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ABSTRACT

Motor dysfunction is a major disabling consequence of neurological disorders such as stroke, spinal cord injury,
and cerebral palsy, fundamentally arising from impaired neural pathways between motor intention generation and
limb execution. Brain-computer interfaces (BClIs) establish direct communication between the brain and external
effectors, enabling the direct mapping of neural activity to functional output. Although advances in flexible neural
interfaces, low-damage implantation techniques, and artificial intelligence-based decoding have driven the
transition from short-term discrete control to long-term continuous modulation, interface instability—induced
signal degradation and decoding errors are further amplified by neural signal non-stationarity and inter-individual
variability, thereby forming an interface-signal-decoding coupling bottleneck that limits long-term stable
operation and clinical application. This review systematically summarizes recent progress in BCIs for motor
rehabilitation, analyzes the design of different neural interfaces and their stability mechanisms, and compares the
applicability of mainstream decoding methods for non-stationary signal processing. In addition, the application
potential of BCIs in exoskeletons, neuroprostheses, and rehabilitation robots for stroke recovery is discussed.
Finally, we highlight that the integration of neural interface engineering and adaptive intelligent decoding will be
critical for achieving long-term stability, individual adaptation, and clinically sustainable application of BCI
systems.
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