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Abstract. Tissue equivalent gel phantoms have been widely studied in radiation 
therapy for both relative and reference dosimetry. A Fricke xylenol gel (FXG) 
spherical phantom was evaluated by means of magnetic resonance image method 
(MRI) to measure absorbed dose distribution resulted from gamma knife irradiation. 
The FXG phantom was prepared using 270 Bloom gelatin. The gelatin is a tissue 
equivalent material, of easy preparation, can be used to mold phantoms into different 
shapes and volumes, is commercially available and inexpensive. The results show that 
the Fricke gel phantom prepared with 270 Bloom gelatin satisfy the requirements to 
be used for the quality control in stereotactic radiosurgery using Gamma Knife 
technique and may constitute one more option of dosimeter in radiation therapy 
applications.  

 

1.  Introduction 
Among the high-precision techniques used in stereotactic radiosurgery for treatment of intracranial 
lesions, which they use narrow ionizing radiation beams [1], the Gamma Knife is the most precise 
modality currently available [2]. This technique allows obtaining a local energy release in tumors 
saving the surrounding health tissues. Therefore there is the necessity of getting the three-dimensional 
(3-D) images of in-phantom absorbed dose, achieving high precision and the most reliable 
resolution [3]. 

Gel dosimetry is a technique for dose imaging based on water-equivalent gels. Phantoms can easily 
be obtained and used as dosimeter to obtain 3-D dose distribution. Different kinds of gel dosimeters 
have been developed, the two main investigated groups are the aqueous gels, the Fricke gel dosimeters 
[4,5,6,7,8,9] and the based on radiation-induced polymerization and cross-linking of acrylic 
monomers, the polymer gels [3,10,11,12,13]. Imaging techniques such us spectrophotometry and MRI 
scanning, have been proposed [14,15,16,17]. Compared with other imaging methods, magnetic 
resonance imaging (MRI) presents superior properties for planning, guiding, monitoring and 
controlling therapeutic interventions, including minimally invasive procedures [16,17,18]. Applied in 
radiation therapy, the main advantages of MRI are the high spatial resolution and the direct acquisition 
of multiplanar and 3-D imaging data. 
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The Fricke gel dosimeter has been studied for determine both dose and dose distribution with 
accuracy and precision [12,13] in radiation treatments. Oxidation of ferrous ions (Fe+2) to ferric ions 
(Fe+3) occurs when the dosimeter is exposed the ionizing radiation [14] with the oxidation yield 
proportional to the absorbed dose and the absorbed dose distributions can be imaged by MRI. The 
studied Fricke gel solutions have been prepared using 300 Bloom gelatin [8,14,19,20] that is imported 
and very expensive in Brazil.  

The purpose of this work is to make the dosimetric evaluation of a FXG spherical phantom 
prepared using 270 Bloom gelatin to measure absorbed dose distribution resulted from gamma knife 
irradiation. 

2.  Materials and methods 

2.1.  Spherical phantom preparation  
The spherical glass housing (1 mm thick wall, 12.5 mm diameter and 1.0 L volume) was filled with 
Fricke xylenol gel solution (FXG) in order to simulate the human brain. The FXG solution was 
prepared with 1 mM ferrous ammonium sulphate [Fe(NH4)2(SO4)2 

. 6H2O], 1 mM sodium chloride 
(NaCl), 0.1 mM xylenol orange dye (C31H28N2Na4O13S), 50 mM sulphuric acid (H2SO4), tri-distilled 
water [4] and 5% by weight 270 Bloom porcine gelatin. 
 
2.2. Phantom irradiation and calibration 
The phantom positioned at the headframe was irradiated to a prescription dose of 40 Gy and 50% 
isodose surface using a Leksell Gamma Knife system model B. 

For dose response calibration, gel samples were irradiated at predefined 60Co gamma dose levels 
between 1 and 90 Gy.  

 
2.3 MR Imaging 
The evaluation technique employed was the Magnetic Resonance Imaging (MRI) using the PHILIPS 
GYROSCAN S15/ACS scanner.  

MR scans of the calibration gel samples were used to establish a dose response curve as a function 
of the calculated relaxation rates R1. This curve is the reference curve for dose readings in the 
phantom. 

