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In the past few years, advances in human structural and func-
tional neuroimaging, especially with respect to magnetic reso-
nance imaging, have resulted in an explosion of studies exploring
the anatomical and functional connectivities between different
regions of the brain. More and more studies have employed rest-
ing and task-related connectivity analyses to assess functional
interactions, and other studies have used diffusion-weighted trac-
tography to examine the organization and integrity of white mat-
ter tracts. Many of these studies have addressed normal human
function, but recently,a number of investigators have turned their
attention to examining brain disorders. We are on the verge of
being able to better understand the pathophysiology of neurologi-
cal and psychiatric disorders and the effect of treatments on brain
function. The study of brain disorders is a complex endeavor:
not only does it require understanding the normal brain, and the
regions involved in a particular function, but also it needs a deeper
understanding of brain networks and their dynamics. Moreover,
in many cases, disorders are progressive, and thus imaging could
potentially become a source of biomarkers for early detection
and assessment of the course of a disease (Horwitz and Rowe,
2011), and for evaluating potential treatments. The articles that
appear in this special topics ebook represent the current status
of the applications that employ brain connectivity analysis to
investigate brain disorders.

Although certain types of connectivity analyses have become
very popular recently [e.g., resting state fMRI functional connectiv-
ity —see the special topics issue of Frontiers in Systems Neuroscience
edited by Uddin and Menon (2010)], we have chosen to cover arti-
cles that represent the broadest possible set of connectivity meth-
ods, employing the widest possible spectrum of imaging techniques,
and applied to the full range of neurological, psychiatric, and devel-
opmental disorders. In this way, we hope that readers acquire an
understanding of how these relatively new connectivity analysis
methods enable investigators to address brain disorders from a
network perspective. Even pathology localized to one area of the
brain can lead to dysfunctional network behavior, since no brain
region is an island onto itself. The insights offered by the network
paradigm have, therefore, important ramifications for using neu-
roimaging to help detect and diagnose brain disorders, interpret
the symptoms of many disorders, and assess potential treatments.

Two types of articles comprise this special topics ebook — review
articles and papers that include primarily the results of original
research. Here, we provide a brief overview of the review articles.
See the Horovitz and Horwitz editorial (Introduction to research
topic — Brain connectivity analysis: investigating brain disorders.
Part 2: original research articles) for a corresponding overview of
the research papers.

The review articles can be roughly divided into (1) those that
focus on a connectivity method, and use one or more disorders to
illustrate the method, and (2) those whose emphasis is placed on
a particular disorder, and discuss a number of relevant functional
and structural connectivity studies investigating the disorder. In
the first category of reviews, Rowe (2010) provides an overview
of fMRI-based functional and effective connectivity, with a focus
on its applications to neurological disorders. One of the most
widely used effective connectivity techniques is dynamic causal
modeling (DCM; Friston et al., 2003), and Seghier et al. (2010)
present an extensive review of its application to all brain disorders.
This article also includes a useful introduction to Bayesian model
selection (Penny et al., 2004), a key component of DCM. Another
“functional” connectivity method that has been applied to inves-
tigate brain disorders is transcranial magnetic stimulation (TMS),
and the article by Hampson and Hoffman (2010) contains a nice
overview of the method, along with a review of its applications
to psychiatric and neurological disorders. In TMS, an externally
applied changing magnetic field is used to induce electrical stimula-
tion in a cortical brain area which propagates through long-range
connections to other brain regions. David et al. (2010) discuss a
similar method, direct electrical stimulation (DES), applied using
intracranial electrodes in some epileptic patients during presurgical
evaluation prior to epileptogenic tissue resection. DES is applied
directly to cortical tissue and tracts with extremely well-defined
spatial definition, and in this sense, it provides human data that
are unattainable by any other method. Epilepsy also provides the
basis for two other reviews. Wendling et al. (2010) discuss a variety
of functional connectivity techniques that have been applied to
electrophysiological data obtained from scalp and intracerebral
EEG recordings, whereas the review by Lemieux et al. (2011) offers
a broad overview of both EEG-based and fMRI-based functional
and effective connectivity analyses. Finally, Alexander-Bloch et al.
(2010) provide a useful overview of the basic concepts and math-
ematics of graph theory as applied to fMRI resting data. As an
example of graph theory as applied to resting state fMRI, they
present results of a study comparing childhood-onset schizophre-
nia with normal controls, showing disrupted modularity and local
connectivity in the patients.

The second category of review articles focuses on disorders.
Schipul et al. (2011) provide a detailed review of autism. In
many ways autism represents the classic example of a disorder
where analyses of imaging data at the single brain region level
yielded very little insight, but network analyses have proven
quite fruitful in furthering our understanding of the condition.
A second brain disorder that is reviewed here is coma (and
related disorders of consciousness). Noirhomme et al. (2010)
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show that such studies can shed important light on what medi-
ates conscious awareness. Two articles address stroke, in par-
ticular focusing on using brain connectivity analyses to assess
functional recovery. Westlake and Nagarajan (2011) provide
an overview of functional connectivity in relation to motor
performance. Their review emphasizes PET, fMRI, and EEG/
MEG studies. In the other review, Johansen-Berg et al. (2010)
examine white matter connectivity results, obtained using dif-
fusion tensor imaging (DTI). Their paper includes information
on how this technique can be used to test for dynamic changes
in structural connectivity with learning or with recovery from
the effects of a stroke.
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