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What is a connectome 
or 

Crash course on connectome and MRI

• “Comprehensive” map of neuronal connections

Macro-connectome
brain level, long distance

Meso-connectome
Cellular, long distance

Micro-connectome
Synapses



MRI as a method of 
measurement
• “Functional” connections – full/partial correlations

� “Functional MRI” – T2*-weighted BOLD, SWIFT, ASL
� But also EEG, MEG and many more

• “Structural connections” – track probabilities
� DWI

• Structural data
� Cortical thickness, cortical folding, volume/shape of structures…

• Microstructural data – “MRI histology”
� Relaxation metrics (T1, T2, T1ρ, T2ρ, RAFF…)

as markers of myelin, iron content
� SWI
� Multiple derived metrics as NODDI (water 

distribution, membrane integrity), T1w/T2w ratio 
(“myelin maps”)



fMRI BOLD signal
– what do we measure?

Arthurs and Boniface, 2002



Underlying
neural activity
Dissociation/decoupling - regionality:
• vascular hypothesis
• local circuitry-based explanations
• regionality of HRF

• gamma band power of LFPs
(nominally 40–100 Hz) most 
correlated with the subsequent 
vasodilation and/or increased 
oxygenation

• à Activity of interneurons as the
primary driver of BOLD?



resting state fMRI
• Evoked neural activity and haemodynamic signals – R>0.9

• Spontaneous activity – R in the range of 0.0-0.3

ài.e. low correlations not caused by methodological issues

àmismatch between observed BOLD dynamics and predicted 
dynamics from structural connectome

• Vessel-autonomous oscillations (in mice persisting even after 
pharmacological blockage of glutamatergic transmission)

• Spontaneous movements – need for monitoring…



Data processing
• Multitude of options

� Inferences?
� Data dredging?

Prodoehl et al. 2014



Aftermath…



DWI



DWI
• Diffusion weighting is modulated by:

� Gradient strength
� Diffusion time
� Gradient orientation

• Images acquired with a gradient 
along x have contrast sensitive to the 
diffusion of water molecules along x.

• Utilisation
� DTI
� Kurtosis
� NODDI
� Fiber orientation distribution / density
� Tractography
� ….

CSF

WM



Problems with MRI data
• Noise, artifacts (Gibbs ringing, standing waves, chemical shifts, magic angle…)
• Gradient non-linearities
• Distortions

� Susceptibility-induced
� Eddy current-induced

• Subject movement
� Gross movement
� Intra-volume movement
� i.e. movement within the bias field and changes of the susceptibility field

• Intra-volume temporal differences
• Signal dropouts

• Cardiac and respiratory cycle

• Blood and CSF flow



Computing power requirements



QC výstup - fMRIQuality control



Proč „surface-based“ 
analýzu?

Group analysis and 
brain parcellation



Connectome matrices
	Mean	functional	connectivity	(correlation	of	signal	courses)	

	

			Mean	structural	connectivity	(normalised	number	of	white	matter	connections)	

	

	

	Mean	functional	connectivity	–	partial	correlation,	regularised	using	ridge	regression	

	

	



Utilisation in real studies
Structural connectome of tremor



Utilisation in real 
studies

Functional connectome 
of DBS effect



MRI connectomics

Major	brain	functions	are	network-based,	not	focal

“Soft-science”	problem

Still	distinguishing	between	macro	/	meso	/	micro-connectome
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Further literature…ladní publikace


