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GENERAL INTRODUCTION

Neurotechnologies constitute a fast-evolving field of measuring, analysing, and potentially modifying 
activities of the human nervous system. They include devices and capabilities such as neuroprostheses, 
neuromodulation and brain-machine interfaces. In medical and non-medical fields, they may have 
profound implications for fundamental human experiences, potentially transforming notions of identity, 
autonomy, privacy, and cognitive agency.1

Capabilities developed to date include devices with functionalities that encompass brain-machine 
interfaces (BCIs), neuromodulation and neuroprosthetics. In both clinical and non-clinical settings, these 
advancements could render far-reaching consequences across a range of our human experiences, likely 
leading to the reordering how we conceptualise fundamental facets of human agency relating to our 
autonomy, spatial privacy, cognitive agency and mobility.2 Given such potential, their use raises ethical 
issues, e.g. boundary-drawing and harm-benefit balancing. Whilst public debate over neurotechnologies 
has highlighted concerns, frequently less prominent in the ethical and legal discourse have been their 
potentially profound positive impacts. Neurotechnologies may radically improve quality of life for 
marginalised and minority groups and provide broader possibilities for the enjoyment of human rights 
often affected by health-related limitations. 

This study examines how to improve these possibilities and analyse what novel, yet foreseeable 
challenges they present for affected stakeholder groups. For example, how might neurotechnologies affect 
representation, autonomy, or the privacy of marginalised groups, people with functional diversity, or the 
severely ill? Given regional legislative regimes and regulation, along with the framework provided by 
international conventions, this work elucidates the ethical and legal boundaries of neurotechnologies 
and their justifiability from the perspective of affected stakeholders. It examines how fostering patient 
engagement through appropriate consultative mechanisms can facilitate the reconciliation of competing 
values. Given fast-paced scientific advancement, the discourse on neurotechnologies must be informed 
by stakeholder perspectives (the next empirical step). Absent this engagement, insights into whose, and 
which, interests (e.g. cognitive autonomy, accessibility, equality of access, cultural and social acceptance) 
are at risk. Moreover, conflicting values may also require resolution so as to ensure neurotechnologies 
reach their full potential.

THE RIGHT TO PRIVACY: IMPLICATIONS OF NEUROTECHNOLOGY DEVELOPMENTS

The rapid advancement of neurotechnologies represents one of the most significant scientific frontiers of 
the 21st century, fundamentally challenging our understanding of human cognition, consciousness, and 
the boundaries of privacy. These emerging technologies, ranging from brain-computer interfaces (BCIs)3 
to neural monitoring devices and cognitive enhancement systems,4 promise revolutionary applications 
in medicine, education, and human performance optimization.5 However, they simultaneously raise 
unprecedented questions with respect to many facets of mental privacy—a domain largely considered 
the last bastion of individual autonomy and personal sanctuary.6

The concept of privacy has evolved considerably throughout human history, adapting to technological 
innovations from the printing press to digital surveillance systems.7 Yet neurotechnologies present a 
qualitatively different challenge: the potential for direct access to human thoughts, emotions, memories, 
and intentions.8 This development necessitates a fundamental re-examination of the right to privacy 
within legal, ethical, and philosophical frameworks that were not initially designed to address such 
intimate technological intrusions.

This analysis explores the complex intersection between neurotechnological advancement and 
privacy rights, examining both the transformative benefits these technologies offer and the profound 
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risks they pose to cognitive liberty and mental autonomy. The stakes of this discussion extend beyond 
individual privacy concerns to encompass broader questions of human dignity, democratic governance, 
and the future of human agency in an increasingly connected world.

OVERVIEW OF CONTEMPORARY NEUROTECHNOLOGY DEVELOPMENTS

Brain-Computer Interfaces and Neural Prosthetics
Modern BCIs have progressed from experimental laboratory devices to commercially viable medical 
interventions, enabling direct communication between the brain and external devices. Researchers based 
at enterprises including Neuralink, Synchron, and Blackrock Neurotech have developed sophisticated 
systems that enable monitoring of neural signals with increasingly remarkable precision.9 These devices 
have already for improvements in mobility for allow paralyzed individuals, and to control computers, robotic 
limbs, and communication devices, representing a paradigm shift in assistive technology.10Therapeutic 
applications extend beyond motor control to include treatment of depression, epilepsy, and Parkinson’s 
disease through deep brain stimulation and closed-loop neurostimulation systems.11 These interventions 
demonstrate neurotechnologies’ capacities to not only interpret neural signals but also to modify brain 
activity, raising questions as to the boundaries between an individual’s treatment and enhancement.

Neural Monitoring and Neuroimaging Technologies
Advanced neuroimaging techniques, including high-resolution fMRI, optogenetics, and emerging 
technologies such as ultrasonic neural interfaces, provide unprecedented increasingly nuanced 
perspectives on brain activity.12 These non-invasive or minimally invasive methods can detect patterns 
associated with thoughts, emotions, and decision-making processes, potentially enabling applications in 
areas such as lie detection, assessment  of a person’s mental state, and monitoring of cognitive load.13 In 
addition, consumer-grade neurotechnologies devices already on the market, such as EEG headsets, claim 
to assist in activities such as meditation, focus enhancement, and to enable ‘brain training’, supposedly 
democratizing access to capabilities while simultaneously expanding the data collection footprint of 
neurotechnology into everyday life.14

Cognitive Enhancement and Neuropharmacology
The convergence of neurotechnology with pharmaceutical interventions and stimulation techniques has 
created new possibilities for potential cognitive enhancements. These technologies promise to augment 
memory, attention, learning capacity, and emotional regulation, potentially transforming educational 
and professional environments.15

BENEFITS OF NEUROTECHNOLOGIES FOR SOCIETY AND INDIVIDUALS

Medical and Therapeutic Uses
Neurotechnologies offer transformative potential for treating previously intractable neurological and 
psychiatric conditions. Patients with spinal cord injuries, ALS, and locked-in syndrome have regained 
communication abilities and motor control through BCI systems.16 Deep brain stimulation has provided 
relief for individuals with treatment-resistant depression, obsessive-compulsive disorder (OCD), and 
movement disorders, offering hope where prior interventions have either failed or provided limited 
improvement in patients’ conditions.17

The potential for a precision medicine approach enabled by neurotechnology allows for personalized 
treatment protocols based on individual neural patterns, potentially improving therapeutic outcomes 
while reducing side effects.18 Real-time neural feedback systems can also potentially optimise treatment 
delivery and adjust interventions based on ongoing monitoring of neural activity.19 For individuals with 
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disabilities, neurotechnologies potentially offer unprecedented opportunities for treatment to improve 
mobility, independence and also social participation.20 Development in neural prosthetics also promise 
advancements in the treatment and restoration of sensory capabilities, enabling complex motor control, 
improved vision, and facilitating communication in ways that traditional assistive technologies have 
heretofore provided only limited improvements.21

Neurotechnologies can also provide researchers with powerful tools for understanding brain function, 
consciousness, and the neural basis of human behaviour. This enhanced understanding could lead to 
breakthrough treatments in other areas of medicine such as mental health, neurodevelopmental disorders, 
and age-related cognitive decline, potentially benefiting millions of individuals worldwide.22

The technology-based objective measurement of mobility impairments has evolved considerably, 
bringing forth the promise of substantially improving the diagnostic, monitoring and therapeutic 
landscape for a number of different diseases such as Parkinson’s, dementia and Alzheimer’s. Advances 
in artificial intelligence (AI), sensors, mobile communications, cloud computing, advanced analytics, 
and the Internet of Things (IoT) are amongst the innovations that continue to reshape healthcare and 
the treatment of patients with chronic, complex and fluctuating disorders. For example, patients who 
have suffered a stroke or have Parkinson’s disease often experience difficulty walking or are at high risk 
of falls. Fortunately, recent innovations in medical technologies have provide patients with treatments 
that can alleviate symptoms and significantly improve mobility and patient’s safety. 

In parallel, advancements in artificial intelligence (AI) and its application to behavioural biometrics 
now also present scope for innovation in the evolution of human activity recognition (HAR) in surveillance 
systems. Novel technologies allow for the analysis of physical and behavioural characteristics to 
continuously track and monitor activities for patterns of unusual behaviour. Conventional surveillance 
depends heavily on human observers, which requires significant resources, introduces errors, and takes 
considerable time. Behavioural analysis has ostensibly been developed as an effective response to these 
challenges in scaling security monitoring applications. Furthermore, biometric credentials are increasingly 
being leveraged for authentication and verification due to their advantages over traditional methods.

This synchronous maturation of such capabilities now presents unprecedented challenges. The 
intersection of the deployment of therapeutic neurotechnologies with continuously more sophisticated 
behavioural monitoring raises important questions as to the both the efficacy and reliability of 
distinguishing different individuals based on existing conceptualisations of human mobility patterns. The 
scope of this paper focuses narrowly on wearable medical devices for continuous monitoring of movement 
disorders and the treatment of Parkinson’s disease, essential tremor, and other movement disorders, and 
asks how such therapeutics may influence the operations of biometric surveillance. Key concerns arise in 
terms of how interactions between these technologies impact a number of interdependent human rights.

PRIVACY RISKS AND CONCERNS

Mental Privacy and Cognitive Liberty
The most fundamental privacy concern raised by neurotechnologies involves the potential violation 
of mental privacy—the right to keep one’s thoughts, memories, and mental processes private. 
Unlike traditional surveillance technologies that monitor external behaviours or communications, 
neurotechnologies could potentially in the future access the content of consciousness itself, including 
involuntary thoughts, emotional states, and subconscious processes.23

This capability raises questions about cognitive liberty—the right to mental self-determination and 
freedom from unwanted mental intrusion. The involuntary nature of many neural signals means that 
individuals may be unable to control what information is collected, fundamentally challenging traditional 
notions of prior and informed consent, and voluntary disclosure.24
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Data Protection and Data Security
Neural data presents unique data security and data protection challenges due to the sensitivity of the 
information it relates to, creating particular concerns for personal data collection, processing, data transfers 
and retention.25 The theft or misuse of neural data could enable unprecedented forms of fraud and other 
harms, including profound risks such as psychological manipulation by malign actors.

The storage and transmission of neural data across networks and devices create multiple points 
of vulnerability where malicious actors could intercept or corrupt brain-derived information. The 
consequences of such breaches extend beyond individual privacy to include potential manipulation of 
democratic processes, commercial exploitation, and social control.

