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Brain Development

During evolution, 
the mammalian cerebral cortex has expanded 

disproportionately to brain volume!



I. Computing Connection matrix
1. Register T1 over B0 (non-weighted diffusion 

image)
2. Over diffusion data, compute tractography

over B0-registered T1 data:
i. Register all subject in a common referential

ii. Segment WM,GM and pial surfaces

iii. Divide cortical surface in standardized regions of 
interest –subnetwork definition

1. For each pair of regions of the cortex:
i. Compute the density of the bundle connecting the 2 

regions

ii. Store the value in a matrix 

iii. Threshold density values for mean FA along the
bundle connecting ROIs and eliminate self-
connections

CAMMOUN L., et al 2012. J Neurosci Methods 203: 386-397. HAGMANN P., et al
2008. PLoS Biol 6: e159. HAGMANN P., et al 2007. PLoS One 2: e597. MESKALDJI

D.E., et al 2013. Neuroimage 80: 416-425. MESKALDJI D.E., et al 2013. J arXiv
preprint arXiv:1307.3286

Methods

III. Correlation of strength of ALTERED 
connections with the scores achieved on 

socio-cognitive
Pearson’s correlaton

II. Wilcoxon rank-sum test for 
structural connectivity group differences

http://www.brain-connect.eu/
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Theory of mind (ToM)

• La teoria della mente (D. Premack e G. Woodruff 1978)

• Capacità di attribuire stati mentali a sé stessi e agli altri ed è fondamentale in ogni interazione 

sociale

• Stati mentali sono considerati emozioni, cognizioni/conoscenze, desideri, intenzioni, credenze-, 

• Aspetto fondamentale è la capacità di comprendere che gli altri hanno stati mentali diversi dai 

proprie potere quindi analizzare, comprendere e giudicare il comportamento degli altri.

• La teoria della mente è una teoria nel senso che la presenza della mente propria e altrui può 

essere inferita soltanto attraverso l'introspezione, e attraverso la congettura che gli altri, avendo 

atteggiamenti e comportamenti simili ai nostri, abbiano anche stati mentali propri.

• In questo senso, ogni individuo possiede una propria teoria della mente, e alcune condizioni 

come l'autismo e la schizofrenia sono state interpretate come un deficit specifico di questa abilità.
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Aggiornamento su studi e dati desunti da fMRI

Metanalisi automatizzata di 922 studi sul ‘’rinforzo’’







Brain development during evolution

Brain development after birth differs between Neanderthals and modern humans Philipp Gunz, Simon Neubauer, Bruno 
Maureille, and Jean-Jacques Hublin ,Current Biology 2010 Vol 20 No 21

Neandertal and modern human brains grow differently: 
humans brain growth postnatal is globular, neandertal
postnatal growth was not
The shape changes of the frontal and parietal bone in 
the human are driven by the increase in brain volume

Environment and stimuli shape the brain through evolution
the pathway from genetic variation to individual differences in personality may be mediated via 
variation in regional brain structure



Magnetic Resonance technique:
Non-invasive method to study brain development & injury

MRI Baby





Early growth and brain maturation into adolescence in term newborns

Monozygotic twin study (term birth):
subtle variations of the in utero environment, with mild 
birth weight (BW) variation are 
accompanied by 
① differences in postnatal intelligence quotient (IQ) 
② alterations of brain anatomy 

Greater BW within the normal range confers a sustained 
and generalized increase in brain volume, which in the 
cortical sheet, is specifically driven by altered surface 
area

Raznahan A et al. PNAS 2012 vol 109/28 11366-11371



Nato pretermine



Pretermine è il nato prima di 37 settimane complete di gestazione, sono circa il 10% 
dei nati in Italia

Limite di sopravvivenza dalla 23 settimana di gestazione completata, con un peso 
medio di 400 grammi 

Rischio maggiore se nati prima delle 32 settimane e sotto i 1500 grammi
Se gemelli rischio aumentato in specifiche classi di soggetti

