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LFP in electrophysiology
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LFP & Neural prostheses

The LFP

⇒ stable signal
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Population activity (medium scale)

fMRI, MEG and EEG (>3000 µm)

Local Field Potential (100-3000 µm)

Multi-Unit activity (30-140 µm)

Single Unit (30 µm)



Cohen and Bookheimer (1994)

Optical imaging

Local field potential (LFP)

Multi-unit activity (MUA)



How local is the LFP ?

Spatial Scale: (controversial)

-- Spikes (SUA/MUA): 30-140 µm

-- LFP: 100-3000 µm Katzner et al., 2009
Berens et al., 2008
Logothetis et al., 2007
Liu and Newsome, 2006
Kreiman et al., 2006
Gail et al., 2003
Pesaran et al., 2002
Kruse and Eckhorn, 1996
Mitzdorf, 1987



How local is the LFP ?
-- Signal blurring horizontally & vertically

100 µm



Electrophysiology + Neuroanatomy



The LFPs at distant sites look similar



Physical spread and Neural spread

Physical spread: 
how far a signal can go through the brain tissue

Neural spread:
how far a signal can go through the neural circuitry

Brain Signal = F(Physical spread, Neural spread)



Physical spread, Neural spread, and Visual Field

Physical spread: how far a signal can travel in the brain

Visual field: how far in visual space can a stimulus affect a neuron--
depends on physical and neural spreads



Physical spread and Neural spread

Visual field = F(Physical spread, Neural spread)
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Physical spread and Neural spread
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physical spread of the LFP?
physical spread
of the MUA?

Visual field?Magnification factor?

Physical spread and Neural spread



Visual field of the LFP & MUA



Visual field of the LFP & MUA



Visual field in different layers

Visual field
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Physical spread of the LFP?
Physical spread
of the MUA?

Visual field
~ 0.25 deg

Magnification factor?

Physical spread and Neural spread
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Physical spread of the LFP?
Physical spread
of the MUA
~60 µm

Visual field
~ 0.25 deg

Magnification factor?

Physical spread and Neural spread



Magnification factor (MF)
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Physical spread of the LFP?
Physical spread
of the MUA
~60 µm

Visual field
~ 0.25 deg

Magnification factor 
~2500 µm /deg

Physical spread and Neural spread



Physical spread and Neural spread of the LFP

Physical spread



The LFPs at distant sites look similar



Conclusion

1) The physical spread of the LFP is local (<200 µm)

2) The neural spread of the LFP is broader than its 
physical spread (~ 600 µm in V1). 
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