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1861 Paul Broca:

 His patient, Leborgne, could only produce  “tan.”  



1874: Carl Wernicke

His patients could not understand or produce meaningful 
speech but could articulate words.
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1895: Roentgen discovers x-rays and their utility

Crooke’s tube



Early 1900’s: Pneumoencephalography

CSF drained from the brain to enhance contrast in x-rays



1927: Antonio Egas Moniz – first Arteriogram



1971: Hounsfield 
implemented the first CT 
scanner

1960, William Oldendorf patented an electronically 
based device that could capture image slices 
continuously through a solid object – Computed 
Tomography



1950: Hahn discovered the “spin-echo” phenomenon and contributed to 
our understanding of T1 and T2 relaxation times. 

NMR: Nuclear Magnetic Resonance



MRI: Magnetic Resonance Imaging











Magnetic Resonance Imaging: 
Invented 1977, Introduced clinically 1984
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Gradient 
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1880’s: Angelo Mosso’s balance



J. Physiol. 1890 Jan;11(1-2):85-158.17.
 doi: 10.1113/jphysiol.1890.sp000321.



Phrenology: Brain Assessment… c. 
1905

* Not 
FDA-Approved



1960’s to 70’s: Xenon inhalation – radiation 
detection at the surface of brain
Niels A. Lassen, David H. Ingvar, Erik Skinhøj, "Brain 
Function and Blood Flow", Scientific American, 
239(4):50-59, 1978 October

https://en.wikipedia.org/wiki/Niels_A._Lassen
https://en.wikipedia.org/w/index.php?title=David_H._Ingvar&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Erik_Skinh%C3%B8j&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Erik_Skinh%C3%B8j&action=edit&redlink=1
https://en.wikipedia.org/wiki/Scientific_American
https://en.wikipedia.org/wiki/Scientific_American




1973: Michael Ter-Pogossian, Edward Hoffman, 
and Micahale Phelps - First Human PET scanner 



Positron emission tomographic studies of the cortical anatomy of single-word 
processing. Petersen, S.E. et al. Nature. 1988; 331: 585–589
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http://www.slideshare.net/nikhilprerana/meg-final

EEG



http://www.slideshare.net/nikhilprerana/meg-final

MEG
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(1990) Science, 250, 53-61.
angiography

Gadolinium perfusion

Diffusion
magnetization transfer

metabolic imaging (NAA)

NAA choline

creatine lactate



How it all came together…
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L. Pauling, C. D. Coryell, Proc.Natl. Acad. Sci. USA 22, 210-216, 1936.
(Blood susceptibility changes with oxygenation)

K.R. Thulborn, J. C. Waterton, et al.,  Biochim. Biophys. Acta. 714: 265-270, 1982.
(Blood T2 is proportional to oxygenation & mechanism is bulk susceptibility)

S. Ogawa, T. M. Lee, A. R. Kay, D. W. Tank, Proc. Natl. Acad. Sci. USA 87, 9868-9872, 
1990.
(T2 and T2* modulation in vessels in living rat brains with oxygenation changes)

Turner, R., Lebihan, D., Moonen, C. T. W., Despres, D. & Frank, J. MRM, 22, 159-166, 
1991
(T2* modulation with cat brain with oxygenation changes)

Fundamental Work towards BOLD contrast :

red blood 
cells

oxygenate
d

deoxygenate
d



BOLD contrast investigation started in 1936…or even 
1845.





Blood R2 proportional to Oxygenation

R2 effect is due to bulk susceptibility 
and not dipole-dipole interaction

Oxygenation Changes 
T2



…Six years 
later...



S. Ogawa, T.-M. Lee, A. S. Nayak, P. Glynn, Magn. Reson. Med, 14, 68-78 (1990) 

100% O2

20% O2

in vivo
100% oxygenated blood

0% oxygenated blood

in vitro







R. Turner, D. LeBihan, C.T.W. Moonen, D. 
Despres, J. Frank, Magn. Reson. Med, 22, 
159-166 (1991) 
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Susceptibility Contrast agent bolus injection and time 
series collection of T2 - weighted images

The First Functional MRI Results (MGH)



The MGH Gang



K. K. Kwong, et al, (1992) “Dynamic 
magnetic resonance imaging of human brain 
activity during primary sensory stimulation.” 
Proc. Natl. Acad. Sci. USA. 89, 
5675-5679.





