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 The purpose of this study was to evaluate dependence of MAGICA polymer gel 
dosimeter 1/T2 on different electron and photon beams in order to compare the post 

time dependence of MAGICA polymer gel dosimeter in electron and photon beams 

using MRI technique for a standard clinically used Co-60 therapy unit and an ELECTA 
linear accelerator. Using MRI, the formulation to give the maximum change in the 

transverse relaxation rate R2(1/T2) was determined to be 8% gelatin, 0.5% agarose, 9% 

meth acrylic acid, 0.0352% ascorbic acid, 0.0015% CuSO4.5H2O, 0.002% 
hydroquinone and 82.3% HPLC(Water). When the preparation of final polymer gel 

solution is completed, it is transferred into phantoms and allowed to set by storage in a 

refrigerator at about 4°C. The R2-dose response of the MAGICA polymer gel dosimeter 
is linear for electron beam between 2.5 to 17.5Gy and for photon beam between 0 to 

30Gy and dosimeter post time dependence was studied for electron beams with R2-dose 

sensitivities of 0.002 and 0.0023 S-1.cGy-1 when imaged at 24 and 192 hours (1 and 8 
days) post irradiation and for photon beams with R2-dose sensitivities of 0.9281, 

0.8178 and 0.615 S-1.Gy-1 when imaged at 5, 168 and 336 hours post-irradiation 

respectively. Therefore the R2-dose sensitivity of MAGICA gel showed stability with 
imaging post time for electron beams 192 hours (8 day) and for photon beams 240 

hours (24 day). 
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INTRODUCTION 

 

 In 1984, with the help of magnetic resonance imaging system using three-dimensional dose distribution of 

ferric and ferrous SULPHATE gel dosimeters was shown [9]. After that, a study intended to use ferric gel 

dosimeters as a three-dimensional dosimeter in radiation oncology was done [4]. The major limitation is that 

with time the gel Ferric, Ferric and ferrous ions in the gel matrix are replaced and the player who called to say 

that diffusion [1]. In 1993, a polymer gel dosimeters were developed in a location that brought the irradiated 

using MRI [5]. Polymer gel dosimeter is a technique that has the ability to depict the dose distribution in three 

dimensions (3D) with a high spatial resolution. Polymer gel dosimeters compared to other traditional ionization 

chambers, Thermo luminescent dosimeter (TLD) and film radiography has advantages. These include the lack 

of dependence on the beam of soft tissue, the total dose for the treatment of a number of fields in a row, and 

perhaps more importantly, to assess the full amount at once [7]. MRI evaluation of polymer gel dosimeters, 

radiation dosimeters changes in T2 as a result of changes in the physical density of the polymer gel. Many 

factors, such as polymer gel composition, temperature changes during irradiation, the type and energy of 

radiation, dose rate, temperature, check the MRI, the time between exposure to reviewing MRI, and magnetic 

field strength has been studied by various authors [2,6]. All these factors could potentially affect the response of 

polymer gel dosimeters and significantly affect the measurement results. In 2001, the first NORMOXIC gel was 

proposed that the production, storage and radiation treatment in normal conditions. Gel dosimeter, known as 

MAGIC that combines Meth acrylic Acid (MAA) and copper sulfate (II) and antioxidants ascorbic acid is a gel 

matrix. Although the MAGIC gel is made under normal conditions and in the presence of oxygen, but the 

format and the structure is unstable. MAGIC agarose gel formulation was prepared by adding MAGICA. 

MAGICA gel capabilities such as stability, high dynamic range, high reproducibility and hardening. Magnetic 

resonance imaging (MRI) is widely used to evaluate the dose distribution in polymer gel dosimeters used. This 
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study investigates the response of a polymer gel dosimeter MAGICA dependence on the post time of the 

electron and photon beams is focused on. 

 

METHODS AND MATERIALS 

 

MAGICA Preparation: 

 MAGICA polymer gel dosimeters have been developed. All chemical ingredients include gelatin, ascorbic 

acid, cuso4.5H2O, and hydroquinone and meth acrylic acid. These materials are made by Sigma-Aldrich and 

FLUCKA high purity. Water HPLC gel dosimeter is made in the laboratory. First, the water bottle in 5 different 

sizes to solve the material pre- divided. About 60 % of gelatin was added to HPLC. Two electric heating and a 

magnetic stirrer and a thermostatic control solution were used for heating. Gelatin, soaked in water for about an 

hour, and then the solution was stirred and heated to 50 ° C to obtain a clear solution , then ensure complete 

solution of gelatin and gelatin when the temperature rose to 40 ° C. , agarose to 30 % of the water temperature 

reached 50 ° C is added to it already . Agarose solution was heated to 90 ° C and stirred. When the gelatin 

solution temperature to 50 ° C is reached. Both solutions are then cooled. More than agarose gelatin solution and 

its temperature is lower, but despite the higher temperature agarose cools faster than gelatin. However, the 

cooling rate can be fit using a heating pad set. When both soluble same temperatures reached about 47 ° C, 

agarose solution was added to the gelatin solution to be stirred. Stirring until the construction never stops. 

