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The rapid advancement of artificial intelligence, big data, the Internet of Things, and 5G/6G
telecommunications necessitates the development of flexible sensing technologies to construct a
hyperconnected smart society that can efficiently perceive reality. To satisfy the requirements of
diverse applications, flexible material design and device fabrication have been developed to
customize the mechanical and electrical properties and enhance device performance. In recent years,
our team has focused on flexible sensing materials and devices that enable traditionally rigid
electronics to change physical form. This presentation will first introduce the progress from
inorganic MXene materials to MXene-based hydrogel composites and material-to-device
processing. The operating principles and applications of the flexible strain sensors in wearable and
implantable devices are then discussed. Various sensing systems, including signal communication,
health monitoring, and human-machine interaction, are also illustrated. Finally, the outlook for
advanced, highly integrated sensing microsystems with multifunctional, multimodal, and flexible
capabilities is forecasted. With persistent progress in microfabrication, nanomaterials, and
electronic miniaturization, we foresee the realization of compact, adaptable platforms that

consolidate diverse sensing modalities, on-board computation, communication, and power delivery.
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Fig.1. Example of an artificial afferent nerve system.
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Peripheral nerve injury is a frequent issue in the field of biomedical rehabilitation. While some
progress has been achieved in peripheral nerve regeneration, characterizing this process through
electrophysiological signals remains unresolved. To address this, we implanted a biodegradable
conductive nerve scaffold at the site of sciatic nerve injury in rats. By incorporating N-type silicon
thin films, the scaffold enhances endogenous electric fields and guides axonal growth via directional
electrospun films. In the conducted in vitro experiments, N-type silicon membranes not only
stimulate the activity of DRG neuronal cells but also aid in axonal growth.

After eight weeks of electrode implantation in rat, the nerve regeneration electrode recorded
descending signals from the spinal cord during electrical stimulation. Moreover, this signal exhibits
similarities to the waveforms recorded by the classical Cuff electrode.In the process of locomotion,
the signals recorded by the nerve regeneration electrode undergo corresponding changes when the
rats lift their feet.The accuracy of predicting gait information using signals recorded by the nerve
regeneration electrode can surpass 90%.Additionally, the nerve regeneration electrode can function
as a stimulation electrode, generating stable movement in the hindlimbs of rats.In conclusion, the
nerve regeneration electrode can contribute to monitoring peripheral nerve regeneration and has

potential applications in closed-loop brain-computer interface systems utilizing peripheral nerves.
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