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Avulsion of spinal nerve roots in the brachial plexus (BP) can be repaired by crossing nerve
transfer via a nerve graft to connect injured nerve ends to the BP contralateral to the
lesioned side. Sensory recovery in these patients suggests that the contralateral primary
somatosensory cortex (S1) is activated by afferent inputs that bypassed to the contralateral



BP. To confirm this hypothesis, the present study visualized cortical activity after crossing
nerve transfer in mice through the use of transcranial flavoprotein fluorescence imaging.
In naive mice, vibratory stimuli applied to the forepaw elicited localized fluorescence
responses in the S1 contralateral to the stimulated side, with almost no activity in the
ipsilateral S1. Four weeks after crossing nerve transfer, forepaw stimulation in the injured
and repaired side resulted in cortical responses only in the S1 ipsilateral to the stimulated
side. At eight weeks after crossing nerve transfer, forepaw stimulation resulted in S1
cortical responses of both hemispheres. These cortical responses were abolished by cutting
the nerve graft used for repair. Exposure of the ipsilateral S1 to blue laser light suppressed
cortical responses in the ipsilateral S1, as well as in the contralateral S1, suggesting that
ipsilateral responses propagated to the contralateral S1 via cortico-cortical pathways.
Direct high-frequency stimulation of the ipsilateral S1 in combination with forepaw
stimulation acutely induced S1 bilateral cortical representation of the forepaw area in
naive mice. Cortical responses in the contralateral S1 after crossing nerve transfer were
reduced in cortex-restricted heterotypic GluN1 (NMDAR1) knockout mice. Functional
bilateral cortical representation was not clearly observed in genetically manipulated mice
with impaired cortico-cortical pathways between S1 of both hemispheres. Taken together,
these findings strongly suggest that activity-dependent potentiation of cortico-cortical
pathways has a critical role for sensory recovery in patients after crossing nerve transfer.
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