Linking the Individual EEG Alpha Frequency to the Brain’s Fibers
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Introduction: The Individual EEG alpha frequency (IAF) correlates with subjects’ performance in a diversity of
cognitive tasks. However, the functional networks or the structural substrate underlying the inter-individual
differences in IAF are largely unknown. Therefore, we conducted the present analysis to answer the question
whether there are structural correlates in terms of white matter fiber trakts that are related to the subjects’ IAFs.

Methods: IAF was determined in 21 healthy young subjects based on 92 channel eyes closed resting state EEG.
Prior to imaging, a 92 channel scalp EEG (5kHz sampling rate, bandpass filter 0.1-250Hz, impedance below
20kQ) was acquired during 6 minutes. Using Vision Analyzer (Brain Products, Gilching, Germany) the subject’s
IAF was calculated. Using a 3T Siemens scanner we first acquired T1 weighted anatomical images. Diffusion
Tensor Imaging (DTI) was performed with a spin echo EPI using two 180° pulses (TR/TE 6500/96 ms, matrix
96x128, FOV 230x230mm, 52 slices, slice thickness 2 mm, gap 0 mm, pixel bandwidth 1396 Hz/pixel, N=2
averages). The trapezoidal diffusion sensitizing gradients were applied around the two 180° pulses at bvalue of 0
s/mm2 and at a maximal b-value of 1300 s/mm2 along 42 non-collinear directions.

The calculation and diagonalization of the diffusion tensor were based on the multivariate regression approach
(1). Six independent elements of the diffusion tensor were extracted (2). Eigenvalues and eigenvectors were
determined for each voxel, and fractional anisotropy (FA) values for each voxel was computed resulting in 2D FA
maps. Co-registration of the 2-D FA maps to the 3-D structural images was performed using the scanner’s slice
position parameters of the SE-EPI measurements and the T1-weighted anatomical measurements. FA maps
were transformed into the normalized Talairach space (3).High FA value indicates highly restricted diffusion,
which is assumed to be caused by stronger myelination of white matter fiber tracts. The subjects’ IAF were then
voxel-wise correlated to their FA values.

Results: We found significant positive correlations along several fascicles, especially along the cingulum (Fig. 1),
the arcuate fascicle (Fig. 2) and the internal capsule (Fig. 3). Interestingly, the correlations delineated fascicles
that connect core regions of so called resting state networks (RSNs) (4), in particular of the so called default
mode network (DMN) and the Working Memory Network (WMN). Fiber-Tracking based on the diffusion tensors
starting at the PCC of the DMN respectively the left inferior frontal gyrus (LIFG) of the WMN revealed the above
mentioned fascicles, thus confirming a structural-functional association.
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Figure1-3: SPM maps showing the positive correlation pattern between IAF and FA (p<0.05, uncorrected).

Conclusions: Our findings revealed a positive structural correlate of IAF differences in the cingulum involved in
the DMN and in the arcuate fascicle associated with the left-WMN. Subjects with higher IAF tend to be faster and
perform better in various cognitive tasks, especially working memory tasks. High directionality (i.e. high FA
values) in white matter represents faster nerve-conduction. Therefore, our observations suggest that structural
connectivity among task relevant areas affects processing capacity. Further support for this hypothesis evolves
from patient studies. E.g. schizophrenic patients often show deficits in working memory tasks and exhibit altered
FA values in the arcuate fascicle (5;6) as well as disturbed DMN connectivity. However, further investigation of
such relationships is necessary.
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