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Target audience 
Estimation of the electrical anisotropic conductivity property of human body is strongly felt among researchers who are involved in the interactions 

between electromagnetic (EM) fields and biological systems. 
Purpose 

The aim of this study is to show electrical anisotropic conductivity distribution of the canine brain using a combination of water self-diffusion 
tensor from DTI and z-component of the magnetic flux density from MREIT. 
Methods 

Based on the relationship between small intercellular diffusivity and low-frequency conductivity (cell membrane is effectively shielded at 
frequency less than 1 kHz), Tuch et al derived the linear relationship between eigen-values of the conductivity ( ) and diffusivity ( ) tensor: 

; υ 1,2,3  where, : ⁄  is known as the effective-conductivity-to-diffusivity ratio (ECDR).1 From DTI imaging, they determined the 
global scale factor η = 0.844S⋅sec/mm3 to convert the measured diffusion tensor to the conductivity tensor. Recently, Kwon et al. developed a DT-
MREIT method for determining the ECDR by combining diffusion tensor from DTI and z-component of the magnetic flux density (Bz) from MREIT.2 
Comparing with the use of global scaling factor, DT-MREIT technique recovers the ECDR in every pixel position. To verify the proposed DT-MREIT 
technique, we performed canine brain imaging experiments by injecting imaging current of 10 mA through two pair of carbon-hydrogel electrodes 
(30 × 30cm2) attached on its skin. We collected the  1,2 ) data using spoiled multi-gradient echo (SPMGRE) sequence. Imaging parameters 
were TR/TE = 200/2.2 msec, echo spacing = 2.2 msec, FOV = 140 × 140 mm2, slice thickness = 4 mm, NEX = 47, matrix size = 128 × 128, number 
of slices = 1, and total imaging time = 30 min. We also obtained DTI data with b-values of 1000 sec/mm2 at the same slice position using single-shot 
spin-echo EPI (SS-SE-EPI) sequence with TR/TE= 2000/67 msec. One reference MR data was also obtained without diffusion sensitized gradient to 
measure diffusion tensor. Fig. 1(a) to (c) show the acquired MR magnitude image of diffusion measurement using SS-SE-EPI sequence. The collected 
data for   1,2 ) measurement using SPMGRE sequence is shown in Fig. 2(a) to (c). 
Results and Discussion 

Using the DT-MREIT algorithm,2 we have reconstructed the ECDR as shown in Fig. 3(a) and the corresponding reconstructed anisotropic 
conductivity is shown in Fig. 3(b)-(g). To compare the reconstructed ECDR with the constant scaling factor, we calculate ∆  % 1 ⁄ ; where η0 
= 0.844S⋅sec/mm3 which is shown in Fig. 3(h). As a result, we found large differences between ECDR and constant scaling factor in brain white 
matter together with several regions of gray matter region. It stem from the fact that local conductivity distribution is influenced by the amount of 
current flow inside the brain which can only be determined by the MREIT method. Further evaluation of this difference, we also recovered the 
equivalent isotropic conductivity distribution σequ using the regional absolute conductivity algorithm which is shown in Fig. 3(i).3 Table 1 shows the 
measured anisotropic and isotropic conductivity values at four different ROI positions.  
Conclusion 

DT-MREIT method recovers ECDR at every pixel position which implies the local distribution of the current density from the measured Bz data. 
Combing a DTI and MREIT, we can successfully visualize the anisotropic conductivity distribution of brain from animal imaging experiment. 
 
 

 
 
 
 
 
 
Fig. 1. Canine brain DTI measurement using SS-SE-EPI sequence. (a) Reference MR data 
without diffusion sensitized gradient, (b) and (c) are images with x- and y-directional 
gradient is applied with b-value of 1000 sec/mm2, and (d) is reconstructed color-coded FA 
map. The number in (d) represents the ROI position which is used to determine the 
reconstructed conductivity value shown in Fig. 3(b) to (g) and (i). 
 
 
 
 
 
     
 

 
 
 
Fig. 2. Canine brain MREIT measurement using SPMRGRE sequence. (a) MR magnitude, 
(b) and (c) are  1,2 ) images by the externally injected imaging current. 
 
 
 
 
 
 
 
 

 
 

 

 

 

 

 

 

 

 

 
 
 
Fig. 3. (a) Reconstructed ECDR using DT-MREIT method. (b) to (g) is corresponding 
anisotropic conductivity distribution calculated from the estimated ECDR. Panels of (b)-(d) 
show the diagonal and (e)-(g) show the off-diagonal component of the conductivity tensor. 
(h) is difference between the reconstructed ECDR and the global scale factor. (i) is a 
reconstructed equivalent isotropic conductivity σequ.  
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