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Report:  

 
The aim of our experiment was to carry out an exhaustive dosimetric analysis of the dose enhancement in 

Microbeam Radiation Therapy when the sample is loaded with heavy metallic atoms such as iodine and 

gadolinium. This study is a follow up of a recent experiment conducted at the ID17 imaging hutch in April 

2018 with the use of monochromatic beams of different energies (30 to 140 keV). The experiment lasted a 

full day. 

 

Materials 

The experiment took place in the MRT hutch of the ID 17 beamline. Different energies and contrast agent 

concentrations have been considered (Gadolinium 10 mg/ml and 20 mg/ml, Iodine 10 mg/ml and 20 mg/ml). 

The phantom employed, with dimension of 6 x 5 x 6 cm, was developed at the University Hospital of Coventry 

and Warwickshire in the UK, and allowed the insertion of Gafchromic® films and contrast agents. It consisted 

of a plexiglass parallelepiped carved to make a compartment to be filled with the metallic compounds. Inside 

the cavity, a system of slits allowed the insertion of Gafchromic® films to make the dosimetric measurement. 

We used EBT3 films for the broad beam irradiations, and HD-V2 films for the microbeam irradiations. The 

reason for this is that the two films have different sensitivity dose ranges. HD-V2 films (sensitivity 10-400 Gy) 

are ideal for the MRT peaks and valleys measurements for which a high entrance dose is requested. On the 

other hand, EBT3 films, which are widely used in clinics, have a lower sensitivity dose range (0.1-20 Gy) and 

make a good dosimeter for broad beam irradiations. 
 

Film Calibration 

In order to use our custom made phantom, we needed the conversion of the calibration curves at 2 cm for a 

reference phantom. To do so, we evaluated the output factors, obtained as the dose at 2 cm depth in our phantom 

divided by the dose at 2cm depth in the reference cubic solid water phantom. Knowing such parameter allowed 

us to convert the dose and obtain a new value relating to our specific phantom, so we could have a dose value 

falling in the films calibration range. To conduct the initial film calibration,  we employed a 18 x 18 x 18 cm3 

solid water reference phantom and we irradiated it with a 2 x 2 cm2 beam. We collected the dose at 2 cm depth 

in different irradiations, delivering a dose of 3-5-10-15-20 Gy for EBT3 films (first set) and 50-100-150-200-

250 Gy for HD-V2 films (second set). The diverse entrance doses are due to the different dose sensitivity 

ranges.  



Irradiation of UK phantom filled with water 

Having obtained the calibration curves for the two types of films, we began the irradiation of the UK phantom. 

We started with the irradiation of EBT3 films with a broad beam of 2x2 cm2. We inserted the films in different 

slots at three different depths in the phantom, i.e. 0.7 cm, 3.4 cm and 5.7 cm. For each depth, to make sure we 

fell inside the sensitivity range of the films, we pre-calculated output factors using Monte Carlo simulations. 

The irradiation was made in water with an entrance dose of 15 Gy. 

We then irradiated two sets of HD-V2 films, the first to determine the microbeams’ peak dose (using an 

entrance dose of 150 Gy), and the second to measure the valley dose. This second set required much higher 

peak entrance dose (5000 Gy) for the valley dose to remain inside the sensitivity range. The expected dose in 

the valley was about 75-105-120 Gy. We selected 51 microbeams, with a primary slit horizontal gap equal to 

15.307. The films were inserted inside two thin (2mm) slabs of PMMA previously sealed together to avoid 

water coming in. We tried to irradiate HD-V2 films directly in water, but the films were destroyed by the liquid 

as the active layer detached. On the other hand, it was possible to irradiate EBT3 films directly in water as they 

have a double protective layer and are water resistant (we conducted an irradiation with a dose of 15 Gy). 

 

Irradiation of UK phantom filled with gadolinium 10 mg/ml 

We then started to conduct the measurements filling our phantom with Gadolinium at a concentration of 10 

mg/ml. We started with a broad beam irradiation of EBT3 films as we did when the phantom was filled with 

water (this time with an entrance dose of 10 Gy), and proceeded with the same sets of measurements as before 

(HD-V2 films for microbeams’ peaks (150 Gy), HD-V2 films for microbeams’ valleys (5000 Gy) and EBT3 

for broad beam irradiation positioning the films directly inside the liquid (7 Gy)).  

 

Other phantom irradiations 

Other irradiations of the UK phantom were performed in the same way as before, filling it with iodine 10 

mg/ml, gadolinium 20 mg/ml and iodine 20 mg/ml, and using entrance doses of 15 Gy for broad beam 

irradiation with EBT3 films covered in plexiglass, 150 Gy for microbeam irradiations of peaks with HD-V2 

films, 5000 Gy for microbeams irradiation of valley with HD-V2 films and 7 Gy for broad beam irradiations 

with EBT3 films directed placed in the liquid. 

 

Films reading 

We couldn’t read the films as they require few days to stabilise, but we scanned them with the instruments 

available at the beamline. We couldn’t use the microscope to read the microbeams though, and we acquired 

the films’ images at the University of Warwick (an example can be seen in Fig. 1). In order to analyse them 

we require do develop some MATLAB routines that are being created, so the results are not yet available. 

The local contacts at the beamline were keen on giving their scientific opinion, who gave some input for 

interesting discussions on what to investigate next. 

 

 
 

Fig. 1 - Example of Gafchromic film HD-V2 irradiated with microbeams. Image aquired with a microscope 

available at the University of Warwick. 


