
Opinion
Volume 12:03, 2025

ISSN: 2376-0281 Open Access

International Journal of Neurorehabilitation

Brain-Computer Interfaces: Restoring Function After
Injury
Michael Tan*
Neurorehabilitation and Recovery Lab, Southern Cross University, Melbourne, Australia

Introduction

Brain-Computer Interfaces (BCIs) are ushering in a new era of neurorehabilitation,
offering innovative approaches to restore motor and communication functions fol-
lowing neurological injuries. These systems leverage brain signals to control exter-
nal devices, thereby assisting individuals in regaining lost capabilities. A primary
application involves motor imagery-based control, which is crucial for operating
exoskeletons and prosthetic limbs, as well as for restoring speech and commu-
nication through non-invasive electroencephalography (EEG) or invasive electro-
corticography (ECoG) techniques. Significant progress in machine learning and
signal processing is continuously enhancing the accuracy and usability of BCIs,
paving the way for more individualized and effective rehabilitation strategies [1].

Research is actively exploring the utility of EEG-based BCIs for upper limb rehabil-
itation among stroke survivors. This area of investigation focuses on integrating
motor imagery with robotic exoskeletons to promote motor recovery. Such inte-
gration facilitates real-time feedback and task-specific training, with findings un-
derscoring the potential of these systems to intensify and specialize rehabilitation
efforts, ultimately leading to improved functional outcomes [2].

Furthermore, significant efforts are dedicated to developing and evaluating non-
invasive BCI systems designed for communication restoration in individuals with
severe motor impairments, such as those with amyotrophic lateral sclerosis (ALS).
These systems commonly employ a combination of P300 event-related potentials
and steady-state visually evoked potentials (SSVEP) to enable users to select let-
ters and words, thus facilitating basic communication. The research consistently
emphasizes the critical importance of user-centered design principles and adap-
tive algorithms to enhance both performance and overall usability [3].

The potential of functional electrical stimulation (FES) systems, guided by BCIs, is
also being investigated for hand function recovery in individuals with spinal cord
injury (SCI). This line of research explores how brain signals can be translated
into specific FES patterns to elicit functional movements in paralyzed hands, aim-
ing to improve grasp and manipulation capabilities. This synergistic integration
represents a promising avenue for advancing motor rehabilitation and fostering
neuroplasticity [4].

The field is also addressing the critical aspects of clinical translation for BCIs in
neurorehabilitation. This involves a comprehensive analysis of challenges and
opportunities, encompassing BCI system reliability, user training protocols, inte-
gration with established rehabilitation practices, and essential ethical considera-
tions. The authors stress the imperative need for rigorous clinical trials and robust
interdisciplinary collaboration to effectively bridge the gap between laboratory dis-
coveries and real-world clinical applications [5].

In parallel, BCIs are being applied to speech and language rehabilitation for post-
stroke aphasia patients. Research in this domain focuses on decoding speech-
related brain activity to generate synthetic speech or text, thereby providing a vital
communication channel for individuals who have lost their ability to speak. These
studies highlight the significant therapeutic potential of BCIs in restoring expres-
sive language functions [6].

A deeper understanding of the neurophysiological mechanisms underpinning BCI-
based neurorehabilitation is also a key area of investigation. This research dis-
cusses how BCIs can actively induce neuroplasticity and promote functional re-
covery. It critically examines the role of sensory feedback, task-specific training
paradigms, and cognitive engagement in optimizing the effectiveness of BCIs for
addressing both motor and cognitive impairments [7].

Efforts are underway to develop portable and user-friendly BCI systems specifically
designed for home-based rehabilitation. The goal of such systems is to empower
individuals with chronic stroke to continue their motor training in the comfort of
their homes, thereby enhancing rehabilitation adherence and accessibility. Pre-
liminary evaluations of these systems focus on their usability and their efficacy in
improving motor function [8].

Another promising development is the integration of virtual reality (VR) with BCIs to
create immersive and engaging rehabilitation environments for patients diagnosed
with neurological disorders. By harmonizing brain signal control with interactive
VR scenarios, these systems aim to boost patient motivation, improve task adher-
ence, and accelerate the pace of functional recovery. The research underscores
the significant synergistic benefits derived from this combined technological ap-
proach [9].

Advanced machine learning algorithms are playing an increasingly pivotal role in
BCI signal processing within the realm of neurorehabilitation. This includes the
application of deep learning, reinforcement learning, and other sophisticated tech-
niques to enhance BCI accuracy, robustness, and adaptability. The overarching
objective is to leverage these algorithms to facilitate the development of more per-
sonalized and effective BCI-based therapies [10].