Implications for Surveillance and Social Control 
Neurotechnologies could enable new forms of surveillance, both by State and corporate entities, 
that penetrate deeper into individual autonomy than any previous technology. Governments could 
leverage neural monitoring to detect dissent, attempt to predict subversive or criminal behaviour, or 
enforce ideological compliance.26 Businesses might attempt to exploit neural data for manipulation of 
consumer behaviour and preferences for goods and services.27 The potential for coercive deployment of 
neurotechnologies in institutional settings—such as prisons, schools, or workplaces—raises concerns 
about involuntary mental monitoring and the erosion of fundamental human rights. The integration 
of neurotechnology with existing surveillance infrastructure could create comprehensive monitoring 
systems that track both external behaviour and internal mental states.

LEGAL AND REGULATORY CHALLENGES

Challenges to Current Legal Frameworks
Existing privacy laws and regulations have evolved primarily to address and regulate traditional forms 
of data collection, processing and retention, leaving significant gaps in certain legal frameworks with 
regard to data protection for information derived from monitoring using neurotechnologies. Current 
frameworks typically require explicit prior and informed consent for data collection, but the involuntary 
nature of neural signals complicates traditional consent models.28

The classification of neural data within existing legal categories remains unclear, with questions 
about whether brain signals constitute medical information, biometric data, or an entirely new category 
requiring specialised protection.29 Variations in privacy law across jurisdictions and regional human 
rights mechanisms create additional complications for neurotechnology deployment and data transfers 
between entities.30

The unique characteristics of neural data may necessitate development of existing legal frameworks 
that address mental privacy as a fundamental human right. Legislation must continue to balance the 
promotion of beneficial neurotechnology developments and the treatment of diseases with the robust 
protection of cognitive liberty and mental autonomy required to safeguard all of a person’s interconnected 
and interdependent human rights. Furthermore, regulatory approaches must consider the dual-use 
nature of many neurotechnologies, which can serve both beneficial and potentially harmful purposes 
depending on their application. International cooperation and standardisation efforts will continue to 
prove essential to prevent regulatory arbitrage and ensure consistent protection of human rights across 
jurisdictions with respect to the use of neurotechnologies.31
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FURTHER PRIVACY/ETHICAL CONSIDERATIONS

Human Dignity and Personal Autonomy
The deployment of neurotechnologies raises fundamental questions as regards human dignity and the 
boundaries of individual personhood. The potential for external control or influence over mental processes 
challenges core concepts of individual autonomy and self-determination that underpin democratic 
societies and human rights. Debates as to the nature of consciousness, free will, and personal identity 
become ever more relevant as neurotechnologies gain the ability to monitor and potentially influence 
these fundamental aspects of human experience.32 Moreover, medical procedures that alter normal 
cognitive variation through neurotechnology interventions raises questions about neurodiversity and 
the social construction of personhood and identity.33

The development and deployment of neurotechnologies must also address questions of distributive 
justice and equitable access to cognitive enhancement capabilities. If neurotechnologies provide 
significant advantages in cognitive performance, their unequal distribution could exacerbate existing 
social inequalities and create new forms of cognitive stratification. The potential for neurotechnologies 
to be used for social control or discrimination against individuals raises concerns as regards acceptance 
of neurodiversity and the rights of individuals who may choose not to adopt enhancement technologies.

FREEDOM OF RELIGION OR BELIEF AND NEUROTECHNOLOGIES

The intersection of neurotechnologies with the enjoyment of the right to freedom of religion or belief 
presents novel, exceptional challenges. As brain-computer interfaces (BCIs), neural implants, and cognitive 
enhancement technologies advance rapidly, they raise profound questions about the sanctity of mental 
privacy, spiritual autonomy, and the protection of religious beliefs and practices. Freedom of thought, 
conscience and religion, enshrined in Article 18 of the Universal Declaration of Human Rights34 and 
protected under other international covenants, encompasses both the internal forum of belief and the 
external manifestation of faith.35 Neurotechnologies, by their very nature of interfacing with the human 
brain, potentially intrude upon the most intimate sphere of human experience – consciousness itself.

This convergence demands urgent attention in an era where technological capabilities continue in 
many spheres to outpace ethical considerations and, indeed, effective responses through the application 
of regulatory frameworks. The risks are particularly high given that religious freedom serves as both 
an individual liberty and a cornerstone of pluralistic democratic societies.36 Understanding how 
neurotechnology developments might enhance, threaten, or fundamentally alter beliefs or religious 
experience is crucial for rights holders, policymakers, scientists, technologists, faith-based and religious 
communities alike.

RELEVANT CLINICAL AND CONSUMER APPLICATIONS OF NEUROTECHNOLOGIES

Consumer Applications
Consumer markets increasingly offer neurotechnologies-based devices and applications for practices 
including meditation, guided engagement in spiritual experiences, and the exploration of consciousness.37 
Certain brain stimulation devices are currently marketed for ‘transcendental experiences’ intend to induce 
altered states of consciousness traditionally achieved through practices such as prayer, meditation, or 
ritual.38 Virtual and augmented reality systems aim to create immersive religious experiences, potentially 
substituting for, or supplementing, traditional modes of worship. Certain neurofeedback devices already 
available to consumers claim to facilitate deeper spiritual connection and enhanced contemplative 
practices.39
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Clinical Applications
Clinical neurotechnologies applications can intersect with concerns relating to the enjoyment of the 
right to freedom of religion or belief with regard to psychiatric and neurological treatments.40 Deep 
brain stimulation for depression may alter personality traits, convictions and inclinations vis-à-vis 
beliefs. Neurotechnology-based therapies and treatments, increasingly available in clinical settings in 
certain jurisdictions, directly engage with consciousness in a manner that may overlap with spiritual and 
religious experiences. The use of neural prostheses and brain-computer interfaces (BCIs) raise questions 
with respect to the integrity of human consciousness. In addition, technologies may pose challenges to 
concepts of moral responsibilities that feature in many beliefs and religious traditions.

BENEFITS AND OPPORTUNITIES

Neurotechnologies could offer significant potential cognitive benefits for individuals for whom religious 
practice and spiritual wellbeing plays an important part in their life. For individuals with neurological 
conditions that may impair their ability to engage in traditional religious observances, neurotechnologies 
might restore cognitive functions that better enable access and engagement to spiritual practices. For 
example, neurotechnologies such as brain-computer interfaces (BCIs) and other assistive devices could 
enable individuals with neurodegenerative diseases that impair mobility to more actively participate in 
collective religious practices and attend places of worship in their communities.41 Neurofeedback systems 
might genuinely enhance meditative practices and spiritual development, complementing rather than 
replacing traditional methods.

Research on applications of neurotechnologies could deepen understanding of religious experience, 
potentially validating the neurological basis of spiritual phenomena and contributing to greater 
understanding and interfaith dialogue.42 For religious and faith-based communities, these technologies 
could offer new tools for pastoral care, particularly in addressing an array of mental health challenges 
that intersect with spiritual wellbeing.43 The therapeutic benefits of clinical neurotechnologies could 
potentially align with convictions and values of healing, restoration and preservation of human dignity.

Risks and Challenges
Risks to the enjoyment of the right to freedom of religion or belief from the advance of  neurotechnologies 
are multifaceted and profound. Direct manipulation of neural activity raises concerns about the 
authenticity and voluntariness of the experience of religion and faith. Where spiritual states may be 
induced through a technological intervention, questions can arise as to the genuineness and how events are 
actually experienced, essentially raising question as to their substance, validity and rationality.44 Absent 
safeguards, the commercialisation of spiritual and religious experiences through neurotechnologies-based 
interventions may commodify aspects of phenomena connected to religion or belief that potentially 
undermine their spiritual significance.

Privacy concerns are certainly paramount, as neurotechnologies capable of collecting and processing 
neural data could potentially access thoughts pertaining to religion, beliefs, and experiences. Such 
capabilities raise spectres of religious persecution or discrimination based on the misuse of neural data.45 
Furthermore, the involuntary use of neurotechnologies, whether applied through coercion or as conditions 
of employment or social participation, could constitute violations of freedom of conscience.

Additionally, cultural and theological challenges may emerge where neurotechnological interventions 
alter personality, memory, or consciousness in ways that conflict with religious anthropologies. Faith 
traditions such as specific beliefs, practices, and rituals that reflect convictions, consciousness, and 
human dignity may be challenged by how certain neurotechnological applications function and influence 
cognition.46
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THE RIGHTS OF PERSONS WITH DISABILITIES: IMPACT OF NEUROTECHNOLOGY DEVELOPMENTS

The rapid advancement of neurotechnologies represents one of the most significant developments in 
modern medical science, offering unprecedented opportunities to address neurological disabilities while 
simultaneously raising complex ethical, social, and practical concerns. Neurotechnologies encompass a 
broad spectrum of interventions, from brain-computer interfaces (BCIs) and deep brain stimulation to 
neural prosthetics, all designed to interact with the human nervous system.47

For the global community of persons with disabilities—estimated at over one billion individuals 
worldwide;48 these technologies may present a paradigmatic shift in how we conceptualize disability, 
treatment, and human enhancement. The promise of restored mobility, improved communication 
capabilities and cognitive enhancement for individuals represents transformative potential that 
could fundamentally alter their lived experiences. However, the development and implementation of 
neurotechnologies occur within a complex landscape of competing interests, values, and priorities.49 While 
these technologies offer remarkable therapeutic possibilities, they also introduce novel risks including 
surgical complications, long-term safety concerns, questions of autonomy and identity, and potential 
exacerbation of existing social inequalities.50 Furthermore, the intersection of neurotechnology with 
disability raises profound questions about the social model of disability, the ethics of enhancement versus 
treatment, and the risk of technological solutions overshadowing necessary social and environmental 
accommodations.51

This analysis examines the current state of neurotechnologies development, evaluates both the 
transformative benefits and significant risks these technologies present for persons with disabilities, 
and addresses the critical questions that must guide responsible innovation and implementation in this 
rapidly evolving field.

