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Abstract 

 

The dosimetry system based on alanine minidosimeters plus K-Band EPR 

spectrometer was tested in the tissue-interface dosimetry through the percentage 

depth-dose (PDD) determination for 3x3 cm
2
 and 1x1 cm

2
 radiation field’s sizes. 

The alanine minidosimeters were produced by mechanical pressure from a mixture 

of 95% L-alanine and 5% polyvinyl alcohol (PVA) acting as binder.  Nominal 

dimensions of these minidosimeters were 1 mm diameter and 3 mm length as well 

as 3 – 4 mg mass.  The EPR spectra of the minidosimeters were registered using a 

K-Band (24 GHz) EPR spectrometer.  The minidosimeters were placed in a non-

homogeneous phantom and irradiated with 20 Gy in a 6 MV PRIMUS Siemens 

linear accelerator, with a source-to-surface distance of 100 cm using the small fields 

previously mentioned. The cylindrical non-homogeneous phantom was comprised 

of several disk-shaped plates of different materials in the sequence acrylic-bone-

cork-bone-acrylic, with dimensions 15 cm diameter and 1 cm thick.  The plates 

were placed in descending order, starting from top with four acrylic plates followed 

by two bone plates plus eight cork plates plus two bone plates and finally, four 

acrylic plates (4-2-8-2-4).  PDD curves from the treatment planning system and 

from Monte Carlo simulation with PENELOPE code were determined.  

Minidosimeters PDD results show good agreement with PENELOPE, better than 

95% for the cork homogeneous region and 97.7% in the bone heterogeneous region.  

In the first interface region, between acrylic and bone, it can see a dose increment of 

0.6% for minidosimeters compared to PENELOPE.  At the second interface, 

between bone and cork, there is 9.1% of dose increment for minidosimeter relative 

to PENELOPE. For the third (cork-bone) and fourth (bone-acrylic) interfaces, the 

dose increment for minidosimeters compared to PENELOPE was 4.1% both.     

Keywords: Alanine minidosimeters, EPR, PDD, PENELOPE, Non-homogeneous phantom 
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Introduction 
 

With the new advances in radiation therapy technology, that includes photons, 

electrons or neutrons beams, modern radiotherapy involves the use of 3D treatment planning 

systems with innovative techniques such as conformal radiotherapy and intensity modulated 

radiation therapy (IMRT) [1-4, 6-12].  The main aim of these treatment techniques is to 

maximize the radiation dose to the tumor while minimizing the dose to healthy tissues.  

Dosimetric parameters such as beam profile, relative output factor and percentage depth dose 

(PDD) allow, knowing the dose at a reference point, to determine the dose at another point in 

the irradiated volume [1]. These parameters can be experimentally measured in homogeneous 

medium (water phantom) using different types of dosimeters: TLD, radiographic film, 

ionization chamber, etc, and, determined also with Monte Carlo simulation [5]. However, the 

human body is composed of a variety of tissues and cavities, representing heterogeneities in 

the irradiated volume with different physical and radiological properties.  For example, lung 

absorbs radiation differently than water and very different even than bone affecting the 

dosimetric parameters which leads to dose distribution variations at tissue interfaces [6-20]. 

Therefore it is very important that the delivered dose to irradiated tissues, in the present of 

inhomogeneities, must be accurately determined by experimental measurements or using 

dose correction factors [7-9].  

 

 Several phantoms equivalent to human body organs are used in radiation dosimetry to 

determine, for example, backscatter factors, skin entrance dose and dose correction factors.  

They are constructed of materials with various densities and thicknesses which, when placed 

together, would represent a non-homogeneous medium.  Variations of the dosimetric 

parameters at tissue interfaces, depending on radiation field size, can be determined with 

these heterogeneous phantoms, using dosimeters or Monte Carlo simulation (PENELOPE 

code) [20-23].   

 

 The aim of this study was to determine variations in the PDD parameter with radiation 

field size, in a non-homogeneous medium using alanine/K-Band EPR minidosimeters [13]. 

The PDD parameter curves behaviors were compared with those determined by PENELOPE, 

radiographic film and the treatment planning system (TPS).  This study represents a 

continuation of our previous work, where a non-homogeneous phantom consisting of two 
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materials was used [20].  This time, three materials are placed in the phantom: acrylic, bone 

and cork.    

