Extrapolated surface dose measurements with radiochromic film
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A radiochromic film extrapolation method is described for the measurement of surface dose from
high energy photon beams. Extrapolated central axis entrance surface dose using Gafchromic film
for a 10x 10 cn¥ field size is 15% 2% and 13% 2% of D, for 6 and 10 MV x rays, respec-
tively. Extrapolated surface dose for a>380 cn? field with a 10 mm perspex block tray is 49%
+2% and 48% 2% of D5 for 6 and 10 MV beams, respectively. All results agree with uncor-
rected Attix parallel plate ionization chamber surface ionization within 4% for the same beam
energies and configurations. ®99 American Association of Physicists in Medicine.
[S0094-24089)01902-1
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External photon beam surface dose has been measured ussigface dose results are compared to uncorrected Attix par-
many techniques. Methods such as extrapolation chambersllel plate ionization chamber results for surface ionization
fixed parallel plate ionization chambérs, and (TLD) analysis. It has been calculated that the Attix chamber gives
extrapolatiofi have successfully been used to measure sursurface ionization accuracy within 1% using the Rawlif8on
face dose. The original MD-55-1 Gafchromic film has alsocorrection method. Both Attix chamber and Gafchromic film
been used successfully to measure surface’dise to its  experiments were performed in a RMI 30 &80 cnt solid
single layer design which allowed the active layer to be powater slab phantom at 100 cm source to surface distance.
sitioned at the surface. Design changes of the new, more The MD-55-2 Gafchromic film was tested for its thick-
sensitive MD-55-2 Gafchromic film which effectively pro- ness and physical density. The thickness was measured using
duced a two piece MD-55-1 sandwich moved the two activedigital calipers (Starreti and was found to be 0.267
layers away from the surfaeA simple extrapolation tech- =+0.005mm. The films weight was measured using a micro
nique has been employed to estimate surface dose. balance(Mettler) and results were used to determine the
Measurements were performed with two Varian 2100Cphysical density which was found to be %8.5mg/cm.
acceleratorgVarian Pty Ltd, Milpitas, Californiaat photon  Using these values an approximate effective water equivalent
energies of 6 and 10 MV. Field sizes ranging from thickness of the Gafchromic film is calculated to be 0.35
5cmx5cm up to 40 cnix40 cm were investigated. The film +=0.015 mm.
used was Gafchromic MD-55-2ISP Technologies Inc., The extrapolation technique was performed by irradiating
1361 Alps Rd., Wayne, NJ 074YQwith batch number a stack of five horizontal films, X 1 cn? pieces, placed on
970116. The film results were analyzed using a double extop of a solid water phantom. No scatter material was placed
posure techniquéThis is performed by giving each film an around the film during irradiation. In each case, the optical
initial dose of 5 Gy and measuring optical density beforedensity was measured at the center of each film piece to
experimental irradiation is performed. A variation of 3% for minimize the effects of variations in measured dose near the
1 standard deviation was recorded in optical density for theedge of the film. The experiments and film analysis were
films used in the experiment due to nonuniformity in doseperformed at a constant temperature of 223CC to reduce
responsé’ The film was analyzed with a 670 nm, 3000 mcd, the effects of time and temperature dependent evoltititdn
GaAlAs ultrabright light emitting diode$LED) on a con- of Gafchromic film and the temperature dependent absorp-
verted Scanditronix RFA300 densitomettiNegligible po-  tion spectra of the film. All optical density measurements
larization effect® were observed using this densitometer. Awere performed 24 h after irradiation. Gafchromic film was
set of calibration films were irradiated to known doses inhandled with tweezers to minimize scratching and finger-
increments of 1 Gy to produce an optical density versus dosprints. The film is only removed from its light tight envelope
calibration curve. A third order polynomial function was during irradiation and readout to reduce the effects of ambi-
used to produce this curve. Gafchromic film extrapolationent light’® All films were irradiated with an applied dose to
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Fic. 1. A second order polynomial extrapolation is used to ascertain surface dose from Gafchromic film. Five films are placed in a stack to measure buildup
dose within the first few millimeters.

D maxranging from 40 to 80 Gy. The exact dose depended otbuild up dose measurement within the first few millimeters.

the field size and was designed to give the film a surface dosghown are results for 2010cnf open field and 30

of approximately 15-20 Gy. x 30 cn? field size with a 10-mm-thick perspex block tray
Figure 1 shows the extrapolation technique used whercated at 65 cm from the source for 6 and 10 MV photons.

five film layers are used to produce a central axis percentagthe effective point of measurement was assumed to be at the
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Fic. 2. Surface dose measurements comparing the extrapolation Gafchromic technigue to uncorrected Attix chamber ionization results at 6 MV normalized
to 100% atD .. Results match using field sizes ranging from 5 up to 40 cm squares.
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Fic. 3. Surface dose measurements comparing the extrapolation Gafchromic technique to conventional Attix chamber ionization results at 10 MV.

center of each film and thus the results for each film layer aréight exposure. Increased temperature during irradiation may
guoted at half the water equivalent thickness, i.e., 0.175 mmalso influence the dose response.
Dose was normalized to 100% Rt,,. Due to the nonlinear The method presented shows that Gafchromic film has a
nature of photon build up characteristics, second order high spatial resolution for surface dose assessment and is a
polynomial extrapolation was used as the line of best fituseful extrapolation device.
Extrapolated surface dose for ax@0 cnt field at 6 MV is
15%=*2% of D, compared to surface ionization of 16% a’lElectfciriCbma“i metcalfe@UOW-e?lé-alIJd
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