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Since their discovery almost a century ago, ongoing alpha
oscillations as recorded with electroencephalography
(EEG) or magnetoencephalography (MEG) have been
associated with numerous mental and emotional states
and have been hypothesized to play a crucial role in per-
ceptual and cognitive processing [1]. A prominent feature
of alpha oscillations recorded in the absence of stimuli or
explicit tasks is their dominance over parietal-occipital
midline regions [2]. In this study we combine MEG and
diffusion spectrum imaging (DSI) to investigate the extent
to which the topology of anatomical pathways can explain
this dominance. We found that source-projected MEG
alpha power correlates with eigenvalue centrality of the
DSI-derived structural matrix [3]. In particular, the occipi-
tal-parietal dominance could largely be explained by the
high density of structural connections within the poster-
ior-medial parts of the structural core [4]. Moreover, more
local network characterizations such as clustering coeffi-
cient, degree, and node centrality, were unable to explain
the posterior dominance, suggesting that alpha power is
shaped by global rather than local structural features.
To assess the possibility of a causal link between the

DSI-derived structural network and the power topogra-
phy of resting-state alpha oscillations, we constructed a
computational model of large-scale brain dynamics.
Within the model, alpha oscillations are generated within
local circuits [5] and interact through long-range excita-
tory projections according to the DSI-derived structural
topology. We found that, when structurally connected,
alpha oscillations indeed dominate over parietal-occipital
midline regions. Furthermore, they only did so when the
dynamics was in the vicinity of an instability, which is in

line with previous modeling work on resting-state BOLD
correlations [5]. These findings suggest that the posterior
dominance of alpha oscillations could indeed be shaped
by the topology of anatomical pathways and that critical
dynamics are required. We subsequently investigated
which features of the experimentally identified network
were crucial in shaping the observed dominance and
assessed the role of coherent oscillations. In sum, this
study provides experimental and theoretical evidence
that alpha oscillations in the human resting brain are
structured by the topology of underlying anatomical
pathways.

Author details
1Center for Brain and Cognition, Computational Neuroscience Group,
Department of Information and Communication Technologies, Universitat
Pompeu Fabra, Barcelona, 08018, Spain. 2Oxford Centre for Human Brain
Activity, University of Oxford, Warneford Hospital, Oxford OX37JX, UK.
3Department of Psychiatry, University of Oxford, Oxford, UK. 4Center of
Functionally Integrative Neuroscience (CFIN), Aarhus University, Denmark.
5Centre for Doctoral Training in Healthcare Innovation, Institute of
Biomedical Engineering, Department of Engineering Science, University of
Oxford, UK.

Published: 8 July 2013

References
1. Jensen O, Mazaheri A: Shaping functional architecture by oscillatory

alpha activity: gating by inhibition. Frontiers in Human Neuroscience 2010,
4(186).

2. Hari R, Salmelin R: Human cortical oscillations: a neuromagnetic view
through the skull. TINS 1997, 20(1).

3. Lohmann G, Margulies DS, Horstmann A, Pleger B, Lepsien J, Goldhahn D,
Schloegl H, Stumvoll M, Villringer A, Turner R: Eigenvector centrality
mapping for analyzing connectivity patterns in fMRI data of the human
brain. PLoS ONE 2010, 5(4):e10232, doi:10.1371/journal.pone.0010232.

4. Hagmann P, Cammoun L, Gigandet X, Meuli R, Honey CJ, Wedeen VJ,
Sporns O: Mapping the structural core of human cerebral cortex. PLoS
Biology 2010, 6(7):1479-1493.

5. Moran RJ, Kiebel SJ, Stephan KE, Reilly RB, Daunizeau J, Friston KJ: A neural
mass model of spectral responses in electrophysiology. NeuroImage 2007,
37:706-720.

* Correspondence: Rikkert.Hindriks@upf.edu
1Center for Brain and Cognition, Computational Neuroscience Group,
Department of Information and Communication Technologies, Universitat
Pompeu Fabra, Barcelona, 08018, Spain
Full list of author information is available at the end of the article

Hindriks et al. BMC Neuroscience 2013, 14(Suppl 1):P98
http://www.biomedcentral.com/1471-2202/14/S1/P98

© 2013 Hindriks et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

http://www.ncbi.nlm.nih.gov/pubmed/20436911?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20436911?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20436911?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17632015?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17632015?dopt=Abstract
mailto:Rikkert.Hindriks@upf.edu
http://creativecommons.org/licenses/by/2.0


6. Deco G, Jirsa VK, McIntosh AR: Emerging concepts for the dynamical
organization of resting-state activity in the brain. Nat Rev Neuroscience
2011, 12:43-56.

doi:10.1186/1471-2202-14-S1-P98
Cite this article as: Hindriks et al.: Role of anatomical pathways in
shaping posterior alpha oscillations in the resting human brain. BMC
Neuroscience 2013 14(Suppl 1):P98.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Hindriks et al. BMC Neuroscience 2013, 14(Suppl 1):P98
http://www.biomedcentral.com/1471-2202/14/S1/P98

Page 2 of 2


	Author details
	References

