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Abstract Absorbed dose–response characteristics of AQUAJOINT®-based polymer gel and 
PAGAT gel dosimeters were compared using Optical CT and MRI. AQUAJOINT® gel exhibited 
a relatively good linear dose–response relationship in the radiation dose range of 0–5 Gy. 

1. Introduction 
AQUAJOINT® is a stretchable and thermo-irreversible hydrogel formed by mixing two types of water-
based liquids (liquid A and B) at room temperature. Water-soluble polymer and inorganic nanoparticles 
form a hydrogel having a stable three-dimensional network structure after being mixed in water and then 
left to stand at room temperature, without C–C bond formation reactions. Water-soluble additives can 
be included into the hydrogel prior to mixing liquids A and B. 

Polymer gel dosimetry is a three-dimensional (3D) dosimetric tool for quality assurance. It 
quantifies radiation-induced polymerization of vinyl monomers as a measure of radiation dose [1, 2]. 
Spin–spin relaxation rate (R2 = 1/T2, s−1) can be used to evaluate the degree of polymerization of the 
irradiated gel and the radiation dose [1-3].  

 Although various methods, such as X-ray CT [4, 5], ultrasound [6], and Raman spectroscopy [7], 
have been used for dose evaluation of 3D gel dosimeters, MRI is the most widely used among these [8]. 
However, the high cost of MRI equipment limits its use for research on gel dosimeter development. Gel 
dosimeters are based on the property of optical absorption, which varies according to the radiation dose 
and can be measured through spectrophotometry [9]. An optical CT (OCT) is a device for measuring 
the absorbance of the gel dosimeter in 3D using this property [10]. 
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In this work, the dose versus relative value curves were assessed using a 2D OCT prototype 
system and MRI measurements, for a preliminary comparison of AQUAJOINT®-based polymer gel 
dosimeter and PAGAT gel. 

 
2. Materials and Methods 
 
2.1 AQUAJOINT®-based 3D gel dosimeter formulation 
The combination of AQUAJOINT® hydrogel (Nissan Chemical Industries) with suitable radiation 
sensitive compounds affords good stability to the dosimeter gel matrix even at relatively high 
temperatures, owing to its heat irreversibility [11]. In this work, we prepared the dosimeter mixture by 
first dissolving in oxygen-free water, the monomer N-vinyl-2-pyrrolidone (NVP), the bifunctional 
monomer N,N’-methylene-bis-acrylamide (Bis), the oxygen scavenger tetrakis (hydroxymethyl) 
phosphonium chloride (THPC), and AQUAJOINT® B-5 (water content: 86%). Addition of 
AQUAJOINT® A-5 (water content: 81%) to the aqueous solution yields a homogeneous system 
comprising of a gel matrix embedded in a monomer mixture solution. The resultant mixture contained 
4% NVP, 2% Bis, 25 mM THPC, 11% AQUAJOINT® A-5, and 11% AQUAJOINT® B-5. The gel 
precursor was poured into 70 mm (height) × 34 mm (diameter) polyethyleneterepthalate (PET) vials. 
Upon irradiation, a polymer network forms in the gel matrix, which induces a physical change in the 
irradiated zone that can be quantified using imaging modalities such as MRI or OCT. 
 
2.2 PAGAT gel dosimeter 
PAGAT gel dosimeters were prepared using 89% w/w water, 3% acrylamide, 3% Bis, 5% gelatin (300 
bloom), and 5 mM THPC. Milli-Q water was heated at 40°C, mixed with gelatin and heated at 50°C on 
a hot plate/magnetic stirrer [12-14]. After the solution became clear, it was cooled to 45°C, and Bis and 
acrylamide were added. After complete dissolution of Bis and acrylamide, THPC was added. The gel 
precursor was then poured into PET vials. 
 
2.3 Sample irradiation 
A Radio Flex 320 CG (Rigaku Corporation) was used for X-ray irradiation. At a dose rate of 1 Gy/min, 
dose control was performed by changing the irradiation time. Irradiation of the sample with X-ray was 
performed using a simple collimator consisting of lead blocks that was adapted to the apparatus. 
Radiation dose ranged from 1 Gy to 10 Gy; six of the samples were irradiated (1, 2, 3, 5, 7 and 10 Gy, 
respectively). A non-irradiated sample was assigned as 0 Gy. 
 
