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Figure 1 Clinical operation process of functional electrical stimulation
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ABSTRACT Functional electric stimulation (FES) for walking assistance is an essential rehabilitation technology for improv-
ing walking function in patients with central nervous system injuries. However, there is a lack of unified standard operational specifi-
cations for its clinical application. To standardize the clinical application of FES for walking assistance and enhance therapeutic out-
comes and safety, a project team led by experts from Sun Yat-Sen Memorial Hospital, Sun Yat-Sen University, has developed the
"Clinical Operation Specifications for Walking Assistance with Functional Electric Stimulation", integrating medical evidence and
clinical practice experience. Following the clinical operation workflow, this standard establishes guidelines for the clinical indica-
tions and contraindications of FES for gait assistance, pre-treatment assessments, motor point detection, equipment setup, environ-
mental considerations, intra-treatment operations, post-treatment procedures, and efficacy evaluations. This standard offers guidance
for the systematic and standardized application of FES technology, enhancing the consistency and safety of therapeutic effects, and
fostering the standardized application and dissemination of FES technology within the field of neurological rehabilitation.

KEY WORDS functional electric stimulation; walking assistance; neurorehabilitation; clinical operation specifications; standard
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Application of Motor Imagery Brain—Computer Interface Training Based
on Electroencephalogram in Stroke Rehabilitation

BAI Yulong®
Huashan Hospital, Fudan University, Shanghai 200040, China
*Correspondence: BAI Yulong, E-mail: dr_baiyl@fudan.edu.cn

ABSTRACT Stroke, as one of the leading causes of disability worldwide, severely impairs patients' quality of life. Motor imagery
brain-computer interface (MI-BCI) technology based on electroencephalogram (EEG) provides a new approach for motor function
rehabilitation after stroke by real-time decoding EEG signals related to patients' motor intentions and converting them into multimod-
al external feedback. This systematic review summarizes the advancements in clinical applications of MI-BCI for upper and lower
limb rehabilitation after stroke. Integrating MI-BCI with end-effectors such as rehabilitation robots, functional electrical stimulation
(FES), and virtual reality can enhance upper limb motor function in stroke patients. Combining MI-BCI with neuromodulation tech-
niques such as transcranial direct current stimulation or transcranial magnetic stimulation may further enhance decoding efficiency
and rehabilitation outcomes. In lower limb rehabilitation, MI-BCI combined with lower limb rehabilitation robot, ergometers or FES
has demonstrated positive potentials in improving gait, balance, and lower limb motor function in stroke patients. However, current
research faces several limitations, including small sample sizes, inconsistent parameters (e.g., training intensity, intervention dura-
tion, feedback modes), and insufficient mechanistic studies. The "BCI illiteracy" phenomenon and low decoding accuracy in lower
limbs also restrict the universal application of MI-BCI technology. Future research should conduct large-sample, multicenter random-
ized controlled trials to determine the optimal combinations and efficacy of different intervention strategies. It is also necessary to
further explore the mechanisms of MI-BCI that promote brain functional reorganization, thereby establishing a theoretical founda-
tion for individualized precision rehabilitation. Furthermore, technological innovation should be focused on enhancing signal decod-
ing accuracy and developing more intelligent and adaptive feedback modes to promote the clinical translation and application of MI-
BCl in stroke rehabilitation.

KEY WORDS stroke; motor dysfunction; electroencephalogram; motor imagery; brain-computer interface; intelligent rehabilita-
tion

DOI:10.3724/SP.J.1329.2026.02001
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