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    Abstract
Traumatic brain injury damages white matter pathways that connect brain regions, disrupting transmission of electrochemical signals and causing cognitive and emotional dysfunction. Recovery occurs within weeks or months in some individuals, while others suffer chronic and debilitating impairment. The mechanism for how the brain compensates for injury has not been fully characterized. Here, we collect global structural and functional connectome metrics (derived from diffusion and resting-state functional MRI, respectively) and neuropsychological scores in 26 mild traumatic brain injury subjects (29.4±8.0 years of age, 20 male) at 1 month and 6 months post-injury. In addition, we quantified the relationship between functional and structural connectomes using network diffusion model propagation time, a measure that can be interpreted as how much of the structural connectome is being utilized for the spread of functional activation, which is captured via the functional connectome. A measure of overall cognition showed significant improvement from 1 month to 6 months (t = −2.15, p < 0.05). None of the structural or functional global connectome metrics were significantly different between 1 month and 6 months, or when compared to a group of 34 age- and gender-matched controls (28.6±8.8 years, 25 male). We predicted longitudinal changes in overall cognitive function from changes in global connectome measures using a partial least squares regression model (cross-validated R2 = 0.21). We show that longitudinal increases in network diffusion model propagation time, decreases in structural and functional connectome efficiency, increases in structural connectome characteristic path length and decreases in functional connectome clustering coefficient were significant predictors of longitudinal improvement in cognitive function. We interpret these findings as support for the “functional rerouting” hypothesis of neuroplasticity after injury, wherein impaired structural connections are compensated for by rerouting of functional connections along alternate, possibly less efficient, structural pathways.
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