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Abstract 

 

Due to the growing complexity of modern medical procedures involving the use of 

ionizing radiation, dosimetry by non-conventional techniques is one of the research 

areas in the field of greatest interest nowadays. Tissue-equivalent high-resolution 

dosimetry systems capable of attaining continuous dose mapping are required. In this 

scenario, Fricke gel dosimetry is a very promising option for in-phantom dose 

measurements in complex radiation techniques. Implementation of this technique 

requires dedicated instruments capable of measuring and performing the immediate in 

situ analysis of the acquired data at the radiation facility. The versatility of Fricke gel 

dosimetry in different applications depending on the chemical and isotopic 

composition of the dosimeter extends its application to different high performance 

conventional and non-conventional radiation procedures involving diverse types of 

radiation treatments and also radiation diagnosis procedures. This work presents an 

integral dosimetry system, based on Fricke gel solutions and their analysis by optical 

techniques, aiming for an increase in the precision on dose determinations. The 

chemical synthesis and dosimeter preparation were accomplished at LIIFAMIRx 

facilities, following the procedures and protocols described in previous works.  

Additionally, specific instrumentation for optical sample analysis was completely 

designed and constructed at LIIFAMIRx facilities. The main outcome of this work 

was the development of a methodology that improves the integral dose determination 

performance by the pre-irradiation of Fricke gel dosimeters. 
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1.- INTRODUCTION 

 

Nowadays, general population is exposed to a continuous growing number of medical 

routines that expose patients to ionizing radiation. Because of the damage that ionizing 

radiation might cause to healthy tissues, it is necessary to have stringent control systems 

that ensure efficacy of medical interventions. Moreover, there are unconventional therapies 

in development, like heavy ion therapy or other hadrons as Boron Neutron Capture 

Therapy (BNCT), which are more complex than conventional radiotherapy, in that 

procedures the requirements for control systems become even more demanding than for 

conventional ones. What is more, in conventional radiotherapy there are still more complex 

techniques, such as Intensity Modulated Radiation Therapy (IMRT), Imaged Guided 

Radiation Therapy (IGRT) or Stereotaxic surgery, which are commonly used and wide 

disseminated. Hence, the growing demand for suitable accurate radiation dosimetry 

systems is certainly one of the most relevant topics in radiation and medical physics 

research. 

The Fricke gel dosimetry is one of the most promising non-conventional dosimetry 

techniques, in view of its tissue equivalence properties along with the ability to determine 

three-dimensional dose distributions. 

Thus, as mentioned, due to the high complexity of modern irradiation therapies, it is 

necessary to increase the precision of dosimetry systems based on Fricke gel. With this 

objective, this work proposes a thorough study of a pre-irradiation methodology to 

significantly improve the Fricke gel technique performance by means of a theoretical-

empirical model, in pursue of more accurate characterizations of sensitive material dose 

response. 

Because of the peculiarities of the Fricke gel dosimetry technique, the implementation of a 

pre-irradiation technique proposed in this work, it is indeed necessary to perform in situ 

measurements at the radiation facility. For this reason, a portable dedicated measurement 

instrument was designed, constructed and implemented [Vedelago and Valente 2014]. 
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The main objective this work is to increase the accuracy of an integral dosimetry system 

using Fricke gel as sensitive material. In particular, this work involves the development of 

analytic models together with processing data software. 

1.1.- Analytic model 

The analytic model presented here describes the relationship between the optical 

transmission images with the absorbed dose in Fricke gel samples. The derivation from the 

Radiation Transport Equation (RTE) and all the analytic approximations from the theory to 

the implementation of the light analysis instrument are detailed in a previous work. 

From the transmission images intensity measurements, the optical density difference 

( ) is calculated by: 

 













a

b

I

I
OD 10log      (1) 

 

where Ib and Ia refer to the intensity of the signals before and after the dosimeter is exposed 

to ionizing radiation, respectively. 

Under a stable external light source analysing Fricke gel samples of uniform thickness, the 

ratio Ib⁄Ia depends only on variations in the values of the absorption coefficient of the 

medium, which may vary because of the sensitive material response to absorbed dose. 