CLINICAL TREATMENTS FOR REDUCED MOBILITY

Brain-Computer Interfaces and Neural Prosthetics
Brain-Computer Interfaces (BCIs) research have achieved notable successes recently in translating neural 
signals into actionable outputs, enabling individuals with paralysis to control computer cursors, robotic 
arms, and communication devices.52 Studies have demonstrated successful implementations of both 
invasive and non-invasive BCIs, with recent trials showing individuals with tetraplegia achieving typing 
speeds comparable to smartphone users and controlling prosthetic limbs with remarkable dexterity.53 
The integration of artificial intelligence and machine learning algorithms has significantly improved 
the accuracy and responsiveness of these systems, while miniaturization has made implantable devices 
more practical for long-term use.54

Therapeutic Neurostimulation Technologies
Deep brain stimulation (DBS) has expanded beyond initial applications for diseases such as Parkinson’s to 
treat a broader range of conditions including essential tremor, dystonia, epilepsy, and emerging applications 
for depression and obsessive-compulsive disorder (OCD).55 Transcranial stimulation techniques offer non-
invasive alternatives for treating various neurological and psychiatric conditions, with growing evidence 
for applications in stroke rehabilitation and depression treatment.56

Motor Function Restoration and Mobility Enhancement
Age-related motor decline, including conditions such as Parkinson’s disease, essential tremor, and general 
frailty, represents another major application area of neurotechnologies. Brain-computer interfaces (BCIs) 
are being adapted to control assistive devices, robotic exoskeletons, and smart home environments, 
potentially enabling persons with motor impairments to maintain independence and quality of life.57 
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Neurotechnologies have shown promise in addressing chronic pain conditions common in elderly 
populations, while also potentially improving mobility through targeted neural pathway activation.58 
Functional electrical stimulation (FES) systems are being refined to provide more natural movement 
patterns and reduce the risk of falls through improved balance and coordination.59

BENEFITS FOR PERSONS WITH DISABILITIES: REALISING THE HUMAN RIGHT TO HEALTH

Restoration of Impaired Functions
Neurotechnologies offer direct pathways to restore lost or impaired functions. For individuals with spinal 
cord injuries, BCIs can bypass damaged motor pathways to restore communication between the brain 
and paralyzed limbs and empowering patients.60 Research in motor restoration now extends beyond only 
limb control to include restoration of speech for individuals with conditions like ALS or stroke-related 
aphasia, where neurotechnologies are being developed to interpret neural signals and convert them to 
synthesised voice outputs.61 These technologies may provide not just functional restoration but also 
psychological benefits through a renewed sense of agency, autonomy and independence.62

Enhancement of Existing Mental and Physical Capabilities
Beyond restoration, neurotechnologies may be used to enhance residual capabilities in individuals with 
partial disabilities. Sensory substitution devices can provide alternative sensory inputs for individuals 
with visual or auditory impairments,63 while cognitive enhancement neurotechnologies show promise 
for certain individuals with memory impairments or executive function disorders.64

Improved Quality of Life and Social Participation
The functional improvements enabled by neurotechnologies translate directly into enhanced quality of life 
through increased independence, expanded employment opportunities, and greater social participation.65 
The ability to communicate, control one’s interactions with the surrounding environment and engage in 
previously inaccessible activities can improve psychological well-being whilst also potentially reducing 
caregiver burden and healthcare needs.66 These technologies may also offer the potential for an individual’s 
more seamless integration into digital environments, potentially reducing certain barriers to participation 
in an increasingly connected world.67

HUMAN RIGHTS RISKS AND CHALLENGES

Safety and Medical Risks
Invasive neurotechnologies (such as BCIs) carry inherent surgical risks including infection, bleeding, 
and device malfunction.68 Long-term safety data remains limited; concerns regarding chronic immune 
responses, tissue damage, and device degradation over time all remain significant.69 The complexity of 
the nervous system means that interventions may have unintended consequences that may potentially 
only manifest many years after neurotechnologies are implemented as therapeutic interventions.70

Either software or hardware failures in critical life-supporting neurotechnologies could potentially 
have serious medical consequences, while the need for periodic surgical revisions may expose patients 
to repeated risks.71 The challenge of balancing the desire to encourage innovation while meeting safety 
and ethical concerns constitutes an ongoing tension in research.72

Ethical and Privacy Concerns
Neurotechnologies raise fundamental questions with regard to notions of personal identity, autonomy, 
and what constitutes the “self.” Persons using neurotechnologies may question whether their enhanced 
capabilities represent their own abilities or are otherwise technological artifacts. The potential for external 
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control of neural devices raises concerns relating to personal autonomy, particularly regarding data 
privacy, device modification, and the possibility of remote manipulation.73

Societal and Cultural Implications
The emphasis on technological solutions to disability may inadvertently reinforce perspectives that 
view disability primarily as individual pathology requiring fixing, potentially undermining social 
model approaches that emphasise environmental and attitudinal barriers.74 This technological focus 
might possibly reduce investment in universal design, accessibility improvements, and social inclusion 
initiatives. Neurotechnologies may contribute to the stigmatisation of individuals who choose not to use 
available technologies or for whom these technologies are ineffective, creating pressure for technological 
adoption and marginalising those who rely on other accommodations, assistive technologies or treatments.

In addition, the financial costs of neurotechnologies risk creating or exacerbating existing inequalities 
in healthcare access, potentially creating a two-tier system where advanced treatments are available only 
to the wealthy. This economic barrier could paradoxically increase rather than decrease disability-related 
disadvantages.75

HUMAN RIGHTS IMPLICATIONS FOR OLDER PERSONS OF NEUROTECHNOLOGIES

The intersection of neurotechnology and geriatric medicine represents one of the most promising yet 
ethically complex frontiers in contemporary healthcare innovation. As global populations age rapidly, 
with the World Health Organization projecting that the number of people aged 60 and above will increase 
from 1 billion in 2020 to 2.1 billion by 2050, the burden of age-related neurological conditions continues 
to escalate.76

CURRENT NEUROTECHNOLOGY DEVELOPMENTS RELEVANT TO OLDER PERSONS

Cognitive Enhancement and Dementia Intervention Technologies
The development of neurotechnologies specifically targeting cognitive decline represents a rapidly evolving 
field with particular relevance to elderly populations. Transcranial direct current stimulation (tDCS) and 
transcranial magnetic stimulation (TMS) have emerged as leading non-invasive approaches for addressing 
mild cognitive impairment and early-stage dementia. These technologies work by modulating neural 
activity in specific brain regions associated with memory formation, executive function, and attention 
processing.77 Deep brain stimulation (DBS) applications have expanded beyond movement disorders 
to include experimental treatments for treatment-resistant depression and cognitive enhancement in 
neurodegenerative conditions.78 

Sensory Restoration Technologies
Sensory impairments significantly impact quality of life in elderly populations, and neurotechnology 
offers innovative approaches to address these challenges.79 Advanced cochlear implants and auditory 
brainstem implants are already being optimized for older persons while considering age-related changes in 
neural plasticity and auditory processing.80 Retinal implants represent another emerging technology that 
may benefit older persons with age-related macular degeneration and other vision-limiting conditions.81
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BENEFITS OF NEUROTECHNOLOGY FOR OLDER PERSONS

Enhanced Quality of Life and Functional Independence
The primary benefit of neurotechnology applications for older persons lies in their potential to preserve 
or restore functional independence across multiple domains. Cognitive enhancement technologies may 
help elderly individuals maintain mental acuity longer, potentially delaying the need for intensive care 
interventions and preserving personal autonomy.82 Motor restoration can enable continued participation 
in meaningful activities and reduce dependence on caregivers. 

Neurotechnology therapeutics can also offer the potential for personalised interventions tailored to 
individual ageing trajectories and specific impairment patterns.83 Emerging neurotechnologies can now 
be adjusted in real-time based on patient response and changing needs, providing a level of customization 
particularly valuable in the heterogeneous elderly population.84

Economic and Healthcare System Benefits
From a broader perspective, effective neurotechnology interventions for elderly persons could significantly 
reduce healthcare costs by delaying institutionalization, reducing hospitalization rates, and minimizing 
the need for intensive caregiving services.85 The economic burden of age-related neurological conditions 
is substantial, and technologies that can extend healthy aging or slow disease progression represent 
important cost-effectiveness considerations for healthcare systems worldwide.86

Social and Psychological Benefits
Neurotechnologies may also provide significant social and psychological benefits by enabling elderly 
persons to maintain social connections, continue engaging in meaningful activities, and preserve their 
sense of identity and purpose.87 Treatments that enhance communication abilities, support memory 
function, or improve mobility can have profound impacts on social isolation and depression, which are 
significant concerns in elderly populations.88

RISKS AND ETHICAL CONSIDERATIONS

Safety and Physiological Risks
The use of neurotechnologies in elderly populations raises unique safety concerns related to age-related 
changes in brain function. Elderly individuals may be more susceptible to adverse effects from neural 
stimulation due to altered blood-brain barrier function, increased cerebrovascular fragility, and reduced 
neural plasticity.89 The risk-benefit profile of invasive procedures requires careful evaluation considering 
shorter life expectancy and higher surgical risks.90

Cognitive and Psychological Risks
The potential for neurotechnologies to alter personality, decision-making capacity, or sense of self in older 
persons constitutes a genuine human rights risk. Concerns arise as to whether cognitive enhancement 
technologies might create unrealistic expectations or interfere with natural ageing processes.91 The 
possible psychological impact of becoming dependent on devices for basic cognitive or motor functions 
also requires careful consideration.

Ethical and Social Justice Concerns
The use of neurotechnologies for treatments raises fundamental questions about distributive justice, 
accessibility, and the potential for creating or exacerbating health disparities. High costs associated with 
many neurotechnologies may limit access to wealthy individuals or well-funded healthcare systems, 
potentially creating new forms of inequality in ageing experiences.92 
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Coercion on older persons to accept technological interventions, particularly in institutional settings 
where the benefits may accrue primarily to caregivers or healthcare systems rather than the individuals 
themselves, are also of concern. Ensuring informed consent becomes more complex when dealing with 
individuals who may have cognitive impairments or who may not fully understand the long-term 
implications of neurotechnology interventions.93

REGULATORY CHALLENGES: OVERSIGHT AND ENFORCEMENT

Regulatory Framework Development
Current legislative and regulatory frameworks applying to neurotechnologies may not adequately 
address the unique considerations relevant to older patients. Age-specific clinical trial requirements, 
safety monitoring protocols, and efficacy standards need development to ensure appropriate oversight 
of neurotechnology applications in older persons’ treatment using neurotechnologies.94

Healthcare Integration and Training
The successful implementation of neurotechnology for elderly persons may require significant changes 
in healthcare delivery models, including specialized training for clinicians, neurologists, and other 
healthcare providers. Integration of neurotechnologies with existing care coordination systems and 
consideration of caregiver needs and capabilities will prove essential in deployment.95

NEUROTECHNOLOGIES IN THE JUSTICE SYSTEM: DEVELOPMENTS, BENEFITS, AND RISKS IN CIVIL AND CRIMI-
NAL PROCEDURE

CIVIL PROCEDURE

As brain-computer interfaces (BCIs), neural imaging and other cognitive monitoring capabilities continue 
to evolve rapidly from experimental to practical applications, they present novel challenges to traditional 
legal frameworks governing evidence, testimony, and procedural rights. The analysis commences with 
a brief overview of the scientific and historical development of the application of different kinds of 
neuroscientific evidence in civil procedure and discusses the inherent challenges arising from the 
interpretation and utilisation of such evidence in court proceedings. 

