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Introduction: EEG-based brain-computer interfaces (BCIs) have gained attention for their potential to
enhance post-stroke rehabilitation through motor imagery tasks. By dynamically tailoring the system to
individual neurophysiological responses, adaptive BCIs promise more personalized rehabilitation,
potentially improving patient engagement and intervention outcomes [1,2,3]. However, given the diversity
in post-stroke motor impairments and neuro-rehabilitation approaches, the comparative efficacy of
adaptive versus non-adaptive BCIs remains unclear [4, 5]. Hence, the current study aimed to
systematically evaluate empirical evidence on adaptive EEG-based BCIs, focusing on their benefits,
challenges, and effectiveness in post-stroke rehabilitation.

Material, Methods and Results: A scoping review was conducted following the PRISMA-ScR protocol to
investigate the benefits and effectiveness of adaptive EEG-based motor imagery BCIs for post-stroke
patients. A systematic search of 3 databases (Scopus, PubMed and IEEE Xplore) with the query “(BCI
OR Neurofeedback) AND stroke AND EEG AND adaptive AND motor” provided 62 original
publications, 13 of which met the predefined inclusion/exclusion criteria. Data extraction from these 13
studies highlighted that adaptive BCIs can effectively address challenges such as inter-user variability and
EEG non-stationarity through real-time adaptation of the feedback and model recalibration. For instance,
personalized calibration could enhance classification accuracy for stroke patients by up to 13.5% when
adapting to inter-session signal fluctuations [3, 5]. Additionally, real-time feedback mechanisms were
shown to promote cortical reorganization. One study reported a 15% improvement in Fugl-Meyer
Assessment scores for upper extremities when combining adaptive BCIs with virtual reality and
functional electrical stimulation [3]. Therefore, positive trends in motor recovery and user engagement
were identified [3, 6], yet direct comparisons to non-adaptive systems were considered limited. Variability
in study designs and outcome measures further constrained definite conclusions about the comparison
between adaptive and non-adaptive systems [4, 5, 6].

Conclusion: Our scoping review shows that while adaptive BCIs offer significant promise in stroke
rehabilitation by personalizing feedback and addressing EEG signal variability, limitations exist in
comparative studies and standardization, highlighting the need for further research. Future studies should
prioritize direct comparisons between adaptive and non-adaptive systems, alongside longitudinal designs
to assess long-term impacts on motor recovery and daily functioning.

References:
[1] Zhao C. Brain-computer interface technology in stroke rehabilitation. Dean&Francis Press, 2024. https://doi.org/10.61173/4y3cdc08 .
[2] Girouard A. Adaptive brain-computer interface. In Proceedings of the CHI ’09 Extended Abstracts on Human Factors in Computing

Systems, 3097–3100, Association for Computing Machinery, 2009. https://doi.org/10.1145/1520340.1520436 .
[3] Zhang R, Wang C, He S, Zhao C, Zhang K, Wang X, Li Y. An adaptive brain-computer interface to enhance motor recovery after stroke.

IEEE Transactions on Neural Systems and Rehabilitation Engineering, 31, 2268–2278, 2023.
https://doi.org/10.1109/TNSRE.2023.3272372 .

[4] Faller J, Scherer R, Friedrich EV, Costa U, Opisso E, Medina J, Müller-Putz GR. Non-motor tasks improve adaptive brain-computer
interface performance in users with severe motor impairment. Frontiers in Neuroscience, 8, 320, 2014.
https://doi.org/10.3389/fnins.2014.00320 .

[5] Astrand E, Plantin J, Palmcrantz S, Tidare J. EEG non-stationarity across multiple sessions during a motor imagery-BCI intervention: Two
post-stroke case series. In Proceedings of the 2021 International IEEE/EMBS Conference on Neural Engineering (NER), 817–821, IEEE,
2021. https://doi.org/10.1109/NER49283.2021.9441076.

[6] Yang H, Guan C, Chua KS, Chok SS, Wang CC, Soon PK, Ang KK. Detection of motor imagery of swallow EEG signals based on the
dual-tree complex wavelet transform and adaptive model selection. Journal of Neural Engineering, 11(3), 035016, 2014.
https://doi.org/10.1088/1741-2560/11/3/035016.

11th International Brain-Computer Interface Meeting 2025 DOI: 10.3217/978-3-99161-050-2-024

Published by Verlag der Technischen Universität Graz

CC BY 4.0

24
https://creativecommons.org/licenses/by/4.0/deed.en

This CC license does not apply to third party material and content noted otherwise.

mailto:m.alimardani@vu.nl
https://doi.org/10.61173/4y3cdc08
https://doi.org/10.1145/1520340.1520436
https://doi.org/10.1109/TNSRE.2023.3272372
https://doi.org/10.3389/fnins.2014.00320
https://doi.org/10.1109/NER49283.2021.9441076
https://doi.org/10.1088/1741-2560/11/3/035016

