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We are pleased to respond to the extremely interesting review of Wimmer and Rojas-Libano 

regarding our recent publication in The Journal of Neuroscience (J Neurosci. 2013 Feb 

27;33(9):4076-93). The authors provide an elegant review of our findings and raise important 

points. Specifically, they state that the “picture of primary sensory cortex that emerges is that of a 

node in a highly dynamical network, rather than an isolated receiver/decoder of sensory inputs”. 

Here, we would like to take the opportunity to thank the authors and to discuss how this and other 

studies suggest that dynamic spatiotemporal processing of information is a hallmark of the rodent 

trigeminal system (and probably of all cortical systems). 

 

In studies performed with large scale recordings in anesthetized and awake immobile rats we have 

previously shown that receptive fields in the barrel cortex are not static, but dynamic (Ghazanfar 

and Nicolelis, 1999). The existence of such dynamic spatiotemporal properties suggested to us that 

somatosensory processing could be the result of large scale activity occurring between multiple 

areas and across hemispheres (Shuler et al., 2001, 2002; Wiest et al., 2005). Additionally, recording 

from complete systems in awake behaving animals (Nicolelis et al., 1995) further demonstrated that 

the behavioral state (Gervasoni et al., 2004) and the behavioral context (Fanselow and Nicolelis, 

1999) dictate the brain’s mode of operation. The observation that large scale operations related to 

different behavioral and tactile processing states led us to investigate the differences between tactile 

stimuli passively or actively processed in S1. In a series of studies using the width discrimination 

task (Krupa et al., 2001), we demonstrated that tactile relevant stimuli are actively represented in 

the S1 cortex (Krupa et al., 2004), and also that reward contingencies (Pantoja et al., 2007), learning 

(Wiest et al., 2010) and motor activity (Pais-Vieira et al., 2013a) can all modulate tactile 

representations in S1. Lastly, we tested if these large scale dynamic spatiotemporal interactions 

could be manipulated in real time to alter S1 processing. For this we superimposed alternative 

functional sensory maps in S1 and demonstrated that rats were able to use them in order to complete 

behavioral tasks (Pais-Vieira et al., 2013b; Thomson et al., 2013).  

 

Altogether, this large body of work has led us to propose the Asynchronous Convergence 

hypothesis (Nicolelis et al., 1995; Nicolelis, 2005; Nicolelis, 2011), i.e. that active tactile 

discrimination results from the dynamic interplay of multiple descending, ascending, and local 

afferents that converge asynchronously on neurons located at each stage of the trigeminal pathway. 

When combined, the properties described here generate a view of the somatosensory system that is 

not at all compatible with static restrictive terms such as labeled lines, cortical columns, or rigid 

sensory maps. Thus, the Asynchronous Convergence hypothesis is clearly more complex than any 

of these previous models, but is still able to explain both the previous and the more recent 

physiological data collected under more naturalistic conditions.  

 

In conclusion, multiple studies from our and other groups suggest that information processing in the 

trigeminal system (and probably other systems) is far more complex and interactive than what can 

be accommodated by classical theories of cortical processing. We expect that future studies 



recording from complete systems in awake behaving animals will further enhance this view of the 

brain. 

 

Miguel A.L. Nicolelis and Miguel Pais-Vieira 
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