
Connectivity

Introduction

Brain function is dependent on the
interactions between specialised regions of
cortex that process information within
local and global networks. Integration of
information arising from these interactions
does so in a dynamic fashion on different
time scales. In order to examine the
relation between structure and function,
biologically informed models of neural
system dynamics, which are very tightly
linked to brain connectivity in its various
forms, are required (1). Investigations of
physical connections between neuronal
structures and measurements of brain
activity in vivo have given rise to concepts
of functional, effective and anatomical
connectivity, which have been useful for
understanding brain mechanisms.

The Byte

Functional connectivity reduces to testing
the null hypothesis that activity in two
regions shares no mutual information (2).
Mutual information is a statistical
description of a degree to which the two
regions show similar behaviour or
statistical interdependence. In other words,
the characterisation of brain activity in
terms of functional connectivity is ‘model
free’. In contrast, characterising brain
activity in terms of effective connectivity
requires a causal model, in which regions
and connections of interest are specified
by the researcher, often constrained by a
combination of neuroanatomical,
neuropsychological and functional
neuroimaging data. This is a crucial point,
when considering the distinction between
functional and effective connectivity,
because it emphasises the shift from a
description of what the brain does to a

theory of how it does it (2). Anatomical
connectivity refers to the anatomical
layout of axons and synaptic connections
and determines which neural units can
directly interact with each other and thus
constrains the system’s functional and
effective connectivity.

Currently, non-invasive neuroimaging
techniques, such as functional magnetic
resonance imaging (fMRI), positron
emission tomography,
electroencephalography (EEG),
magnetoencephalography (MEG) and
some optical imaging techniques, are used
to study functional/effective connectivity.
Since these measures vary in spatial,
temporal and other features, it should be
borne in mind that the term
functional/effective connectivity may
describe different neural substrates in
different procedures (3). Most methods
studying interactions between different
regions of the human brain are based on
the assumption that functionally related
regions display coordinated blood-flow
responses. Functional integration is usually
assessed by examining the correlations
among activity in different brain areas or
by trying to explain the activity in one
area with relation to the others. Functional
connectivity is often referred to as being
data driven whereas effective connectivity
is referred as model driven. The
data-driven approach uses the principal or
independent component analysis to
decompose neuroimaging data into a set of
modes (i.e. eigenimages), which are
mutually uncorrelated both spatially and
temporally, and to order these modes
according to the amount of variance they
can explain. Then, by comparing the
temporal expression of the first few modes
with the variation in experimental factors,
a distributed functional system associated
with various factors are identified. This

approach does not make any assumption
about the underlying biology and is
therefore of greatest practical use when it
is not clear about which regions are
involved in a given task. Functional
connectivity provides information about
the observed correlations; it does not
provide any insight into how these
correlations are mediated. In the SPM
software package (Wellcome Department
of Cognitive Neurology,
http://www.fil.ion.ucl.ac.uk/spm),
functional connectivity is measured using
the psycho-physiological interaction
analysis where the activity in one brain
region is characterised by the interaction
between another region’s activity and a
psychological factor (4). By virtue of the
integration of these physiological and
experimental influences on regional
responses, one is able to confer a degree
of functional specificity when making
inferences about functional integration or
interactions between brain areas (4).

In contrast to functional connectivity,
analyses of effective connectivity are
based on statistical models that make
anatomically based assumptions (e.g.
knowledge of structural connectivity) and
restrict their inferences to networks
comprising a number of preselected
regions (5). In general, fMRI data are
modelled using the structural equation
model (SEM) (6) or dynamic causal model
(DCM) (4). DCM operates within a
Bayesian framework where a distinction is
made between the ‘neuronal level’ and the
‘hemodynamic level’. Experimental inputs
cause changes in effective connectivity
expressed at the level of neurodynamics,
which in turn result in changes to the
observed hemodynamics. In SEM, changes
in effective connectivity lead directly to
changes in the covariance structure of the
observed hemodynamics. Because changes
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in effective connectivity occur at the
neuronal level, DCM is the preferred
model for fMRI data (5). DCM was first
introduced for the analysis of fMRI data to
quantify effective connectivity between
brain areas. Recently, this framework has
been extended and established in the EEG
and MEG domain.

Conclusions

Traditional neuroimaging studies have
long painted a static picture of brain
function and nowadays there is expanding
interest in exploring the brain on a more
dynamic level. Newer approaches such as
those described within the frameworks of
connectivity are now shedding new light
on the integration within and between
specialised brain regions. Sophisticated
analytical approaches, such as functional
and effective connectivities, allow greater
inferences to be made of neuroimaging
data on a network level in response to
cognitive manipulation during
neuroimaging experiments rather than

simply static activation foci on brain maps.
As an analytical approach, connectivity is
still very much in its infancy; however, the
various techniques are being refined by the
scientific community and are rapidly
becoming more powerful. This bodes well
for the neuropsychiatry as most disorders
in this realm do not result from
well-defined structural defects but, instead,
probably arise from aberrations within
entire networks.
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