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1. The cortex is mainly connected in itself
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Pyramidal cells: 

                 about 85 % of all neurons     (Peters) 
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Type I synapse



Type II synapse
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4. Most of the synapses are synapses between pyramidal cells
    



Dendritic spines, guinea pig 
From: Schüz (1986)





    
          5. Most of the synapses are learning elements
   



    

(mouse cortex) 

9 x 104 neurons/mm3 

7.5 x 108 synapses/mm3 

  

8000 synapses per neuron

          5. Most of the synapses are learning elements
   



Each axonal tree traverses  
thousands of dendritic trees  



Electron microscopy, phosphotungstic acid (PTA)

From: Schüz and Dortenmann, 1987



From: 
Braitenberg 
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Probability of connections 
between 2 pyramidal cells: 

At full overlap: p0 = 0.1 p1 
= 0.27 p2 = 
0.27 p3 = 
0.18
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 9. Connectivity between individual neurons largely  
statistically predetermined



10 cm

1/1000 mm3 cortex X 1000



What is such a network suited for?



 MEASUREMENTS                                              DEDUCED QUANTITIES                                           CONCLUSIONS 

No. of sensory input fibres < 106                                           
Vol. (iso- and allocortex) 2 x 87 mm3 

                                                                                   Total neurons 1.6 x 107                                   No. of neurons >> no. of input fibres 
Density of neurons 9 x 104/mm3 

                                                                                   Synapses/neuron  8000                                  Connections between neurons of the  
Density of synapses 7 x 108/mm3                                                                                                                         same kind 
Average distance of synap. on axons 5 mm              Syn./length of axon 200/mm 
                                                                                                                                                             Mostly excitatory synapses 
Density of axons 4 km/mm3   
Length of the axonal tree 10 - 40 mm                       Rel. density of axons (synaps.) 
                                                                                              pyramidal    10-5                                   Great divergence / convergence 
Range of axons: pyramidal cell 1 mm                                  stellate         10-3  
                   small stellate cell 0.2 mm                                  afferent        10-3 

Density of dendrites 0.4 km/mm3                                                                                                       Connections very weak 
Length of the dendritic tree 4 mm                              Rel. density of dendrites 10-3 

                                                                                               (py., basal dendrites) 
Range of dendrites 0.2 mm 
                                                                                                                                                              Mixing machine        Memory rather 
Spines/unit length of dendrites 1 – 2 /µm                    Probability of synapses betw.                                                         than computation 
(Synapses on spineless dendrites 3/µm)                       2 py-cells 0.2-0.3 mm apart: 
                                                                                                 0 syn. p = 0.9 
Percent pyramidal cells  85 %                                                 1 syn. p = 0.09                                     Associative memory with 
                                                                                                 2 syn. p = 0.004                                   formation of cell assemblies 
Percent Type-I-synapses  89 % 
Percent synapses on spines  75 %                                                                                                        Modifiable synapses  

From: Braitenberg and Schüz (1991/1998)
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What is such a network suited for? 

Mixing machine 

Learning 
 by association 

 i.e. by bringing together correlated activity 

 i.e. by forming „cell assemblies“ 

                           Hebb (1949) 
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Many neurons of the same kind 

Connected with each other 
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Structure of the cortex 

85 % pyramidal cells 

Mainly connected with each other 

Via excitatory synapses 

Via modifiable synapses (spines) 

Both local and distant connections 

Each pyramidal cell is connected to 
 thousands of others
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Basic function of the cortex: 

Dealing with correlations: 

Detect, incorporate and handle correlations 



Basic function of the cortex: 

Dealing with correlations: 

Detect, incorporate and handle correlations 

i.e. Learning, Associating, Thinking



Synfire chain theory (M. Abeles, 1982; 1991) 

How can sequences of activity be organized?



Cell assemblies – result of coincident correlations 

Synfire chains – result of timeshifted correlations 

   Moshe Abeles (1991)



Statistical connectivity 

- Number of cell types or subtypes 

- Patterns of ramification

e.g. Binzegger, Douglas and Martin (2004) A quantitative map of the 
circuit of cat primary visual cortex. The Journal of Neuroscience 24 
(39):8441-8453 

Deviations from the expected probability: 

-Possibly different times of maturation of layers or subtypes 

-Learning 

-Cell type specificity (chandelier cells)

Dantzker and Callaway (2000) Laminar sources of synaptic input 
 to cortical inhibitory interneurons and pyramidal neurons

Potjans and Diesmann (2012) The cell-type specific cortical microcircuit: 
Relating structure and activity in a full-scale spiking network model