 2.4 OCT system 
We constructed a low-cost (total material 
cost: US $400, approximately) OCT to 
evaluate the 3D gel dosimeter. Educational 
computer Raspberry Pi was used to control 
and reconstruct images for our OCT system. 
A white organic EL panel was used as a light 
source, and the light receiving unit consisted 
of a 5 megapixel CMOS image sensor. A 
chuck mounted to the upper synchronous 
motor had a structure for fixing the gel 
dosimeter. The gel dosimeter was placed into 
a water-filled aquarium in order to carry out 
the measurements [Fig. 1]. Tomographic 
image reconstruction was performed using 
ImageJ [15, 16] software and its plug-ins. 
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Figure 1. (a) AQUAJOINT® gels irradiated with 2 Gy and 3 
Gy of X-rays. (b) Reconstructed cross-section image of the 
AQUAJOINT® gel (a) irradiated with 3 Gy along the dotted 
yellow line using OCT. (c) Prototype OCT system using 
CMOS camera sensor with single board computer Raspberry 
Pi. 



3

1234567890

9th International Conference on 3D Radiation Dosimetry   IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 847 (2017) 012013  doi :10.1088/1742-6596/847/1/012013

 
 
 
 
 
 

 
2.5 MRI 
We used a 1.5 T MRI scanner (Intera Achieva 1.5 T HP Nova Dual Gradient, Philips Medical Systems, 
Best, Netherlands). T2 estimation was performed with the turbo mixed sequence [17]. The scan 
conditions were as follows: for spine echo acquisition, TR = 2800 ms, TE1 = 12, TE2 = 800; for 
inversion recovery, TR = 3000 ms and TI = 200. Turbo factor was 86. The pixel size was 0.76 mm. Slice 
thickness was 15 mm. (FOV depended upon the number of samples. The acquisition time also depended 
upon FOV and the number of acquisitions.) 
 
3. Results and Discussion 
The absorbed dose vs. relative value curves for AQUAJOINT® and PAGAT gel dosimeters, as measured 
using OCT and MRI, are shown below [Fig. 2].  

 
 
 

 
 
According to OCT measurements, the relative values of AQUAJOINT® gel at 7 Gy and 10 Gy as well 
as PAGAT gel at 10 Gy did not fall on a straight line. Absorption coefficient of light in OCT 
(corresponding to the CT value of the X-ray CT) is estimated from the variation in the intensity of the 
transmitted light. In the case of samples rendered opaque by higher irradiation, the effect of scattered 
light could not be omitted. In general, when a sample contains more components causing light scattering 
than those absorbing light, the algorithms used in image reconstruction (Filtered Back Projection) of 
OCT are not applicable. 

Figure 2. Characteristic curves for absorbed dose vs. relative value measured using OCT and MRI. (a) MRI; (b) 
OCT. For MRI, a fitted straight line was traced using the data points ranging from 0 Gy to 7 Gy to calculate the 
coefficient of determination R2 values. For OCT, the data points ranging from 0 Gy to 5 Gy were used to calculate 
R2 values. 

(a) MRI (b) OCT 

(a) PAGAT gel (b) AQUAJOINT® gel 

Figure 3. Characteristic curves for absorbed dose vs. relative value measured using MRI and OCT. (a) PAGAT 
gel; (b) AQUAJOINT® gel. Values of OCT and MRI were normalized to 1 relative to the value at 5 Gy and 0 to 
the value at 0 Gy. The index 𝛔𝛔 = ∑ |𝐌𝐌𝐌𝐌𝐌𝐌(𝐃𝐃) − 𝐎𝐎𝐎𝐎𝐎𝐎(𝐃𝐃)|𝟐𝟐𝐃𝐃  is of difference between the MRI and OCT values. 
For both MRI and OCT, a fitted straight line was traced using the data points ranging from 0 Gy to 5 Gy.  
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 In the OCT evaluation using PAGAT gel, the dose response showed relatively small non-linear 
behavior, whereas the MRI measurements showed a good linearity [Fig. 3 (a)]. This behavior was 
observed in our previous report on OCT measurement of PAGAT [18]. In contrast, AQUAJOINT® gel 
dose response showed a linear behavior at a dose range of 0–5 Gy [Fig. 3 (b)]. 
  
4. Conclusion 
The gel dosimeter using AQUAJOINT® as a hydrogel component was compared with conventional 
PAGAT gel dosimeter as a reference. Data obtained by OCT correlated well with the MRI data and 
showed good linearity in the dose range of 0–5 Gy. 

The lack of linearity in the dose–response behavior obtained by OCT with AQUAJOINT® gel at 
doses > 5 Gy is likely to be corrected by optimizing the amount of monomers in the AQUAJOINT® gel.  
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