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The connections are the bottleneck

The stations are the bottleneck
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But there is a small problem
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10 Worlds: about 50 000 000 towns, 10 000 000 000 streets



200 Worlds: about 1 000 000 000 towns, 200 000 000 000 streets
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We need other tools to measure connectivity in the brain







Water molecules never stay still



Their diffusion is constrained by the environment




Our brain is filled with water molecules




White matter fibers constrain their diffusion
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We can detect the concentration of oxygen in the brain blood

MRI when the rat breathes 100% oxygen

MRI when the rat breathes 90% oxygen + 10% CO2

/ BOLD Contrast (Blood Oxygen Level Dependent)

“MRI contrast depends on the concentration of oxygen”
Ogawa et al, 1990















Functional connectivity can also be probed by EEG

v/ EEG signal
}P V‘\: M f“(‘rwﬁf‘v.év W W‘v&'&/\« AJA v‘v

v/ high temporal resolution => may detect causation

X low spatial resolution and volume conduction
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Six degrees of separation
Small-World Network



Small-World Networks are characterized by a high
clustering coefficient and a small average path length

Regular grid
High Clustering
High average path length



Small-World Networks are characterized by a high
clustering coefficient and a small average path length

Regular grid Random network
High Clustering Low Clustering
High average path length Low average path length



Small-World Networks are characterized by a high
clustering coefficient and a small average path length

Regular grid Small World Random network
High Clustering High Clustering Low Clustering
High average path length Low average path length Low average path length



Networks are made of nhodes and edges

Nodes: representation of brain units

\ / O Parcellation of the brain
A O Electrodes
\

/_7 / 0O Every voxel of the image

— <\\\ e Edges: representation of connections
\
/7 : ; :
d 3 \| O Correlation between time series

/ O Presence of a WM fascicle
\ 0O Property of the fascicle
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We can investigate the global properties of the network

Q @ Small-Worldness
\ = <

\ Yl ( — Characteristic Path Length
g o \\\ Y i

%0

' |

e
N Global efficiency



We can model the dynamic impact of a lesion

\ Yl { =>»  \What happens to the network ?
g o \\\ Y i

0%

' |

/\
\ A brain unit is lesioned
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Could some connections be regenerated ?
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Could some alternative paths be strengthen ?



We can validate the models based on animal experiment

7

v

before after



Autistic children have a specific
alteration of functional network

e Functional connectivity

Controls
n =46

* EEG coherence

* Whole brain

e Autism Spectrum Disorder
‘Tuberous Sclerosis Complex

Taquet, Peters et al., 2012



Autistic children have a specific
alteration of functional network

e Functional connectivity

* EEG coherence

|* Whole brain

e Autism Spectrum Disorder
Tuberous Sclerosis Complex

Taquet, Peters et al., 2012




Autistic children have a specific
alteration of functional network

e Functional connectivity

* EEG coherence

* Whole brain

e Autism Spectrum Disorder
Tuberous Sclerosis Complex 5
E
= 0.9
T
Control
Taquet, Peters et al., 2012 oox ,
0.15 0.2 0.25

Network Topology (C/L)
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Thank you !

www.maximetaquet.com
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