BRAIN COMPUTER INTERFACE: SCIENCE & TECHNOLOGY
NEWS: Brain implants could restore paralysed patients' arm movements
WHAT’S IN THE NEWS?

Researchers at the University of California have developed a brain-computer interface (BCI)
that uses Al to decode brain signals and restore movement in paralysed individuals. While
BClIs hold transformative potential across medicine, education, and industry, they raise
critical concerns around privacy, access, and mental autonomy.

Context: Breakthrough in BCI Research

o Researchers from the University of California have developed a new generation
brain-computer interface (BCI).

o This BCI system is specifically designed to help individuals with paralysis regain
movement.

e The innovation uses Al to decode brain signals from the motor cortex and converts
them into commands for operating robotic limbs or devices.

e This development is a leap forward in the field of assistive neurotechnology,
showcasing how BCls can restore motor functions.

What is a Brain-Computer Interface (BCI)?

e A Brain-Computer Interface (BCI) is a technology that establishes a direct
communication channel between the human brain and an external device.

e The brain communicates using electrical signals, which are picked up by BCI systems
using various sensors.

o These signals are analyzed, interpreted, and translated into commands that can
control machines like computers, wheelchairs, or robotic limbs.

o BClIs are particularly valuable in medical settings where they help augment, repair,
or replace damaged cognitive or motor functions.

o In the current innovation, the BCI captures signals from the motor cortex, which
controls voluntary movements, and uses Al algorithms to decode them.

Types of BCIs
1. Invasive BCI

o These BCIs involve surgical implantation of electrodes directly into the brain
tissue.

e They are used when precision is critical, such as in cases of complete paralysis or
locked-in syndrome.



These implants allow for high-resolution and accurate signal acquisition, as they
bypass the skull and interact closely with neurons.

Example: Neuralink’s Blindsight, a device that implants chips into the brain to restore
function or interface with computers.

Risks include infection, inflammation, and ethical concerns over altering brain tissue.

2. Partially Invasive BCI

Electrodes are placed inside the skull but remain on the surface of the brain,
typically resting on the dura mater (a protective brain membrane).

This type avoids penetrating brain tissue but still allows for better signal strength
than non-invasive systems.

They use techniques like electrocorticography (ECoG) to record brain signals.

Partially invasive BClIs offer a balance between accuracy and safety, making them
useful in controlled clinical environments.

3. Non-Invasive BCI

These do not require surgery; external sensors like EEG (electroencephalogram)
electrodes are placed on the scalp.

They are the safest and most accessible form of BCI but suffer from signal
distortion due to the skull and scalp layers.

Despite lower precision, they are widely used in educational, research, and
preliminary medical applications.

Best suited for consumer-grade brain monitoring devices, virtual reality gaming, or
assistive tools like cursor control.
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Applications of BCIs

1. Medical and Rehabilitation Use

Assistive Devices: BCIs allow individuals with spinal cord injuries or
neurodegenerative conditions to control wheelchairs, robotic arms, or computer
interfaces using their brain activity.

Neurorehabilitation: BCIs help patients recovering from stroke or trauma by
engaging the brain’s neuroplasticity, retraining the brain to regain motor skills.

Prosthetic Control: Advanced BCIs enable seamless control of artificial limbs,
making movement more intuitive and reducing dependency on caregivers.

2. Education and Skill Training

Attention Monitoring: In classrooms, BCls can measure student focus levels in real
time, allowing teachers to adapt their methods.

Skill Enhancement: BCIs can track brain activity during skill development, such
as during pilot training or complex tasks, giving feedback to improve cognitive
performance.

3. Industry and Automation

Human-Robot Collaboration: BCIs improve coordination between humans and
robots in industrial environments, increasing precision and productivity.

Hands-Free Operation in Risky Jobs: Workers in chemical plants, mining zones,
or defense can operate machines or signal instructions through thought commands,
reducing accident risks.

Concerns Associated with BCIs

1. Privacy and Neural Data Misuse

BClIs collect extremely sensitive data, including thought patterns, emotions, and
intentions.

This raises concerns over data privacy, surveillance, and potential misuse by
corporations or governments.

Without robust legal frameworks, neural data could be exploited for profiling,
advertising, or manipulation, breaching personal privacy.

2. Digital Divide and Accessibility

Current BCI technologies are expensive and technologically complex, making them
accessible only to elite institutions or private healthcare.



e This could further exclude marginalized or rural populations, worsening socio-
economic disparities.

e There is a risk that only a privileged few will benefit from the most advanced BCls,
deepening the technology access gap.

3. Mental Autonomy and Cognitive Effects

o Long-term use of BCIs might alter neural pathways or affect a person's sense of
control and self-identity.

o The dependence on external devices to think or act raises ethical questions about
free will, consent, and individual autonomy.

e Prolonged neural stimulation could also lead to cognitive fatigue or personality
changes.

Way Ahead: Making BCIs Inclusive and Ethical
1. Develop Affordable, Scalable BCIs

e Focus R&D efforts on low-cost BCI models that can be mass-produced and
distributed widely.

o Encourage open-source hardware and software platforms to democratize
innovation and reduce licensing costs.

2. Encourage Public-Private Partnerships

e Governments, universities, and startups should collaborate to translate lab-based
research into real-world products.

o Funding and incubation support will be critical for small firms working on
neurotechnology for public benefit.

3. Promote Workforce and Skill Development

e Introduce university courses and technical certifications in neuroscience, Al, and
human-machine interfaces.

o Build a diverse, ethically trained, and multidisciplinary workforce to handle the
future challenges of BCI adoption.

4. Establish Legal and Ethical Norms

o Create global guidelines and national laws for data security, patient consent, and
ethical deployment of BCI technologies.

o Ensure that BCIs are used to empower individuals rather than control or exploit
them.



Source: https://www.thehindu.com/sci-tech/health/brain-implants-could-restore-
paralysed-patients-arm-movements/article67356424.ece
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