Relevant neurotechnologies in this context comprise a rapidly expanding array of tools and techniques 
for measuring, interpreting, and potentially modifying brain activity, including functional magnetic 
resonance imaging (fMRI), electroencephalography (EEG), transcranial stimulation, brain-computer 
interfaces, and emerging neurochemical detection methods.96 These technologies promise unprecedented 
insights into human cognition, memory, decision-making, and emotional states—all fundamental 
elements of legal proceedings.97 The justice system’s growing interest in neurotechnologies stems from 
their potential to address longstanding challenges in both criminal and civil procedure: determining 
truthfulness, assessing mental capacity, understanding intent, evaluating competency, and measuring 
damages related to neurological harm.98 However, the integration of these technologies into legal 
frameworks raises profound questions about privacy, reliability, constitutional protections, and the 
very nature of human agency and responsibility.99

Currently, in certain jurisdictions, neurotechnology applications are indeed being applied in justice 
systems, underscoring their transformative potential, albeit with significant possible risks and limitations 
with respect to scalability. While neurotechnologies offer valuable tools for enhancing accuracy and 
fairness in legal proceedings, their implementation requires careful consideration of scientific validity, 
ethical implications, and constitutional safeguards to prevent misuse and preserve fundamental rights.
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CURRENT NEUROTECHNOLOGY DEVELOPMENTS IN LEGAL CONTEXTS

Use of Brain Imaging Technologies in Legal Proceedings
Functional neuroimaging has emerged as the most prominent neurotechnology in legal settings.100 fMRI 
studies of brain activation patterns during deception have generated considerable interest as potential 
‘lie detection’ tools, with several enterprises developing commercial applications.101 Structural MRI scans 
increasingly serve as evidence in criminal sentencing, particularly in cases involving traumatic brain 
injury or developmental abnormalities that might explain criminal behaviour.102 Positron emission 
tomography (PET) scans and other imaging modalities are being introduced to demonstrate neurological 
damage in personal injury litigation and to assess competency in various legal proceedings.103

Electrophysiological Monitoring
EEG-based technologies, including event-related potentials and so-called ‘brain fingerprinting’ techniques, 
are being explored for memory detection and truthfulness assessment. These approaches measure 
electrical brain activity in response to stimuli, potentially revealing whether individuals possess specific 
knowledge about events or locations.104 Some jurisdictions have begun accepting EEG evidence in limited 
circumstances, though admissibility standards vary significantly.105

Cognitive Enhancement and Modification Technologies
Emerging neurotechnologies extend beyond measurement to potential cognitive modification. 
Transcranial stimulation techniques can temporarily alter brain function, raising questions about their 
use in rehabilitation, competency restoration, and broader ethical and human rights considerations around 
treatments using cognitive enhancement on  individuals.106 Deep brain stimulation and other therapeutic 
interventions present further complex questions as regards agency and responsibility in respect of the 
broader implications for the rights of others within communities. Delivery of these capabilities may further 
widen disparities in terms of access to justice, including remedies. In addition, concerns may also arise 
in connection with neurotechnologies’ delivery widening social inequities, bias and discrimination.107

BENEFITS AND APPLICATIONS IN CRIMINAL PROCEDURE

Enhanced Accuracy in Determinations of Truthfulness
Certain capabilities under development in the sphere of neurotechnologies potentially offer improvements 
over traditional polygraph testing, which has limited admissibility in legal proceedings due to ongoing 
concerns as to its reliability.108 Neurotechnologies-based lie detection methods claim to measure deception 
more directly by examining neural correlates of truthfulness rather than peripheral physiological 
responses.109 These technologies might provide more objective assessments of witness credibility and 
defendant statements, potentially reducing wrongful convictions based on false confessions or perjured 
testimony.

Mental State and Competency Assessment
Developments in neuroimaging have allowed for the provision of valuable insights into the mental 
states of defendants in proceedings, their cognitive capacity, and neurological conditions that affect 
an accountability with regard to individual criminal responsibility.110 These technologies can enhance 
competency evaluations, determinations of sanity and mental faculties, and assessments of mitigating 
factors in sentencing.111 Brain scans may reveal previously undetected neurological conditions that could 
potentially reflect physiological and cognitive changes that may assist assessments of criminal behaviour, 
possibly supporting more appropriate therapeutic interventions rather than purely punitive measures.
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Rehabilitation and Recidivism Prevention
Developments in the capacities of neurotechnologies may eventually enable more precise understanding 
of cognitive deficits and neurological factors contributing to criminal behaviour.112 This knowledge could 
potentially inform more targeted rehabilitation programs and treatments, medication management, and 
therapeutic interventions designed to address underlying neurological causes of problematic conduct. 
Brain-based assessments might also improve risk evaluation and parole decisions by providing objective 
measures of rehabilitation progress.113

BENEFITS AND APPLICATIONS IN CIVIL PROCEDURE

Personal Injury and Medical Malpractice Litigation
Current neuroimaging technologies provide objective evidence of brain injury, cognitive impairment, 
and neurological damage in tort cases. These technologies can thus be used to demonstrate the extent of 
harm, support damage calculations, and distinguish between pre-existing conditions and injury-related 
changes.114 Advanced imaging techniques may detect subtle brain injuries previously difficult to document 
prior to advances in neuroimaging, thus allowing for more nuanced analysis of changes in physiological 
conditions in the process of assessing possible neurological harm caused to an individual.115

Capacity and Competency Determinations
Civil proceedings often require assessments of mental capacity in respect of deliberations concerning 
processes such as contracts, wills, guardianship, and other legal decisions. Neurotechnologies that allow 
for more objective measures and assessment of cognitive functions could potentially assist in the resolution 
of disputes over mental capacity, and provide clearer guidance for courts determinations in cases of 
protective arrangements, for example.116 Such assessments that leverage neurotechnology-based insights 
could be particularly valuable in cases involving dementia, developmental disabilities, or other cognitive 
impairments.117

Employment and Workplace Discrimination Law
Neuroimaging evidence may support claims related to workplace discrimination based on neurological 
conditions or demonstrate the cognitive effects of occupational exposures.118 These technologies can 
provide objective documentation of neurological impairments that affect employment capacity and 
support reasonable accommodation requests under disability laws.119

RISKS AND CHALLENGES

Scientific Reliability and Validity Concerns
Current neurotechnologies face significant limitations in reliability, accuracy, and interpretation. 
Brain imaging studies often involve small sample sizes, variable methodologies, and uncertain clinical 
significance. The translation from group-level research findings to individual legal determinations presents 
substantial challenges.120 Many neurotechnologies lack sufficient validation for forensic applications, 
raising concerns about premature adoption in high-stakes legal contexts.121

Privacy and Data Protection 
Neurotechnology applications engage fundamental concerns pertaining to the rights to privacy and 
data protection rights.122 In addition, due process considerations arise, including privilege against self-
incrimination and protections against unreasonable searches, in the context of invasive examinations 
of neural data derived from the individual.123 Furthermore, courts may need to determine in their 
evaluations as to whether neurotechnologies-based evidence neural data collection and processing 
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constitutes testimonial evidence or physical evidence, affecting admissibility and procedural protections.124 
The invasive nature of certain neurotechnologies also raises additional questions as regards prior and 
informed consent, particularly for incarcerated individuals in detention facilities or those with diminished 
capacity.125

BROADER SOCIAL JUSTICE IMPLICATIONS: BIAS AND DISCRIMINATION
Neurotechnologies may perpetuate or exacerbate existing biases in the justice system. Brain imaging 
studies have historically underrepresented diverse populations, leading to serious oversights in respect of 
the representativeness of ethnic minorities and other vulnerable groups, such as persons with disabilities, 
in datasets: potentially leading to discriminatory application.126 Cultural, socioeconomic, and individual 
differences may thus be cited as factors influencing brain structure, function or cognitive ability.127 Such 
misinterpretations could lead to parties propagating narratives that these factors influence pathological 
or criminal predispositions.128 Furthermore, the cost of accessing certain neurotechnologies could create 
disparities in access to potentially exonerating or mitigating evidence.129

ETHICAL AND LEGAL FRAMEWORK CONSIDERATIONS

Admissibility Standards and Expert Testimony
Courts should develop appropriate standards for evaluating neurotechnologies-based evidence, building 
upon existing frameworks such as the Daubert and Frye standards.130 Expert testimony requirements 
will become ever more crucial given the complex, evolving nature of neuroscience and neurotechnologies 
research and development. In addition, legal professionals will likely need further training with regard 
to developing enhanced scientific literacy to effectively evaluate and present evidence linked to the 
exploitation of neurotechnologies.131

Prior and Informed Consent and Procedural Protections
The implementation of neurotechnologies requires robust informed consent procedures, particularly 
given the complexity of the underlying science and potential implications for legal proceedings.132 Special 
protections may be necessary for vulnerable groups, including children, persons with disabilities, and 
persons being held in custody, including pre-trial detention.

Regulation and Professional Standards
Professional organizations and regulatory bodies engaged within the justice system will need to 
develop extensive guidelines for the forensic application of neurotechnologies. These standards shall 
require advancing knowledge and the education of advocates and address practitioner qualifications, 
equipment specifications, data interpretation protocols, and ethical boundaries for the exploitation of 
neurotechnologies in the justice system.133

FUTURE IMPLICATIONS FOR CIVIL LAW

Neurotechnologies represent both tremendous opportunities and significant risk for justice systems 
worldwide. Their potential to enhance accuracy, fairness, and understanding in legal proceedings is 
substantial, offering tools to address longstanding challenges in truth determination, capacity assessment, 
and rehabilitation. However, the current state of neuroscience and neurotechnologies research, combined 
with continued concerns over human rights, transparency, accountability and reliability, thus demands 
a cautious and thoughtful implementation of any neurotechnologies-based innovation. The rapid pace 
of neurotechnology development promises continued evolution of applications in law. In particular, the 
integration of artificial intelligence (AI) with evolving brain imaging capabilities may enhance diagnostic 
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accuracy.134 Portable, real-time monitoring devices could enable continuous assessment of mental states and 
cognitive function.135 However, such advances in technical capabilities may in the future also raise novel 
questions as regards surveillance, autonomy, and the appropriate limits of the use of neurotechnologies 
beyond legal proceedings for the rule of law in democratic societies.

The integration of neurotechnologies into legal frameworks requires interdisciplinary collaboration 
among neuroscientists, legal scholars, ethicists, and practitioners. Robust validation studies, clear 
admissibility standards, and comprehensive procedural protections are essential prerequisites for 
responsible adoption. The ultimate goal must be enhancing justice while preserving fundamental rights 
and human dignity. As neurotechnologies continue to evolve, the legal system must maintain a delicate 
balance between embracing beneficial innovations and protecting against premature or inappropriate 
applications. Success in this endeavour will require ongoing dialogue, careful empirical evaluation, 
and unwavering commitment to both scientific rigour and human rights standards. The future use of 
neurotechnologies in the justice system depends on our collective ability to harness powerful innovations 
in this domain while safeguarding. 

