonwater equivalency of
the dosimeter that causes a dose perturbation are the reasons
for the increase in response of the detector in small fields.!
Furthermore, the existence of charged-particle equilibrium
with shorter lateral range of electrons in silicon than in water
is another reason for this overestimation.?!3

The diamond detector has the advantage of approximate
tissue equivalency over a wide range of photon energies
and shows uniform radiation sensitivity with the incident
photon beam direction. Chalkley and Heyes demonstrated
that the new PTW 60019 microDiamond detector has shown
dose-rate independence, water equivalence, and excellent
spatial resolution for small fields ranging from 5 mm to 60 mm
diameter cones.?* It has been reported in the literature that
microDiamond detector over-responds in smaller fields and

. Seling .
yields kame;;r values, a few percent below unity.[**! The

diamond substrate behind the cavity attributes to electron
backscattering which could be the cause for the over-response
of the microDiamond detector in the smaller field. The

significant perturbations were due to the presence of the
high-density diamond substrate and the finite size of the active
volume.?®! As microDiamond detector has a relatively large
sensitive volume when compared to SRS unshielded diode, it
exhibits an increased volume averaging effect. This effect is
partially compensated by the presence of a high-density chip
surrounding the active volume.?”

Despite the sensitive volume of the microDiamond detector, it
seems to be a good choice for measurement of output factors in
small fields. However, the output factors obtained with different
detectors were similar for the larger fields used in this study.
This could be due to the existence of lateral charged-particle
equilibrium and almost no corrections are required for the
volume averaging effect and the variation between the mass
density of a particular detector and the medium.

<lin sy

The detector-specific output correction factors kédew for
different types of detectors have been investigated by several
research groups, and these correction factors were generally
determined by comparing the measured uncorrected detector’s
response to the Monte Carlo calculated field output factors.?%2]
The detector-specific output correction factors depend on
the type of detector, its volume averaging effect, and the
perturbation of particle fluence.’*” The detector-specific

output correction factors ( ké’g ) published in IAEA TRS
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483 protocol for different detectors have been used in this
study to account for the over-response and under-response
of the detectors. However, attention must be taken when
using correction factors for very small fields where the width
of the collimator aperture is similar to that of the electron
source, and therefore, differences in source occlusion may
change the beam output and potentially affect the correction
factor.®!! Different collimation systems could influence the
output correction factors significantly in the smallest field size
of 0.5 cm % 0.5 cm for the 6 MV photon beams regardless of
the detector used.

CONCLUSION

The dependence of the secondary and tertiary collimator
configuration with output factor and the influence in output
factor with different dosimeters have been investigated. The
differential part of the flattening filter viewed by the detector
with different jaw settings would result in the variation of
output factor. The observed differences in output factors
were evident in the smallest field size with various detectors.
The noticeable increase in small-field output with increasing
jaw field size observed could be due to the increased MLC
transmission. This study confirms that the position of X and
Y jaw above the tertiary collimator significantly influences the
small-field output factor.
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