In previous studies [Sato 2009; Daviesa and Baldock 2008; Valente 2007; Schreiner 2004] 

it has been shown that a Fricke gel solution doped with Xylenol Orange presents optical 

density changes in correlation to the absorbed dose. Thus, it is possible to establish that the 

absorbed dose D in sensitive material is a function f of the optical density difference in 

Fricke gel samples:  ODfD  . This equation was approximated by a power series, 

where only the linear term was considered for the method. It has been empirically proved 

by other authors [Appleby and Leghrouz 1991] that this approximation is sufficient to 

represent the whole series for a restricted dose range, resulting: 

 

ODD        (2) 
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where the constant α represents the offset difference within the signals and the 

constant β characterizes the sensible material response. The optical transmission 

signals are acquired with the developed instrument, by a high-resolution CCD 

camera. After applying images offset corrections, the absorbed dose in each pixel 

(i,j) is calculated by: 
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2.- MATERIALS AND METHODS 

 

Two different dosimeter chemical compositions are used in this work.  One of them is the 

most used composition, which has a dynamic range corresponding to typical radiotherapy 

treatments. The other chemical composition has a higher sensitivity for ionizing radiation, 

resulting in an optimized dynamic range for radiological applications. 

Results presented in this study are obtained with 10x10  Fricke gel layer containers and 

5  in thickness. Samples irradiations are carried out with a conventional X-ray tube (W 

target). The whole sensible material elaboration process and irradiations are carried out at 

the LIIFAMIR
 facility. For absolute dose value determinations, a Farmer type ionization 

chamber (PTW-Freiburg, Germany) is used. Dedicated software is developed in 

MATLAB (The MathWorks Inc, Natick MA, USA) platform for data processing and 

visualization. 

The optical analysis of Fricke gel samples is performed in an in-home measurement 

instrument, which was entirely designed and constructed for this purpose. A sketch of the 

design and photography of the apparatus constructed at LIIFAMIR
 are shown in Figure 1. 

In a previous work it was demonstrated that the variations and error among measurements 

with this device were less than 1 %. The CCD camera and adapted optical lens allows 

spatial resolutions around 5 pixels by millimeter. 
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Figure 1.- Sketch (left) and photography (right) of dedicated instrumentation for 

visible light transmission imaging. 

 

 

2.1.- Pre-irradiation technique 

In order to study whether if it is possible to increase the accuracy on dose determinations by 

the developed system, this work proposes an innovative pre-irradiation technique of Fricke 

gel samples. 

The first step of the pre-irradiation process is to irradiate the Fricke gel dosimeter with a 

radiation field with a specific dose. Then, it is possible to calculate, from the corresponding 

ΔOD within images before and after pre-irradiation, each pixel’s (i,j) response associated 

with a precise spatial position on the layer dosimeter.  

The dosimeter can be visualized as a two dimensional array of many detectors, each one of 

these quite punctual “sub-detectors” having its own cross calibration. Then, over this 
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known pre-irradiated dosimeter an irradiation with an unknown field, which is going to be 

determined, quantified or certified is carried out. 

Analytically, the dose in each pixel (i,j) is given by Equation 3. It is worth to remark that 

the calibration constant β is assumed to be the same for all pixels. The proposed pre-

irradiation method provides β value calculations for each pixel (i,j), that is β= β(i,j).  

Then Equation 3 can be rewritten as: 
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where Ip and Ia represent the intensity of the optical transmission images of Fricke gel 

samples pre-irradiated and after pre-irradiation, respectively. The values of β(i,j) are 

determined from Ia and Ip, and the corresponding previously known dose value. 

 

 

3.- RESULTS 

 

With the goal of studying the pre-irradiation technique and in order to compare it with the 

standard dose determination method, different Fricke gel samples irradiation are carried 

out.  

