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Background: The treatment of uterine cancer can include surgery, external beam radiotherapy 
and brachytherapy. The brachytherapy of the vagina stump is usually performed by inserting a 
radioactive source into a one channel cylindrical applicator. The resulting isodoses map from 
such treatment contains elliptical lines, while the target region is quite flat. A new eight-channel 
applicator has been developed at Hadassah University Hospital in order to obtain a flatter 
isodoses map (Figure 1). An 192Ir source is loaded from the Nucletron microSelectron PDR 
afterloading system, step by step, at pre-selected dwell points in every channel, with pre-
calculated irradiation dwell time. The particular irradiation program for every patient, the dose 
distribution and the isodoses were calculated using a treatment planning system (TPS) and the 
plan had been optimized [1]. In routine work, this is the only practical way to find the dose 
distribution obtained during the treatment. 
 

 
Figure 1: The applicator dose film measurement setup. 

 
Two aims were set for this work: the first was to carry out practical dosimetric measurements 
around the new applicator for a comparison with the TPS results. The second was to create a 
detailed geometrical model for a complete description of the experimental components. This 
geometrical model was developed for simulations using EGS4 Monte Carlo program [2], and to 
function as a computer laboratory to simulate further experiments, as needed. 



Methods: The dose measurements were made in a special homemade Perspex phantom, using 
Kodak X-Omat-V films, at different depths. The Monte Carlo simulations were run using the 
EGS4 program. A user-code has been written for the phantom, the applicator and the source 
description to compute the isodoses maps at certain depths in a matrix format. The simulations 
were programmed also to resolve the depth dose absorption and the transmitted photon spectra. 
The EGS4 program included subroutines for low-energy photons transport (LSCAT) [3], and 
electron step optimization (PRESTA) [4] with separated simulations for electrons and photons 
source emission. 
 

 

 
Figure 2: Sensitometric Curves plotted in the form of a particular function of the net optical 

density vs. dose.  

 
Results: The film sensitivity energy dependence was found. A calibration method based on a 
physical analytical model has been developed. Sensitometric Curves were measured at different 
depths and plotted as a particular function of N.O.D. (normalized optical density) versus dose, to 
get a family of straight lines passing throw the origin [5]. An analytical function was obtained 
from the values of the slopes versus depth, to correct the film reading, and has been used to 
measure the depth dose absorption and the isodoses maps as shown in Figure 2. The EGS4 
simulations results have shown that the electrons emission was nearly completely absorbed inside 
the source or its container, and therefore the source was considered as a photon emitter only. The 
calculated photon spectra at different depths have shown the radiation energy softening, which 
explains the film sensitivity energy dependence. The calculations of the TPS was found to be 

Sensitometric Curves measured at different depths.
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close to the EGS4 simulations results although the TPS is using a homogeneous water medium 
approximation: no differences were observed due to the Lucite applicator or due to air gaps inside 
the channels. On the other hand, the TPS, due to isotropic approximations, overestimated the 
dose up to 20% of its real value, as shown in Figure 3. 

 
 

          Figure 3: The dose rate profile results comparison: Therapy Planning System (TPS) dose 
                          calculations, the film measurements, and the EGS4 Monte Carlo simulations results. 
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