What should the ideal technique be like?
How to study the neural basis of

human vision?

Brain Lesions
What techniques are available?

- Neuropsychology (Brain lesions)
- EEG, MEG
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Poor spatial localization/resolution

Weak signal

Provide an indirect link between neural activity and behavior:

Vascular response to neural activity




Foveal stimulation Peripheral stimulation

Harmless

Injection of Radioactive Isotopes

Much better temporal resolution (about 1sec)
Poor temporal resolution (40secs)! - Better spatial resolution (less than 1 cm)
- Much more accessible, affordable.

- Can get both anatomical and functional data in the same session

MRI is noisy...




MRI gives great images of the anatomy of the human brain

MRI can give images of both the anatomy and the
physiology of the human brain

Functional MRI...

The scanner is essentially a large magnet
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The scanner and its associated hardware is responsible for both generating the magnetic field and
detecting how it is affected by brain tissue.

...gives information about the Atoms (mostly H protons) in water normally spin and precess (wobble) in all directions in the body
functioning of the human brain !




H atoms in water align their axis of precession (provided by the scanner)

An electromagnetic pulse (RF) emitted by the scanner creates a transient magnetic field that
is transverse to the basal magnetic field. This RF pulse flips the angle of precession of the H
atoms.

The scanner measures the strength of the electromagnetic signal produced by the flipped
atoms as they return to their basal state.

Various concentrations of different atoms in brain tissues affect the
magnitude of the magnetic field differently

This leads to different signal intensities in different brain tissues.

O,Hb does not affect the magnetic field

|

Applied
pasic
Field

deO,Hb

The strength of the transverse (flipped) signal depends on the homogeneity of
the magnetic field

Heterogeneity in the magnetic field decreases the transverse (flipped) signal

Hence, the transverse signal is smaller when the concentration of deOHB is high.




Resting state (lights off)

neurons

-normal flow - increased flow

- basal CBV - increased CBV

- normal MRT signal - increased MRI signal

- High deOxyHb cor;:entration - Low deOxyHb concentration

Temporal Characteristic (Hemodynamic Response)

Hemodynamic delay
(5sec) i

Temporal resolution of fMRI signal is mostly limited by the sluggishness
in the hemodynamic response to the stimulus presentation.

Spatial and Temporal Characteristics of the
fMRI signal

Spatial Characteristics

Activated
" Neural tissue

sapillary bed

1-3cm

Spatial Resolution of fMRI is mostly limited by the hemodynamic spread of activation.

‘Watering the whole garden for the sake of one thirsty flower’.




What is the coupling between neural activity and BOLD signal?

signal is small (about 1 %)

Why?
Indirect measure of activation
Physical and physiological Noise

Response linearity

Solution

Why combining subjects?




Example: How to find out if there is a place in the brain that preferentially
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responds to faces?

How to isolate brain areas involved in
specific functions ?

Subtraction

Compare two or more tasks to each other.

Visual areas




We can look also at higher-level visual areas Future Develoments
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fMRI is very powerful, but it is not
the end all and be all technique.

And even higher-level stuff.... s g




