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A role for mathematics in understanding the brain:
Addressing complexity and bridging across fields

… the underlying causes of most of neurological and psychiatric conditions remain

largely unknown, due to the vast complexity of the human brain. If we are ever to

develop effective ways of helping people suffering from these devastating conditions,

researchers will first need a more complete arsenal of tools and information for

understanding how the brain functions both in health and disease. (BRAIN initiative)



Sleep and Memory
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Memory consolidation during sleep: 
the active consolidation hypothesis

wikipedia.org

Sleep allows for re-organization of memory traces across 
the brain through cortical-subcortical dialogue

Saletin et al. 2010
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The main actors of memory consolidation during sleep

Bi et al. 1998

Diekelmann and Born 2010
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Coordination of sleep rhythms across time scales

Coordination hierarchy of rhythms found both in humans 
and animals
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Sleep rhythms influence memory performance

Marshall et al. 2006
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Mednick et al.  2013
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Sleep is an active brain state
that can be recruited to optimize neurorehabilitation 



What about sleep in TBI? It depends…
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Mantua et al. 2018 https://doi.org/10.1016/j.smrv.2018.01.004

Pandi-Perumal et al., Springer, 2014

https://doi.org/10.1016/j.smrv.2018.01.004


What about sleep-and-memory in TBI?

Rebecca Spencer’s group: Mantua et al. 2015, 2017

Word-pair association task Recognizing images with different emotional values



Sleep after BI: 
a window on cognition and neurorehabilitation

Localization of sleep SWA after motor training can show 
where the injured brain is re-mapping motor learning

Huber et al. Nature 2004
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Sleep oscillations after BI: a natural resource
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We can identify sleep oscillations affected by TBI 

and non-invasively modulate them to promote recovery
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