The original block design 
paradigm

GE (BOLD) Contrast

IR (CBF) Contrast



S. Ogawa, et al., (1992) “Intrinsic 
signal changes accompanying sensory 
stimulation: functional brain mapping 
with magnetic resonance imaging.” 
Proc. Natl. Acad. Sci. USA. 89, 
5951-5955.

Multi-shot results at 4T, U. 
Minnesota. 



T2* decay

EPI Readout Window

≈ 20 to 40 ms

Single Shot Echo Planar Imaging (EPI)



First Fast Imaging Approaches

1. MGH: ANMR retrofitted resonant gradient system 
with EPI

2. Minnesota: Standard gradients with Multi-shot 
with navigator echoes

3. MCW: local low-inductance gradient coil with EPI



August, 1991



2.5 cm !

TR = 2 sec
TE = 50 ms
One slice
In plane 3.75 x 3.75

Initially could only do one slice…



One little known fact…

We didn’t even need a gradient coil:

EPI at 5mm x 5mm x 5mm was quite possible 
using 100 amp gradient amplifiers and the whole 
body gradient coils…

Every scanner in the world in 1991 could have 
performed EPI-based fMRI at low resolution.  



P. A. Bandettini, et al., (1992) 
“Time course EPI of human brain 
function during task activation.”  
Magn. Reson. Med 25, 390-397.



“...we expect this oxygenation-sensitive contrast could be 
used to monitor regional oxygen usages in the brain. 
When some region in a brain is much more active than 
other regions, the active region could show darker lines in 
the image because of the increased level of 
deoxyhemoglobin resulting from higher oxygen 
consumption.” 

Oxygenation-Sensitive Contrast in Magnetic Resonance Image of Rodent Brain 
at High Magnetic Fields, Seiji Ogawa, Tso-Ming Lee,  Asha S. Nayak, and Paul 
Glynn. Magnetic Resonance in Medicine 14, 68-78 (1990).

Ogawa predicted fMRI but got the sign wrong…

“Therefore, in addition to the anatomy of the brain, one 
aspect of its physiology can be studied by the MRI of 
water” 
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Cerebral Tissue 
Activation

Local 
Vasodilatation

Increase in Cerebral 
Blood

Flow and Volume

Oxygen Delivery 
Exceeds

Metabolic Need

Increase in Capillary and Venous Blood 
Oxygenation

Decrease in 
Deoxy-hemoglobin

Deoxy-hemoglobin:    
paramagnetic
Oxy-hemoglobin: diamagnetic

Decrease in 
susceptibility-related
intravoxel dephasing

Increase in T2 and 
T2*

Local Signal Increase in T2 and T2* - weighted 
sequences

Kind of 
activation?

Mechanism
?

How local?
How 
consistent?

Why does this 
happen?

Many scales, 
geometries.

Does anything else 
contribute?



Blamire, A. M., et al. (1992). 
“Dynamic mapping of the human 
visual cortex by high-speed 
magnetic resonance imaging.” 
Proc. Natl. Acad. Sci. USA 
89: 11069-11073.

The first event-related 
studies.



1992…Perfusion using Arterial Spin Labeling
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• K. K. Kwong, et al, (1992) “Dynamic magnetic resonance imaging of human 
brain activity during primary sensory stimulation.” Proc. Natl. Acad. Sci. USA. 
89, 5675-5679.

• S. Ogawa, et al., (1992) “Intrinsic signal changes accompanying sensory 
stimulation: functional brain mapping with magnetic resonance imaging.” Proc. 
Natl. Acad. Sci. USA. 89, 5951-5955.

• P. A. Bandettini, et al., (1992) “Time course EPI of human brain function during 
task activation.”  Magn. Reson. Med 25, 390-397.

• Blamire, A. M., et al. (1992). “Dynamic mapping of the human visual cortex by 
high-speed magnetic resonance imaging.” Proc. Natl. Acad. Sci. USA 89: 
11069-11073.

• Frahm, J., et al (1992) “Dynamic MR Imaging of Human Brain Oxygenation 
During Rest and Photic-Stimulation.” Journal of Magnetic Resonance 
Imaging, 2, 501-505.



