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1. Introduction

Neuralink's pioneering work in brain-
machine interface (BMI) technology
represents a transformative shift in the way
humans interact with machines, offering
unprecedented  potential for  medical
advancements and cognitive enhancement.
However, the rapid pace of these innovations
has  outstripped  existing  regulatory
frameworks, creating a critical need for
updated safety protocols to protect public
health. The FDA plays a key role in this
process, ensuring that emerging technologies
like Neuralink meet rigorous safety, efficacy,
and ethical standards before being widely
implemented in humans. My research project
focuses on examining how Neuralink aligns
with FDA guidelines to safeguard public
health, while addressing key concerns such as
cybersecurity and privacy in the management
of neural data.

2. Ethical Guidelines and the Belmont
Report: A Foundation for Human and
Animal Welfare

Ethical guidelines for research involving
human and animal subjects have evolved
significantly over the years. One of the most
prominent frameworks for human testing is
the Belmont Report, which establishes three
key ethical principles: respect for persons,
beneficence, and justice. While the Belmont
Report  specifically addresses human

subjects, its core principles can be extended
to animal research, particularly in terms of
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minimizing harm and ensuring ethical
conduct.

2A. Respect for Persons (Informed
Consent): In human trials, informed consent
ensures that participants fully understand the
risks and benefits associated with a particular
experiment. In the context of animal
research, animals cannot give informed
consent, which places an even greater ethical
burden on researchers to ensure that their
welfare is prioritized. While Neuralink’s
experiments may hold promise for future
human applications, it is crucial that the
animals involved are treated with dignity and
respect. This means ensuring that their
suffering is minimized and that the potential
benefits of the research are worth the ethical
costs.

2B. Beneficence (Minimizing Harm): The
principle of beneficence emphasizes the
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importance of minimizing harm and
maximizing potential benefits. In animal
research, this means researchers should take
every possible step to ensure that
experiments are as non-invasive as possible
and that any suffering is minimized. Reports
of rushed experiments leading to animal
deaths suggest that this principle may not
have been fully adhered to in Neuralink's
testing. A balance must be struck between the
urgency of technological advancement and
the ethical responsibility to minimize
suffering in animals.
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Figure 1: This visual represents the ethical balance
between advancing neural interface technologies like
Neuralink and ensuring public health, patient care, and
safety. Striking this balance is vital to adhering to
regulatory frameworks and societal well-being.
Collaborative efforts must prioritize transparent
research and responsible innovation.

2C. Justice (Equitable Treatment): The
principle of justice calls for fairness in the
distribution of the benefits and burdens of
research. In animal testing, this means that
the burden of experimentation should not fall
disproportionately on animals when there are
viable alternatives. The availability of
advanced technologies like computer
simulations and organ-on-chip systems raises
questions about whether animal testing is
always necessary, particularly in the early
stages of research. While animal models may
still be needed for certain types of
neurological research, it is essential that
researchers, including those at Neuralink,
explore alternative methods whenever
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possible to reduce the ethical burden on
animals.

2D. Moving Too Quickly to Human Trials:
Risks and Ethical Violations: Another
major concern is the potential for Neuralink
to move too quickly from animal to human
trials without fully addressing ethical
boundaries. The transition from animal to
human testing requires an even greater level
of caution, given the potential for harm to
human participants. While the technology
Neuralink is developing holds immense
promise, it is critical that the company
adheres to ethical standards that prioritize
safety over speed.

The principle of informed consent, as
outlined in the Belmont Report, is especially
relevant when moving to human trials.
Participants must fully understand the risks
associated with the procedure, particularly
when the technology is still in its early stages.
If Neuralink were to push human trials too
soon, without adequate testing and
safeguards, it could lead to significant ethical
violations, particularly if participants are not
fully informed of the potential risks.
Additionally, there is the risk of therapeutic
misconception, where participants believe
that an experimental treatment is guaranteed
to provide a therapeutic benefit. Given the
highly experimental nature of Neuralink's
brain implants, it is essential that participants
understand the distinction between research
and established medical treatment. Failing to
provide this clarity would be a violation of
both the respect for persons and beneficence
principles.

2E. The Need for Regulatory Oversight
and Transparent Ethical Review: To
address these concerns, it is vital that
regulatory bodies step in to provide greater
oversight of Neuralink's practices. The U.S.
Department of Agriculture (USDA) and the
Food and Drug Administration (FDA) are
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responsible for overseeing animal and human
research,  respectively.  However, as
technologies like BCls blur the lines between
neuroscience and medicine, existing
regulatory frameworks may need to be
updated to ensure that companies like
Neuralink are held accountable for their
ethical responsibilities.

