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INTRODUCTION 
In the study of the biophysical mechanisms at the basis of the EM field interaction leading 

to biomedical applications, one needs also to know the field strength at the microscopic scale 
to establish a quantitative relation between the field and the observed effect [1]. Indeed, going 
down toward microscopic structures, the evaluation of the average exposure of tissues and 
organs is not sufficient since permittivity and conductivity inhomogeneity of biological 
structures has to be taken into account [1]. Therefore, microdosimetric techniques are needed 
for calculating the real distribution of the field on sub-cellular structures, such as cell 
membranes and organelles [2], [3]. 

In this context, more realistic and specialized microdosimetry models can help in an 
accurate comprehension of some effects. One example is the case of rods cells in the retina. 
Rods cells are highly specialized sensory cells where the vision process starts thanks to 
rhodopsin proteins embedded in the membrane of discoid organelles inside the cell [4]. Such 
cells are deeply involved in the good efficacy of retinal prostheses [5] and possibly involved 
in the phenomenon of phosphenes [6]. In this work we propose the setup of a microdosimetry 
model of a rod cell in order to verify how electric field polarization can influence the field in 
the discs membrane. 
MATERIALS AND METHODS 

To build up the model three steps have been necessary: 
1. Selection of an appropriate image [5] 
2. MATLAB preprocessing: conversion of the image in gray scale and then in B/W, 

removal of all the internal organelles except discs and nucleus. 
3. AUTOCAD elaboration: Decomposition in polylines, use of the offset function to 

create the membranes of the selected organelles. Here we decided to model only the 
discs membranes and not the plasma one. 

Finally the CAD file is imported in Comsol Multiphysics v 4.3, the materials are assigned 
to the various compartments, in particular the ones reported in Table 1, plus the “fictitious” 
plasma membrane, accounted with a proper impedance condition. This choice will permit to 
limit the computational costs and, at the same time, to simulate for the interior of the cell, 
where the disks are located, the same insulation effect due to the presence of the membrane 
itself. The module used is “Electric Currents”, the working frequency equal to 50 Hz. 

 σ (S/m) εr 

extra-cell 
medium 

0.55 67 

Cytoplasm 0.3 67 

Discs 
membrane 

1.1x10-7 11.7 

Table 1: Permittivity and conductivity values of the main rod cell compartments. 



 

 
RESULTS 

First steps implied images treatment and construction of the discs membrane as represented 
in Figure 1.  

 
Figure 1: Results of model setup for the rod cell. 

 
Figure 2: |J| distribution due to an electric field perpendicular to the cell major axis (left) and with the electric 

field vertical (right).  
 

Fig. 2 shows the J field distribution and direction due to two different polarizations of the 
electric field E: perpendicular to the rod major axis (left panel) and parallel (right panel). 
Different pathways are clearly visible inside the cell in particular for the right panel, in the 
upper region, the discs obstacolate the current path, justifying the higher electric field values 
observed in the discs membrane for this electric field polarization. 
 
CONCLUSIONS 

It was developed a retinal rod microdosimetric model that calculates the E field and J field 
distribution within a rod cell of realistic shape, with particular attention to the modeling of the 
internal discs and their membrane where rhodopsin is located.  

The electric field polarization with respect to the major axis of the cell greatly influences 
the paths and intensity of current density as well as of the electric field. 
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