A proposed acronym…



Local Gradient Coil & 4T @NIH
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Brain Function

visual

Language, 
reading, 
speech

motorsensory motor planning

Behavioral 
control, 
cognitive, 
socialization

memoryauditory







http://www.thebrain.mcgill.ca

Visual Cortex Organization



Menon, R. S., S. Ogawa, et al. (1997).  J Neurophysiol 77(5): 2780-7.

R. D. Frostig et. al, PNAS 87: 
6082-6086, (1990).

Ocular Dominance Column Mapping

Optical Imaging

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

0.47 x 0.47 in plane resolution

0.54 x 0.54 in plane resolution



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

Technology



Functional Structure Changes < 0.8 
mm

right tapping

resol. 4mmresol. 3mmresol. 2mmresol. 1mmresol. 0.75mm



Layer Activity Modulation and Mapping with VASO 

L. Huber, et al. Neuron, 2017

3D-EPI, TR=2.5s
FLASH GRAPPA 3
0.8 x 0.8 x 1



Functional Neuroimaging Techniques

Log Time (sec)

Lo
g 

Siz
e 

(m
m

)

Non-invasive

Invasive

after Churchland and Sejnowski, 1988
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T2* decay

EPI Readout Window

≈ 20 to 40 ms

Single Shot Echo Planar Imaging (EPI)



MRI vs. fMRI
MRI fMRI

one image

many images 
(e.g., every 2 sec for 5 
mins)

high resolution
(1 mm)

…



30 ms 10 sec 
to 
1 min

Phase errors



1976-84 P. Mansfield conceives of EPI
1989 EPI of humans emerges on a handful of scanners

 3 x 3 x 3-10 mm3

1989 ANMR retrofitted with GE scanners for EPI
1991 Home built head gradient coils perform EPI
1996 EPI is standard on clinical scanners
2000 Gradient performance continues to increase
2002 Parallel imaging allows for higher resolution EPI
2006 1.5 x 1.5 x 1.5 mm3 single shot EPI possible
2009 At 7T sub – mm single shot EPI for fMRI is possible

Approximate EPI Timeline
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A bit more history…

• Event-Related fMRI (1993, 1996)
• Retinotopy (1995)
• Resting State fMRI (1995…2006)
• Ocular Dominance Columns (1997)
• High Field and Multi-channel Receive (2000)
• fMRI “Decoding” (2001)
• Intracortical recordings and fMRI (2001)
• DARPA Brain Reading/Decoding Competition 

(2006)
• Approval for Pre-surgical Mapping (2007)



Blamire, A. M., et al. (1992). 
“Dynamic mapping of the human 
visual cortex by high-speed 
magnetic resonance imaging.” 
Proc. Natl. Acad. Sci. USA 
89: 11069-11073.

The first event-related 
studies.















Rest: 
seed voxel in motor cortex

Activation: 
correlation with reference function

B. Biswal et al., MRM, 34:537 
(1995)

Resting State Correlations

98



Activation-based fMRI and “resting state” 
fMRI



• The number of papers and applications has exploded. 
• Neuronal, psychiatric, and developmental disorders may relate to altered connectivity.
• Methods are in their infancy, and rapidly evolving.
• Neuronal correlates of spontaneous fluctuations are not fully understood.

Resting state fMRI: Why is this area 
important?





Logothetis et al. (2001) 
“Neurophysiological investigation of the 
basis of the fMRI signal” Nature, 412, 
150-157



Parametric manipulation of brain activation demonstrated that BOLD contrast approximately followed the level of brain activation: visual system 
(Kwong et al., 1992), auditory system (Binder et al., 1994), and motor system (Rao et al., 1996). 

The use of continuous variation of visual stimuli parameters as a function of time was proven a powerful method for fMRI-based retinotopy: (Engel et 
al., 1994, Deyoe et al., 1994, Sereno et al., 1995). 

Event-related fMRI was first demonstrated (Blamire et al., 1992).
 
Application of event-related fMRI to cognitive activation was shown (Buckner et al., 1996, McCarthy et al., 1997).

Development of mixed event-related and block designs was put forward: (Donaldson et al., 2002).
 
Paradigms were demonstrated in which the activation timing of multiple brain systems timing was orthogonal, allowing multiple conditions to be 
cleanly extracted from a single run (Courtney et al., 1997).

High resolution maps were created: For spatial resolution: ocular dominance columns (Menon et al., 1997, Cheng et al., 2001) and cortical layer 
activation maps were created (Logothetis et al., 2002). 