Additionally, Institutional Animal Care and
Use Committees (IACUCs), which are
responsible for overseeing animal research,
must ensure that companies adhere to strict
ethical standards when it comes to animal
welfare. Transparent and independent
reviews of Neuralink's testing practices could
help ensure that ethical boundaries are not
being crossed in the rush to bring the
technology to market.

Moreover, as Neuralink moves toward
human trials, Institutional Review Boards
(IRBs) must be involved in ensuring that
human participants are fully informed of the
risks and that the trials adhere to the highest
ethical standards. Transparent reporting of
both the successes and failures of these trials
is essential to building public trust and
ensuring that ethical boundaries are
respected.

2F. Balancing Innovation and Ethics

Neuralink’s advancements in brain-computer
interface technology are undeniably exciting
and hold immense potential for the future of
neuroscience and medicine. However, the
ethical concerns surrounding its animal
testing practices and the rush toward human
trials must not be overlooked. Adhering to
ethical guidelines like those outlined in the
Belmont Report, particularly the principles of
informed consent, beneficence, and justice, is
essential in ensuring that both animals and
humans are treated ethically in the pursuit of
scientific progress. Transparent oversight, a
commitment to minimizing harm, and careful
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consideration of the ethical boundaries
between innovation and welfare are key to
ensuring that Neuralink's research progresses
in a responsible and humane manner.

Implanting Neuralink

To restore control over limbs, prosthetics, and
communication devices.
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Figure 2: The Neuralink implant, positioned beneath
the skull, integrates biocompatible electronics and
threads to enable precise neural connections. Designed
to restore motor functions and enhance
communication through prosthetics, it represents a
groundbreaking step in neurotechnology. Developed
under strict biocompatibility standards, it aims to
ensure both functionality and safety.

3. Regulatory Protocols and Health Safety

3A. FDA and Other Regulatory Bodies:
Before Neuralink can be widely adopted, it
must comply with FDA regulations,
including premarket approvals and clinical
trial oversight through Investigational Device
Exemptions (IDEs). The government ensures
that any materials, drugs, or medical devices
meet rigorous safety standards. For
Neuralink, this involves thorough testing of
the electrodes, neural interfaces, and long-
term safety data.

3B. Comparison with Synchron: Unlike
Neuralink, Synchron’s approach does not
involve direct brain surgery. Its BMI
technology is implanted through the blood
vessels, making it less invasive and
potentially posing fewer risks. Neuralink,
however, uses flexible electrodes directly
inserted into the brain, offering more precise
neural data collection but increasing the level
of risk.
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4. Materials and Specifications
Model of Synchron BMI

/NN

Figure 3: The Synchron Brain-Machine Interface
(BMI) model illustrates a minimally invasive neural
interface. This device uses endovascular technology to
position sensors within blood vessels near the brain.
Its design aims to enable communication and control
for individuals with severe neurological impairments.

Neuralink’s electrodes are made from
biocompatible materials like polyimide and
gold, which minimize damage and allow for
effective neural recording. The device itself
is coin-sized, equipped with over 1,000
electrodes to track neural activity. These
electrodes can record neuron spikes and local
field potentials, translating brain activity into
commands for external devices.
Neuralink Dimensions:
o Size: About the size of five stacked
coins.
o Electrodes: 1,024 flexible electrodes
grouped into threads thinner than a
human hair.

5. Surgical Implantation and Maintenance

SA. Surgical Time and Procedure: The
implant is inserted using a robotic system,
which ensures that the flexible electrodes
avoid major blood vessels. The surgical
procedure is designed to minimize damage to
the cortex while ensuring the electrodes are
placed in specific brain regions.

5B. Implant Maintenance: Once implanted,
the device must maintain its position without
compromising brain tissue. The
biocompatible materials help reduce the risk
of rejection or infection, but regular
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monitoring and potential recalibrations are
necessary to ensure the system operates
effectively without causing harm.

6.Ethical Guidelines and
Recommendations

The ethical analysis of Neuralink, a company
developing brain-computer interface (BCI)
technology, involves several critical
dimensions, particularly given the invasive
nature of their devices and their potential
implications for patients and beyond. Below
are key ethical concerns and considerations:

6A. Informed Consent and Patient
Autonomy

Challenge: Neuralink's devices require
surgical implantation in the brain, which is
inherently invasive. Ensuring that patients
fully understand the risks, benefits, and long-
term consequences of such an intervention is
paramount.

