
 

Abstract— The influence of an anisotropic compartment 
on the orientation of the magnetic field distribution generated 
by an artificial current dipole was investigated. We modeled a 
volume conductor with an anisotropic compartment and a 
dipolar current source by means of a glass phantom and 
artificial current dipoles. The anisotropic compartment was 
build from single skeins with a different conductivity. We 
recorded the magnetic field data from this experimental setup 
with the vector biomagnetometer ARGOS 200. The current 
dipole was rotated in relation to the anisotropic skeins and the 
magnetic field was recorded for different angles between 
anisotropic skeins and current dipole. We found a strong 
dependency of the field orientation from the orientation of 
anisotropic skeins. The anisotropic skeins forces the current 
along its direction and thus the measured magnetic field is 
pulled in the direction of the anisotropic skeins. We conclude, 
that for investigating biomagnetic signals from the human it is 
needed to take into account of anisotropic structures in the 
volume conductor, such as they appear in the human heart. 
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I.  INTRODUCTION 
 
To access biomagnetic signals of the human, 

biomagnetometers build with superconducting quantum 
interference devices (SQUIDs) as magnetic field sensors are 
used. One of the main goals is the source reconstruction 
from the recorded data by means of modeled volume 
conductors.  These volume conductors are commonly 
modeled as boundary element method models (BEM 
models), where the compartments of different conductivities 
are used, but each compartment has a homogeneous 
conductivity, e.g. [1]. The purpose of this study is the 
analysis of the field pattern created by a current dipole in an 
anisotropic volume conductor based on experimentally 
obtained data.  

 
II.  METHODS 

 
For modeling the volume conductor a rectangular 

shaped phantom was used. This phantom was build from 
glass and during the measurements it was filled with saline 
solution with a conductivity of 0.13 S/m. The anisotropy 
was modeled through skeins built from guar gum solved in 
saline solution. These skeins had a diameter of about 
1.5 mm and a conductivity of 1.35 S/m, which is ten times 

higher than the surrounding solution. This corresponds to 
the conductivity situation in muscle fibers, like the 
myocardium [2]. The anisotropic skeins were arranged in a 
bulk of approximately 100 single skeins pointing in the 
same direction. This arrangement was placed in the middle 
of the phantom (figure 1). The artificial current dipole used 
for generating the magnetic field, was build from Platinum 
and had a length of 10 mm. During measurements the dipole 
was feed by a sinusoidal current of 0.5 mA with a frequency 
of 20 Hz. This current dipole was placed in the middle of the 
anisotropic skein arrangement and was rotated between the 
single measurements. The rotational plane was parallel to 
the plane of the measurement sensors, and through the bulk 
of skeins. Thereby different angles between the skeins and 
the current dipole could be realized. 

The measurements were performed with the 195 
channel vector biomagnetometer ARGOS 200 from AtB at 
the Biomagnetic Center of the University Hospital Jena (see 
figure 2). The sensors are arranged in 65 triplets, built from 
three perpendicular to each other magnetometers. The 
lowest plane, the so-called measurement plane consists of 56 
sensor triplets. In three higher planes, the reference planes, 
are seven and two times one triplet arranged. The data were 
recorded with a sampling frequency of 1025 Hz. 
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Fig. 1: The glass phantom with the bulk of anisotropic skeins and the 
current dipole. 



 

 
Fig. 2: Measurement system ARGOS200 at the Biomagnetic Center Jena. 

 
The magnetic fields were recorded for nine different 

angles between the current dipole and the bulk of the 
anisotropic skeins. The BZ-component of the magnetic field 
was calculated from the recorded three magnetic field 
components. The isocontour plots of the BZ-field were 
displayed and the angle of the dipolar magnetic field was 
evaluated. This angle was calculated from the orthogonal 
direction of the connecting line between the maxima of the 
inbound and the outbound magnetic field pattern. The angle 
of the magnetic field pattern was compared to the angle of 
the original current dipole. 

 
 
 

 
 

 
III.  RESULTS 

 
Figure 3 shows the magnetic field pattern and the 

orientation of the original current dipole for five different 
recordings. The angles between current dipole and 
anisotropic skeins bulk are (a) 0 °, (b) 22.5 °, (c) 45 °, (d) 
67.5 °, and (e) 90 °, respectively. The orientation of the 
magnetic field and the orientation of the current dipole in 
the subfigures (a) and (e) is almost equal. In subfigures (b), 
(c), and (d) is an increasing difference between the original 
current dipole and the magnetic field pattern to see. The 
difference is biggest in subfigure (d). 

The quantitative analysis of the difference in orientation 
is shown in figure 4. For the starting point, where the dipole 
direction is parallel to the bulk of anisotropic skeins, the 
angle is 2 °. The difference is increasing up to 67.5 °, where 
it reaches its maximal value of 19.5 °. From that point a very 
steep decrease of the difference in direction is to see. For the 
orthogonal orientation of the current dipole and the 
anisotropic skeins the difference between magnetic field and 
current dipole is almost zero. The ongoing change of the 
direction for more than 90 ° shows an equivalent behavior in 
reverse direction. 

 
IV. DISCUSSION 

 
The measurements with the dipole positions between 

zero and 90 degrees generated magnetic fields with a 
difference in orientation to the source dipole. The difference 
increases for orientations closer to the perpendicular 
position. This is caused by the bulk of anisotropic skeins, in 
which the current flows ten times more than in the 
surrounding solution. Thus the magnetic field lines are 
forced in the direction of the skeins and the resulting 
magnetic field has a different orientation than the source 
dipole.  
 

Fig. 3:  Isocontour plots of the magnetic field for the first five orientation of the current dipole. The arrow in the middle of each subfigure indicates the 
direction of the source dipole. The subfigures corresponds to angles between the anisotropic fiber bulk and the source dipole of (a) 0 °, (b) 22.5 °,  

(c) 45 °, (d) 67.5 °, and (e) 90 °. 



 

 
Fig. 4: Difference of the direction between the magnetic field pattern and 

the direction of the original current dipole. 

 
 
The small difference between the field orientation and 

the current dipole for 0 ° is caused by a small error in 
positioning of the dipole and the bulk of skeins. The same 
applies to the results for 90 °, and for 180 °. At these three 
orientations the field distributions points in the same 
direction like the source dipole. The same field orientation 
would be generated without an anisotropic compartment. 
The maxima of the inbound and the outbound field points 
have a slightly bigger distance in position 90 ° 
(corresponding to subfigure 3e) than in position 0 ° (figure 
3a). This is caused by the higher conductivity in the 
direction of the anisotropic skeins pointing perpendicular to 
the current dipole.  

 
V.  CONCLUSION 

 
In our study we modeled experimentally anisotropic 

skeins as macroscopic representation of fibers. They were 
arranged in a bulk inside a homogeneous volume conductor. 
The magnetic field pattern obtained from this experimental 
setup shows that the directions of dipolar fields are strongly 
influenced by anisotropic compartments. Thus we conclude 
for the investigation of biomagnetic signal accessed from 
human such anisotropic structures must be taken care in 
modeling the volume conductor. This applies not only for 
analyzing field pattern it applies also for source 
reconstruction. Commonly used source reconstruction is 
performed by means of BEM models. These models are not 
able to take care of anisotropy. Thus it is needed to establish 
source reconstruction algorithm, which are able to take 
anisotropic structure of the volume conductor into account, 
such as the finite element method (FEM) [3]. 

Future studies with more realistically shaped phantoms 
and anisotropic models should be performed. 
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