Extraction of information at high spatial frequencies within regions of activation was demonstrated (Haxby et al., 2001). 

For temporal resolution: Timings from ms to hundreds of ms were extracted (Ogawa et al., 2000, Menon et al., 1998, Henson et al., 2002, Bellgowan et 
al., 2003).

The development of “deconvolution” methods allowed for rapid presentation of stimuli (Dale and Buckner, 1997).

Early BOLD contrast models were put forward: (Ogawa et al., 1993, Buxton and Frank, 1997). 

More sophisticated models were published that more fully integrated the latest data on hemodynamic and metabolic changes (Buxton et al., 2004).

The development of “clustered volume” acquisition was put forth as a method to avoid scanner noise artifacts: (Edmister et al., 1999).

The findings of functionally related resting state correlations: (Biswal et al., 1995) and regions that consistently show deactivation (Binder et al., 1999, 
Raichle et al., 2001) were described.

Observation of the pre-undershoot in fMRI (Hennig et al., 1997, Menon et al., 1995, Hu et al., 1997) and  correlation with optical imaging was reported 
(Malonek and Grinvald, 1996). 

Simultaneous use of fMRI and direct electrophysiological recording in non-human primate brain during visual stimulation elucidated the relationship 
between fMRI and BOLD contrast. (Logothetis et al., 2001). Simultaneous electrophysiological recordings in animal models revealed a correlation 
between negative signal changes and decreased neuronal activity (Shmuel et al., 2002). Simultaneous electrophysiological recordings in animal models 
provided evidence that inhibitory input could cause an increase in cerebral blood flow (Matheiesen et al., 1998).

Structural equation modeling was developed in the context of fMRI time series analysis: (Buchel and Friston, 1998). 



Ventral temporal category representations
Object categories are associated with distributed 

representations in ventral temporal cortex

Haxby et al. 2001



Overview of fMRI 

Functional Contrast:
Blood volume
Blood flow/perfusion
Blood oxygenation

Spatial resolution: 
Typical: 3 mm3

Upper: 0.5 mm3

Temporal resolution:
Minimum duration: < 16 ms
Minimum onset diff: 100 ms to 2 sec

Sensitivity:
tSNR = 40/1 to 120/1 
fCNR = 1/1 to 6/1

Interpretability issues:
Neurovascular coupling, vascular sampling, blood, 
physiologic noise, motion and other artifacts, etc..

task task



J. Illes, M. P. Kirschen, J. D. E. Gabrielli, Nature 
Neuroscience, 6 (3)m p.205

Motor (black)
Primary Sensory (red) 
Integrative Sensory (violet) 
Basic Cognition (green)
High-Order Cognition (yellow) 
Emotion (blue) 



• Volume (gadolinium)
• BOLD
• Perfusion (ASL)
• ΔCMRO2
• ΔVolume (VASO)
• Neuronal Currents
• Diffusion coefficient
• Temperature

Functional Contrast



What factors influence the fMRI signal magnitude and 
timing?

Physiologic
Baseline flow, oxygenation, volume, vessel size, 
metabolism
Change in flow, oxygenation, volume, vessel size, 
metabolism
Hematocrit
Blood pressure
Cardiac
Respiration
Drug effects (i.e. Caffeine)

MRI
Pulse sequence (i.e. SE, IR, GE…)
Field strength
TE, TR, Flip angle
Voxel size
Diffusion weighting
Magnetization Transfer Pulse

Neuronal
Location 
Timing
LFP / specific frequencies?
Number / Coherence of Neurons ?
Inhibition/Excitation?

The Challenge: Control for all else and/or minimize number of 
assumptions while modulating sensitivity to one piece of information.



• Spatial Resolution 
• Temporal Resolution
• Sensitivity

Extracting Information 
from the fMRI Signal: 



Neuronal Activation

Hemodynamics? ? ?
Measured Signal

Noise

?



Blamire et al.



