NEURAL CONNECTIVITY CHANGES AFTER TARGETED MUSCLE REINNERVATION
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Upper limb amputations have a significant impact on daily function, with more than 30,000 new cases annually in the United States. Phantom limb pain (PLP) is a prevalent debilitating post-amputation complication, linked to cortical reorganization. Neuroimaging studies suggest that increased limb use can mitigate maladaptive plasticity and reduce pain. Targeted muscle reinnervation (TMR) is a surgical intervention where residual limb nerves are rerouted to alternative muscle sites to improve myoelectric prosthesis control, subsequently increasing limb use. TMR correlated to long-term reversal of maladaptive neural changes and improving PLP. Typically, the sensorimotor cortex controls the contralateral limb, but amputation often disrupts this leading to ipsilateral dominance. Long-term studies indicate a shift towards contralateral dominance and increased connectivity after TMR, suggesting that neuromuscular loop restoration and pain reduction contribute to these changes. Similarly, studies on hand transplantation indicate initial activation in motor planning areas before primary sensorimotor engagement. However, the short-term cortical effects and underlying neural mechanisms remain underexplored. This study aims to evaluate short-term cortical reorganization following TMR in an adult upper limb amputee due to trauma 4 years prior, by analyzing hemispheric dominance and functional connectivity. We hypothesized that before TMR, hemispheric dominance will favor the ipsilateral side with weak interhemispheric connectivity, and short-term post-TMR changes will show increased interhemispheric connectivity in premotor regions and reduced activation in primary motor and sensory areas. The TMR procedure involved excising neuromas in the median and ulnar nerves and transferring the nerves to muscle motor branches at the elbow level. Functional near-infrared spectroscopy was used to assess neural activity before and after the procedure during a motor imagery task rather than at rest, providing a more functional perspective on TMR-induced changes. Pre-TMR, hemispheric dominance was bilateral, with weak interhemispheric connectivity. Post-TMR, laterality unexpectedly shifted toward the ipsilateral hemisphere, whereas interhemispheric connectivity in the premotor regions increased, while sensory cortex connectivity both inter and intrahemispheric decreased. These findings provide valuable insights into the early cortical responses to TMR. Increased interhemispheric connectivity in premotor regions may represent an early-stage indicator of cortical adaptation following TMR. A novel finding was the further shift from contralateral dominance post-TMR before full motor function is restored. The study highlights the potential of functional neuroimaging in tracking cortical changes post-TMR, underscoring its relevance for optimizing rehabilitation strategies.

