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Uses

Future Uses

Understanding normal brain organization and changes
 -networks involved with specific tasks (low to high level processing)
 -changes over time (seconds to years)
 -correlates of behavior (response accuracy, performance changes…)
Clinical research
 -correlates of specifically activated networks to clinical populations
 -presurgical mapping

Complementary use for clinical diagnosis
 -utilization of clinical research results
 -prediction of pathology
Clinical treatment and assessment
 -drug, therapy, rehabilitation, biofeedback 
 -epileptic foci mapping
 -drug effects
Non clinical uses
 -complementary use with behavioral, anatomical, other modality results
 -lie detection
 -prediction of behavior tendencies 
 -brain/computer interface



Most fMRI studies since 1992:

•Whole Brain EPI
•Field strength of 1.5T or greater
•Basic stimulus delivery and feedback
•Software for image transfer, analysis, and display

Minimum necessary:

Typical advanced features:
•Higher resolution whole brain EPI, spiral, or multi-shot
•Field strength of 3T to 7T
•Quadrature and Surface coils (single, multiple)
•Susceptibility correction
•ASL
•Multiple subject interface devices, including EEG, SCR, eye position.
•Multi-subject analysis, more rigorous statistics, more sophisticated 
display methods, exploratory analysis 



The Biggest Unknowns in Functional MRI

1. Relationship between neuronal activity and BOLD contrast?
2. Source of BOLD dynamic characteristics?
3. Sources of variability?
4. What’s really in the noise?
5. What’s “resting” state?
6. Other sources of functional contrast?
7. Ultimate temporal resolution?
8. Ultimate spatial resolution?
9. Ultimate clinical utility?
10. Best display methods? 
11. Best processing methods?
12. Optimal Field Strength?



Relationship between neuronal activity and BOLD contrast?
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Location

Why?
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Source of BOLD Characteristics?

Yacoub, et al (1999), MRM 41, 1088-1092
Silva, et al (2004), ISMRM 277

Lu, et al (2004), ISMRM 271

Behzadi, et al (2004), ISMRM 279

R. M. Birn, (2001) NeuroImage, 14: 817-826.

Logothetis et al. (2001) Nature, 412, 150-157.

P. A. Bandettini et al, (2001) Nature Neuroscience, 4:  864-866.

Thompson, et al (2003), 
Science 299, 1070-1072



Sources of variability?

Miezin, et al (2000), NeuroImage 11, 735-759
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What’s really in the noise?

Kiviniemi, et al (2000), MRM 44, 373-378

Biswal, et al (1995), MRM 34, 537-541

Goldman, et al (2002), Neuroreport Patterson, et al (2002), NeuroImage 17, 1787-1806

Laufs, et al (1995), PNAS 100 (19), 11053=11058

FFT0.3 Hz



What is “resting” state?

Gusnard, et al (2001), Nature Reviews Neuroscience (2), 685-694

Lustig, et al (2003), PNAS 100 (19), 14504-14509

Gusnard, et al (2001), PNAS 98 (7), 4259-4264

McKiernan, et al (2003), Journ. of Cog. Neurosci. 15 (3), 394-408 Hyder, et al (2002), PNAS 99 (16), 10771-10776

McKiernan, et al (2003), Journ. of Cog. Neurosci. 15 (3), 394-408



Other sources of functional contrast?

A. Song, et al (2002), NeuroImage 17, 742-750
A. Song, et al (2004), ISMRM 1063

Lu, et al (2003) MRM 50 (2): 263-274

GK Aguirre et al, (2002) NeuroImage 15 (3): 488-500

J. Bodurka, et al (2002). MRM 47: 1052-1058.

J. Xiong, et al. (2003) HBM, 20: 41-49.

Petridou, et al (2003), OHBM 



Ultimate temporal resolution?

Ogawa, et al (2000), PNAS 97 (20)11026–11031

Menon, et al (2000), TICS 3 (6) 207-215
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Ultimate spatial resolution?

Resolving columns with single shot EPI is a goal..

3T single-shot SENSE EPI using 16-
channels:1.25x1.25x2mm

…using SENSE, 32 channels, 7T, 
and perhaps partial k-space we might get to 0.5 mm3

Cheng, et al. (2001) Neuron,32:359-374

0.47 x 0.47 in plane resolution

Menon et al, (1999) MRM 41 (2): 230-235

0.54 x 0.54 in plane resolution

Multi-shot with 
navigator pulse



Ultimate clinical utility?
Needs: 
 Real time feedback
 Characterization of confounding effects
 Robust yet incisive set of probe tasks
 Baseline information?

An, et al (2001), NMR in Biomedicine 14:441-447 

Small, et al (2001), Neuron 28:853-664
Bove-Bettis, et al (2004), SMRT 

Bartha, et al (2002), MRM 47:742-750 



Best processing methods?

Classification methods?
Multivariate methods?
Connectivity (across time and space scales?)

Signal and noise models…
Model free, open ended, methods?

fMRI data, and noise is time and 
space varying in predictable and 
unpredictable ways over several 
temporal and spatial scales…



Best display methods?

Surface
Glass brain
ROI
Time courses
Example slices
Connectivity maps?
“Quality” index?

To convey: 
-collapsed multidimensional data
-sense of data quality



Optimal Field Strength?

Utility vs. Difficulty

Both depend on the specific needs

…needs tend to increase with better technology
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