3.5mm at 1.5T (S. Engel et al - 1994)
3.9mm (GE), 3.4mm (SE) at 3T ( L. Parkes et al - 2005 )
2.3 mm at 7T (A. Schmuel et al - 2007)



Scalebar = 0.5 mm

Orientation Columns in Human V1 
as Revealed by fMRI at 7T

Phase
0° 180°

Phase Map

Yacoub et al. PNAS 2008

Location 



Multi-sensory integration

Visual

Auditory

Multisensory

M.S. Beauchamp et 
al., 



• Spatial Resolution 
• Temporal Resolution
• Sensitivity

Extracting Information 
from the fMRI Signal: 



Flow

BOLD

P. A. Bandettini, K. K. Kwong, T. L. Davis, R. B. H. Tootell, E. C. Wong, P. T. Fox, J. 
W. Belliveau, R. M. Weisskoff, B. R. Rosen, (1997). “Characterization of cerebral blood 
oxygenation and flow changes during prolonged brain activation.” Human Brain Mapping 5, 
93-109.

20 minutes continuous activation



How rapidly can one 
switch on and off?

P. A. Bandettini,, Functional MRI using the BOLD approach: 
dynamic characteristics and data analysis methods, in  
"Diffusion and Perfusion: Magnetic Resonance Imaging" (D. L. 
Bihan, Ed.), p.351-362, Raven Press, New York, 1995.





P. A. Bandettini, (1999) "Functional MRI" 205-220. 

Magnitude

Latency

+ 2 
sec

- 2 
sec

Venogram

Latency Variation…



Hemi-Field Experiment

Right Hemisphere Left Hemisphere

Timin
g



-2.4

-1.6

-0.8

0

0.8

1.6

2.4

3.2

0 10 20 30

Percent
MR

Signal
Strength

Time (seconds)

Average of 6 runs

Hemi-field with 500 msec asynchrony
Timing



1992…Perfusion using Arterial Spin Labeling
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Williams, D. S., Detre, J. A., Leigh, J. S. & Koretsky, A. S. (1992) “Magnetic resonance imaging of perfusion using  
spin-inversion of arterial water.” Proc. Natl. Acad. Sci. USA 89, 212-216.

Edelman, R., Siewert, B. & Darby, D. (1994) “Qualitative mapping of cerebral blood flow and functional localization with 
echo planar MR imaging ans signal targeting with alternating radiofrequency (EPISTAR).” Radiology 192, 1-8.

Kim, S.-G. (1995) “Quantification of relative cerebral blood flow change by flow-sensitive alternating inversion 
recovery (FAIR) technique: application to functional mapping.” Magn. Reson. Med. 34, 293-301.

Kwong, K. K. et al. (1995) “MR perfusion studies with T1-weighted echo planar imaging.”Magn. Reson. Med. 
34,878-887.



1991



Finger Movement

Left Right

Finger Movement



Toe Movement

Left RightLeft Right



Tactile StimulationFinger MovementTapping vs Pure Somatosensory



Simple Left Complex Left

Simple Right Complex Right
Imagined

Complex Right

Imagined
Complex Left



Reading



Listening to Spoken Words



36 02010099989796959493929190898882

Methodology

Hemoglobin

Blood T2

IVIM

Baseline Volume

Interpretation

Applications

ΔVolume-V1

BOLD

Correlation Analysis

Linear Regression
Event-related 
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TE dep
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BOLD models
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Deconvolution
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Presurgical Attention
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Electrophys. correlation
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PET correlation

CO2 effect
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16 channel parallel receiver coil

GE birdcage GE 8 channel coil Nova 8 channel coil

8 channel parallel receiver coil

J. Bodurka, et al, Magnetic Resonance in Medicine 51 (2004) 165-171.



≈ 5 to 30 ms
Pruessmann, et al. 



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



Menon, R. S., S. Ogawa, et al. (1997).  J Neurophysiol 77(5): 2780-7.

R. D. Frostig et. al, PNAS 87: 
6082-6086, (1990).

Ocular Dominance Column Mapping

Optical Imaging

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

0.47 x 0.47 in plane resolution

0.54 x 0.54 in plane resolution



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

Technology



Yacoub et al. PNAS 2008



Scalebar = 0.5 mm

Orientation Columns in Human V1 
as Revealed by fMRI at 7T

Phase
0° 180°

Phase Map

Yacoub et al. PNAS 2008
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Neuronal Activation Input Strategies

1. Block Design

2. Parametric Design

3. Frequency Encoding

4. Phase Encoding

5. Event Related

6. Orthogonal Design

7. Free Behavior Design



Visual Activation Paradigm: 1 , 2, & 3 Trials

20 sec0 sec

0 sec2 sec 20 sec

0 sec2 sec 20 sec4 sec
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Fluctuations

