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Accurate skin dose measurements using radiochromic film
in clinical applications

S. Devic,a} J. Seuntjens, W. Abdel-Rahman, M. Evans, M. Olivares, and E. B. Podgorsak
Medical Physics Department, McGill University Health Centre, Montreal, Quebec, Canada

Té Vuong
Department of Radiation Oncology, McGill University Health Centre, Montreal, Quebec, Canada

Christopher G. Soares

Division of lonizing Radiation, National Institute of Standards and Technology, Gaithersburg,
Maryland 20899

(Received 12 August 2005; revised 1 December 2005; accepted for publication 1 February 2006;
published 29 March 2006)

Megavoltage x-ray beams exhibit the well-known phenomena of dose buildup within the first few
millimeters of the incident phantom surface, or the skin. Results of the surface dose measurements,
however, depend vastly on the measurement technique employed. Our goal in this study was to
determine a correction procedure in order to obtain an accurate skin dose estimate at the clinically
relevant depth based on radiochromic film measurements. To illustrate this correction, we have used
as a reference point a depth of 70 u. We used the new GAFCHROMIC® dosimetry films (HS,
XR-T, and EBT) that have effective points of measurement at depths slightly larger than 70 w. In
addition to films, we also used an Attix parallel-plate chamber and a home-built extrapolation
chamber to cover tissue-equivalent depths in the range from 4 u to 1 mm of water-equivalent
depth. Our measurements suggest that within the first millimeter of the skin region, the PDD for a
6 MV photon beam and field size of 10X 10 cm? increases from 14% to 43%. For the three
GAFCHROMIC® dosimetry film models, the 6 MV beam entrance skin dose measurement correc-
tions due to their effective point of measurement are as follows: 15% for the EBT, 15% for the HS,
and 16% for the XR-T model GAFCHROMIC® films. The correction factors for the exit skin dose
due to the build-down region are negligible. There is a small field size dependence for the entrance
skin dose correction factor when using the EBT GAFCHROMIC® film model. Finally, a procedure
that uses EBT model GAFCHROMIC® film for an accurate measurement of the skin dose in a
parallel-opposed pair 6 MV photon beam arrangement is described. © 2006 American Association
of Physicists in Medicine. [DOI: 10.1118/1.2179169]
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* Monte Carlo calculation
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Attix parallel-plate ionization chamlber
RMI Model 449




GAFCHROMIC film®D#&Eia

Surface Layer - 0.75 microns
p=12g/em’

Clear Polyester - 97 microns
p = 1.38 g/lem’

HD-810

Clear Polyester - 97 microns
p = 1.38 g/em’

Clear Polyester - 97 microns
p = 1.38 g/em’

Clear Polyester - 97 microns
p =138 g/em’

Clear Polyester - 97 microns
p = 1.38 g/cm’

Surface Layer - 6 microns
p=1.2g/cm’

XR-T

Clear Polyester - 97 microns
p=138 gfcm’

HS

Fic. 1. Structures of GAFCHROMIC® film models used in this study.

Clear Polyester - 97 microns
p = 1.38 g/cm’

EBT



B UIZiR s DEXDAITER

TaBLE 1. Effective points of measurement as well as ratios of stopping power ratios at the effective point of
measurement (Zg) and at z,,, for dosimeters used in this study.

Depth scaled by density ~ Equivalent depth in =/ |y L.\ wat
( a) (z fr)f(_&)

Dosimeter (g/cm?) water (pm) (Zrmax)
P /det P/ det

HD-810 GAFCHROMIC?® film 0.0004 4 0.9996
Attix chamber 0.0048 48 1.012°
Extrapolation chamber 0.0069 69 1.010°
HS GAFCHROMIC® film 0.0153 153 0.9993
EBT GAFCHROMIC® film 0.0153 153 0.9997
XR-T GAFCHROMIC?® film 0.0157 157 0.9997
TLD-100 (0.15 mm) 0.0185 185 1.002

Attix chamber + 1 XV-2 sheet 0.0305 305 1.009*
TLD-100 (0.4 mm) 0.0496 496 1.001

Attix chamber + 2 XV-2 sheets 0.0562 562 1.007*
Attix chamber + 3 XV-2 sheets 0.0819 819 1.006"

Attix chamber + 4 XV-2 sheets 0.1176 1176 1.005%
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TaBLE II. Correction factors necessary to scale the dose measured at the effective point of measurement for a
given detector used in this study to the clinically relevant skin dose depth of 70 pm.

Skin (70 um) Attix EBT  HS  XR-T TLD (0.15) TLD (0.4)

PDD (z..10,100,6 MV) 17.0 160 199 200 203 21 29
Correction 1.000 1.062 0854 0850 0.837 0.810 0.586
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NACP 02

Front window thickness : O.6mm



RTQA

Yellow Polyester - 97 microns

Pressure Sensitive Adhesive - 20 microns

Active Layer - 17 microns

White Polyester - 97 microns

AIREERNR - 97+20+ (17/2)
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AITERSR 4X

iy 1.1 % 17.2 %
2A )L 8.1 % 36.1 %
AL dn By 42.9 % 151.6 %
vz )L (1) 10.3 % 55.8 %
)L () - 97.9 %
>x)L (fERE) - 22.8 %
O—i3> - 14.6 %

Ly - 11.7 %



AIFERSR 10X

i 1.8 % 24.8 %
2A )L 10.2 % 74.3 %
NIy 66.7 % 221.5 %
vx)L () 15.0 % 73.3 %
o)L (#d) - 144.3 %
>z )L (FgRE) - 51.3 %
O—o 3> - 25.4 %

Ly - 18.7 %
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REREDIENDTER CS/C

AXK D AOXDIEDHREIENNERDASHN

—KEBTMOYIBEZAYNUICCES

4X PDD (1mm) 39.7% — PDD (2mm) 59.2%
IBN0R : 49%

10X PDD (1mm) 22.5% — PDD (2mm) 36.5%
IBN0R : 62%
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