Consideration: Neuralink must ensure that
patients are provided with clear,
comprehensible information about the
procedure, its risks, potential benefits, and
alternatives. This is particularly important
when dealing with vulnerable populations,
such as patients with paralysis or
neurodegenerative diseases, who may be
eager for solutions and thus more susceptible
to coercion or desperation.

6B. Safety and Long-term Risks

Challenge: While BCIs like Neuralink’s
have the potential to restore functions (such
as motor skills and communication), the
long-term safety of implanting devices in the
brain remains unclear. Risks could include
infection, device failure, unintended neural
damage, or unknown long-term health
consequences.
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Consideration: Neuralink must conduct
extensive clinical trials and be transparent
about all known risks. Additionally, ongoing
monitoring of patients who receive the
implant is essential to track and mitigate any
long-term health issues.

6C. Privacy and Data Security

Challenge: Neuralink’s devices have the
capability to collect vast amounts of neural
data, which could reveal not just medical
information, but potentially  personal
thoughts and behaviors. There are concerns
about how this data is collected, stored, and
used.

6D. Equitable Access and Potential for
Exclusion

Challenge: BCI technologies like those
developed by Neuralink may initially be
expensive and only accessible to a small,
affluent segment of the population. There is
also concern that if BCIs enhance human
abilities in the future (e.g., improving
cognitive function), this could exacerbate
social inequalities.

Consideration: Neuralink and similar
companies must consider how to make their
technologies more affordable and accessible,
particularly for those who need them most
(e.g., individuals with severe disabilities).
Regulatory bodies may need to ensure that
BCI technology does not become a tool for
social stratification.

6E. Impact on Personal Identity and
Cognitive Liberty

Challenge: Brain-computer interfaces that
interact with neural circuits could influence
the way individuals think, behave, or
perceive themselves. This raises concerns
about the potential loss of personal identity or
cognitive autonomy if the technology
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inadvertently alters mental states or
consciousness.

Consideration: Neuralink must take steps to
ensure that its technology does not interfere
with patients’ sense of self or autonomy.
Ethical frameworks must address the
potential consequences of manipulating or
"reading" neural signals and ensure that the
technology respects individuals’ cognitive
liberty—the right to control their own
thoughts and mental processes.

General transparent diagram displaying
components of Neuralink
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Figure 4: This diagram provides a transparent view of
Neuralink's core components, including its chips and
electronics, Dbattery, threads, and biocompatible
enclosure. These elements work together to ensure
seamless neural interface functionality —while
maintaining safety and durability for long-term use.

6F. Ethical Use Cases and Dual-Use
Concerns

Challenge: While Neuralink’s primary focus
is on medical applications, BCI technology
has potential for non-medical uses, including
military,  surveillance, or  consumer
applications. There is a risk that once the
technology is proven, it could be co-opted for
purposes that may violate human rights or
ethical norms.

Consideration: Neuralink should establish
clear guidelines for the ethical use of its
technology, ensuring that it is only deployed
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in ways that benefit society and do not
contribute to harmful or coercive practices.
Collaboration with ethical review boards,
policymakers, and human rights
organizations is critical in ensuring that the
technology is not misused.

Figure 5: This illustration depicts the surgical process
for implanting Neuralink's device using robotic
precision tools. The procedure involves carefully
positioning the chip on the brain's surface to ensure
optimal connectivity and functionality = while
minimizing invasiveness. Such advancements
emphasize safety and accuracy in neurotechnology.

6G. Regulatory Oversight

Challenge: BCIs are a relatively new frontier
in medical and technological innovation, and
existing regulatory frameworks may not be
adequately equipped to address the ethical
and safety challenges they present.

Consideration: Neuralink must work closely
with regulatory bodies to ensure their
technologies meet strict ethical and safety
standards. Developing a proactive regulatory
framework for BCls, including oversight on
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clinical trials, patient consent, and post-
implantation care, is essential to maintaining
public trust.

Conclusion

Neuralink's development of brain-computer
interface technology presents enormous
potential for improving the lives of
individuals  with  severe neurological
conditions and possibly enhancing human
cognition in the future. However, it raises
complex ethical issues surrounding patient
autonomy, safety, privacy, equitable access,
and the potential for misuse. Ensuring ethical
implementation will require not only
adherence to existing bioethical principles
but also the development of new frameworks
as this technology evolves. Regular
engagement with ethicists, regulators, and the
broader public will be critical to ensuring that
Neuralink’s technology benefits humanity
without infringing on individual rights or
exacerbating social inequalities.
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