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Kosunen and RogefdMed. Phys.20, 1181-11881993] presented a linear equation relating the
Spencer—Attix water/air stopping power ratio tal®{10),, the photon component of the percent-

age depth-dose at 10 cm depth for a<i cn¥ field on the surface of a phantom at SSIDO0 cm.

This relationship has been used to calculate extensive tables fafctors for use with dosimetry
protocols based on absorbed-dose calibration factors. Unfortunately, the original paper contained an
error which has recently been asseseéghget al). The present paper presents a corrected form of
this relationship, viz.: I(/p)¥2**'=1.275- 0.00231%dd(10),] which is based on corrected values

of %dd(10),. It is shown that despite changes of up to 2% in calculated valuesdai ), , the

net effect on calculated values k§ is less than 0.2%.[S0094-240899)01204-3
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I. INTRODUCTION Il. CORRECTED DATA AT SSD =100CM

In the forthcoming AAPM TG-51 dosimetry protocbf,the In the original pape?,depth-dose curves were calculated
photon beam quality specifier is@(10),, the photon com-  with Ecs4? for 100 cn? circular parallel beams for many
ponent of the percentage depth-dose at 10 cm depth for d@ifferent bremsstrahlung spectra. These depth-dose curves
10x 10 cnt field on the surface of a phantom at an SSD ofwere then 12 corrected to SSB100 cm. Table | presents a
100 cm. The rationale for using this beam quality specifielsummary of the 23 beams used in that work and the present
has been discussed in detail by Kosunen and Rogemey work, and compares the values ofd#{10), obtained by
also presented a linear relationship betweedd¥d0), and  doing a 1r2 correction of the parallel beam data to the
the S_pencer—Attix water to air restricted stopping power raproper values of %d(10), calculated for a point source.
tio, (L/p)3:*®, which is of fundamental importance in clini- These latter values are obtained either by a direct calculation

cal photon beam dosimetry. Their relationship is: for a point sourcefor a 10x 10 cn? beam from a point 100
cm away from the phantom surface in a vacguanby using
[ water the correction curve calculated by Yaagal® which relates
(q =1.2676-0.002224%dd(10)). (1) the true point source value of 4(10), to that obtained by
P air doing a 1r? correction of the parallel beam data. The origi-

nal paper contains a description of the spectra dsed.

This relationship has been used as the basis of calculations of Ilt IISt' wgrfth tEOtégg tha; E;th’\t/lavpl))rewous paratlleila peam
the quality conversion factokg , which plays a central role caicu allon bor 2 80/ 0 gnh. h b §3$S seem o eI inac-
in the TG-51 protocol's approach to photon beam dosimetr)?urate(ow y 2.0% and high by 0.9%, respectivglyn

based on absorbed-dose calibration factorke quantityk, the %Co case it appears that a transcription error occurred
is discussed in detail elsewhé¥d. since the original raw data are consistent with the current

Yang et al®° have recently highlighted the fact that it is results. The 6 MV case can only be explained as a statistical

inappropriate just to use a simplerd/korrection to convert anomaly.
depth-dose curves calculated for parallel beams into those for Table I also contains the values reported fod 8610) in
a fixed SSD. It has been well known for many years thatSupplement 25 of the British Journal of Radioldggnd the
there are scatter corrections needed as well as the 1/values given in the report of Task Group 46 of the Radiation
corrections® but Kosunen and Rogers just used the?1/ Therapy Committee of the AAPM: The measured values of
correction. Yanget al’s data suggest changes in the value of%dd(10) include any effects of electron contamination,
%dd(10), of up to nearly 2% at low energies but no signifi- whereas % d(10), is for the photon component only of the
cant change for beams with @d(10), greater than 80%. beam. It is important to recognize that the BJR data are av-
[Note that by a 2% change in 861(10), we mean 50% goes eraged over many machine types whereas the TG-46 data are
to 51%) machine specific and have been selected to match the Varian
The purpose of this paper is to document a revision to thenachines modeled when calculating the spectra used in the
relationship between #%d(10), and (L/p)"“@* and to show present calculations.
the size of the effects expected in calculated valuekdoas Given the above consideration, the measured data for
used in TG-5%* beams below 15 MV are in good agreement with the calcu-
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TaBLE |. Revised data relating stopping-power ratio tad@10),. The 1.14 T T T T
stopping-power ratios and “original” data are from Kosunen and Rogers o N
(Ref. 3 and are based on parallel beam calculations which werechf- 113 ]

rected to SSB-100 cm. The “point source” data are either calculated di-
rectly (shown with &) or use the correction factors calculated by Yang
et al. (Ref. 8 to correct the original data. Experimental data from BJR
Supplement 25Ref. 13 and AAPM’s TG-46(Ref. 14 are shown in the last

two columns. The TG-46 data are specific to machine type whereas the
BJR25 data average over many machines.

