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Figure 1 Basic principle of BCI system
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Application of Brain—Computer Interfaces in Rehabilitation
of Central Nervous System Disorders
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ABSTRACT Central nervous system (CNS) disorders often result in disturbances of consciousness, motor function, language, cog-
nition, and sensation, severely compromising patients' quality of life. Brain-computer interface (BCI) technology offers a novel ap-
proach to CNS functional rehabilitation by real-time decoding of brain intentions into environmental interaction signals, and by re-
shaping neuroplasticity through motor and sensory feedback, as well as assisted rehabilitation training. This study provides a compre-
hensive review of the principles and classification of BCI technology and its applications in critical areas of neurorehabilitation, in-
cluding consciousness assessment and intervention, motor function restoration, cognitive function modulation, and sensory function
compensation, aiming to inform the broader application of BCI technology. However, the clinical application of BCI remains in the
experimental phase and confronts numerous challenges, including the need to overcome hardware limitations and refine algorithms
at the technical level, and the need to advance large-scale clinical trials, establish a global ethical and regulatory framework, and fos-
ter interdisciplinary collaboration at the clinical translation level.
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ABSTRACT Stroke patients are often accompanied by motor, sensory, cognitive, and speech dysfunctions, which seriously affect
their quality of life. As an innovative technology integrating real-time assessment with rehabilitation training, electroencephalogram
(EEG)-based brain-computer interface (BCI) technology has demonstrated significant potential in stroke rehabilitation. This study
provides a comprehensive review of EEG-BCI technology, including its definition and classification, basic characteristics of EEG
signals, and paradigm types, along with its application in stroke rehabilitation, as well as its limitations and future prospects. The
EEG-BCI paradigms include motor imagery (MI), event-related potential (ERP), steady state evoked potential (SSEP), and hybrid
brain-computer interface (hBCI), etc. The applications of EEG-BCI technology in stroke rehabilitation encompass motor function
rehabilitation (upper limb movement and hand function, lower limb movement function, gait function, etc), cognitive function reha-
bilitation, and speech function rehabilitation. The shortcomings of the application include high signal noise, low spatial resolution,
and lack of personalized treatment plans. By optimizing deep learning algorithms, and establishing personalized treatment protocols,
ethical standards for multimodal integration, and stage-by-stage clinical translation strategies, EEG-BCI technology is anticipated to
offer more accurate and safe rehabilitation programs for stroke patients.

KEY WORDS stroke; brain-computer interface; electroencephalogram;motor rehabilitation; cognitive rehabilitation; speech reha-
bilitation
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