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Introduction:  Human cortical development is a complex process that has significant implications on the typical and atypical development of neuroanatomy.  Recent 
attention has been focused on measuring cortical thickness as a means to assess the variations of cortical maturation in neurodevelopmental and neurological disorders 
such as schizophrenia, autism, and attention deficit hyperactivity disorder1-4.  Therefore, it is essential to characterize and analyze longitudinal cortical development 
during infancy and early childhood, and its association with cognition to provide insight into the processes underlying typical and atypical development. 
Objective: Here we aimed to perform the first longitudinal study of normative cortical development in healthy, typically developing children between 1 to 5.7 years.  
Longitudinal trajectories of cortical neurodevelopment were fit and compared against linear, quadratic, and polynomial growth curves using mixed effects modeling to 
ascertain an accurate and robust model for cortical development.  Gender and cognitive differences were considered and hypothesized to influence longitudinal cortical 
development. 
Materials/Methods:  Longitudinal high-resolution magnetic resonance (MRI) data was successfully acquired from 163 healthy, typically developing children (total of 
237 images) between the ages of 1 and 5.7 years of age on a Siemens Trio scanner during non-sedated sleep or while watching a movie. Advanced Normalization Tools 
(ANTs) bias correction (N3) was performed on all the data, and cortical thickness values were calculated and analyzed using Freesurfer5,6.   Cortical thickness values 
were obtained in millimeters (mm) and characterized as the distance between the pia and the gray/white matter boundary for each specific image individually.  Linear 
and non-linear mixed-effects models were fit to the data in order to characterize regional cortical development from 34 brain regions per hemisphere7.  Early Learning 
Composite (ELC) values, a surrogate measure of IQ, were obtained through the Mullens Scales of Early Learning in order to analyze the relationships between 
cognition and cortical development.  Correlations between gender and cortical development were also evaluated. 
Results:  Longitudinal trajectories of cortical thickness were observed to follow linear, quadratic, and polynomial behavior in different brain regions and in different 
hemispheres. Bayesian information criteria revealed appropriate model fitting and accuracy.  Cortical development trajectories showed significant  (p <0.05; 
uncorrected for multiple comparisons) difference between groups with above average, average, and below average ELC scores in the right superior frontal gyrus, right, 
transverse temporal gyrus, and left cuneus.  Gender did not correlate with differential longitudinal cortical development. 
Discussion:  The observed trajectories for cortical development reveal the complexity and irregularity involved in brain maturation.  Linear, quadratic, and polynomial 
models showed effective fitting for different brain regions and different fits were observed in the same region in different hemispheres.  Significant differential cortical 
trajectories observed between above average, average, and below average ELC populations indicate potential correlations between cortical maturation and cognition, 
but future studies are needed to replicate these results to decrease type I error due to the failure to correct for multiple comparisons.  
Conclusions:  In this work we characterized longitudinal cortical development amongst a large population of children from 1 to 5.7 years.  We demonstrate that cortical 
development is a rapid, dynamic, and complex process that follows linear, quadratic, and polynomial developmental trajectories dependent on brain region.  We also 
demonstrate that overall group cognition influences cortical maturation.  This study is an important step for understanding normative longitudinal cortical development 
and its relationship to cognition, providing a foundation for future studies. 
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