
▪  We use brain scans of 203 normally growing children (age:  4.8 
to 18.3 years, males/females: 92/111) from the NIH MRI study of 
normal brain development database [3] 

▪  For developmental changes: 4 groups  
     Group-I (Early Childhood): n = 51, age = 4.8-8.4 yrs 
     Group-II (Late Childhood): n = 51, age = 8.5-11.3 yrs 
     Group-III (Early Adolescence): n = 51, age = 11.4-14.7 yrs 
     Group-IV (Late Adolescence): n = 51, age = 14.8-18.3 yrs                                

▪  Using the structural MRI images, cortical thickness was 
computed at 78 ROIs (which were based on AAL template) as 
well 1168 ROIs (custom-made template) 

▪  Two regions were considered connected if the group-wise 
correlation in cortical thickness between the two regions 
exceeded a threshold 

▪  The resulting 78 × 78 (or, 1168 × 1168) binary connection 
matrix defined a network graph for each age group 

▪  The topological properties of these networks were        
analyzed using a number of graph theoretical measures,     
namely: clustering coefficient, path length and modularity 

▪  To look at inter-regional connectivity changes, brain       
regions were divided into functional divisions, namely:     primary 
sensory-motor, limbic, paralimbic and association 

▪  Inter-regional changes in connectivity were inferred by 
comparing the correlation values in the age groups as well         as 
by using the topological parameter, regional efficiency 
  

Introduction

▪  During development, the structural and functional connect-
ivity of the human brain changes dramatically [1] 

▪  Brain imaging studies have shown widespread changes in grey 
matter during adolescence most notably, an increase in grey 
matter during adolescence followed by a decrease which has 
been proposed to reflect synaptic pruning [2] 

▪  However, the processes through which neural networks are 
reorganized during developmental periods are still poorly 
characterized 

▪  In this study, we try to address this issue by looking at 
structural brain networks based on cortical thickness on a    large 
population of normally growing children with age       range from 
4.8 to 18.3 years

Materials and Methods

Conclusion

▪  Cortical networks in the developing brain inferred with 
cortical thickness, revealed complex developmental 
changes 

▪  During late childhood (8.5-11.3 years), there was a 
decrease of clustering coefficient and modularity suggesting 
a more distributed organization of network, as well as a 
decrease in path length suggesting a more well connected 
network 

▪  By adolescence, there was increased clustering 
coefficient and modularity, which might indicate a re-
organization towards a more-modular network  

▪  Connector hubs increased from early childhood and were 
distributed to several brain regions in late childhood; 
however by late adolescence, they were restricted and 
localized to higher association areas in frontal and parietal 
regions 

▪  Inter-regional connectivity analysis revealed the 
existence of primary sensory and motor connections by 
early childhood in accordance with the view that in young 
age, primary sensory and motor regions are more well 
developed. The higher order association and paralimbic 
connectivity continues to increase during the age groups, 
reflecting a later maturational development of higher-order 
multimodal brain regions 

▪  The developmental patterns seen with inter-regional 
connectivity analysis were also seen with regional 
efficiency. Regional Efficiency was high by early childhood 
and it is decreased in later age groups, while the paralimbic 
and association showed increasing regional efficiency with 
age.

Results
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