Hydroquinone solution at 45 ° C in 5 % water is added to the mix. The remaining 5 percent is divided to two 

parts water and ascorbic acid and copper sulfate is dissolved in them. These two chemicals are the Scavenger 

oxygen at 37 ° C was added to the solution. Meta acrylic acid solution was added and stirring at the same 

temperature would continue. MAA 9 % of the total weight of the gel is (Table 1). The gel is then poured into 

test tubes and the phantom in the ordinary fridge temperature is about 4 degrees Celsius. Gel phantoms and 

calibration tubes were not irradiated in the first 24 hours after being manufactured. All irradiations were 

performed this period [3]. 

 

MAGICA Irradiation:  

 Variation of transverse relaxation rate (R2) due to electron beam was studied for electron beams. To obtain 

calibration curves, 12 dosimeters were cGy (0, 250, 500, 750, 1000, 1250, 1500, 1750, 2000, 2500, 3000, 

4000cGy) for 6 MeV electron beam (24 hour) after gel preparation. To ensure homogeneous irradiation of the 

dosimeter, the gel phantom was fixed in the center of a water-filled cylindrical shape container. Four 

perpendicular fields (SSD=100 cm, field size = 20*20 cm2) were used for polymer gel irradiation. All exposures 

were performed on the same date by the same repetition rate of 400 cGy/min. Irradiation of vials was performed 

using photon beams by Co-60 therapy unit with SSD = 80cm, field size of 20*20 cm2 and the depth was 

selected at 1cm (Table 2). 

 

MAGICA Imaging: 

 The MAGICA polymer gel dosimeters were imaged in a MRI scanner using a head coil. The optimal post 

imaging times was determined to be 1 day. The images were transferred to a personnel computer where T2 and 

R2 maps were computed using modified radiotherapy gel dosimeter image processing software coded in 

MATLAB (The Math Works, Inc.).The mean T2 value of each vial was plotted as a function of dose with the 

quasi-linear section being evaluated for R2-dose sensitivity. (Table 3) 

 

RESULTS AND DISCUSSIONS 

 

MAGICA RESULT By Electron Beams (Part 1): 

 Dependence of R2 response to the absorbed dose in the range of 0-4000 cGy is shown in figure 1. As it can 

be seen, the calibration curve is increasing with dose but 3 different regions are visible, (a) from zero to 250 cGy 

which no response is seen, (b) from 250 to 1750 cGy in which response is linear and a line with 89% correlation 

is fitted but the slope is low (0.002 S-1cGy-1), (c) from 1750 to 4000 cGy in which a good linear region with 

correlation of 98% and slope of 0.0072 S-1cGy-1 can be seen(Table 4).  

 

MAGICA RESULT By photon Beams (Part 1): 

 Polymer gel dosimeters in Perspex phantoms were homogeneously irradiated with 1.25MV photon beam 

with a Co-60 therapy unit located in Tehran. Delivered doses were from 0-6000cGy. The calibration curve 

(transverse relaxation rate (1/T2) versus applied absorbed dose) was obtained and plotted. Dependence of 1/T2 

response to the absorbed dose in the range of 0-6000cGy is shown is figure 2. As it can be seen in figure2, 

MAGICA has a linear response up to 30Gy. The R2-dose response of the MAGICA polymer gel dosimeter is 

linear between 0-30Gy and 30-50Gy. Table 4 shows that MAGICA polymer gel has a dynamic range of at R2- 

dose sensitivity 0-30 Gy is 0.9281 and 30-50 Gy is 0.24 and 50-60Gy is 0.01.(Table 4)  
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MAGICA RESULT By Electron Beams (Part 2): 

 The R2-dose response of the MAGICA polymer gel dosimeter is linear between 2.5-17.5 Gy doses. Figure 

3 shows the R2-dose Response with Post Time (e.g. 1 and 8 days). In this study the R2-dose response was linear 

up to 17.5 Gy with R2-dose sensitivities of 0.002 and 0.0023 S-1 cGy-1 when imaged at 1and 8 days post-

irradiation respectively. The R2-dose sensitivity showed stability with imaging post time after 8 days. Table 5 

lists the R2-dose sensitivity and correlation coefficients for the two post-irradiation imaging times. This table 

indicates that MAGICA had reached steady-state by 8 days post-irradiation, therefore the R2-dose sensitivity of 

MAGICA polymer gel between 2.5-17.5 Gy was stable. This study has shown that the NORMOXIC MAGICA 

polymer gel dosimeter has the properties of a dosimeter tool, which can be used in clinical radiotherapy. 

