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Abstract: Brain Computer Interface (BCI) establishes a direct communication pathway between the brain and external
devices, offering critical technological support for exploring neural mechanisms, monitoring brain states, and enabling
restoration and enhancement of central nervous system functions. Traditional BCIs have largely relied on signal features
extracted from localised brain activities and continue to face challenges in terms of decoding accuracy and stability. Given
that higher-order cognition and behaviour emerge from dynamic interactions among large-scale neuronal ensembles—rather
than isolated regional activity-BClI is increasingly focusing on analysing the global topological properties of brain networks.
This shift presents new opportunities for overcoming performance bottlenecks. To comprehensively elucidate how brain
network analysis can promote the development of BCIs and to provide field references, this review systematically surveyed
the core applications and recent progress of brain network analysis in BCI. First, from a mechanistic perspective, brain
network analysis reveals that BCI learning and modulation involve neuroplasticity characterised by large-scale network
reorganisation, extending beyond mere changes in local activity. Second, for state decoding, brain network analysis can serve
as either a priori knowledge to guide and optimise decoding models or as novel features to characterise the overall topological
structure, thereby significantly enhancing performance. Third, in neuromodulation, brain network analysis provides a basis
for more precise target selection and more comprehensive outcome assessment for BCI-based interventions, facilitating their
therapeutic efficacy in neuropsychiatric disorders. Finally, this review summarises the current challenges in brain network-
based BCl-including identification of spurious connections, individualised network modelling, decoding performance
bottlenecks, and real-time computational demands-and offers an outlook on future directions to promote the development of
this field.
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Figure.2 Application of Brain Networks in Brain-Computer Interfaces
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