Before and after gamma knife irradiation the phantom MR images were acquired, the T1 weighted 
multi-slice of the phantom were also obtained and, using localized spectroscopy, T1 was measured at 
the irradiated volume and far from it in order to correlate the pixel intensity with the irradiation dose. 
The standard Z orientation slices were used in image acquisition (transaxial section image).  

A MATLAB program was created to calculate the pixel T1 values and reconstruct the dose in 3D to 
the patient from the measured gamma knife images. 

3.  Results and discussions 
The calibration curves, R1 and NMR signal intensity as a function of the dose are presented in figure 1. 
The 3D phantom representation is present in figure 2. A 33 MRI slices (zSlices in figure 2) were 
processed in Matlab program. The dose colormap in figures 2, 3, 4 and 5 were reported as percentage 
of the prescription dose (% PD). Selected MRI slices are presented in figure 3. 
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Linear Regression for data:
Y = A + B * X
Weight given by data error bars.

Parameter Value Error
------------------------------------------------------------
A 9,43025E-4 1,87365E-6
B 1,87075E-5 1,662E-7
------------------------------------------------------------

R SD N P
------------------------------------------------------------
0,9978 2,15797 14 <0.0001
------------------------------------------------------------

 Fricke gel dosimeter (5% by weight 270 Bloom gelatin)
 Linear fit

R
1 

(s
-1
)

Dose (Gy)  
 

0 10 20 30 40 50 60 70 80 90 100

0

200

400

600

800

1000

1200

Linear Regression for data:
Y = A + B * X
Weight given by data error bars.

Parameter Value Error
------------------------------------------------------------
A 1,39228 27,38767
B 13,03966 0,71414
------------------------------------------------------------

R SD N P
------------------------------------------------------------
0,99806 0,32871 14 <0.0001
------------------------------------------------------------
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Figure 1. Dose-response curves calculated using R1 (a) and NMR signal intensity (b). 
 

 
 
Figure 2. 3D phantom representation showing MRI slices orientation. 

a 
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Figure 3. Selected MRI zSlices. 
 

A reconstructed three-dimensional phantom image is presented in figure 4. 
 
 

 
 
Figure 4.  A reconstructed three-dimensional phantom image: cut in ySlice = 50 to highlight the 
centre of the irradiated volume (a); cut in ySlice = 60 and xSlice = 120 showing irradiation cone 
projection (b). 

4.  Conclusions 
The obtained results show that the Fricke gel phantom prepared with 270 Bloom gelatin satisfy the 
requirements to be used for the quality control in stereotactic radiosurgery using Gamma Knife 
technique and may constitute one more option of dosimeter in radiation therapy applications. The 
phantom prepared with 270 Bloom porcine gelatin presents appropriate consistence and integrity (i.e., 
does not occurs formation of fungus) at room temperature (~ 25° C) during the time between 
irradiation and evaluation. The 270 Bloom porcine gelatin is of easy preparation at laboratory, 
inexpensive and commercially available. The dose delivered to any point in the phantom can be 
measured, the dose distribution can be mapped in three-dimensional spaces, in any slice for any 
orientation. 

a b 

5th International Conference on Radiotherapy Gel Dosimetry (DOSGEL 2008) IOP Publishing
Journal of Physics: Conference Series 164 (2009) 012016 doi:10.1088/1742-6596/164/1/012016

4



 
 
 
 
 
 

References 
[1] Tozer-Loft S M, Walton L, Forster D M C and Kemeny A A 1999 An improved technique for 

comparing Gamma Knife dose-volume distributions in stereotactic radiosurgery Phys. Med. 
Biol. 44 1905-19 

[2] Ma L, Chin L S, Shepard D, Amin P and Slawson R 2000 The effect of user-defined variables 
on dosimetry consistency in Gamma Knife planning Phys. Med. Biol. 45 N43-7 

[3] Mariani M, Vanossi E, Gambarini G, Carrara M and Valente M 2007 Preliminary results from a 
polymer gel dosimeter for absorbed dose imaging in radiotherapy Radiat. Phys. Chem. 76 
1507-10 

