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Summary

 large part of the population in Europe suffers from a brain dis-
order. Disorders with cognitive impairment, such as Alzheimer's 
disease,  have widespread and profound personal and socio-eco-

nomic consequences. Identifying Alzheimer's disease at an early stage 
has important benefits as it facilitates treatment and better support for 
the patients  and their  families.  In this  thesis,  I  pursue the so-called 
“criticality hypothesis” with the aim of gaining a better understanding of 
the complex spatio-temporal patterns of brain activity in health and dis-
ease. The “criticality hypothesis” is an emerging theory of brain dynam-
ics and their implications for the processing of information. Criticality 
gives  rise  to  scale-free  dynamics,  i.e.,  activity  without  characteristic 
scales, a fact which we use to develop neurophysiological biomarkers 
that are sensitive to mass-neuronal function and cognitive decline. 

A

Scale-free activity is observed on multiple levels in the brain. With a 
computational model, we explain the emergence of these scaling beha-
viours in terms of a balance between excitation and inhibition and pro-
pose a concept of “multi-level criticality”. Our model reconciles two sep-
arate research fields; that of short-time (milliseconds) scale-free neur-
onal  avalanches,  and that of long-range temporal  correlations (LRTC) 
(seconds to minutes). 

Importantly, we show that ongoing oscillations in Alzheimer's disease 
have altered temporal correlations, as shown by weaker long-range tem-
poral correlations and shorter oscillation bursts. This suggests that bio-
markers of the temporal dynamics of ongoing neuronal oscillations can 
be used to identify and potentially follow the progression of Alzheimer's 
disease. 
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Using in vitro local field potential measurement of hippocampal slices, 
we show that, as expected from our model, LRTC and heavy-tail distrib-
uted oscillation bursts can emerge in localized networks, and varies with 
cholinergic drive. This suggests that mechanisms underlying criticality 
may be studied pharmacologically in vitro.

To improve biomarker research with better tools for pre-processing, 
organization, data-mining, and visualization, we developed the Neuro-
physiological  Biomarker  Toolbox  (NBT).  The  NBT  has  been  released 
together with a wiki (http://www.nbtwiki.net/), which provides a plat-
form for collaboration and integrative biomarker analysis with a focus on 
ongoing neuronal oscillations.

Using the data mining tools of NBT, we show that by combing multiple 
biomarkers we can improve the prediction of conversion from mild cog-
nitive  impairment  to  Alzheimer's  disease  compared  with  a  prediction 
based on single biomarker classification. 

In summary, this thesis has (1) developed biomarkers of cognitive 
decline, (2) a model for explaining their variation, and (3) established a 
platform for integrative biomarker research.
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