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Purchasing a scanner

-field strength
-manufacturer
 -service
 -rf receivers (number and bandwidth
-field homogeneity
-stability
-shimming
-gradient homogeneity
-gradient performance
-programming environment
-real time?
-service contract
-other centers with the scanner



General Electric 3 Tesla Scanner



What Changes with Field Strength?

Tissue Relaxation Characteristics
Functional Contrast
Signal to Noise Ratio
Bo Inhomogeneity Effects

RF Power Deposition
Mechanical Force on Gradient Coil



T1 Values Across Field Strengths

0

500

1000

1500

2000

2500

0 2 4 6 8

Field Strength (Tesla)

T1
 (m

s) T1 White
T1 Gray
T1 Blood



T2 Values Across Field Strengths
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Whole Brain Anatomy 
T1-SE                 T2-FSE            FLAIR

1.5T

3.0T

UIC
Thulborn



3.0T:   3D TOF MRA 

15 y.o. female patient 57 y.o. male patient

Longer T1 at 3.0T enhances flow effects and improves 
background suppression as well as allows higher 
spatial resolution

UIC
Thulborn



T2* Values Across Field Strengths
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Venograms (3T)
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Functional Contrast at Optimal TE
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Contrast at 3T (dR2* = -1.6 1/s)
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Contrast at 3T (dR2* = -1.6 1/s)
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Gradient echo Signal Loss

100%0% 50%

Signal loss map

3 Tesla, 64´64, TE=30ms, thk=6mm
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BOLDPerfusion
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A few slides about 
Image Resolution and Noise…



Multishot Imaging

T2* decay

EPI Window 1

T2* decay

EPI Window 2



Excitations 1  2  4  8 
Matrix Size 64 x 64 128 x 128 256 x 128 256 x 256

Multi Shot EPI



Partial k-space imaging

T2* decay

EPI Window



Jesmanowicz, P. A. Bandettini, J. S. Hyde, (1998) “Single shot half k-space high resolution EPI for
fMRI at 3T.” Magn. Reson. Med. 40, 754-762.

Partial k-space imaging



Temporal vs. Spatial SNR- 3T
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Human data

Temporal vs. Image S/N
Optimal Resolution Study

Petridou et al



Phantom data

Temporal vs. Image S/N
Optimal Resolution Study

Petridou et al
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calcarine

Menon, R. S., S. Ogawa, et al. (1997). “Ocular dominance in human V1 demonstrated by 
functional magnetic resonance imaging.” J Neurophysiol 77(5): 2780-7.

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

Ocular Dominance Column Mapping using fMRI

Optical Imaging



Imaging System Components

X Y Z

Gradient Power
Systems

RF Transmitter

Magnet RF Receiver

Viewing Console

Scan Controller
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Data handling

-real time
-pseudo real time
-RAID servers
-reconstruction speed
-reconstruction access



connector 
box

DAQ-AI –16E-4
DB25

TTL line

Button
box

Button box
lines

Pulse oxymeter 
real time recording

respiration

AThe Linux based  stimulus    
      delivery system.

AThe real-time recording and display 
with AFNI.    
      delivery system.



Pulse
Sequence

Subject
Scanner

Stimulus Response

Image
Reconstruction

Image Registration/
Motion Detection

Time Series
Analyses

Compute & Display
Neuropsychological

Stuff

Investigator

Processing Stream with Real Time fMRI



The
End

< 1 s to render

Blocked trials:
  20 s on/20 s off
  8 blocks

Color shows
  through brain

Correlation > 0.45

Blocks: 12345678



1. Purchasing a scanner
2. Data handling
3. Subject interface devices
4. Data processing
5. Personnel



Subject interface devices

-stimulus devices 
 >projector, goggles, tactile, smell, sound
-synchronization
-subject feedback 
 >button box, SCR, cardiac, respiratory, eye tracking 
-subject stability
 >cushions, bite bar
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Data processing

-preprocessing (recon)
-post processing (registration, statistical tests)
-post post processing (subject averaging, display)
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Personnel

-physicist
-engineer
-computer person (processing and stimulus program)
-stimulus/feedback device specialist
-rf coil person
-scanner technologist
-administrator
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•Shimming
•Acoustic Noise
•Multishot Techniques
•Increased Gradient Performance
•Higher Field Strengths
•Surface Coil Arrays
•Calibration / Quantification
•Embedded Functional Contrast
•Noise / Fluctuations
•Direct Neuronal Current Imaging
•Clinical Populations
•Neuronal,Vascular, and Metabolic Information



2 G/cm, 350 T/m/s 4 G/cm, 150 T/m/s

10 G/cm, 1000 T/m/s

Diffusion imaging
Faster imaging
Higher resolution


