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1. Background and Objectives of the Research and Development
1. Background and Objectives of the Research and Development

A Brain—Machine Interface (BMI) is a technology that analyzes brain signals using artificial intelligence and
other methods, enabling users to control devices such as robots through thought alone. BMI is expected to
restore lost physical functions and improve the quality of life of individuals with severe disabilities. Among BMI
technologies, implantable BMIs are particularly challenging to develop but offer highly accurate brain signal
acquisition and superior practical performance.

BMI development has accelerated globally in recent years. In the United States, a company founded by Elon
Musk has attracted considerable attention by rapidly advancing implantable BMI technology and initiating
clinical trials in 2024. In Japan, the principal investigators and their collaborators have been developing an
implantable BMI based on electrocorticography (ECoG) electrodes for more than 17 years and are approaching
the clinical trial stage.

Regulatory frameworks have also been established. The U.S. FDA issued guidance related to BMI technologies
in 2021. In Japan, evaluation criteria for neurofunctional modulation devices, including BMI systems, were
incorporated into the “Evaluation Index for Next-Generation Medical Devices” in 2010, alongside the "Guideline
for the Development of Implantable Neurostimulators.”

Because BMl is a highly innovative technology, development has largely progressed through trial and error,
making it difficult to establish comprehensive development guidance. However, the accumulation of scientific
and engineering knowledge now provides a foundation for systematic guidance development. Accordingly, the
objective of this project is to establish development guidance for implantable BMI technologies.

The project aims to bridge advances in neuroscience and biomedical engineering with practical clinical
applications. By reducing development time and facilitating market entry, it is expected to accelerate solutions
for severe physical disabilities while contributing to the growth of the BMI industry and reducing overall research
and development costs.

2. Activities Conducted in This Project

To develop the guidance, a working group (WG) consisting of external experts and specialists was established
and convened regularly. Based on WG discussions, the structure and content of the guidance were refined.

Biological and engineering evaluation criteria were developed using knowledge gained from previous
implantable BMI research, FDA guidance documents, and relevant domestic standards. These criteria were
systematically organized from a regulatory science perspective.

To improve the practicality and effectiveness of the guidance, feedback was obtained from the Japan ALS
Association, the Japan Electronics and Information Technology Industries Association (JEITA), and public
comments collected through a dedicated committee. Consistency with FDA guidance and related evaluation
frameworks was ensured while incorporating perspectives specific to Japan.

Following discussions across five WG meetings, the guidance was finalized and presented to the Joint Council.
In parallel, collaboration with industry was strengthened through JEITA activities to support future research,
development, and commercialization.

To ensure long-term maintenance and continuous improvement of the guideline, a specialized research group
and a guideline committee were established within the Japanese Society for Medical and Biological Engineering
(JSMBE). Dissemination activities were also conducted through academic conferences and industrial exhibitions
such as CEATEC.

3. Future Prospects

The guideline developed through this project is expected to facilitate the social implementation of innovative
BMI-based medical technologies for patients with severe disabilities caused by conditions such as amyotrophic
lateral sclerosis (ALS) and spinal cord injury.

Clinical trials targeting ALS patients are planned as the first step. However, expanding applications to spinal
cord injury patients will be essential for establishing a sustainable business model. Beyond communication
support, future BMI systems are expected to enable practical functions such as wheelchair and robotic arm
control.

Achieving these goals will require participation from a broad range of industries, including robotics and
information technology. The collaborative framework established through JEITA will support such efforts.



Given the limited size of the domestic market, international expansion will also be important. Since the
guideline was developed with consideration for U.S. regulatory requirements, it is expected to facilitate
deployment into overseas markets as well.