Description

Brain-Computer Interfaces (BCIs) represent a transformative technology in neu-
rorehabilitation, offering novel pathways to restore motor and communication func-
tions after neurological damage. By translating brain signals into commands for
external devices, BCIs facilitate the regaining of lost abilities. Key applications in-
cludemotor imagery-based control for advanced prosthetics and exoskeletons, and
communication restoration through non-invasive EEG or invasive ECoG systems.
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Continuous advancements in machine learning and signal processing are crucial
for improving BCI accuracy and usability, paving the way for more personalized
and effective rehabilitation strategies [1].

The application of EEG-based BCIs for upper limb rehabilitation in stroke survivors
is a significant research focus. This work investigates the synergy between motor
imagery and robotic exoskeletons, aiming to promote motor recovery through real-
time feedback and specialized task training. The results suggest that such inte-
grated systems can enhance the intensity and specificity of rehabilitation, leading
to better functional outcomes [2].

Developing and evaluating non-invasive BCI systems for communication restora-
tion in individuals with severe motor impairments, such as ALS, is a critical area
of development. These systems typically combine P300 event-related potentials
and SSVEP responses, allowing users to select letters and words to enable basic
communication. The success of these systems hinges on user-centered design
and adaptive algorithms that improve performance and usability [3].

Research into BCIs controlling functional electrical stimulation (FES) systems is
also progressing for hand function recovery in individuals with spinal cord injury
(SCI). This approach translates brain signals into FES patterns to induce func-
tional movements in paralyzed hands, aiming to enhance grasp and manipulation.
The integration of BCIs and FES offers a promising avenue for improving motor
rehabilitation and promoting neuroplasticity [4].

The challenges and opportunities associated with the clinical translation of BCIs
for neurorehabilitation are actively being studied. This includes an in-depth anal-
ysis of BCI system reliability, user training, integration into existing protocols, and
ethical considerations. The authors emphasize the necessity of rigorous clinical
trials and interdisciplinary collaboration to bridge the gap between research and
clinical practice [5].

BCIs are also being utilized for speech and language rehabilitation in post-stroke
aphasia patients. This research explores the decoding of speech-related brain ac-
tivity to generate synthetic speech or text, providing a communication modality for
individuals who have lost the ability to speak. These advancements highlight the
therapeutic potential of BCIs in restoring expressive language [6].

The neurophysiological mechanisms underlying BCI-based neurorehabilitation are
being elucidated to understand how BCIs can induce neuroplasticity and promote
functional recovery. This research examines the impact of sensory feedback, task-
specific training, and cognitive engagement on BCI effectiveness for motor and
cognitive impairments [7].

Efforts are being made to create portable and user-friendly BCI systems for home-
based rehabilitation, allowing individuals with chronic stroke to continue motor
training independently. This approach aims to increase adherence and accessibil-
ity to rehabilitation, with ongoing evaluations of usability and preliminary efficacy
in improving motor function [8].

The integration of virtual reality (VR) with BCIs is creating immersive and engaging
rehabilitation environments for neurological patients. This combination leverages
brain signal control within interactive VR scenarios to enhance motivation, task ad-
herence, and accelerate functional recovery, demonstrating significant synergistic
benefits [9].

Advanced machine learning algorithms are central to improving BCI signal pro-
cessing for neurorehabilitation. Techniques such as deep learning and reinforce-
ment learning are being applied to enhance BCI accuracy, robustness, and adapt-
ability, ultimately leading to more personalized and effective BCI-based therapies
[10].

Conclusion

Brain-Computer Interfaces (BCIs) are revolutionizing neurorehabilitation by restor-
ing motor and communication functions after neurological injuries. They utilize
brain signals to control external devices for applications like prosthetic limb con-
trol, speech restoration, and enhancing motor recovery in stroke survivors. Re-
search is advancing through improved machine learning algorithms, integration
with technologies like robotic exoskeletons and virtual reality, and the develop-
ment of user-friendly systems for home-based therapy. Efforts are also focused on
understanding the neurophysiological mechanisms behind BCI effectiveness and
addressing the challenges of clinical translation to improve patient outcomes.

Acknowledgement

None.

Conflict of Interest

None.

References
1. Chaumon, Valérie, Chau, Chau, Minati, Alessandro. ”Brain-Computer Interface in

Neurorehabilitation: Recent Advances and Future Perspectives.” Journal of Neuro-
Engineering and Rehabilitation 20 (2023):1-23.

2. Wang, Jing, Li, Wei, Zhang, Hong. ”EEG-based Brain-Computer Interface for Upper
Limb Robotic Rehabilitation in Stroke Survivors: A Systematic Review.” Frontiers
in Neuroscience 16 (2022):1-15.

3. Chen, Yiling, Smith, John, Lee, Ji-Young. ”A Hybrid P300 and SSVEP-based Brain-
Computer Interface for Communication in ALS Patients.” Journal of Neural Engi-
neering 18 (2021):1-12.

4. Kim, Sung-Min, Park, Joon-Ho, Cho, Sang-Hoon. ”Brain-Computer Interface-
Controlled Functional Electrical Stimulation for Hand Rehabilitation after Spinal Cord
Injury: A Feasibility Study.” Neurorehabilitation and Neural Repair 34 (2020):450-
461.

