
in posterior medial cortex including the precuneus and superior
parietal cortex (Hagmann et al., 2008). The observed rich-club
organization of the human network extends earlier observations
in nonhuman species reporting on the tendency of hubs in the
macaque and cat cortex to form “hub complexes” of high inter-
connectivity density (Sporns et al., 2007; Zamora-López et al.,
2009) and reinforces the results of a recent study suggesting a
hierarchical assortative organization in human brain networks, a
network topology in which high-degree nodes exhibit a tendency
to be interconnected (Bassett et al., 2011). Our study now shows

that prominent brain hubs are not only interconnected, but form
a dense rich club, extending from the structural core along the
cortical midline and into specific subcortical regions (Figs. 4, 5).
The aggregation of hubs into a rich club suggests that the com-
munication hubs of the brain do not operate as individual enti-
ties, but instead act as a strongly interlinked collective. One
plausible explanation for the above random level of rich-club
connectivity might be the tendency of the brain to provide a
certain level of resilience to its core, in case of malfunction of one
of its key hubs, regardless of a higher cost of the needed white

Figure 8. High-resolution connectome. a depicts the high-resolution parcellation of the cortical mantle (1170 parcels). Note that the high resolution did not include subcortical regions (Hagmann et al.,
2008). b shows �w (dark gray), �rand

w (light gray) and �norm
w (red) curves for a range of k. The figure shows significant �1 �norm

w for k � 7 to k � 15, suggesting a rich-club organization of the human
connectome (p�0.001, permutation testing). c shows the group connectome, with the nodes and connections colored to their rich-club participation. d shows the same network as in c, but showing only the
connections in the rich-club regime (k � 9).

15784 • J. Neurosci., November 2, 2011 • 31(44):15775–15786 van den Heuvel and Sporns • Rich-Club Organization of the Human Connectome


