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Report: 
 
BACKGROUND 
Previous experiments using the PRESAGE® dosimeter, as reported in [1-4] have demonstrated the ability of 
PRESAGE® to record high-resolution maps of radiation dose from synchrotron microbeams. However, as 
illustrated in [4], it has so far proved difficult to obtain data with high enough spatial resolution to make an 
accurate measurement of the peak-to-valley dose ratio (PVDR). The aim of this experiment was to determine 
whether alternative methods of scanning the PRESAGE® samples would lead to improved data. 
 
Sadly, during the period between the original submission of the proposal and the time of the experiment, one 
of the key collaborators, Elke Brauer-Krisch, passed away. This meant that additional aims of the experiment, 
in particular the direct comparison of the 3-D dosimetry with the TPS and the use of advanced plans with up to 
5 ports were not possible. Work at ESRF was performed in collaboration with Paolo Pellicioli. 
 
MATERIALS AND METHODS 
Radiochromic film (MD-V3, Ashland) was placed at a depth of 2 cm in a phantom of water equivalent 
material and used to calibrate the beam, using standard techniques. 
 
Three different sizes of PRESAGE® sample (cylinders of diameter 4 mm, 22 mm and 60 mm, respectively), 
originating from three different batches, were supplied by the manufacturer (Heuris Pharma, Skillman, NJ). 
The following irradiations were performed. 
 
Pattern 1 
The 60 mm sample was used to perform a calibration and linearity test using a method similar to that reported 
in [2], but with a test pattern consisting of twelve square irradiated regions (see Figure 1), rather than the seven 
irradiated previously. The same pattern was reduced in size and then applied to one of the 22 mm samples 
mounted inside a stack of 55 ´ 62 mm2 Perspex slabs with 22 mm diameter holes. 



 

Pattern 2 
A problem observed with previous measurements (both calibration samples and microbeam measurements) 
was that samples irradiated axially as above are exposed along their entire length and there is not a sufficient 
portion of unirradiated dosimeter to obtain a good background measurement. Furthermore, recent research [5] 
has demonstrated that dosimetry at the external edges of PRESAGE® samples may be compromised, not only 
by optical artefacts, but also a variable radiochromic response to radiation. In order to obtain a more reliable 
baseline reading, for calculating the valley dose, we investigated a different type of irradiation pattern, with 
the sample mounted inside the Perspex assembly described above and the synchrotron beam entering the 
sample perpendicular to the axis of symmetry (see Figure 2). 
 

 
Pattern 3 
22 mm diameter samples were mounted as above and exposed to a 20 ´ 20 mm2 field of microplanar beams 
with FWHM 50 microns and centre-to-centre distance 400 microns. Two different orientations were 
considered, with the microplanes either parallel or perpendicular to the axis of rotation of the cylindrical 

 
 
Figure 1: Test pattern irradiated in both the 60 mm and 22 mm samples. Note how the 10 and 50 Gy doses are 
repeated to assess whether there is a positional bias in the readings. 
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Figure 2: Test pattern irradiated in both the 22 mm samples. The solid rectangle is a side view of the cylindrical 
PRESAGE® sample and the dotted boxes represent the 25 ´ 1.4 mm2 fields that were irradiated transversely. 
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samples. A further irradiation with microbeams parallel to the axis of symmetry was performed with the 
sample mounted in the “Christopher” head phantom. 
 
 
Pattern 4 
A two-port irradiation was given with the same parameters as above and microbeams incident both parallel 
and perpendicular to the axis of rotation. 
 
 
Pattern 5 
22 mm samples were drilled each with one 4 mm holes, into each of which was placed a 4 mm cylindrical 
PRESAGE® sample. These assemblies were irradiated with the microbeam field as above, in such a way as to 
expose only one half of the sample. The aim was to enable accurate, within-plane measurements of the 
dosimeter background. 
 
Optical CT scanning of the samples was conducted using a modified version of the scanner described in [4]. A 
new facility is now available, allowing the wavelength of the light interrogating the sample to be varied. It is 
well known that the spectrum of the radiochromic response of PRESAGE® has a maximum value at l = 630 
nm, which is the normal scan wavelength and that this response diminishes rapidly for lower and higher 
wavelengths. However, we aimed to determine whether the poorer optical response at shorter wavelengths was 
compensated by a better spatial resolution, which might allow us to obtain improved estimates of PVDR. 
 
 
RESULTS   
Although many of the samples have now been optically scanned, analysis of the very large datasets is not yet 
complete. An initial analysis of projection data from sample 26B22/3, one of the 22 mm samples irradiated 
with Pattern 3 gave the results shown in Figure 3. Microbeams are clearly visualised in 3(a) and the 
corresponding profile through the centre of the sample is seen in 3(b). The calculated FWHM is 61 µm, which 
is very similar to the value obtained in [4], rather then the nominal 50  µm. However, this is likely to represent 
an overestimate, as the projection occurs over the entire 22 mm width of the sample and imperfect alignment 
of the camera would tend to broaden the peak. This may also explain the shape of the valley region. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 3: (a) Projection through small region of 22 mm sample. (b)  profile along dashed line in (a). 
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PRELIMINARY CONCLUSION 
 
Irradiation proceeded successfully and we have acquired a number of optical CT datasets. We have 
demonstrated visualisation of the microbeams, but data analysis is at too early a stage to reach a firm 
conclusion concerning the main question of the experiment, i.e., whether optical CT is able to make accurate 
measurements of PVDR. 
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