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Pushing the limits of spatial and temporal 
resolution for fMRI and MRI applications

The use of 7 Tesla MRI to study human brain function was motivated by the promise of higher signal to
noise ratios, larger BOLD based fMRI contrast, and improved functional specificity. Intrinsic gains in
BOLD sensitivity make the acquisition of higher resolution images attractive. High resolution imaging is
motivated by the desire to understand how the brain is organized and functions at the most
fundamental levels. There have been several sub-millimeter applications of fMRI, from the mapping of
cortical columns to, most recently, cortical depth dependent investigations. However, problematic to
increases in the spatial resolution are the subsequent increases in acquisition times during any single
readout train and the longer volume acquisition times due to the many more slices needed to cover the
same region of interest. Because of this, high field high resolution fMRI applications have been limited
to small field of views in isolated parts of the brain. The sensitivity and efficiency of such high resolution
images can be improved by using coil arrays which provide higher SNR and the ability to accelerate the
imaging. Alternative pulse sequences which affect SNR, efficiency, and functional contrast, are also
integral parts of optimizing high resolution acquisitions. It was reasons like these that inspired the use
of multiband excitation for fMRI, which promised to increase the temporal efficiency of high resolution
2D acquisitions. The multiband technique has since become the default choice for functional and
diffusion imaging protocols at sites across the world. While the technique, referred to as either
multiband (MB), simultaneous multi-slice (SMS), or slice acceleration, was originally proposed for 7T
fMRI, its subsequent translation to 3T was comparatively straightforward as technical issues are less
problematic at lower fields. This resulted in unprecedented image qualities, accelerations, and SNRs at
3T. Technical advances have since made MB slice accelerations at 7T routine, and the possibility of
acquiring higher spatial resolutions over the entire brain with conventional TRs or faster- a reality.
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emphasized pushing the spatial and temporal resolution limits of fMRI
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the ability to non-invasively monitor the working human brain with such
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understand intrinsic functional architectures and neuronal inter-
connections.
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