In Figure 2 two dimensional absorbed dose distributions are shown, corresponding to two 

rectangular shaped irradiation fields (Intensity Modulated test field # 1). Each field size is 

1.5x0.75 cm
2
, with respective dose values D1 and D2=2D1, previously checked with an 

ionization chamber. The pre-irradiation is performed with a 2.5x2.5 cm
2
 field at a known 

dose (1 Gy). The corresponding calibration in the standard method is performed using 

another Fricke gel sample. The results show similar qualitative accordance between the two 

methods, but a higher capacity to discriminate dose gradients is evidenced. 
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Figure 2.- Intensity Modulated test field # 1: Dose tridimensional visualization determined 

with standard (top-left) and  pre-irradiation (top-right) technique along with isodose curves 

for standard (bottom-left) and pre-irradiation (bottom-right) technique. 

 

In order to assess if improvements in accuracy might be attained, a new Fricke gel sample 

irradiation is performed (field # 2). In this case, a 2x2.5 cm
2
 field size is used, with an 

obstructed bottom-center region of 1x1.5 cm
2
, resulting in a “U” shape field. Obtained 

results are shown in Figure 3. 
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Figure 3.- Intensity Modulated test field # 2: Dose tridimensional visualization determined 

with standard (top-left) and  pre-irradiation (top-right) technique along with isodose curves 

for standard (bottom-left) and pre-irradiation (bottom-right) technique. 

 

As in the previous case for field # 1, maximum dose values are the same within the 

experimental uncertainties (around 2 % of absorbed dose) and the same improvement in the 

capacity to discriminate spatial dose gradients is observed for the pre-irradiation technique. 

Horizontal profiles (for x = 0 cm) and vertical profiles (for y = 0.5 cm) are presented in 

Figure 4. 
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Figure 4.- Horizontal at x=0 cm (left) and vertical at y=0.5 cm (right) profiles of absorbed 

dose distribution for Intensity Modulated test field # 2. 

 

 

4.- DISCUSSION 

 

The integral Fricke gel dosimetric system allows high-resolution dose determinations in 

tissue equivalent material. 

Different chemical compositions of Fricke gel solutions allowed measurements in dose 

ranges in accordance with previous works. Because of the samples irradiations are carried 

out with a conventional X-ray tube, the high sensitivity chemical composition permitted 

shorter samples exposure times, making the entire irradiation process less time consuming. 

Likewise, the pre-irradiation presented method is suitable applicable to both Fricke gel 

solutions chemical compositions. 

The in-home measurement instrument permitted two-dimensional optical transmission 

readings of Fricke gel layer dosimeters in a practice and efficient way. 

It should be noted, from Figures 2 and 3, that the corresponding maximum dose values 

attained with the two methods are the same within experimental uncertainties. A greater 

capacity to differentiate spatial dose gradients is observed for the pre-irradiation technique, 

mainly in low dose regions.  
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From Figure 4 analysis, it is possible to observe a background signal for the standard 

technique, close to 1 Gy, where the pre-irradiation method evidences null dose values. 

Thus, a 10 % accuracy increase is achieved with the pre-irradiation technique regarding to 

spatial resolution in the absorbed dose determination. 

In the context of this work, the possibility to evaluate a procedure that implements a pre-

irradiation together with a post-irradiation of Fricke gel samples has emerged. In this way, 

absorbed dose estimations could be achieved by an interpolation, instead of using an 

extrapolation as in the presented pre-irradiation technique. This approach might achieve 

even better precision in dose determinations, but it would require a special care with respect 

to ferric ions diffusion effects and it probably be more suitable for polymer-type 

dosimeters. 

 

 

5.- CONCLUSIONS 

 

Analytic model presented is adequate for the two-dimensional optical readings of Fricke gel 

dosimeters. Then, with the previously constructed optical transmission measurement 

instrument, it has been possible to carry out experimentally the pre-irradiation method with 

satisfactory results. 

 

The pre-irradiation technique proposed in this work improves by 10 % at least the overall 

performance of the dosimetric system. It is possible to apply the pre-irradiation method to 

any ionizing radiation procedure thanks to the Fricke gel dosimetric versatility and to the 

flexibility of the portable optical measurement instrument formerly developed. 

 

The improvement in overall reliability might constitute a valuable tool for modern 

radiotherapy and radiology applications, mainly due to its capacity for resolving better dose 

values in high dose gradients regions, which are usually involved in modern techniques like 

IMRT.  
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