Categoria a rischio di sviluppo di patologia non solo metabolica e neurologica, ma 
disturbi psico-comportamentali ed emotivo-relazionali (autismo, ADHD, DOP, DOC, 
Disabilità intellettiva, deficit sensoriali, disturbi apprendimento, patologia psichiatrica 
anche a lungo termine)

Il nato pretermine 



Zona germinativa / ventricular zone 
Neuroblasti e cellule della glia

Correlazione dei rapporti 
tra microcolonne
neuroblasti zona 
germinativa e 
organizzazione  della 
corteccia  network 
neuronali



Pretermine e insulto alle cellule della oligodendroglia guida migrazione 
neuronale



Sequence of injury events leading to altered brain 
development

Volpe, J. J. (2009). The Lancet Neurology 8(1): 110-124; Sem Ped Neurol 16: 167-178

Pre-OL
Glia non 
mielinizzata

SPN
Neuroni del 
subplate



Cortico-basal ganglia thalamo cortical circuits altered in 6 year old
preterm children



Matthews SG Pediatr Res 2000;47:291-300
Braun K J Perinatol 2011

Regions of the limbic system, such as 
the hippocampus, amygdala, nucleus 
accumbens, PFC and OFC, and 
cingulate gyrus, play distinct roles in 
cognitive and emotional development 
and are affected by early 
stress/separation

The knowledge that neonatal emotional 
experience and associated learning processes
are critical in the maturation of prefronto-
limbic circuits emphasizes the great 
importance of preterm and neonatal care

Developmental consequences of 
perinatal stress



Structural brain connectivity in school age preterm infants provides evidence 
for impaired networks relevant for higher-order cognitive skills and social 
cognition

Whole brain connectom differences in children born extremely preterm (sotto 28 seg) vs moderately preterm

• Structural connectivity (SC) was modeled by characterizing the efficacy of connections as the average 
fractional anisotropy (FA) and as the inverse of the apparent diffusion coefficient along the fiber bundles 
connecting 83 different cerebral regions.

Fischi E et al Cerb cortex 2014

ADC based structural connectivity, as an indicator of WM maturation and myelination
was reduced in interhemispheric WM pathways in EP children compared to controls, FA 
based SC is reduced also in intrahemispheric connectivity

Decreased fractional anisotropy-weighted SC (FAw-SC) 



GOMEZ E.F., VASUNG L., et al 2014. Structural brain connectivity in school age preterm infants provides evidence for impaired networks relevant for higher-order cognitive 
skills and social cognition, Cerebral Cortex, in press, doi:10.1093/cercor/bhu073
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Social Cognition and Behavior Skills

Results (EP)

Cognitive skills 

Schematic drawing of altered connections in EP subjects whose FAw-SC 
strength correlates with socio-cognitive outcome. 

Dotted lines: negative correlation. Continuous lines: positive correlation.
GOMEZ E.F., VASUNG L., et al 2014. Structural brain connectivity in school age preterm infants provides evidence for impaired networks relevant for higher-order cognitive 

skills and social cognition, Cerebral Cortex,  doi:10.1093/cercor/bhu073

Structural brain connectivity in school age preterm infants provides 
evidence for impaired networks relevant for higher-order cognitive 
skills and social cognition



GOMEZ E.F., VASUNG L., et al 2014. Structural brain connectivity in school age preterm infants provides evidence for impaired networks relevant for higher-order cognitive 
skills and social cognition, Cerebral Cortex, in press, doi:10.1093/cercor/bhu073
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Results (IUGR)

Social Cognition and Behavior SkillsCognitive skills 

Schematic drawing of altered connections in IUGR subjects whose FAw-SC 
strength correlates with socio-cognitive outcome. 

Dotted lines: negative correlation. Continuous lines: positive correlation.
GOMEZ E.F., VASUNG L., et al 2014. Structural brain connectivity in school age preterm infants provides evidence for impaired networks relevant for higher-order cognitive 

skills and social cognition, Cerebral Cortex, in press, doi:10.1093/cercor/bhu073




