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Fig. 1. Picture of a transducer which will be used as a ultra-
sound source for tandem.
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Fig. 3. Magnitude and phase of the electrical impedance of the
PZT-5A tube (OD=4 mm, L=245 mm) as a function of the
operating frequency.

60 —=— |mpedance
50 1 —e— Phase

Frequency (Mhz)

Fig. 4. Magnitude and phase of the electrical impedance of the
PZT-8 tube (OD=245 mm, L=15.2 mm) as a function of the
operating frequency.
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Fig. 5. Acoustic power as a function of electric power applied.
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Fig. 6. Calculated pressure field of tandem applicator.
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Fig. 7. Normalized power deposition measured along the length
of the tandem applicator at a distance of 5 mm from transducer
surface.
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Fig. 8. Normalized power deposition of the tandem applicator
measured in radial direction.
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Fig. 9. Calculated pressure field of cylindrical applicator.

Fig. 10. Three-element ultrasound applicator for the treatment
of uterus.
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Fig. 11. Four-element ultrasound applicator for the treatment of
vagina.
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Multi-element Ultrasound Applicator for the Treatment of
Cancer in Uterus and Cervix

Rena Lee

Department of Radiation Oncology, College of Medicine, Ewha Womans University, Seoul, Korea

The objective of this study was to construct multi-element ultrasound applicators for the treatment of
gynecologic cancer with high dose rate brachytherapy. For the treatment of uterus, piezo-ceramic crystal
transducer (PZT-5A) with outer diameter of 4 mm, wall thickness of 1.3 mm, and length of 245 mm was
selected. For the treatment of cervix or vagina, it should be possible to insert the applicator into the vagina.
Thus, a cylindrical PZT-8 material with outer diameter of 24.5 mm, wall thickness of 1.3 mm, and length of
15.2 mm was selected. The operating frequencies determined by vector impedance measurement were 3.2
MHz for the PZT 5A cylinder (OD=4 mm) and 1.7 MHz for the PZT-8 cylinder (OD: 24.5 mm). The ratios of
generated acoustic output power to applied electric power were 33% and 61% for the tandem type crystal
and the cylinder type crystal, respectively. The radiated acoustic pressure fields from both transducers were
calculated using a Matlab code and measured in water using hydrophone. There was good agreement
between measured and calculated acoustic pressure field distribution. For a tandem type transducer, the
calculated acoustic pressure field decreased from 0.023 MPa at 10 mm to 0.010 Mpa at 30 mm, the reduction
of 57%. For the cylinder type transducer which will be used for the treatment of vagina showed 78%
reduction at 15 mm and 66% at 25 mm as compared to values at 5 mm from the surface. Based on the
characteristics of the transducers, this study demonstrated the possibility of using the crystals as a heating
source. Finally, a 3-element and 4-element prototype applicators were constructed. The 3-element applicator
is 75 mm long and 4 mm thick and will be used for the treatment of uterus. The 4-element applicator is 61
mm long and 24.5 mm thick and will be used for the treatment of vagina. Using these applicators, it is
possible to generate enough power to increase temperature to therapeutic level.

Key Words : Ulirasound hyperthermia applicator for gynecologic cancer, High dose rate brachytherapy
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