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INTRODUCTION 
Recent studies suggest that human exposure to Extremely Low Frequency (below 300Hz, 

ELF) Magnetic Fields (MF) may interact with brain rhythms and motor functions. 
Electroencephalographic (EEG) rhythms and evoked potentials have been shown to be modulated 
by ELF exposure in healthy subjects [1,2]. Spontaneous motor activity such as standing balance 
[3] and physiological tremor [4] also seem responsive to time-varying MF. Based on these 
observations, we recently proposed, in a pilot study using functional Magnetic Resonance 
Imaging (fMRI) as a tool, to investigate if brain activation patterns induced by a finger tapping 
task can be modulated by a 30 minute exposure to a 60 Hz, 1800 µT MF [5]. Indeed, it is well 
documented that a simple finger tapping task activates the contralateral Supplementary Motor 
Area (SMA) and the contralateral Primary Motor Cortex (M1). The corresponding level of 
activation is correlated with the frequency and the amplitude of the task [6]. Since our pilot work 
has been successful in showing a higher task-induced activation with MF exposure in specific 
brain regions (including the somatosensory cortex (S1)) [5], the aim here was to extend our 
results to a longer exposure period and a higher field intensity (1 hour of 60 Hz MF at 3000 µT). 
Based on our pilot results, we expect a higher task-induced activation associated with MF 
exposure. 

MATERIALS AND METHODS 
Healthy right-handed volunteers (ongoing study, n=10 to date, mean age=23.9; range=19-35) 

were tested in a pseudo-double blind experiment (the experimenter discovered the exposure 
condition only after direct interaction with the subject is finished). The experiment consisted of 
collecting functional brain images while participants tapped their thumb and index fingers 
together at a spontaneous rhythm, before and after a 1 hour resting period. During this resting 
period, 6 participants were exposed to a 60 Hz MF at 3000 µT (at the cortical level – exposed 
group) and the remaining 4 were not (sham group).  The exposure was produced by the Z 
gradient coil of the scanner, specially programmed by one of our physicists. BOLD images were 
acquired with a 3 Tesla MRI system (Siemens Verio, Erlangen Germany). 

RESULTS 
Data were analyzed with Brain Voyager QX 2.0.8.1480 (Brain Innovation, The Netherlands). 

Functional and anatomical images were co-registered and normalized into a Talairach space. As 



expected, the tapping task induced activation of the contralateral M1, SMA and S1, as well as the 
anterior lobe of the ipsilateral cerebellum (M1, SMA and S1 activation are illustrated in Figure 1, 
left). For each experimental group, Post- minus Pre-exposure comparison images were produced. 
Interestingly, though no differences in activation between Post- and Pre-exposure conditions 
were found for either group in the premotor cortex and the cerebellum, the level of activation 
appeared to be higher Post-exposure but not Post-sham in S1 (Figure 1, Middle and Right 
respectively). S1 was defined as a Region Of Interest (ROI), and corresponding Beta weight 
values were exported into SPSS for further analysis. A within subjects ANOVA with a between 
subjects factor was then performed. No main effect was found (group: F=0.29, p>0.05; Pre/Post: 
F=1.28, p>0.05). However, a significant interaction confirmed that Post-exposure was higher 
than Post-sham activation as compared to their respective Pre-exposure levels (F=7.13, p<0.05).  

 
 
 
 
 

Figure 1: Left – Tapping:  Pre-exposure group image (n=10). Middle – Tapping: Post- minus Pre-exposure condition 
(exposed, n=6). Right – Tapping: Post- minus Pre-exposure condition (sham, n=4). 

CONCLUSIONS 
As expected, the rhythmic thumb vs. index finger opposition task activated M1, SMA, S1 and 

the cerebellum. After 1 hour of rest, the same level of activation is required in these areas to 
produce the same task, which supports the reliability of the test. However, if the subjects are 
exposed to a 60 Hz 3000 µT MF during the rest period, this is not true anymore in S1, which 
shows a higher level of activation as compared to sham. This is coherent with the results of our 
previous work [5] and suggests that the MF interacts more at the perceptive level (S1) than atthe 
motor level. This is an ongoing study and final results will be presented at the workshop. 
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