CONCLUSIONS

The emergence of neurotechnologies marks a pivotal moment in human history, comparable to other 
transformative innovations that have reshaped society and human experience. The development of 
neurotechnologies represents both an unprecedented opportunity for human advancement and a 
fundamental challenge to traditional concepts of privacy and cognitive liberty. The benefits of these 
technologies—from treating intractable medical conditions to enhancing human capabilities—are 
potentially substantial, as has already been evidenced by early medical applications  of neurotechnologies 
in treatments of disorders such as Parkinson’s Disease.136 However, the risks they pose to mental privacy and 
individual autonomy are equally significant and require careful consideration and proactive governance 
and regulation. 

The path forward requires a delicate balance between promoting beneficial innovation and protecting 
fundamental human rights. This balance can only be achieved through interdisciplinary collaboration 
amongst all concerned stakeholders: governments, technologists and neuroengineers, bioethicists, legal 
scholars, and civil society. The further development of appropriate frameworks must occur in parallel 
with technological advancement, rather than as an afterthought to innovation.

‘INFORMED CONSENT’ AS A BASIS FOR DATA PROCESSING: FURTHER LEGAL BASES

Informed consent, while fundamental to data protection law, is but one of the legal bases for data processing 
in many jurisdictions. What constitutes meaningful informed prior consent for neurotechnologies 
interventions that may access involuntary mental processes? Furthermore, meaningful informed consent 
may prove  complex to discern where technologies fundamentally alter cognitive or other physiological 
capabilities. In addition, also at  issue is how decisions can be made regarding neurotechnological 
interventions for individuals with cognitive disabilities who may lack capacity for informed consent. 
Traditional consent models may prove inadequate for neurotechnologies that can extract neural data for 
development of inferences without conscious awareness or control of the individual. Relying solely on 
consent is inappropriate, given that data processing activities in the context of the use of neurotechnologies 
may be lawfully permitted under other provisions.137 For example, healthcare providers may be required 
to maintain medical records to meet regulatory requirements, or a patient may be unable to provide 
consent given their medical condition: in this case, a third party, such as a clinician, may make a decision 
in the best interests of the data subject (the patient). Vital interests justify processing when someone’s 
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life is at stake, such as medical emergencies where unconscious patients cannot provide consent. These 
concerns all underscore the need for safeguards, which prove necessary to protect user autonomy and 
prevent coercion or undue influence in treatment decisions involving neurotechnologies. 

RESOLVING SPECIFIC HUMAN RIGHTS CONCERNS RELATING TO DISABILITIES

Neurotechnologies represent both tremendous opportunities and significant challenges for persons 
with disabilities. The potential for restored function, enhanced health, and improved quality of life is 
unprecedented. However, the realisation of this great potential requires careful attention to human rights, 
medical safety, equity, autonomy, and broader social implications.

The path forward requires inclusive development processes for neurotechnologies that centre 
the voices and experiences of persons with disabilities, robust regulatory frameworks that balance 
innovation with protection, and sustained commitment to ensuring equitable access to therapies. 
Critically, neurotechnology advancement must occur alongside continued investment in social inclusion, 
environmental accessibility, and the full spectrum of supports that enable participation and dignity for 
all persons with disabilities.

The questions raised by the advancement of neurotechnologies development are not merely technical or 
medical but also fundamentally human rights-based, social and ethical. Development of neurotechnologies 
will determine whether they become tools of empowerment that assist the realisation of the right to 
health or are otherwise instruments that inadvertently reinforce existing inequalities and limitations. 
Ultimately, success will be measured not just by technological sophistication, but rather by the extent to 
which innovations contribute to a more inclusive and equitable society for all persons with disabilities.

The future of neurotechnologies and disability lies not in choosing between either technological or 
social approaches, but in meaningfully integrating both to create an environment where all individuals 
can participate fully in society, whether through medical intervention or technological enhancement, 
environmental modification, social support, or—most likely—some combination of all these approaches 
tailored to individual needs and preferences.

OLDER PERSONS, SHIFTING DEMOGRAPHICS AND INTERGENERATIONAL EQUITY 

The development and application of neurotechnology for elderly populations represents a complex 
intersection of technological innovation, clinical need, and ethical consideration. While these technologies 
offer significant potential benefits including enhanced quality of life, preserved independence, and 
improved management of age-related neurological conditions, they also present substantial risks and 
challenges that must be carefully addressed.

The unique characteristics of elderly populations, including increased vulnerability, altered 
physiology, and complex social circumstances, necessitate specialized approaches to neurotechnologies 
development and implementation. Current research gaps include limited age-specific clinical trial data, 
inadequate understanding of long-term outcomes, and insufficient attention to human rights, ethical and 
social justice considerations. Successful integration of neurotechnologies into healthcare will require 
interdisciplinary collaboration amongst clinicians, ethicists, policymakers, and older persons themselves. 
Priority should be given to developing age-appropriate safety protocols, establishing ethical frameworks 
for implementation, ensuring equitable access, and conducting rigorous long-term outcome studies.

The potential societal benefits of effectively harnessing neurotechnology for healthy ageing are 
substantial, including improved quality of life for millions of older persons, reduced healthcare costs 
and enhanced social and economic participation. However, realising these benefits will require careful 
attention to the risks and challenges identified in this analysis, as well as continued investment in research. 
A key objective must be to develop and implement neurotechnologies that enhance rather than replace 
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human capabilities, preserve dignity and autonomy, and contribute to a vision of aging that emphasizes 
continued growth, contribution, and well-being throughout the human lifespan. This will require not 
only technological innovation but also social innovation in how we conceptualize and support an ageing 
global population.

RECOMMENDATIONS

1. Neurotechnologies advancement for clinical use should be guided by a human rights-based 
approach to health

The human rights-based approach (HRBA) to health provides a  framework for development and policy 
in relation to neurotechnologies that puts people’s human rights at its core, shifting focus from needs to 
entitlements by empowering rights-holders (individuals) to claim their rights and strengthening duty-
bearers (governments, institutions, healthcare systems) to fulfill their obligations. Key principles such 
as participation, accountability, non-discrimination, transparency, and empowerment, must  ensure 
development of neurotechnology addresses root causes of inequality and marginalization in access to 
healthcare.138

2. Support research on the integration of neurotechnologies within healthcare systems

Despite growing interest in neurotechnological interventions for disability support, significant knowledge 
gaps remain regarding their effective incorporation into established healthcare infrastructures. Critical 
questions persist concerning the systematic integration of neurotechnologies within existing clinical 
and community-based service delivery models for persons with disabilities. The requisite competencies, 
educational frameworks, and ongoing professional development mechanisms necessary to prepare 
healthcare providers, disability service professionals, and informal caregivers for neurotechnology 
implementation remain inadequately defined.

Furthermore, the relationship between neurotechnological solutions and traditional approaches 
to accessibility, particularly social and environmental modifications, requires rigorous investigation 
to ensure complementary rather than competing intervention strategies. The absence of longitudinal 
research examining the complex interactions between neurotechnologies and established disability-
related interventions represents a substantial gap in the evidence base, limiting informed decision-making 
about integrated care pathways.

Additionally, consensus on appropriate outcome measures and evaluation frameworks across diverse 
neurotechnological applications for disability remains elusive. Without standardized metrics for assessing 
efficacy, effectiveness, and broader impact across different neurotechnology modalities, comparing 
interventions and establishing best practices becomes problematic. Addressing these interconnected 
research priorities is essential for developing evidence-informed policies and practices that optimize 
neurotechnology deployment while safeguarding the rights, preferences, and wellbeing of persons with 
disabilities.
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3. Build capacities to address health equity and access for older persons to neurotechnologies

The emergence of neurotechnological interventions for ageing populations presents significant concerns 
regarding equitable distribution and access across different cohorts and communities of older persons. 
Current research insufficiently addresses how socioeconomic stratification, cultural diversity, and 
geographic disparities may create differential access to neurotechnology-based healthcare solutions, 
potentially widening existing health inequities among older adults.

To date, broad evidence has emerged that innovation in medical technologies frequently exhibits 
inequitable adoption patterns, with economically disadvantaged, culturally marginalized, and 
geographically isolated populations experiencing delayed or limited access. 139 This disparity is likely to be 
replicated as neurotechnologies are adopted. In addition, targeted research examining the specific barriers 
and facilitators to neurotechnology accessibility for diverse elderly populations remains notably absent. 
The mechanisms through which cost structures, insurance coverage policies, healthcare infrastructure 
limitations, and cultural acceptability influence neurotechnology uptake among various elderly subgroups 
require systematic investigation.

Moreover, the intersection of multiple disadvantage factors, including rural residence, low 
socioeconomic status, racial and ethnic minority status, and limited health literacy, and their cumulative 
impact on access to neurotechnologies for clinical treatments remains poorly understood. Without 
evidence-based strategies to promote equitable distribution, neurotechnological advances risk becoming 
privilege-amplifying interventions that disproportionately benefit already-advantaged populations while 
leaving vulnerable elderly groups further behind.

There exists an urgent need for research that identifies effective policy frameworks, service delivery 
models, and implementation strategies capable of ensuring universal access to beneficial neurotechnologies 
regardless of socioeconomic position, cultural background, or geographic location. Such investigation must 
encompass affordability mechanisms, culturally responsive implementation approaches, infrastructure 
development for underserved areas, and community engagement strategies that center the needs and 
preferences of marginalized elderly populations. Proactive attention to equity considerations is essential 
to prevent neurotechnologies from inadvertently exacerbating the health disparities that already 
disproportionately affect vulnerable aging populations.

4. Develop robust scenario planning to model long term neurotechnologies impacts for society

Scenario planning constitutes an essential methodological approach for anticipating the multifaceted 
implications of neurotechnology implementation across consumer and clinical contexts. The inherent 
complexity and uncertainty surrounding neurotechnological development trajectories necessitate 
structured foresight mechanisms that transcend linear prediction models.

Within clinical environments, scenario planning will enable healthcare systems to better prepare for 
divergent regulatory pathways, reimbursement structures, and integration challenges that may emerge as 
neurotechnologies transition from experimental to standard care. 140 Multiple plausible scenarios, ranging 
from widespread adoption to severe regulatory restrictions, require distinct infrastructural investments, 
training of healthcare professionals and governance frameworks. Without systematic scenario analysis 
to discern future impacts, institutions risk misallocating resources or failing to establish necessary 
safeguards to human rights before critical concerns arise.

