


• Origins and Consequences of Neuronal 
Synchronization

• Measures of Neuronal Synchronization 
and Brain Connectivity - An Introduction 

~ 100 min.

• Analysis of Spiketrains, Spike-Field 
coherence and connectivity using the 
FieldTrip Open Source Toolbox 
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• Matlab Analysis using Fieldtrip
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Gregoriou et al. 
[Science 2009]

How do Neurons and
Networks realize the
solution.

Why does the brain
care about a speci"c
problem?

1. Computational
     Level -

2. Algorithmic
    Level -

3. Implementational
    Level - 

Three fundamental levels of analysis necessary to understand how the 
brain realizes a function such as !exible sensorimotor integr. (SMI)

[D. Marr,1945-80]

What processes and
neural code is used
to solve it?
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Gregoriou et al. 
[Science 2009] Three fundamental levels of analysis necessary to understand how the 

brain realizes a function such as !exible sensorimotor integr. (SMI)

1. Computational
     Level -

2. Algorithmic
    Level -

3. Implementational
    Level - 

• SMI is key to adjust 
!exibly to changes in 
environment

• Networks of cells
  #exibly coordinate  
  information.

• Here: How Cells and 
networks dynamically 
synchronize assemblies. 

[D. Marr,1945-80]
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Origins and Consequences of Precise 
Timing relations in Functional Networks:

Cell and Circuit Levels



Prelude : 

Coding of Information in Neuronal Networks is linked 
to Spike Initiation Dynamics of Single Cells and 
Synchrony Transfer. 



“Spike initiation dynamics regulate synchrony transfer 
properties, and synchrony transfer properties regulate network 
coding strategies; 

• Quote:

... therefore, spike initiation dynamics 
    regulate network coding strategies.”

2013



• Pyramidal Cells are in different operating modes during low 
and high conductance states.
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a spike
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to constant
Current:
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• Pyramidal Cells are in different operating modes during low 
and high conductance states.

Spike-Triggered
Membrane

Potential before 
a spike

to noisy 
input

to constant
Current:

Encoding Regime Favoured

Spike Spike

Noise / Variance of 
input voltage is more 

important then
mean of activity

(to predict spike!)



• Neuronal Coding depends jointly on the Operating Mode 
of Pyramidal Cells and the Input Properties

Encoding Regime

Input activation 
structure

Operating Mode of 
Pyramidal Cells



• The Operating Mode is 
set by the Net-Slow 
Current at Peri-Threshold 
(V). Slow current 
compete with fast 
currents during high 
conductance states

Net-Outward Current 
is hyperpolarizing (and 
competes with fast, 
depolarizing inward 
current)

... this discourages 
summation

Net-Inward Current is 
depolarizing (and helps 
sustaining the 
depolarization caused by 
external inputs)

... this encourages 
temporal summation

• Neuronal Coding depends jointly on the Operating Mode 
of Pyramidal Cells and the Input Properties



Spike-Triggered
Membrane

Potential

Time Window
of Input Integration

Synaptic
Processing

• Pyramidal Cells are in different operating modes during low and 
high conductance states.

• The Operating Mode is 
set by the Net-Slow 
Current at Peri-Threshold 
(V). Slow current 
compete with fast 
currents during high 
conductance states



Spike-Triggered
Membrane

Potential

Time Window
of Input Integration

Synaptic
Processing

• Pyramidal Cells are in different operating modes during low and 
high conductance states.

• The Operating Mode is 
set by the Net-Slow 
Current at Peri-Threshold 
(V). Slow current 
compete with fast 
currents during high 
conductance states



Spike-Triggered
Membrane

Potential

Time Window
of Input Integration

Synaptic
Processing

The net outward current (voltage-
dependent) has an effect very similar to 
that mediated by feedforward synaptic 
inhibition in E-I circuits, which is well 
recognized as a mechanism that limits 
the integration time window.

The outward current acts as an active 
(voltage gated) negative feedback
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high conductance states.
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(V). Slow current 
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• Pyramidal Cells are in different operating modes during low and 
high conductance states.

• The Operating Mode is 
set by the Net-Slow 
Current at Peri-Threshold 
(V). Slow current 
compete with fast 
currents during high 
conductance states

Net-Outward Current 
is hyperpolarizing (and 
competes with fast, 
depolarizing inward 
current)

... this discourages 
summation

Net-Inward Current is 
depolarizing (and helps 
sustaining the 
depolarization caused by 
external inputs)

... this encourages 
temporal summation



• Neuronal Coding depends jointly on the Operating Mode 
of Cells and Input Properties

Encoding Regime

Input activation 
structure

Operating Mode of 
Pyramidal Cells

What are the implications for 
the Coding of Information 

(here: coding of input 
activation patterns) ?



• Neurons in ‘Hybrid Mode’ can be sensitive to synchronous and 
asynchronous input - at the same time - They effectively “multiplex”.

Input
Spiketrains

Cumulative
Inputs

Slow Component
[Rate Modulated
Asynchron. Inputs]

Fast Component
[Synchronous Inputs]

In ‘Hybrid Mode’ 
Pyramidal Cells Decode 

Synchronous And
Asynchronous input.



“Spike initiation dynamics regulate synchrony transfer 
properties, and synchrony transfer properties regulate network 
coding strategies; 

• Quote:

... therefore, spike initiation dynamics 
    regulate network coding strategies.”