 

MAGICA RESULT By Photon Beams (Part 2): 

 The R2-dose response of the MAGICA polymer gel dosimeter is linear between 0-30 Gy doses. Figure 4 

shows the R2-dose Response with Post Time (5, 168 and 336 h). In this study the R2-dose response was linear 

up to 30 Gy with R2-dose sensitivities of 0.9281, 0.8178 and 0.615 S -1Gy-1 when imaged at 5,168 and 336 h 

post-irradiation respectively. The R2-dose sensitivity showed stability with imaging post time after 10 days. 

Table 5 indicates MAGICA had reached steady-state by 240h post-irradiation by photon beam; therefore the R2-

dose sensitivity of MAGICA polymer gel between 0-30Gy was stable. This study has shown that the 

NORMOXIC MAGICA polymer gel dosimeter has the properties of a dosimeter tool, which can be used in 

clinical radiotherapy. 

 

DISCUSSION AND CONCLUSIONS 

 

 In 2004 Scheib and colleagues research on the BANG gel, they concluded that 1.25MeV proton can storage 

time the gel for 10 days [8]. Zahmatkesh et al in 2004 research on the MAGICA gel, they concluded that 60Co 

can storage time the gel for 10 days [10]. In study MAGICA gel can storage time for up 8 days for electron 

beams and 10 days for photon beams. 
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Table 1: The chemical composition of the prepared polymer gel 1000 cc 

Dosimeter Component Percent Weight(% & mM) Amount (gr & cc) 

MAGICA Gelatin 8% 80gr 

Agarose 0.5% 5gr 

Meth acrylic Acid 9% 90cc 

Ascorbic Acid 0.0352% 0.352gr 

CuSO4.5H2O 0.0015% 0.015gr 

Hydroquinone 0.002% 2gr 

HPLC(Water) 82.3% 823 

 

Table 2: Parameters used for irradiation. 

Beam PARAMETERS Size 

Electron Field Size(cm2) 20*20 

SSD(cm) 100 

Dose Rate(cGy/min) 400 

Water Phantom dimension(cm3) 20*25*20 

Depth(cm) 1 

Post Time(h) 24-192 

Photon Field Size(cm2) 20*20 

SSD(cm) 80 

Dose Rate(cGy/min) - 

Water Phantom dimension(cm3) 20*25*20 

Depth(cm) 1 

Post Time(h) 5-168-336 

 

Table 3: MRI imaging protocol used with the system. 

Beams PARAMETERS Size 

Electron Field of View(FOV)(mm) 256 

Matrix size(MS) 512*512 

Slice Thickness(d)(mm) 4 

Repetition Time(TR)(ms) 3000 

Echo Time(TE)(ms) 20 

Number of Slices 1,2,3,4 

Resolution(mm) 0.5 
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Band With(Hz/Pixel) 130 

Photon Field of View(FOV)(mm) 290 

Matrix size(MS) 512*512 

Slice Thickness(d)(mm) 10 

Repetition Time(TR)(ms) 2500 

Echo Time(TE)(ms) 120 

Number of Slices 1,2,3,4 

Resolution(mm) 0.5 

Band With(Hz/Pixel) 130 

 

 
 

Fig. 1: MAGICA polymer gel dosimeter 1/T2 response on absorbed dose by electron beam. 

 
Table 4: Sensitivity of MAGICA gel with electron and photon beams different range of doses. 

Beams Dose(Gy) R2- dose sensitivity (S-1Gy-1) & (S-1 cGy-1) Correlation coefficient 

Electron 0-2.5 -0.00005 1 

2.5-17.5 0.002 0.892 

17.5-40 0.0072 0.9843 

Photon 0-30 0.9281 0.9885 

30-50 0.24 0.9908 

50-60 0.01 1 

 

 
 

Fig. 2: MAGICA polymer gel dosimeter 1/T2 response on absorbed dose by photon beam [10] 

 

 
 

Fig. 3: R2-dose response curve of the MAGICA evaluated at 1and 8 days post irradiation in electron beam. 
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Table 5: R2-dose sensitivity and correlation coefficient of MAGICA polymer gel between 2.5-17.5Gy in electron beam and 0-30 Gy in  

photon beam. 

Beams Imaging time post Irradiation(h) R2- dose sensitivity (S-1Gy-1)&(S-1 cGy-1) Correlation coefficient 

Electron 24 0.002 0.892 

192 0.0023 0.8924 

Photon 5 0.9281 0.9885 

168 0.8178 0.9658 

336 0.615 0.9802 

 

 
 

Fig. 4: R2-dose response curve of the MAGICA evaluated at 5,168 and 336 h post irradiation in photon beam.  

[10] 
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