
  
 

 

TU Ilmenau | Universitätsbibliothek | ilmedia, 2019 
http://www.tu-ilmenau.de/ilmedia 

Körber, Rainer; Hoefner, Nora; Cassará, Antonio Mario; Haueisen, Jens; Burghoff, 
Martin; Trahms, Lutz: 

Detecting neuronal currents directly by low field NMR: a phantom study 

 
Zuerst erschienen in: Biomedical Engineering = Biomedizinische Technik. - Berlin [u.a.] : 

de Gruyter. - 57 (2012), Suppl. 1, Track-M, p. 217. 
Erstveröffentlichung: 2012-09-04 
ISSN (online): 1862-278X 
ISSN (print): 0013-5585 
DOI: 10.1515/bmt-2012-4097 
[Zuletzt gesehen: 2019-08-15] 

 
„Im Rahmen der hochschulweiten Open-Access-Strategie für die Zweitveröffentlichung identifiziert 
durch die Universitätsbibliothek Ilmenau.“ 

“Within the academic Open Access Strategy identified for deposition by Ilmenau University Library.” 

„Dieser Beitrag ist mit Zustimmung des Rechteinhabers aufgrund einer (DFG-
geförderten) Allianz- bzw. Nationallizenz frei zugänglich.“ 

 

„This publication is with permission of the rights owner freely accessible due to 
an Alliance licence and a national licence (funded by the DFG, German 
Research Foundation) respectively.” 

 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Digitale Bibliothek Thüringen

https://core.ac.uk/display/275668748?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.tu-ilmenau.de/ilmedia
https://doi.org/10.1515/bmt-2012-4097


Detecting neuronal currents directly by low field NMR: a phantom 

study 
 

R. Körber
1
, N. Hoefner

1
, A. M. Cassará

2
, J. Haueisen

3,4
, M. Burghoff

1
 and L. Trahms

1
 

1
Physikalisch-Technische Bundesanstalt, Berlin, Germany 

2
Centro Studi e Ricerche “E. Fermi”, Rome, Italy 

3
Institute of Biomedical Engineering and Informatics, Ilmenau University of Technology, Ilmenau, Germany 

4
Biomagnetic Centre, University Hospital Jena, Jena, Germany 

e-Mail: rainer.koerber@ptb.de 

 

Introduction 

Today’s neuroscience and neurological diagnostics may benefit from the precise knowledge of the temporal and spatial 

distribution of neuronal currents. As the possibility to detect neuronal currents by high field NMR techniques directly 

remains controversial, low field NMR promises to be an alternative. In low field MRI the utilization of a resonant and a 

direct current (DC) mechanism has been proposed. 

Methods 

For the DC effect the superposition of the neuronal field (hundreds of pT) and the detection field (~ µT) might lead to a 

detectable alteration of the NMR signal of the brain region around the active neurons. We emulated a sustained neu-

ronal activity by means of a single dipolar source in a physical phantom. The phantom consisted of a hollow sphere 

made of PVC filled with a aqueous solutions of NaCl and CuSO4. By adjusting the concentration of CuSO4 the nuclear 

relaxation times could be tuned to the value for brain matter (~100 ms). Inside the sphere an electric current dipole was 

mounted, which was made from two insulated twisted copper wires with non-insulated platinum endings. 

Results 

In order to resolve the minute changes of the NMR signal due to the operation of the dipole we found that the subtrac-

tion of a reference signal (phantom not operated) is necessary. After such a processing, initial measurements with po-

larization fields of up to 5 mT showed that the minimal detectable evoked current dipole moments in the phantom were 

up to 2 orders of magnitude higher than the physiologically observed values. 

Conclusion 

The required increase of the signal to noise ratio to make the detection of neuronal currents feasible can be achieved by 

technical improvements. These include the design and construction of a low noise dewar and the implementation of 

hardware enabling the application of polarizing fields of up to 50 mT. 
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