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Normal cognitive function requires a delicate balance between local processing and global integration of information. One of the central questions in experimental and clinical neuroscience today is how the organization of structural and functional brain networks supports this optimal information processing, and what happens when cognition breaks down, especially in dementia. Since a few years new developments in the science of complex networks have changed the approach to this problem enormously. Complex networks can now be modeled and characterized in new ways. This research has shown that healthy brain networks have features of a small-world network (combining local clustering with short path length between any two areas), strong heterogeneity of network nodes, and hierarchical modularity. The network organization features develop systematically during maturation under genetic control and are directly related to cognitive function. Research in dementia, in particular Alzheimer’s disease and frontal lobe dementia is starting to reveal how this optimal network architecture becomes disrupted in dementia. In Alzheimer’s disease, the normal small-world architecture is shifted to a more random network configuration. Hub like brain regions, mostly highly connected parts of the posterior default mode network, are especially affected in AD, and amyloid deposition also relates to these hub areas. Such patterns can now be explained in a realistic model as a long term consequence of synaptic over activation. However, progress in dementia network research is compromised due to large methodological differences between various studies and methodologies. Defining proper methodological standards, for instance based upon concepts such as the minimum spanning tree, and integrating information from structural and functional networks derived from different imaging technologies, are some major challenges for the future.
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