Consumer uses of neurotechnologies present equally complex eventualities requiring adoption of long 
term strategies. Neurotechnologies marketed directly to consumers may evolve along trajectories involving 
varying degrees of oversight and data commercialization. Scenario planning facilitates identification 
of potential tipping points where consumer neurotechnologies might blur the boundaries between 
therapeutic uses and enhancement, possibly creating novel privacy or data protection vulnerabilities or 
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otherwise generating unexpected social stratifications.
Furthermore, the interdependencies between technological capabilities, regulatory responses, market 

forces, and public acceptance could create dynamic feedback loops that single-pathway forecasting cannot 
adequately capture. This development would heighten the risk of interferences with human rights. The 
capacity of scenario planning to explore multiple concurrent variables and their interactions can provide 
policymakers, clinicians, and industry stakeholders with robust frameworks for adaptive governance. This 
methodological approach could prove assistive in transforming uncertainty from a planning obstacle into 
a strategic asset, enabling proactive rather than reactive responses to neurotechnology’s transformative 
potential.

5. Encourage research of the long-term effects of neurotechnology interventions on quality of 
life, functional independence, overall well-being and the enjoyment of human rights

The evaluation of neurotechnological interventions for different populations has to date predominantly 
emphasised short-term clinical efficacy metrics, leaving critical knowledge gaps regarding sustained 
impacts on wellbeing outcomes. Existing research inadequately addresses whether neurotechnology-
mediated improvements persist over extended timeframes and, crucially, how such interventions influence 
broader constructs of quality of life, functional independence, holistic wellbeing and the progressive 
realisation of the right to health.141 

Traditional clinical trial endpoint, typically focused on symptom reduction or neurophysiological 
parameter, frequently provide insufficient insight into outcomes most salient to individuals themselves 
and their tangible enjoyment of human rights. The absence of comprehensive longitudinal investigations 
examining patient-reported experiences, subjective wellbeing, social participation, autonomy preservation, 
and life satisfaction represents a substantial evidence deficit. Without such data, clinicians and 
policymakers cannot adequately assess whether neurotechnologies deliver meaningful improvements 
aligned with care priorities that emphasise human rights over mere biomedical indicators.142

Furthermore, the potential long-term consequences of neurotechnologies-based interventions in 
terms of implications for an individual’s human rights, including impacts and adverse effects related 
to negative adaptation, dependency development, psychosocial implications, or delayed adverse events, 
remain poorly characterised across extended follow-up periods. In addition, the complex interplay between 
neurotechnology interventions and age-related trajectories of cognitive decline, physical frailty, and social 
engagement also requires sustained observation beyond typical clinical trial durations.

Therefore, there exists an urgent need for methodologically rigorous longitudinal studies that 
capture clinical efficacy alongside patient-centred metrics that adequately capture an holistic evaluation 
of neurotechnologies’ sustained value propositions across interdependent human rights for different 
populations. 

6. Address global disparities in neurotechnologies access, particularly given the concentration of 
research and development in more developed economies in the Global North

The geographically asymmetric distribution of neurotechnology research, development, and clinical 
implementation presents profound equity challenges that remain insufficiently addressed within 
current discourse. Existing neurotechnology innovation ecosystems exhibit marked concentration 
within high-income economies, creating substantial disparities in access that risk entrenching global 
health inequalities.143 Moreover, evidence-based strategies for mitigating these geographical imbalances 
and promoting equitable neurotechnology diffusion across diverse economic contexts remain critically 
underdeveloped.144
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The mechanisms through which resource-constrained healthcare systems in low- and middle-income 
countries (LMICs)145 might feasibly adopt, adapt, and sustain neurotechnological interventions therefore 
requires systematic investigation. Current research provides limited guidance on contextually appropriate 
technology transfer frameworks that account for infrastructure limitations, healthcare workforce capacity 
constraints, and economic sustainability considerations specific to LMIC settings for neurotechnologies-
based treatments. Furthermore, the applicability of neurotechnologies developed primarily within the 
clinical environments of developed economies to populations exhibiting different disease prevalence 
patterns, cultural contexts, and healthcare delivery models remains inadequately examined.146

In addition, capacity-building approaches that could enable local neurotechnology innovation, 
implementation, and maintenance within resource-limited settings currently lack empirical validation. 
Questions thus persist as regards the optimal models for knowledge transfer, technical training 
programmes, regulatory framework adaptation, and public-private partnerships capable of facilitating 
meaningful LMIC engagement beyond mere technology importation. Research to identify scalable, 
sustainable pathways toward neurotechnology democratisation must be encouraged so as to prevent 
these innovations from becoming exclusively accessible to privileged populations, thereby exacerbating 
rather than ameliorating global health disparities.



 22 | WORKING PAPER | DELIVERING RESPONSIBLE NEUROTECHNOLOGIES GOVERNANCE

SELECT BIBLIOGRAPHY

Alagapan, S., Choi, K. S., Heisig, S., Riva-Posse, P., Crowell, A., Tiruvadi, V., ... & Rozell, C. J. (2023). Cingulate 
dynamics track depression recovery with deep brain stimulation. Nature, 622(7981), 130-138

Berger, T. W., Gerhardt, G., Liker, M. A., & Soussou, W. (2009). The impact of neurotechnology on 
rehabilitation. IEEE reviews in biomedical engineering, 1, 157-197

Cinel, C., Valeriani, D., & Poli, R. (2019). Neurotechnologies for human cognitive augmentation: current 
state of the art and future prospects. Frontiers in human neuroscience, 13, 13; 

Collins, B., & Klein, E. (2023). Invasive Neurotechnology: A study of the concept of Invasiveness in 
Neuroethics. Neuroethics, 16(1), 11.

Drew, L. (2024). Neuralink brain chip: advance sparks safety and secrecy concerns. Nature, 627(8002), 19

Duncan, N. W., & Rae, C. L. (2024). Geographical and economic influences on neuroimaging modality 
choice. Royal Society open science, 11(5), 231496

Giacobbe, P., Burhan, A. M., Waxman, R., & Ng, E. (2023). Interventional psychiatry and neurotechnologies: 
education and ethics training. Canadian Journal of Neurological Sciences, 50(s1), s10-s16.

Glannon, W. (2021). Ethical and social aspects of neural prosthetics. Progress in Biomedical Engineering, 4(1), 
012004

Goering, S., Klein, E., Specker Sullivan, L., Wexler, A., Agüera Y Arcas, B., Bi, G., ... & Yuste, R. (2021). 
Recommendations for responsible development and application of neurotechnologies. Neuroethics, 14(3), 
365-386

Haston, S., Gill, S., Agbeleye, O., Twentyman, K., Green, B., Eastaugh, C., & Mkwashi, A. (2024). Horizon 
Scanning Report: Neurotechnology for Mental Health, Healthy Ageing and Physical Disability. National 
Institute for Health Research Innovation Observatory, the University of Newcastle upon Tyne. 

Hramov, A. E., Maksimenko, V. A., & Pisarchik, A. N. (2021). Physical principles of brain–computer 
interfaces and their applications for rehabilitation, robotics and control of human brain states. Physics 
Reports, 918, 1-133.

Ienca, M., & Vayena, E. (2019). Direct-to-consumer neurotechnology: What is it and what is it for?.AJOB 
neuroscience, 10(4), 149-151

Klein, E., & Nam, C. S. (2016). Neuroethics and brain-computer interfaces (BCIs). Brain-computer interfaces, 
3(3), 123-125.

Krauss, J. K., Lipsman, N., Aziz, T., Boutet, A., Brown, P., Chang, J. W., ... & Lozano, A. M. (2021). Technology 
of deep brain stimulation: current status and future directions. Nature Reviews Neurology, 17(2), 75-87.



 23 | WORKING PAPER | DELIVERING RESPONSIBLE NEUROTECHNOLOGIES GOVERNANCE

Liu, Z., Shore, J., Wang, M., Yuan, F., Buss, A., & Zhao, X. (2021). A systematic review on hybrid EEG/fNIRS 
in brain-computer interface. Biomedical Signal Processing and Control, 68, 102595.

López-Silva, P., Wajnerman-Paz, A., & Molnar-Gabor, F. (2024). Neurotechnological applications and the 
protection of mental privacy: an assessment of risks. Neuroethics, 17(2), 31

Magee, P., Ienca, M., & Farahany, N. (2024). Beyond neural data: Cognitive biometrics and mental 
privacy. Neuron, 112(18), 3017-3028.

Marois, A., & Lafond, D. (2022). Augmenting cognitive work: a review of cognitive enhancement methods 
and applications for operational domains. Cognition, Technology & Work, 24(4), 589-608.

McDowell, K., Lin, C. T., Oie, K. S., Jung, T. P., Gordon, S., Whitaker, K. W., ... & Hairston, W. D. (2013). 
Real-world neuroimaging technologies. IEEE Access, 1, 131-149

Midha, S., Wilson, M. L., & Sharples, S. (2022, June). Ethical concerns and perceptions of consumer 
neurotechnology from lived experiences of mental workload tracking. In Proceedings of the 2022 ACM 
Conference on Fairness, Accountability, and Transparency (pp. 564-573); 

Nag, S., & Thakor, N. V. (2016). Implantable neurotechnologies: electrical stimulation and applications. Medical 
& biological engineering & computing, 54(1), 63-76.

Patel, S. R., & Lieber, C. M. (2019). Precision electronic medicine in the brain. Nature biotechnology, 37(9), 
1007-1012.

Rotenberg, A. (2023). The neurotechnology patent landscape in a time of neuroethics: 2016-2020 (Doctoral 
dissertation, University of British Columbia).

Sarlet, G. B. S., & Weschenfelder, L. R. (2025). The Right to Health in Brazil and the Prospects for Using 
Neurotechnology. In Contextualizing Neuroprotection: Latin American Perspectives on the Impact of Neurotechnological 
Development in Life and Society (pp. 123-147). Cham: Springer Nature Switzerland.

Shoaran, M., Shin, U., & Shaeri, M. (2024, April). Intelligent neural interfaces: An emerging era in 
neurotechnology. In 2024 IEEE Custom Integrated Circuits Conference (CICC) (pp. 1-7). IEEE.

Schalk, G., Brunner, P., Allison, B. Z., Soekadar, S. R., Guan, C., Denison, T., ... & Miller, K. J. (2024). 
Translation of neurotechnologies. Nature Reviews Bioengineering, 2(8), 637-652.

Serrano, R. R. M., Troughton, J. G., Mirkhani, N., Martinez, N., Mariello, M., Tsigarides, J., ... & Guemes, A. 
(2025). From Neural Sensing to Stimulation: An Interdisciplinary Roadmap for Neurotechnology. arXiv 
preprint arXiv:2510.07116

Shoaran, M., Shin, U., & Shaeri, M. (2024, April). Intelligent neural interfaces: An emerging era in 
neurotechnology. In 2024 IEEE Custom Integrated Circuits Conference (CICC) (pp. 1-7). IEEE.

