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The emergence of advanced noninvasive medical imaging
directed toward the in vivo investigation of the human brain
has revolutionized the study of brain behavior relationships
in healthy individuals as well as in those with illnesses
affecting neural structure and function.
Computer-assisted tomography (CT), magnetic resonance
imaging (MRI) and positron emission tomography (PET) are
landmark technical advances that forever changed the
clinical neuroscience disciplines of neurology, neurosurgery,
psychiatry and neuropsychology, as well as radiology itself,
as they entered widespread use during the 1970s (CT) and
1980s (PET and MRI). These tools were rapidly applied to
clinical research studies of major brain disorders from
strokes and tumors to dementia and schizophrenia.
In the post-millennial era, high field MRI now yields
unprecedented information about brain morphology with
spatial resolution at the millimeter or sub-millimeter scale.
Numerous MR techniques can be tuned to reveal particular
normal or lesional tissue contrast. T2-weighted and fluidattenuated inversion recovery MR scans have become an
accepted surrogate marker for quantifying demyelinating
lesion burden in patients with multiple sclerosis in clinical
trials and are also widely used to quantify microvascular
lesion burden. These techniques have also been used to
study cognitive correlates of specific brain disorders.
MR and PET are moving toward becoming accepted
biomarkers for detection and treatment monitoring in
Alzheimer’s disease and other dementias. Fluorodeoxyglucose PET assessment of metabolism was recently approved
by Medicare for use in the differential diagnosis of
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dementia in complex or ambiguous cases. Advanced
molecular imaging probes targeting specific receptors,
transporters or pathophysiological features of disease also
show great promise for early diagnosis and as a biomarker
for treatment response. These and other related tools will
play a major role in the new era of personalized medicine.
A remarkable recent example is the advent of ligands for in
vivo labeling of brain amyloid, a key molecular hallmark of
Alzheimer’s disease involved in plaque formation.
Use of blood oxygen level dependent contrast functional
MRI (fMRI) to assess brain activation patterns has been
enormously successful as a research tool since the milestone studies in the early 1990s. Arterial spin labeling fMRI
techniques now permit quantitative determination of cerebral blood flow without ionizing radiation. Evidence of
fMRI’s maturity is the recent provision of a current
procedural terminology code for reimbursement when used
as a clinically indicated mapping procedure for neurosurgical planning. Clinical fMRI continues to advance, for
example, in combination with transient disruption approaches such as repetitive transcranial magnetic stimulation
and intraoperative stimulation mapping.
MR spectroscopy and spectroscopic imaging address the
neurochemical composition of brain tissue. Magnetic
resonance spectroscopic imaging is now capable of rapidly
generating quantitative maps of major metabolites that
serve as markers for neuronal integrity and also yield
information regarding metabolism, membrane breakdown
and inflammation.
Another remarkable MR technique, diffusion weighted
imaging, can reveal acute strokes as they are evolving and
influence treatment strategy in near real time. A related
technique, diffusion tensor imaging (DTI), permits visualization of fiber tracts indicating the location and integrity of
connectivity patterns within major neural circuits subserving
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basic functions and higher level cognitive and emotional
processes. Other recent advances in MR and CT permit fast
angiographic mapping of the brain’s vasculature.
Thoughts and other neural events of interest take place
on a time scale of milliseconds. Methods such as magnetoencephalography, topographic EEG and optical imaging
complement the excellent spatial resolution of MRI, CT and
PET by providing high temporal resolution.
There has been great progress in image acquisition and
analysis software development in recent years. Advanced
software and apparatus have become available to the
neuroimaging community for delivering stimuli and recording responses and physiological parameters during functional imaging sessions. Numerous powerful algorithms
have been developed and implemented for multimodal
image registration, segmentation and transformation to
standardized atlas space. There are many specialized
software packages for brain image processing. Examples
of software packages for morphometric analysis of structural imaging include Analyze, BRAINS, Freesurfer and
3D Slicer; for fMRI analysis packages include AFNI, Brain
Voyager, FSL and SPM. These examples are far from
exhaustive. Progress in understanding the biophysical and
neurobiological underpinnings of functional imaging have
led to new algorithms and software for analyzing and
modeling neural processes and networks. DTI, MRS, PET
and M/EEG all have specialized software tools that have
seen rapid evolution. A major area of research is multimodality data analysis and fusion to gain the maximal
information yield from integrating complementary sources
of data. Optimized integration of brain mapping data with
neurosurgical navigation is another active and important
biomedical engineering and clinical research area. Other
tools such as the LONI Pipeline attempt to integrate and
automate sequences of processing steps. Although some of
the above packages are commercial in nature, a remarkable
tradition of academic shareware has emerged with broad
dissemination of image analysis tools without cost.
Paralleling these developments in brain imaging there has
been an explosion of knowledge regarding the cellular,
molecular and genomic basis of brain disorders and their
treatment. Where brain imaging has progressed from studies
of manually defined regions of interest to voxel-based
analyses of the entire brain, molecular genetics has progressed from studies of single candidate genes and polymorphisms to the ability to assay the whole genome. During
mid-2007, the leading vendors of genomic technology will
release genotyping microarray “chips” with approximately
one million features. These million single nucleotide polymorphisms are estimated to account for more than 90% of
the informative genetic variation in humans. Other remarkable developments in assessments of RNA to examine gene
expression and proteomics to examine gene products will
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further extend our knowledge of normal cellular function and
disease mechanisms. In parallel with advances in image
analysis software for brain imaging, genomics and the other
“-omics” have witnessed a bioinformatics revolution in
which a broad base of computational tools is now available
for analysis of microarray and related data.
Structural, functional and molecular brain scans can
provide important phenotypes for clinical neuroscience
research. As powerful as advanced brain imaging and the
latest genomic technologies are, the combined use of these
tools has extraordinary potential for investigations of
normal development, individual differences, disease susceptibility and prediction of treatment response. We are
likely to achieve a much greater understanding of brain
structure and function in health and illness through an
understanding of fundamental mechanisms at a cellular and
molecular level as manifest on advanced imaging measures.
That said, for these neuroimaging phenotypes to be truly
useful these data must be placed in the context of behavior
and environmental influences. In this regard, theoretical and
methodological advances in cognitive and behavioral
sciences and psychometrics, as well as in modeling
strategies for gene/gene and gene/environment interactions,
will all be relevant for maximizing the insights that can be
derived from imaging phenotypes.
We hope that Brain Imaging and Behavior will serve as
an important venue for novel clinically relevant neuroimaging research from many fields. Commensurate with
that vision we will publish articles of high quality that
address important mechanistic questions that will ultimately
lead to a greater understanding of brain behavior relationships in healthy people of all ages, as well as individuals
with brain disorders undergoing diagnosis and treatment.
We are privileged to have access to the outstanding
technological advances outlined above. The possibilities
for model-driven hypothesis testing and for exploration and
discovery are great. The challenge to the clinical neuroscience research community is one of how to use these tools
wisely and effectively to create new knowledge that can
translate into improvements in patient care. New transdisciplinary models for education and training will be needed
to help prepare the next generation of researchers to exploit
fully the scientific opportunities afforded by advanced
neuroimaging and other biomarkers in relation to behavior.
In addition to new research findings, we encourage authors
to contribute their ideas and vision, critical reviews and
commentary so that Brain Imaging and Behavior will serve
as a forum for a lively exchange of ideas.
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