 

 

Materials and methods 
 

A.- Dosimeters  

 

For the PDD curves determination, two types of dosimeters were used.  One of them 

was EDR2 Kodak radiographic film along with the Multiline-36X automatic processor and 

the CQ-01-PIW Densix Freiburg T52001-N6067 densitometer.  The uncertainty of optical 

density measurements was better than 0,01 with a 2 mm diameter aperture.  The system 

formed by alanine minidosimeter plus K-Band (24 GHz) EPR spectrometer was the other 

dosimeter used.  A detailed description of this dosimetry system appears in our previous 

works [12-13, 20].  Small size dosimeters should be used in the dosimetry of small radiation 

fields therefore the nominal dimensions of the alanine cylindrical pellets were 3 mm height 

and 1 mm diameter.         

 

B.- The phantom equivalent to a non-homogeneous medium 

 

 As mentioned in the introduction, the phantom was composed of three materials: 

acrylic, cork and equivalent bone to represent soft tissue, lung and cortical bone, respectively.  

This experimental or physical phantom, as it was called to distinguish it from the Monte 

Carlo phantom, appears in figure 1a.  As can be seen from this figure, twenty cylindrical 

plates were stacked to form the phantom.  The dimensions of each plate were 1 cm thick and 

15 cm diameter.  Eight cork plates (ρ = 0,32 g/cm
3  

and  Zeff = 6,81)  were placed in the 

middle of the phantom followed by two bone plates (white color; ρ = 1,68 g/cm
3 

 and  Zeff = 

12,38) immediately above and below.  Four plates located at the phantom top and bottom, 

correspond to acrylic material (ρ = 1,19  g/cm
3 

 and  Zeff  = 7,0) [20].  To determine the weight 

percentages of the bone equivalent material components, a scanning electron microscope 

(SEM) analysis was made giving the following results: C(15.447); O(37,901); Na(0,638); 

Mg(0,422); Al(0.127); P(15,790); Ca(29.675).   
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C.- Phantom and dosimeters irradiation 

 

 A 6 MV Primus-Siemens linear accelerator was used to irradiate the radiographic film 

and alanine minidosimeters for PDD curves determination. Two radiation field sizes were 

used: 3x3 cm
2
, 1x1 cm

2
 and 100 cm of source-to-surface distance.  Radiation beam was 

directed to the phantom central axis.  Three alanine pellets were placed in each phantom 

plate, around the phantom central axis and the measured dose for a given depth was the mean 

of the three lectures.  For film irradiation, a similar phantom (Fig. 1a) but vertically separated 

into two halves was used to insert the film like a sandwich.  Because this, the film was cut in 

dimensions 15 cm x 20 cm.  At build-up the radiation dose was 20 Gy and 0,68 Gy for 

alanine and film, respectively.     

 

 

 

 

 

 

 

 

 

 

Figure 1. Cylindrical non-homogeneous phantom with acrylic, bone and cork plates a) 

experimental b) Monte Carlo simulated. 

 

 

D.- Monte Carlo simulation with PENELOPE code  

 

 To simulate the materials of the phantom and the dosimeters, a 2008 version of 

PENELOPE code was used. The simulated phantom (figure 1b) had the same dimensions 

than the experimental one.  The code was validated with PDD data provided by the 

radiotherapy service where the phantom and dosimeters were irradiated.  The absorbed 

energy was calculated at different depth for the corresponding material.  A 6 MV radiation 

spectrum taken from Ref 19 was used [19].  For each simulation, the number of primary 

particles was enough to keep the statistical uncertainty less than 1%.  
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Results 
 

The PDD curves determined with alanine, film and Monte Carlo are shown in figure 2 

for 3x3 cm
2
 (fig. 2a) and 1x1 cm

2
 (fig. 2b) field sizes.  The curves were compared with TPS 

data only for the 3x3 cm
2 

field. 

 

 

 

 

 

 

 

 

 

 

(a)                                                                                                (b) 

Figure 2.    PDD curves at the phantom central axis for a)  3x3 cm
2
 field and  b)  1x1  

cm
2
 field. 