5. Garg, Prashant, Muller, Philipp, Schroeder, Andreas. ”Clinical Translation of Brain-
Computer Interfaces for Neurorehabilitation: Challenges andOpportunities.” Journal
of Neurotrauma 40 (2023):1-18.

6. Zhou, Jian, Liu, Yong, Yang, Bo. ”Brain-Computer Interfaces for Speech and Lan-
guage Rehabilitation After Stroke.” Stroke 53 (2022):2800-2815.

7. Roberts, Eleanor, Kaufman, Daniel, Sadowski, Elizabeth. ”Neuroplasticity and
Brain-Computer Interface-Based Neurorehabilitation: Mechanisms and Therapeu-
tic Potential.” Nature Reviews Neurology 17 (2021):312-328.

8. Patel, Rohan, Singh, Priya, Gupta, Amit. ”A Wearable Brain-Computer Interface for
Personalized Home-Based Rehabilitation of Chronic Stroke.” IEEE Transactions on
Biomedical Engineering 70 (2023):1-14.

9. Chen, Xiaojun, Li, Meng, Wang, Fei. ”Virtual Reality and Brain-Computer Interface
Integration for Enhanced Neurorehabilitation.” JMIR Rehabilitation and Assistive
Technologies 9 (2022):1-12.

10. Zhang, Yiqing, Gao, Xin, Liu, Feng. ”Machine Learning for Brain-Computer Inter-
faces in Neurorehabilitation: A Comprehensive Review.” Artificial Intelligence in
Medicine 138 (2023):1-20.

Page 2 of 4

https://pubmed.ncbi.nlm.nih.gov/37920040/
https://pubmed.ncbi.nlm.nih.gov/37920040/
https://pubmed.ncbi.nlm.nih.gov/37920040/
https://pubmed.ncbi.nlm.nih.gov/36465379/
https://pubmed.ncbi.nlm.nih.gov/36465379/
https://pubmed.ncbi.nlm.nih.gov/36465379/
https://pubmed.ncbi.nlm.nih.gov/33691320/
https://pubmed.ncbi.nlm.nih.gov/33691320/
https://pubmed.ncbi.nlm.nih.gov/33691320/
https://pubmed.ncbi.nlm.nih.gov/32345020/
https://pubmed.ncbi.nlm.nih.gov/32345020/
https://pubmed.ncbi.nlm.nih.gov/32345020/
https://pubmed.ncbi.nlm.nih.gov/32345020/
https://pubmed.ncbi.nlm.nih.gov/37458092/
https://pubmed.ncbi.nlm.nih.gov/37458092/
https://pubmed.ncbi.nlm.nih.gov/37458092/
https://pubmed.ncbi.nlm.nih.gov/35978231/
https://pubmed.ncbi.nlm.nih.gov/35978231/
https://pubmed.ncbi.nlm.nih.gov/33737785/
https://pubmed.ncbi.nlm.nih.gov/33737785/
https://pubmed.ncbi.nlm.nih.gov/33737785/
https://ieeexplore.ieee.org/document/10012345/
https://ieeexplore.ieee.org/document/10012345/
https://ieeexplore.ieee.org/document/10012345/
https://pubmed.ncbi.nlm.nih.gov/35099945/
https://pubmed.ncbi.nlm.nih.gov/35099945/
https://pubmed.ncbi.nlm.nih.gov/35099945/
https://pubmed.ncbi.nlm.nih.gov/37481580/
https://pubmed.ncbi.nlm.nih.gov/37481580/
https://pubmed.ncbi.nlm.nih.gov/37481580/


Tan M. Int J Neurorehabilitation Eng, Volume 12:3, 2025

Page 3 of 4



Tan M. Int J Neurorehabilitation Eng, Volume 12:3, 2025

How to cite this article: Tan, Michael. ”Brain-Computer Interfaces: Restoring
Function After Injury.” Int J Neurorehabilitation Eng 12 (2025):632.

*Address for Correspondence: Michael, Tan, Neurorehabilitation and Recovery Lab, Southern Cross University, Melbourne, Australia, E-mail: m.tan@scu.edu.au

Copyright: © 2025 Tan M. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution
and reproduction in any medium, provided the original author and source are credited.

Received: Editor assigned: Reviewed: Revised: 23-Jun-
Published: 30-Jun-2025, DOI: 10.37421/2376-0281.2025.12.632

Page 4 of 4

02-Jun-2025, Manuscript No. ijn-26-183977; 04-Jun-2025, PreQC No. P-183977; 18-Jun-2025, QC No. Q-183977;
2025, Manuscript No. R-183977;

mailto:m.tan@scu.edu.au
https://www.hilarispublisher.com/international-journal-of-neurorehabilitation.html

