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Purpose Results
Total scatter factor, Scp(mlc, jaw), is a function of collimator field size and effective field size. It is useful to simplify Scp 4% | | | | | | | | | |
by modeling it as separable into component functions Sc(jaw) and Sp(mlc). The conventional technique for separating Sc Measured Scp vs. Calculated By Each Method
from Sp uses the method described by Khan'. Using Khan’s method, these components are separated as follows. : Conventional Square-Root
: >A4% 0 0
Scp(mlce= jaw) 0°
Sp(mlck . Eq. 1 - >3% 1 1
Sc(jaw) >1% 3 2
A simpler method would be to distribute Scp equally between Sc and Sp. Both methods produced similar results.
\/Scp(mlcrjaw)=5c(jaw)= Sp(mlc) Eg.2 S 1
' L 0% -
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This alternative method would require only a subset of the data required by Khan’s method, conveniently excluding all I
in-air measurements. The goal of the present work is to benchmark the accuracy of this simpler method against the
conventional method. B Square-Root Method B Conventional Method
Methods
. : 1.1
Radiation output measurements were made using ‘Measured — .
100 MU of the 6 MV photon beam produced by a i e | N m & n a © 9 o o0 o o & o & o o N~ F ® O O o
Clinac 23EX. 1.0 4 9 9 9 8 & 49 4 3 5 43 5 3 23R SO S F 9 &
Scp and Sc curves were measured and fitted using the 09 MY 1 Scp - Fitted Field Size (jaw - mic)
conventional method. B , , . . .
mr Profiler 2, 0.8 mm diode, S/N1174300 Discussion and Conclusion
Relative output was measured at the nominal 0.8 — Markus Chamber, N23343, S/N2906
: : : - ‘ ! The conventional technique for separating Sc from Scp is the division method described by Khan, given in equation 1.
d . (1.5 cm) in a plastic water phantom. In-air i 0.055 cm3, 5.3 mm diameter ’ G cparating P o y R 5 quat
measurements were made using a 1.4 cm acrylic ) o Thimble Chamber, N31010, S/N1360 Khan’s method depends on the simplifying assumption that output in-air, Sc, can be appropriately measured using a
buildup-cap 0.7 — 0.125 crm? ' ' buildup-cap, so that Sp is calculated as Scp/Sc. Under this assumption, measured values of Sc correspond to a zero
] - Farmer Chamber, N23333, S/N453 effective field size with no Sp component.
These were used to calculate a conventional Sp. The 06 0.6 cm? . . o _ _ .
square-root of the measured Scp curve was also taken - Electrometer, Max-4000, /N E072123 Use of a buildup-cap imposes limits on accuracy, and accuracy is most important among the useful properties of any
to calculate alternative Sc and Sp curves - ' ' candidate measurement method. In this context, accuracy means the ability of the resulting Sc and Sp functions to
0.5 adequately predict composite Scp(mlc, jaw) values across the range of useful combinations of collimator and effective
0 10 20 30 field size.
‘Measured Calculated Lam and Ten Haken? suggest an alternative to Khan’s method, seeking to eliminate the distorting effect of the buildup-
_ / cap by eliminating the in-air measurement. They achieve this by measuring Scp under varying combinations of
L~ | collimator and effective field size and inferring the component functions from these composite measurements. Their
] oL method does reduce small-field distortion, though at the cost of much greater complexity.
1.0 o] 1.0 It can be shown by measurement” that Scp, measured exclusively in-phantom, is not perfectly and uniquely separable
! : Sc - Fitted Conventional into Sc and Sp. As ideal separation is not possible, no method of separation is ideal. So, though useful, Lam and Ten
¢ Thimble Chamber, N31010, S/N1360 . Haken’s method is not ideal.
g 0.125 cm? Sc - Measured
e Electrometer. Max-4000, S/N E072123 Sp =Scp / Sc The square-root method, presented here, avoids in-air measurement like Lam and Ten Haken’s. But, simplicity is a useful
o property in any analysis method. The square-root method was selected to provide the simplest possible approach.
SAD =100 cm Square-Root Method
y SAD = 130 cm Sc = Sp= \/f Over the 23 benchmark cases evaluated, the square-root method was shown to be no less accurate than Khan’s. Each
" SAD =450 cm P P method produced blocked-field Scp values which agreed with measured values within 4% for all cases and within 3% for
G IR b eeeEEEEEEEEEEEEEEEEEEEEEEEEE all but one case. The conventional method agreed within 1% in all but 3 cases, while the square-root method agreed
) O 10 20 30 40 0.9 | | | | | | | | | | | | | | | | | | | | | | | | | | | Within 1% for aIl but 2 Cases.
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Though it would need to be validated for any specific beam to which it might be applied, under the conditions studied,
A 0.125 cc ion chamber was used to measure Scp values for a set of blocked benchmark fields. Field size combinations use of the simplifying assumption that Sc = Sp would seem to be both justified and useful.

were limited to between 2x2 and 29x29 to ensure no measurement artifact from the chamber or phantom.

* Suppose Scp was perfectly separable into Sc and Sp. Because Sc(10) =1, Sp(mlc<10) could be directly determined by
measuring Scp(10, mlc) . A series of similarly linked measurements could then be used to incrementally determine all
values of Sc and Sp to yield consistent functions. Refuting separability requires demonstrating that the result of this

Measured values were then compared to those predicted, both by the conventional method and by the proposed
square-root method. The measurements were then re-sequenced to help visualize the results.

IAW 11 11 11 11 21 11 11 12 13 14 15 16 17 18 19 20 11 6 11 11 11 29 21 process is not consistent. This is shown with 3 measured values.
MIC 2 3 4 5 9 6 10 9 9 9 9 9 9 9 9 9 7 4 8 9 9 21 2 AHE T Dejinition Sl
Scp( 4, 10) = 0.962 Sc(10) = 1.000 Scp( 4, 10) & Sc(10) = Sp( 4) =0.962
Scp( 4,21)=0.971 Scp( 4, 21) & Sp( 4) = Sc(21) = 1.009
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