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ABSTRACT 

 
The human body is an electrically conducting object with various ions and charge-carrying 
molecules in complicated structures of cells, tissues, and electrolytes. Endogenous currents 
are generated from excitable cells (that is, neurons) and exogenous currents can be injected or 
induced by man-made devices. Inside the human body, there exist electric and magnetic field 
distributions, which are commonly expressed as voltage, current density, and magnetic flux 
density. Bioelectromagnetism is to study the interplays among these quantities related with 
structure, pathology, function, and metabolism of cells, tissues, and organs [1, 2].  
 
There are numerous research opportunities and challenges when we view 
bioelectromagnetism as a tool for bioimaging. We should non-invasively measure the voltage, 
current, and magnetic flux density from the body, tissue sample, or culture with high signal-
to-noise ratio and sensitivity. Innovative new probing and sensing methods are being 
developed using electrodes and coils with various configurations. Maxwell’s equations 
describe the underlying physical principles of their interactions [3-6].  
 
Measured bioelectromagnetic quantities convey information on the object geometry, probing 
and sensing methods, passive material properties, and also internal source currents. Not only 
presenting and analyzing these measured data as images, we can also extract other quantities, 
of which information is embedded in the data, such as electrical conductivity and endogenic 
neuronal current. Since this requires solutions of nonlinear inverse problems, mathematical 
analyses and image reconstruction algorithms are needed [3-6]. 
 
Based on the collaborative research of engineers and mathematicians at the Impedance 
Imaging Research Center (IIRC) for the last two decades, I will review two imaging methods 
in bioelectromagnetism: electrical impedance tomography (EIT) and magnetic resonance 
electrical impedance tomography (MREIT). Both methods aim to produce cross-sectional 
images of conductivity distributions inside the human body. Using only the boundary current-
voltage data (or Neumann-to-Dirichlet map), EIT is more apt for real-time functional imaging 
of conductivity changes with respect to time and/or frequency [7-13]. MREIT utilizes an MRI 
scanner as a tool to measure internal magnetic flux density distributions subject to externally 
injected currents for conductivity image reconstructions with a high spatial resolution of a 
few millimeters [14-25]. 
 
In both EIT and MREIT, we should consider two mappings for proper interpretations of the 
measured data or reconstructed images. We need to clearly validate the first mapping from a 
physiological function or a pathological state of interest to a volume-wise or effective 
conductivity of a local region in a tissue or an organ. This is a realm of biophysics, which 



should also include mathematical formulation, modeling, and numerical computing as well as 
experimental validations through tissue samples, animals, and human subjects.  
 
The second mapping is related with a specific imaging system including its probing and 
sensing and also data processing methods. It is a mapping from the effective conductivity of a 
local region in the imaging object to a voxel value in the reconstructed conductivity image, 
which we call the apparent conductivity. Only after we have thoroughly validated these two 
mappings quantitatively, we can find clinical applications of the imaging system. When there 
is no other method to compare or cross-validate the results, the validation process may need a 
lot of experimental case studies to accumulate enough data for statistical significance. 
 
Applications of EIT include real-time microscopic conductivity imaging of cells and tissues 
as well as macroscopic conductivity imaging of the head, lung, breast, and abdomen. Potential 
applications of MREIT may include early-stage tumor imaging, temperature imaging, and 
current density imaging during deep brain stimulation (DBS) and transcranial dc stimulation 
(tDCS). If we can successfully reduce the noise level in measured magnetic flux density data 
down to less than 0.1 nT from the current value of about 1 nT, we may apply the MREIT 
technique for direct functional neuroimaging.  
 
Understanding Maxwell’s equations in biological tissues is the key to devise a new way to 
image bioelectromagnetic phenomena. It is sometimes critically useful to be able to 
intuitively imagine how the voltage, current density, and magnetic flux density distribute 
inside an inhomogeneous conducting domain. Computational bioelectromagnetism may lead 
into innovative techniques not only in data processing but also in probing and sensing 
methods.  
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