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ACOUSTIC EVALUATION OF POLYMER GEL DOSIMETERS
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Advances in radiotherapy treatment techniques such as intensity modulated radiotherapy are placing
increasing demands on radiation dosimetry for verification of dose distributions in 3D. In response,
polymer gel dosimeters hat are capable of recording dose distributions in 3D are currently being
developed. Recently, a new technique for evaluation of absorbed dose distributions in these
dosimeters using ultrasound was introduced [I]. The current work aims to demonstrate the potential of
ultrasound as an evaluation technique for polymer gel dosimeters and to 'investigate the ultrasound
properties of two different dosimeter formulations, PAG 2] and MAGIC 3] gels.

A batch of PAG with a orinulation of 3 acrylamide 3 NN'-Methylene-bisacrylamide, 5%
gelatine and 89% water by mass was prepared 2] ' a nitrogen filled glove box. Once prepared the
gel was poured into polystyrene spectrophotometer cuvettes. The cuvettes were then placed in
specially designed nitrogen filled glass tubes and sealed with greased ground glass stoppers to prevent
oxygen contamination of the samples. A batch of MAGIC gels consisting of 9% methacrylic acid by
weight was prepared 3 on the bench top. MAGIC gels were also poured into polystyrene
spectrophotometer cuvettes and sealed with plastic stoppers. The MAGIC gel samples were not sealed
in glass tubes as MAGIC gels respond to ionising radiation in the presence of oxygen. Once set, PAG
and MAGIC gel samples were irradiated up to 50 Gy using a Gamma cell 200 Co-60 irradiation
facility which had previously been calibrated 4].

Ultrasonic measurements were performed at room temperature (20'C) in a thin-walled, water-filled
plastic container. Each cuvette was placed one at a time in a reproducible position in the container. An
ultrasonic transducer (Panametrics A310S, Panarnetrics Inc., Waltham, MA) was coupled with
ultrasound transmission gel (Aquasonic 100, Parker Labs. Inc., Fairfield, NJ) to one end of the
container. A sgle cycle smusold was transimtted by the transducer at its resonant frequency (- 5
M]Hz). The resulting reflected signals from the cuvette and polymer gel dosimeter interfaces were
received by the transducer and recorded on a digitising oscilloscope (Tektronics TDS 220). Data was
then transfer-red via a GPIB connection to a PC and analysed. Signals were analysed to deten-nine the
amplitude of the reflected waves and the time of flight of the signal through the polymer gel
dosimeter. This data was used to determine ultrasonic attenuation and speed.

The variation of ultrasonic attenuation with absorbed dose is displayed in Figure I for PAG and
MAGIC gels. Ultrasonic attenuation is seen to increase with absorbed dose over the full dose range
for both formulations. In PAG the ultrasonic attenuation increases in a quas�linear fashion up to
approximately 15 Gy, with an ultrasonic attenuation-dose sensitivity of 3.9 ± 03) dB in'Gy7l while
the quasi-linear region for AGIC gel extends up to approximately 50 Gy with an ultrasonic
attenuation-dose sensitivity of 4.7 ± 03) dB IGy-'. The overall attenuation found in the MAGIC
gels was greater than in PAG and this may be due to differences in the viscosity of the two gel
formulations.

The variation of the ultrasonic speed of propagation of bulk longitudinal waves through the polymer
gel dosimeters with absorbed dose is shown Figure 2 A snificant difference in the variation of
ultrasonic speed with absorbed dose is seen between the two dosimeter forinulations. Ultrasonic speed
decreases with absorbed dose PAG whilst speed creases with absorbed dose in MAGIC gels. The
decrease ultrasonic speed in PAG continues up to approximately 30 Gy whilst the increase in
ultrasonic speed in MAGIC gels continues over the full dose range investigated. This result is a
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significant and illustrates ultrasound measurements can provide valuable information about dosimeter
formulation.

Results from this study indicate ultrasound has great potential as a technique for evaluation of
polymer gel dosimeters. Ultrasound techniques have a number of avantages over currently used
evaluation techniques and from a practical point of view they could easily be set up in a radiotherapy
department. With continuing development in radiation treatment techniques, polymer gel dosimeters
and techniques for their evaluation will play a vital role in the future of radiation dosmietry.
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Figure I - Ultrasonic attenuation as a function of absorbed dose.
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Figure 2 - Ultrasonic speed as a function of absorbed dose.
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