Stieglitz, T. (2021). Why Neurotechnologies? about the purposes, opportunities and limitations of 
neurotechnologies in clinical applications. Neuroethics, 14(1), 5-16



 24 | WORKING PAPER | DELIVERING RESPONSIBLE NEUROTECHNOLOGIES GOVERNANCE

Thota, A. K., & Jung, R. (2024). Accelerating neurotechnology development using an Agile methodology. 
Frontiers in Neuroscience, 18, 1328540; Bublitz, C. (2024). Neurotechnologies and human rights: restating 
and reaffirming the multi-layered protection of the person. The International Journal of Human Rights, 28(5), 
782-807.

Vedam-Mai, V., Deisseroth, K., Giordano, J., Lazaro-Munoz, G., Chiong, W., Suthana, N., ... & Okun, M. S. 
(2021). Proceedings of the eighth annual deep brain stimulation think tank: advances in optogenetics, ethical 
issues affecting DBS research, neuromodulatory approaches for depression, adaptive neurostimulation, 
and emerging DBS technologies. Frontiers in Human Neuroscience, 15, 644593

Wexler, A., & Reiner, P. B. (2019). Oversight of direct-to-consumer neurotechnologies. Science, 363(6424), 
234-235.

Wolbring, G. (2024). Neuro-abilities and a good life. Journal of Neurology Research, 14(1), 16-36; Bosl, W. (2012). 
Neurotechnology and psychiatric biomarkers.

Yamada, Y., & Sumiyoshi, T. (2021). Neurobiological mechanisms of transcranial direct current stimulation 
for psychiatric disorders; neurophysiological, chemical, and anatomical considerations. Frontiers in human 
neuroscience, 15, 631838.

Yang, J. (2025). Reversibility of neurotechnological interventions: conceptual and ethical issues. Medicine, 
Health Care and Philosophy, 1-18

Yuste, R. (2023). Advocating for neurodata privacy and neurotechnology regulation. Nature Protocols, 18(10), 
2869-2875.



 25 | WORKING PAPER | DELIVERING RESPONSIBLE NEUROTECHNOLOGIES GOVERNANCE

END NOTES 

1	  See further: Goering, S., Klein, E., Specker Sullivan, L., Wexler, A., Agüera Y Arcas, 
B., Bi, G., ... & Yuste, R. (2021). Recommendations for responsible development and 
application of neurotechnologies. Neuroethics, 14(3), 365-386; Thota, A. K., & Jung, 
R. (2024). Accelerating neurotechnology development using an Agile methodology. 
Frontiers in Neuroscience, 18, 1328540; Bublitz, C. (2024). Neurotechnologies and 
human rights: restating and reaffirming the multi-layered protection of the person. 
The International Journal of Human Rights, 28(5), 782-807.

2	  See: Vedam-Mai, V., Deisseroth, K., Giordano, J., Lazaro-Munoz, G., Chiong, 
W., Suthana, N., ... & Okun, M. S. (2021). Proceedings of the eighth annual deep 
brain stimulation think tank: advances in optogenetics, ethical issues affecting DBS 
research, neuromodulatory approaches for depression, adaptive neurostimulation, 
and emerging DBS technologies.  Frontiers in Human Neuroscience,  15, 644593; 
Alagapan, S., Choi, K. S., Heisig, S., Riva-Posse, P., Crowell, A., Tiruvadi, V., ... & 
Rozell, C. J. (2023). Cingulate dynamics track depression recovery with deep brain 
stimulation. Nature, 622(7981), 130-138. See also: Yamada, Y., & Sumiyoshi, T. (2021). 
Neurobiological mechanisms of transcranial direct current stimulation for psychiatric 
disorders; neurophysiological, chemical, and anatomical considerations. Frontiers in 
human neuroscience, 15, 631838.

3	  See: Hramov, A. E., Maksimenko, V. A., & Pisarchik, A. N. (2021). Physical 
principles of brain–computer interfaces and their applications for rehabilitation, 
robotics and control of human brain states. Physics Reports, 918, 1-133.

4	  See: Marois, A., & Lafond, D. (2022). Augmenting cognitive work: a review of 
cognitive enhancement methods and applications for operational domains. Cognition, 
Technology & Work, 24(4), 589-608.

5	  See further: Liu, Z., Shore, J., Wang, M., Yuan, F., Buss, A., & Zhao, X. (2021). 
A systematic review on hybrid EEG/fNIRS in brain-computer interface.  Biomedical 
Signal Processing and Control, 68, 102595.

6	  See: Magee, P., Ienca, M., & Farahany, N. (2024). Beyond neural data: Cognitive 
biometrics and mental privacy. Neuron, 112(18), 3017-3028.

7	  See, for example: López-Silva, P., Wajnerman-Paz, A., & Molnar-Gabor, F. 
(2024). Neurotechnological applications and the protection of mental privacy: an 
assessment of risks. Neuroethics, 17(2), 31; Yuste, R. (2023). Advocating for neurodata 
privacy and neurotechnology regulation. Nature Protocols, 18(10), 2869-2875.

8	  See: Collins, B., & Klein, E. (2023). Invasive Neurotechnology: A study of the 
concept of Invasiveness in Neuroethics. Neuroethics, 16(1), 11.

9	  See: Drew, L. (2024). Neuralink brain chip: advance sparks safety and secrecy 
concerns. Nature, 627(8002), 19; Schalk, G., Brunner, P., Allison, B. Z., Soekadar, S. R., 
Guan, C., Denison, T., ... & Miller, K. J. (2024). Translation of neurotechnologies. Nature 
Reviews Bioengineering, 2(8), 637-652.

10	  See: Hain, D. S., Jurowetzki, R., Squicciarini, M., & Xu, L. (2023). Unveiling the 
neurotechnology landscape: scientific advancements, innovations and major trends. 
UNESCO Publishing.

11	  See further: Stieglitz, T. (2021). Why Neurotechnologies? about the 
purposes, opportunities and limitations of neurotechnologies in clinical 
applications. Neuroethics, 14(1), 5-16; Serrano, R. R. M., Troughton, J. G., Mirkhani, N., 
Martinez, N., Mariello, M., Tsigarides, J., ... & Guemes, A. (2025). From Neural Sensing 
to Stimulation: An Interdisciplinary Roadmap for Neurotechnology.  arXiv preprint 
arXiv:2510.07116; Nag, S., & Thakor, N. V. (2016). Implantable neurotechnologies: 
electrical stimulation and applications.  Medical & biological engineering & 
computing, 54(1), 63-76.

12	  See: McDowell, K., Lin, C. T., Oie, K. S., Jung, T. P., Gordon, S., Whitaker, K. W., ... 
& Hairston, W. D. (2013). Real-world neuroimaging technologies. Ieee Access, 1, 131-
149; Shoaran, M., Shin, U., & Shaeri, M. (2024, April). Intelligent neural interfaces: An 
emerging era in neurotechnology. In 2024 IEEE Custom Integrated Circuits Conference 
(CICC) (pp. 1-7). IEEE.

13	  See further: Cinel, C., Valeriani, D., & Poli, R. (2019). Neurotechnologies for human 
cognitive augmentation: current state of the art and future prospects. Frontiers in 
human neuroscience, 13, 13; Midha, S., Wilson, M. L., & Sharples, S. (2022, June). Ethical 
concerns and perceptions of consumer neurotechnology from lived experiences of 
mental workload tracking. In Proceedings of the 2022 ACM Conference on Fairness, 
Accountability, and Transparency (pp. 564-573); 

14	  See: Ienca, M., & Vayena, E. (2019). Direct-to-consumer neurotechnology: What 
is it and what is it for?.AJOB neuroscience, 10(4), 149-151; Wexler, A., & Reiner, P. 
B. (2019). Oversight of direct-to-consumer neurotechnologies.  Science,  363(6424), 
234-235.

15	  See: Yang, J. (2025). Reversibility of neurotechnological interventions: 
conceptual and ethical issues. Medicine, Health Care and Philosophy, 1-18; Berger, T. 
W., Gerhardt, G., Liker, M. A., & Soussou, W. (2009). The impact of neurotechnology 
on rehabilitation.  IEEE reviews in biomedical engineering,  1, 157-197; Giacobbe, 
P., Burhan, A. M., Waxman, R., & Ng, E. (2023). Interventional psychiatry and 
neurotechnologies: education and ethics training. Canadian Journal of Neurological 
Sciences, 50(s1), s10-s16.

16	  See: Klein, E., & Nam, C. S. (2016). Neuroethics and brain-computer interfaces 
(BCIs). Brain-computer interfaces, 3(3), 123-125.

17	  See: Krauss, J. K., Lipsman, N., Aziz, T., Boutet, A., Brown, P., Chang, J. W., ... & 
Lozano, A. M. (2021). Technology of deep brain stimulation: current status and future 
directions. Nature Reviews Neurology, 17(2), 75-87.

18	  See: Patel, S. R., & Lieber, C. M. (2019). Precision electronic medicine in the 
brain. Nature biotechnology, 37(9), 1007-1012.

19	  See: Shoaran, M., Shin, U., & Shaeri, M. (2024, April). Intelligent neural 
interfaces: An emerging era in neurotechnology. In  2024 IEEE Custom Integrated 
Circuits Conference (CICC) (pp. 1-7). IEEE.

20	  See: Wolbring, G. (2024). Neuro-abilities and a good life. Journal of Neurology 
Research, 14(1), 16-36.

21	  See, for example:  Glannon, W. (2021). Ethical and social aspects of neural 
prosthetics.  Progress in Biomedical Engineering,  4(1), 012004; Roeder, B. M., 
She, X., Dakos, A. S., Moore, B., Wicks, R. T., Witcher, M. R., ... & Hampson, R. E. 
(2024). Developing a hippocampal neural prosthetic to facilitate human memory 
encoding and recall of stimulus features and categories. Frontiers in Computational 
Neuroscience, 18, 1263311 ; Andersen, R. A., Hwang, E. J., & Mulliken, G. H. (2010). 
Cognitive neural prosthetics. Annual review of psychology, 61(1), 169-190.

22	  See: Oberman, L. M., & Enticott, P. G. (Eds.). (2018). Neurotechnology and brain 
stimulation in pediatric psychiatric and neurodevelopmental disorders. Academic 
Press.

23	  See, for example: Yuste, R. (2023). Advocating for neurodata privacy and 
neurotechnology regulation. Nature Protocols, 18(10), 2869-2875; Kablo, E., & Arias-
Cabarcos, P. (2023, November). Privacy in the age of neurotechnology: Investigating 
public attitudes towards brain data collection and use. In Proceedings of the 2023 
ACM SIGSAC conference on computer and communications security  (pp. 225-238); 
Magee, P., Ienca, M., & Farahany, N. (2024). Beyond neural data: Cognitive biometrics 
and mental privacy. Neuron, 112(18), 3017-3028.