® Mohan + *Co

stopping power ratio (water/air)

<© Al-meas
1.09 A Pb-meas
| water %dd(10), x Be-meas
5 - - 1.08 V¥ Filtered Al
Spectrum \P/ air Original  Point source BJR25 TG46 » NRC standards
107 F * racetrack
Co 60 11335  56.26 58.20  58.7 revised fit
L ——- original fit
Mohanet al. 1.0
4 MV 11277  62.33 63.35 63.0 63.3 1.05 s . . s . . . ;
6 MV 1.1206  66.54 66.71 675 66.8 ““s55 60 65 70 75 80 8 90 95
10 MV 11071 72.40 73.0 730 732 %dd(10),
15 MV 1.0946  77.91 78.22 770  76.9
24 MV 1.0745 86.06 86.06 83.0 NA Fic. 1. Calculated Spencer—Attix water to air stopping-power rgtiased
on ICRU 37 stopping powers, Ref. 18s revised %d(10), for the same
Aluminum spectra as studied by Kosunen and Rogétsf. 3 The solid straight line is
10 MeV 1.1126 69.89 70.58 the linear fit[Eq. (2)] to the revised data for all the bremsstrahlung beams
15 MeV 1.0958 77.28 77.67 whereas the dashed line is the fit to the original data.
20 MeV 1.0855 81.88 81.88
25 MeV 1.0769  85.97 85.97
30 MeV 1.0685  89.55 89.55 || water
Lead (:) =1.275-0.00231%dd(10),). 2
10 MeV 11114  70.63 71.33 air
15 Mev 1.0988  76.63 77.01 The effect of the revision is to change the fitted line slightly
20 MeV 1.0882  80.83 80.83 di h lity of the fit. Th deviati bout
25 MeV 10796 8457 84.57 and improve the quality of the fit. The rms deviation abou
30 MeV 1.0747  88.01 88.01 the fitted line is now 0.0011previously 0.001B
_ The figure also shows the linear fit to the original data.
Beryllium The major change is for low energy beams. The biggest prac-
15 MV 1.0972  76.17 76.62 _ .
tical change would be foa 4 MV beam where the stopping-
Filtered power ratio assigned based on a value afd{l0), of 63.4
10 MV 14 cm Al 1.1021  74.42 74.94 would change by 0.20%. Thus although the values of
20 MV 14cm Al 1.0771  84.84 84.84 %dd(10), for the 4 MV beam changed by 2%, the variation
NRC in stopping-power ratio is much reduced because the rela-
10 MeV NRC Al 1.1101  69.96 70.65 tionship between stopping-power ratio andd@§10), has
20 MeV NRC Al 1.0868 81.15 81.15 such a small 5|0pe_
MSKCC racetrack
30 MeVv 10725  88.00 88.00 lll. CHANGES TO CALCULATED ko FACTORS
50 MeV 1.0538  95.36 95.15

For photon dosimetry based on absorbed-dose calibration
a'I'h_is is for CIin‘ac 6 Whic_h is what Mphaet al’s ‘s‘pectrum rgfers to. The ‘ factors for°Co beams, one calculates Va|ueg(@fusing the
Clinac 2100C is 67.1; Siemens KD is 67.7; Philips SL75 is 67.9; SL25 'Srelationship between stopping-power ratios and d(dL0), .
67.9. : s .
See Ref. 4 for a detailed description of the calculations. The
linear fit is used above %d(10),=63.35% and below that a
linear interpolation to thé’Co datapoint is used and for
%dd(10), below 58.4%, the®°Co value of the stopping-
lations since electron contamination has little effect onpower ratio is used. Figure 2 presents a comparison dfghe
%dd(10). For the higher energy beams, the electron convalues as a function of #%d(10), values calculated with the
tamination reduces the value of @d(10) and hence the revised versus original relationship. The differences mirror
measured value of #@d(10) is not directly comparable to the change in the stopping-power ratio versusld{d0),
%dd(10), . Using a general relationship presented edrier curves since thég values are dominated by these curves.
estimate the effect of electron contamination od@l0),  There is also a second order effect in the calculatiokpf
the discrepancies for the 15 and 24 MV beams are reducedjnce there is a slight change in the relationship between
respectively, from 1.6% and 3.7% to 0.9% in both cases. TPR and %ld(10),.* This relationship is used to access
Figure 1 presents the revised data along with the revisedome of the data used in the calculation and these data are
fit to the data for the bremsstrahlung beams. The revisedvailable as a function of TPR.g., (uen/p)], but the effects
relationship is: of these changes are insignificant.
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Fic. 2. Values ok, for an NE2571 Farmer-like chamber as calculated with
the revised or original stopping-power ratio vd#{10), data.
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