 

The tables 1 and 2 below show the depths where the greatest difference occurs between 

PENELOPE-TPS, PENELOPE-alanine and PENELOPE-film. In Table 1 the results for 3x3 

cm
2
 field are shown and in Table 2 for the 1x1 cm

2
 field. 

 

Table 1.  Depths where occur the maximum differences in PDD values for the 3x3 cm
2
 field. 

Depth (cm) 
 Dosimetric maximum differences (%) 

PENE-TPS PENE-ALA PENE-Film ALA-Film 

3.85-acrylic 0,23 1,30 2,70 - 

17.15- acrylic. 3,90 3,50 0,23 - 

5.15-bone 1,60 2,00 12,70- - 

15.15-bone 6,10 2,30 4,50 - 

8.15-cork 21,90 5,00 9,70 - 

4.15-first interface 1,50 0,60 5,50 - 

6.15-second interface 14,00 9,10 11,50 - 

14,15-third interface 7,30 4,10 3,90 - 

11.85-fourth  interface 7,10 4,10 6,90 - 

8.15-cork    4,70 
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Table 2.  Depths where occur the maximum differences in PDD values for the 1x1 cm
2
 field. 

 

Depth (cm) 
Dosimetric maximum differences (%) 

PENE-ALA PENE-Film ALA-Film 

3.85-acrylic 1,10 1,30 - 

17.15- acrylic. 3,90 3,80 - 

5.15-bone 4,20 13,20- - 

15.15-bone 3,60 1,80 - 

8.15-cork 34,20 21,00 - 

4.15-first interface 3,40 5,20 - 

6.15-second interface 32,00 37,20 - 

14,15-third interface 7,50 13,20 - 

11.85-fourth  interface 5,00 0,10 - 

8.15-cork   13,20 

 

 

Alanine minidosimeters PDD results show good agreement with PENELOPE, better 

than 95% for the cork homogeneous region and 97.7% in the bone region.   

 

 

Discussion 
 

 There is a significant dose decrease in the presence of low density materials, when the 

radiation beam goes from a higher density material (as bone) to the lower density one (cork).  

Besides that, the TPS algorithm of the hospital radiotherapy section makes no correction due 

to heterogeneity of high density and low density materials.  From figure 2a it can be seen that 

the dose in cork region (8.15 cm depth) predicted by TPS is 21.9% higher compared with 

PENELOPE. The difference between alanine/PENELOPE and film/PENELOPE were 5% 

and 9.7%, respectively, for the depth mentioned before.  PDD increased values for film, 

alanine and PENELOPE at the first acrylic-bone interface (4.15 cm depth) are due to 

increased scattered electrons that collide with the higher density material (bone) and 

accumulate in the interface, especially for small radiation fields.  Compared with 

PENELOPE, the differences in PDD were 5.5% and 0.6% for film and alanine, respectively.  
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At 5.15 cm depth (bone region), 12.7% and 2% deviations between film/PENELOPE and 

alanine/PENELOPE, respectively, were found as can seen in Table 1. 

 

 From figure 2b, at the first acrylic-bone interface (4.15 cm depth), the PDD increased 

values were 3.4% and 5.2% for alanine/PENELOPE and film/PENELOPE, respectively.  At 

the bone region (5.15 cm depth) difference between alanine/PENELOPE and 

film/PENELOPE were 4.2% and 13.2%, respectively.  At the bone-cork interface (6.15 cm 

depth), the PDD values were 32% and 37.2% for alanine and film, respectively, related to 

PENELOPE.  Within the cork region the PDD increments were 34.2 % and 21% for 

alanine/PENELOPE and film/PENELOPE, respectively, at 8.15 cm depth due to loss of 

lateral electronic equilibrium for 1x1 cm
2
 field size. 

 

Conclusions 
 

Tissue interfaces dosimetry for small radiation fields require dosimeters with greater 

precision and repeatability, with the same density and radiation interaction properties as 

possible as the tissues involved and very small dimensions.  With these characteristics the 

dose could be determined with more accuracy.  PDD results for alanine were closer to 

PENELOPE to those for film in almost all cases.  This is due to the radiation response 

(attenuation coefficients and stopping power) of alanine compared with film.   
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