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Development of EEG and paradigms e —
tect ink!
Development of electrodes and BC spikes with a EeoG ggl:l?é;nk’ e‘ll;blegrt.léz
array [77] by BCF[%]%]

Brain projects

Vidal firstly proposed the term Pfurtscheller
"brain-computer interface" I{?::‘;}g;g::f [ﬂ:{ discovered
(BCI) [13a] ERD in MI[11]
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the basic definition
of BCI[17]

1995 1997 2004 2014

BrainGates enabled
word-typing and robotic
amm control by BCI [5]

Synchron' received the
FDA's approval to conduct
clinical trial [78]

Jagan launched its
rain/MIND.
project [3]
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Research and Applications of Flexible Bioelectrode Materials

in the Field of Brain—Computer Interfaces

JI Jiujiang", MA Haijun™
(1. Key Laboratory of Bioinspired Interfacial Materials Science,
Suzhou Institute for Advanced Research, University of Science and Technology of China, Suzhou 215123, China;
2. Key Lab of Ministry of Education for Protection and Utilization of Special Biological Resources in Western China,

School of Life Sciences, Ningxia University, Yinchuan 750021, China)

Abstract: Brain-Computer Interface (BCI) technology, serving as a critical link between the human brain and
external devices, has made remarkable progress in recent years across various fields, including neuroscience,
rehabilitation medicine, and human-machine interaction. Traditional rigid materials (e. g. , silicon-based sub-
strates and metallic microneedles) often exhibit marked mechanical and geometric mismatches with brain tissue,
resulting in complications such as tissue damage, immune rejection, and signal degradation. In contrast, flexi-
ble bioelectrode materials, characterized by superior mechanical compliance, biostability, and reliable electro-
physiological recording capabilities, have emerged as a focal point in teh research and development of BCI hard-
ware. This study systematically reviews the current state of flexible biomaterials used in BCIs, highlighting
their advantages in long-term implantation safety and signal stability, while also addressing the challenges and
future directions in this field. A comprehensive assessment reveals that flexible bioelectrodes show considerable
potential for customized design, multifunctional integration, and secure, stable monitoring. Accordingly,
future research should focus on the development of novel functionalized flexible materials and the optimization of
device integration and packaging strategies to faciliate the clinical translation and practical application of BCI

technologies.

Key words: brain-computer interface; flexible biomaterials; hydrogel; electrospinning
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