[4] Olsson L E, Petersson S, Ahlgren L and Mattsson S 1989 Ferrous sulphate gels for 
determination of absorbed dose distributions using MRI technique: basic studies Phys. Med. 
Biol. 34 (1) 43-52 

[5] Podgorsak M B and Schreiner L J 1992 Nuclear magnetic relaxation characterization of 
irradiated Fricke solution Med. Phys. 19 (1) 87-95 

[6] Healy B J, Zahmatkesh M H, Nitschke K N and Baldock C 2003 Effect of saccharide additives 
on response of ferrous-agarose-xylenol orange radiotherapy gel dosimeters Med. Phys. 
30 (9) 2282-91 

[7] Bero M A and Kharita M H 2004 Effects of ambient temperature on the FXG radiochromic gels 
used for 3-D dosimetry Journ. Phys. CS 3 236-39 

[8] Schreiner L J 2004 Review of Fricke gel dosimeters Journ. Phys. CS 3 9-21 
[9] Bero M A 2007 Dosimetric properties of a radiochromic gel detector for diagnostic X-rays 

Nucl. Instr. and Meth. in Phys. Res. A 580 186-9 
[10] Karaiskos P, Petrokokkinos L, Tatsis E, Angelopoulos A, Baras P, Kozicki M, Papagiannis P, 

Rosiak J M, Sakelliou L, Sandilos P and Vlachos L 2005 Dose verification of single shot 
gamma knife applications using VIPAR polymer gel and MRI Phys. Med. Biol. 50 1235-50 

[11] Papagiannis P, Karaiskos P, Kozicki M, Rosiak J M, Sakelliou L, Sandilos P, Seimenis I and 
Torrens M 2005 Three-dimensional dose verification of the clinical application of gamma 
knife stereotactic radiosurgery using polymer gel and MRI Phys. Med. Biol. 50 1979-90 

[12] Novotny Jr J, Spevacek V, Dvorak P, Hrbacek J, Novotny J, Tlachacova D, Schmitt M, 
Vymazal J, Tintera J and Cechak T 2004 Application of polymer-gel dosimetry in 
stereotactic radiosurgery Journ. Phys. CS 3 288-92 

[13] Mayanski M J, Schulz R J, Ibbott G S, Gatenby J C, Xie J, Horton D and Gore J C 1994 
Magnetic resonance imaging of radiation dose distributions using a polymer-gel dosimeter 
Phys. Med. Biol. 39 1437-55 

[14] Bero M A, Gilboy W B and Glover P M 2001 Radiochromic gel dosemeter for three-
dimensional dosimetry Radiat. Phys. Chem. 61 433-35 

[15] Gore J C, Kang Y S and Schulz R J 1984 Measurement of radiation dose distributions by 
nuclear magnetic resonance (NMR) imaging Phys. Med. Biol. 29 (10) 1189-97 

[16] Hendee W R 2002 New imaging techniques Oncologic Imaging 2 ed D.G. Bragg, P. Rubin and 
H. Hricak (W. B. Saunders, Philadelphia) 

[17] Chu W C 2001 Radiation dosimetry using Fricke-infused gels and magnetic resonance imaging 
Proc. Natl. Sci. Counc. ROC(B) 25 (1) 1-11 

[18] Jolesz F A and Blumenfeld S M 1994 Interventional use of magnetic resonance imaging Magn. 
Reson. Q. 10 (2) 85-96 

[19] Audet C and Schreiner L J 1997 Multiple-site fast exchange model for spin-lattice relaxation in 
the Fricke-gelatin dosimeter Med. Phys. 24 (2) 201-9 

[20] Bero M A, Gilboy W B, Glover P M and El-masri H M 2000 Tissue-equivalent gel for non-
invasive spatial radiation dose measurements Nucl. Instr. and Meth. in Phys. Res. B 166-167 
820-5 

 

5th International Conference on Radiotherapy Gel Dosimetry (DOSGEL 2008) IOP Publishing
Journal of Physics: Conference Series 164 (2009) 012016 doi:10.1088/1742-6596/164/1/012016

5




