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The human connectome 

Shortest path lenght 

Highest degree 

Connector hub 

Highest clustering coefficient (its 
neighbors are all neighbors of each other) 
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The Human Connectome: An innovative paradigm 



STRUCTURAL CONNECTIVITY in PARKINSONISMS 
The Human Connectome: An innovative paradigm 

Fi
lip

p
i e

t 
al

.,
 L

an
ce

t 
N

eu
ro

l 2
0

1
3

 



STRUCTURAL CONNECTIVITY in PARKINSONISMS 
The Human Connectome: An innovative paradigm 

va
n

 d
en

 H
eu

ve
l e

t 
al

.,
 P

N
A

S 
2

0
1

2
 

 

Human Connectome Project,  
NIH Director Francis Collins, 2013:  

“Five years ago, this might have seemed out of 
reach. Five years from now, it will seem like we 

waited too late to take advantage of the 
opportunity.” 

 



Li et al., Brain Imaging Behav 2016 

STRUCTURAL CONNECTIVITY in PARKINSONISMS 
The Human Connectome in PD 

Disrupted edge architecture 
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The Human Connectome in PD 

Li et al., Brain Imaging Behav 2016 

Altered network parameters 



N
ig

ro
 e

t 
al

.,
 H

u
m

 B
ra

in
 M

ap
p

 2
0

1
6

 

PD & 
controls 
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Controls 

Brain hubs 

STRUCTURAL CONNECTIVITY in PARKINSONISMS 
The Human Connectome in de novo PD 



Nigro et al., Hum Brain Mapp 2016 
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The Human Connectome in de novo PD 

↓ Strength ↓ Clustering ↓ Efficiency 
↓ Eigenvector  

centrality 
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Limbic system, basal 
ganglia and 

sensorimotor areas 

Basal ganglia, insula, 
orbital frontal areas 

Reduced FA 
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The Human Connectome in de novo PD 



Galantucci et al., Radiology 2017 

STRUCTURAL CONNECTIVITY in PARKINSONISMS 
The Human Connectome in PD with cognitive impairment 



Decreased FA vs cognitive deficits 

PD-MCI vs 
controls 

PD-MCI vs 
PD-noMCI 

Altered structural connections 
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Adjusting for 
UPDRS III 
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STRUCTURAL CONNECTIVITY in PARKINSONISMS 
Genetic dystonia 

Argyelan et al., J Neurosci 2009 

Altered cerebellothalamocortical connectivity 



FA 

L L R R 

MD 

Asymptomatic DYT 
carriers vs controls 

STRUCTURAL CONNECTIVITY in PARKINSONISMS 
The Human Connectome in genetic dystonia 
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Other affected components 

Principal connected component 

Symptomatic DYT 
carriers vs controls 
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Misfolding 

Seeded 

aggregation 

Cell-to-cell 

spreading 

Further seeded 

aggregation 

Neuron-to-neuron spreading 
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Alzheimer’s disease: tau 

Parkinson’s disease: α-synuclein 

Amyotrophic lateral sclerosis: TDP43 

 

Neuron-to-neuron transmission  
along network connections and across synapses  
is the most likely mechanism for the nonrandom 

pattern of pathological spread in neurodegenerative 
diseases 

 

STRUCTURAL CONNECTIVITY in PARKINSONISMS 
Disease-vulnerable brain networks 
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MVs vs WM damage in MCI 

Increased CSF MVs in AD and MCI 

Hypothetical 
model of microglia 

role in AD 

STRUCTURAL CONNECTIVITY in  
PARKINSONISMS Disease-vulnerable  
brain networks 



Whitwell et al., Parkinsonism & Relat Disord 2011 

Mean FA of the SCP was correlated with 
functional connectivity changes in the 
thalamus 

Basal ganglia network 

DMN 

Salience network 
Increased connectivity 

Decreased connectivity 

Seed-analysis thalamus 
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Dorsal midbrain 
tegmentum-associated 

network 

PSP vs controls 

Gardner et al., Ann Neurol 2013 
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Atrophy in PSP 
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STRUCTURAL CONNECTIVITY in PARKINSONISMS  
PSP 
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Shortest path 

E 

Connection strength 

Pathological  
aggregates 

E 

Connector hub 

E 

 

Longitudinal maps of network degeneration 
 

STRUCTURAL CONNECTIVITY in PARKINSONISMS 
The Human Connectome: NeuroTRACK 
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Atrophy vs pathology 

STRUCTURAL CONNECTIVITY in PARKINSONISMS 
The Human Connectome: NeuroTRACK 
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Verstraete et al., Hum Brain Mapp 2013 

Affected subnetwork  
after 6 months 

STRUCTURAL CONNECTIVITY in PARKINSONISMS 
The Human Connectome 



Presymptomatic 

genetic FTLD   

Preclinical stage 

Structural and functional 

network changes vs 

expected time of onset 
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Tracking preclinical 

network degeneration 

MAPT 

TAU 

GRN 

TDP43 

C9orf72 

TDP43 

Symptomatic  
genetic FTLD 

t0 m6 m12 m18 m24 
Neurological/Neuropsychological assessment  

3T MRI 
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Tracking network degeneration 
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Atrophy prediction 

Clinical prediction 
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(Preclinical) protein-specific models of  

network degeneration 
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STRUCTURAL CONNECTIVITY in PARKINSONISMS 
Genetic dystonia 
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