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Abstract: 

Developing clinical-grade electronic medicine for neurological disorders is a challenging task 

due to the lack of rational material design that mimics the dynamic mechanical nature of the 

nervous system. Recent bioelectronic works have shown remarkable results by introducing soft 

and stretchable materials that allow conformal implantation on soft nerve tissues. In addition, 

soft adhesives have provided a strategy for long-term stable coupling to tissues and sustainable 

operation during dynamic movements on nerve tissues. Despite these efforts, achieving long-

term stability of devices interfacing with the nervous system remains challenging due to material 

degradation caused by dynamic mechanical deformations in peripheral nerves. To address this 

challenge, we introduce a new type of soft bioelectronic platform that is both durable and 

fatigue-resistant, with multi-scale sustainable adhesion. By combining robust tissue adhesion 

with fatigue-resistant capability, we were able to successfully collect electrophysiological signals 

generated by various tissues, ranging from rodent sciatic nerve to muscle and brain. Notably, we 

collected neural signals from a live walking rat, which were analyzed by a deep neural network to 

accurately predict the joint position. Also, the demonstration of nerve-to-nerve interfacing 

prove its potential for using in electroceuticals. These results demonstrate that adhesion and 

fatigue-resistant soft bioelectronics can enable the collection and analysis of large-sized in vivo 

data, offering a promising avenue for addressing challenges in neurological disorders. 
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