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Summary: Groundbreaking study at the University at Buffalo uses
brain stimulation to assess how large-scale patterns of brain activity could vary between cognitive systems and across people.
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O

ur research at the University at
Buffalo explores brain activity
and its association with cognitive
systems. Each cognitive system consists
of a network of brain regions that are linked
to different functions. We use computational modeling to investigate how the
brain works by mapping out the different
regions of the brain and how they are
connected in different people. In each
subject’s brain, a single region was stimulated. A mathematical framework then
measured how brain activity synchronised
across the various cognitive systems.
Understanding individual variability in
brain networks is going to be increasingly important as we attempt to develop
personalised medical treatment strategies.
We need to know which parts of the brain
are subject to more variability and we need
frameworks that allow us to measure this
variability. Our chimera framework allows
for a quantitative assessment of which
cognitive systems are more variable across
individuals in their response to stimulation. Knowing that a particular brain region
shows a highly variable response to stimulation across individuals can help clinicians
as they develop a personalised treatment
strategy and understanding how these
patterns change in different diseases will
be important future work.
Findings from the study confirm and
extend knowledge of brain structure-function relationships. They also demonstrate
that you can investigate critical cognitive
states where a balance between integration and segregation is required for adaptive cognition. The methodology was

applied to brain networks derived from
healthy individuals. Quantifying patterns
of synchronisation in other populations and
measuring the differences between what
is observed in healthy populations might
lead to further insight into how structural
changes impact function.
In reality, neuronal activity patterns that
are observed in the brain using different
functional measurement techniques, such
as functional magnetic resonance imaging
(MRI), electroencephalography, magnetoencephalography, and positron emission tomography, are a result of a complex
neurophysiological activity that develops
on top of the structural connectivity infrastructure. We used computational simulations to perform in silico stimulations
experiments and measure the resulting
patterns of synchronisation. However, the
cognitive-chimera framework is not limited
to simulated data and could be applied to
experimental data of all types.
Future research can extend the silico
experiments to examine chimera states
using experimental data, providing opportunities to enhance performance in healthy
participants or individualise medicine in
clinical populations. Brain stimulation is
currently used as a treatment option for
certain disorders (eg Parkinson's disease).
It could be the case, that this framework
could help clinicians identify new stimulations sites that drive brain networks into
desired states or help clinicians understand why treatment isn't as effective in
certain people. There's a lot that we still
don't know about how brain stimulation
works, but our chimera framework allows

us to start measuring the effects of stimulation and understand how variable it is
across people and brain regions.
This study provides a way to quantify
and describe patterns of partial synchronisation that are observed in the brain.
We can use this framework to understand
individual variability in healthy populations
and to understand how different cognitive
systems change their patterns of interactions in non-healthy populations.
The research was a collaboration
between UB, ARL, Columbia University,
the University of Pennsylvania, Carnegie
Mellon University and the University of
California, Santa Barbara. The study was
funded under an Army Collaborative Technology Alliance (cancta.net).

Key Points
•

Individual variability in brain
networks is going to be
increasingly important to
develop personalised medical
treatment strategies.

•

This framework could help clinicians identify new stimulation
sites that drive brain networks
into desired states and also
help clinicians understand why
treatment isn't as effective in
certain people.

•

This framework provides a
way to quantify and describe
patterns of partial synchronisation that are observed in the
brain.
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