Patterns



Fluctuations

Patterns





J. Bodurka



Sources of time series fluctuations: 

•Blood, brain and CSF pulsation

•Vasomotion

•Breathing cycle (B0 shifts with lung expansion)

•Bulk motion

•Scanner instabilities

•Changes in blood CO2 (changes in breathing)

•Spontaneous neuronal activity

154



Rest: 
seed voxel in motor cortex

Activation: 
correlation with reference function

B. Biswal et al., MRM, 34:537 (1995)

Resting State Correlations

155



Resting state networks 
identified with ICA

M. DeLuca, C.F. Beckmann, N. De Stefano, 
P.M. Matthews, S.M. Smith, fMRI resting state
networks define distinct modes of long-distance
interactions in the human brain. NeuroImage, 29, 
1359-1367



Resting State: Subdividing the Entire Brain 





Fluctuations

Patterns



1991



Ventral temporal category representations
Object categories are associated with distributed 

representations in ventral temporal cortex

Haxby et al. 2001



Pattern-recognition analysis of fMRI activity 
patterns

• Haxby et al. (2001) 
• Cox & Savoy (2003)
• Carlson et al. (2003)
• Kamitani & Tong (2005)
• Haynes & Rees (2005)
• Kriegeskorte et al (2006)
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task task



How rapidly can one 
switch on and off?

P. A. Bandettini,, Functional MRI using the BOLD approach: dynamic 
characteristics and data analysis methods, in  "Diffusion and Perfusion: 
Magnetic Resonance Imaging" (D. L. Bihan, Ed.), p.351-362, Raven Press, 
New York, 1995.



How brief of a stimulus can one give?

5 10 15 20
Time (sec)

1000 msec
100 msec
34  msec

R. L. Savoy, et al., Pushing the temporal resolution of fMRI: studies of very brief visual 
stimuli, onset variability and asynchrony, and stimulus-correlated changes in noise, 3'rd 
Proc. Soc. Magn. Reson., Nice, p. 450. (1995). 



P. A. Bandettini, (1999) "Functional MRI" 205-220. 

Magnitude

Latency

+ 2 sec

- 2 sec

Venogram

Latency Variation…



Flow

BOLD

P. A. Bandettini, K. K. Kwong, T. L. Davis, R. B. H. Tootell, E. C. Wong, P. T. Fox, J. W. Belliveau, R. 
M. Weisskoff, B. R. Rosen, (1997). “Characterization of cerebral blood oxygenation and flow changes 
during prolonged brain activation.” Human Brain Mapping 5, 93-109.
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A BOLD undershoot without a CBF undershoot could 
be due to a slow return to baseline of either CBV or 
CMRO2 Courtesy Rick Buxton

BOLD post-stimulus undershoot



• Volume (gadolinium)
• BOLD (GE and SE)
• Perfusion (ASL)
• ΔCMRO2
• ΔVolume (VASO)
• Neuronal Currents
• Diffusion coefficient
• Temperature

fMRI Contrast



Logothetis et al. (2001) 
“Neurophysiological investigation of the 
basis of the fMRI signal” Nature, 412, 
150-157
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J. Illes, M. P. Kirschen, J. D. E. Gabrielli, Nature 
Neuroscience, 6 (3)m p.205

Motor (black)
Primary Sensory (red) 
Integrative Sensory (violet) 
Basic Cognition (green)
High-Order Cognition (yellow) 
Emotion (blue) 



How fMRI Is Currently Used

Research Applications
-map networks involved with specific behavior, stimulus, or performance
-characterize changes over time (seconds to years)
-determine correlates of behavior (response accuracy, etc…)
-characterization of groups or individuals

Clinical Research
-clinical population characterization (probe task or resting state)
-assessment of recovery and plasticity
-attempts to characterize (classify) individuals

Clinical Applications
-presurgical mapping (CPT code in place as of Jan, 2007)



Exciting Trends

•FMRI Decoding

•Resting State Fluctuations (Connectivity)

•Quantitative fMRI (active and baseline)

•High Field /  High Temporal & Spatial Resolution

•Real Time fMRI

•Longitudinal fMRI / MRI studies over multiple time scales

•Clinical inroads