24	  See: Farahany, N. A. (2023). The battle for your brain: defending the right to think 
freely in the age of neurotechnology. St. Martin’s Press.

25	  See: Ienca, M., & Andorno, R. (2017). Towards new human rights in the age of 
neuroscience and neurotechnology. Life sciences, society and policy, 13(1), 5.

26	  See: Rickli, J. M., & Ienca, M. (2021). The security and military implications of 
neurotechnology and artificial intelligence. In Clinical neurotechnology meets artificial 
intelligence: philosophical, ethical, legal and social implications  (pp. 197-214). Cham: 
Springer International Publishing; Bublitz, C. (2024). Neurotechnologies and human 
rights: restating and reaffirming the multi-layered protection of the person.  The 
International Journal of Human Rights, 28(5), 782-807.



 26 | WORKING PAPER | DELIVERING RESPONSIBLE NEUROTECHNOLOGIES GOVERNANCE

27	  See: Cinel, C., Valeriani, D., & Poli, R. (2019). Neurotechnologies for human 
cognitive augmentation: current state of the art and future prospects. Frontiers in 
human neuroscience, 13, 13.

28	  See further: Giordano, J. (2015). Conditions for consent to the use of 
neurotechnology: a preparatory neuroethical approach to risk assessment and 
reduction. AJOB Neuroscience, 6(4), 12-14.

29	  See further: Yuste, R. (2023). Advocating for neurodata privacy and 
neurotechnology regulation.  Nature Protocols,  18(10), 2869-2875; López-Silva, P., 
Wajnerman-Paz, A., & Molnar-Gabor, F. (2024). Neurotechnological applications and 
the protection of mental privacy: an assessment of risks. Neuroethics, 17(2), 31.

30	  See: Genser, J., Damianos, S., & Yuste, R. (2024). Safeguarding brain data: 
assessing the privacy practices of consumer neurotechnology companies. NeuroRights 
Foundation.

31	  See further: Hain, D. S., Jurowetzki, R., Squicciarini, M., & Xu, L. (2023). Unveiling 
the neurotechnology landscape: scientific advancements, innovations and major 
trends. UNESCO Publishing; Bublitz, J. C. (2024). What an international declaration 
on neurotechnologies and human rights could look like: Ideas, suggestions, 
desiderata. AJOB neuroscience, 15(2), 96-112.

32	  See: Bublitz, C. (2024). Neurotechnologies and human rights: restating and 
reaffirming the multi-layered protection of the person. The International Journal of 
Human Rights, 28(5), 782-807; Collins, B., & Klein, E. (2023). Invasive Neurotechnology: 
A study of the concept of Invasiveness in Neuroethics. Neuroethics, 16(1), 11.

33	  See: SANDUA, D. (2024).  Neurotechnology: Brain-computer-interface and the 
Future of Humanity. David Sandua.

34	  Article 18 states: “Everyone has the right to freedom of thought, conscience and 
religion; this right includes freedom to change his religion or belief, and freedom, 
either alone or in community with others and in public or private, to manifest 
his religion or belief in teaching, practice, worship and observance.” Universal 
Declaration of Human Rights (UDHR), 1948, Available at: https://www.un.org/en/
about-us/universal-declaration-of-human-rights

35	  International Covenant on Civil and Political Rights (ICCPR) Article 18(3). 
See also Article 5 of the Convention on the Elimination of All Forms of Racial 
Discrimination (CERD), UN Declaration on the Elimination of All Forms of Intolerance 
and of Discrimination Based on Religion or Belief 1981 (UN 1981 Dec.) Article 1, and 
Article 14 of the Convention on the Rights of the Child (CRC); American Convention 
on Human Rights, Article 27(2); African Charter on Human and Peoples’ Rights, 
Article 8; European Convention for the Protection of Human Rights and Fundamental 
Freedoms 1950 (ECHR), Art. 9.

36	  Bader, Veit. “Religious diversity and democratic institutional pluralism.” Political 
theory 31.2 (2003): 265-294.

37	  Valverde, Raul. “Neurotechnology as a tool for inducing and measuring altered 
states of consciousness in transpersonal psychotherapy.”  NeuroQuantology  13.4 
(2015): 1-16.

38	  See, for example: Hughes, James. “Using neurotechnologies to develop virtues: 
a Buddhist approach to cognitive enhancement.”  Accountability in research  20.1 
(2013): 27-41; Wildman, Wesley J., and Kate J. Stockly. Spirit tech: The brave new 
world of consciousness hacking and enlightenment engineering. St. Martin’s Press, 
2021. See also: Brenninkmeijer, Jonna. Neurotechnologies of the self: Mind, brain and 
subjectivity. Springer, 2016.

39	  Messer, Neil. “The Decline of the Human? Identity, Agency, and Justice in an Age 
of Emerging Neurotechnologies.” Studies in Christian Ethics 38.1 (2025): 19-34.

40	  Beck, Asad, et al. “In the spectrum of people who are healthy”: Views 
of individuals at risk of dementia on using neurotechnology for cognitive 
enhancement.” Neuroethics17.2 (2024): 24.

41	  Haston, Shona, et al. “Horizon Scanning Report: Neurotechnology for Mental 
Health, Healthy Ageing and Physical Disability.” National Institute for Health Research 
Innovation Observatory (2024).

42	  See, for example: MATAR, Amal. “How Do Arabic Cultural and Ethical Perspectives 
Engage with New Neuro-technologies? A Scoping Review.” Neuroethics and Cultural 
Diversity (2024): 193-216.

43	  See: Brenninkmeijer, Jonna.  Neurotechnologies of the self: Mind, brain and 
subjectivity. Springer, 2016; Wildman, Wesley J., and Kate J. Stockly.  Spirit tech: 
The brave new world of consciousness hacking and enlightenment engineering. St. 
Martin’s Press, 2021; Boguszewicz, Christina, et al. “The fourth industrial revolution-
cyberspace mental wellbeing: Harnessing science & technology for humanity.” Global 
foundation for cyber studies and research (2021).

44	  Mercer, Calvin, Tracy J. Trothen, and Ron Cole-Turner.  Religion and the 
technological future. Cham: Springer International Publishing, 2021.

45	  See, for example: Kellmeyer, Philipp. “Big brain data: On the responsible 
use of brain data from clinical and consumer-directed neurotechnological 
devices.”  Neuroethics  14.1 (2021): 83-98; Yuste, Rafael. “Advocating for neurodata 
privacy and neurotechnology regulation.” Nature Protocols 18.10 (2023): 2869-2875; 
Butorac, Isobel, Filippa Lentzos, and Christine Aicardi. “Gray Matters: Exploring 
Technologists’ Perceptions of Dual-Use Potentiality in Emerging Neurotechnology 
Applications.” Health security 19.4 (2021): 424-430.

46	  Heinrichs, Jan-Hendrik. “Neuroethics, cognitive technologies and the extended 
mind perspective.” Neuroethics 14.1 (2021): 59-72.

47	  See further: Goering, S., Klein, E., Specker Sullivan, L., Wexler, A., Agüera Y Arcas, 
B., Bi, G., ... & Yuste, R. (2021). Recommendations for responsible development and 
application of neurotechnologies. Neuroethics, 14(3), 365-386; Thota, A. K., & Jung, 
R. (2024). Accelerating neurotechnology development using an Agile methodology. 
Frontiers in Neuroscience, 18, 1328540; Bublitz, C. (2024). Neurotechnologies and 
human rights: restating and reaffirming the multi-layered protection of the person. 
The International Journal of Human Rights, 28(5), 782-807.

48	  WHO, Disability - What countries can do to make health systems better for people with 
disabilities, 25 February 2025, Available at: https://www.who.int/publications/m/item/
what-countries-can-do-to-make-health-systems-better-for-people-with-disabilities

49	  Wolbring, G. (2024). Neuro-Abilities and a Good Life. Journal of Neurology 
Research, 14(1), 16-36.

50	  See further: Stieglitz, T. (2021). Why Neurotechnologies? about the 
purposes, opportunities and limitations of neurotechnologies in clinical 
applications. Neuroethics, 14(1), 5-16; 

51	  See, for example: Gaudry, K. S., Ayaz, H., Bedows, A., Celnik, P., Eagleman, D., 
Grover, P., ... & Snyder, J. (2021). Projections and the potential societal impact of the 
future of neurotechnologies. Frontiers in neuroscience, 15, 658930.

52	  Chaudhary, U. (2025). Neuroethics for Neurotechnology. In  Expanding 
Senses using Neurotechnology: Volume 2‒Brain Computer Interfaces and their 
Applications (pp. 381-404). Cham: Springer Nature Switzerland.

53	  Robinson, N., Mane, R., Chouhan, T., & Guan, C. (2021). Emerging trends in 
BCI-robotics for motor control and rehabilitation.  Current Opinion in Biomedical 
Engineering, 20, 100354.

54	  Shoaran, M., Shin, U., & Shaeri, M. (2024, April). Intelligent neural interfaces: An 
emerging era in neurotechnology. In 2024 IEEE Custom Integrated Circuits Conference 
(CICC) (pp. 1-7). IEEE.

55	  See further: Gouveia, F. V., Warsi, N. M., Suresh, H., Matin, R., & Ibrahim, G. M. 
(2024). Neurostimulation treatments for epilepsy: Deep brain stimulation, responsive 
neurostimulation and vagus nerve stimulation.  Neurotherapeutics,  21(3), e00308; 
Johnson, K. A., Okun, M. S., Scangos, K. W., Mayberg, H. S., & de Hemptinne, C. (2024). 
Deep brain stimulation for refractory major depressive disorder: a comprehensive 
review. Molecular Psychiatry, 29(4), 1075-1087.

56	  See: Johnson, K. A., Okun, M. S., Scangos, K. W., Mayberg, H. S., & de Hemptinne, 
C. (2024). Deep brain stimulation for refractory major depressive disorder: a 
comprehensive review. Molecular Psychiatry, 29(4), 1075-1087; Reddy, S., Kabotyanski, 
K. E., Hirani, S., Liu, T., Naqvi, Z., Giridharan, N., ... & Sheth, S. A. (2024). Efficacy of 
deep brain stimulation for treatment-resistant depression: systematic review and 
meta-analysis. Biological Psychiatry: Cognitive Neuroscience and Neuroimaging.



 27 | WORKING PAPER | DELIVERING RESPONSIBLE NEUROTECHNOLOGIES GOVERNANCE

57	  Berger, T. W., Gerhardt, G., Liker, M. A., & Soussou, W. (2008). The impact of 
neurotechnology on rehabilitation. IEEE reviews in biomedical engineering, 1, 157-197.

58	  Vázquez-Guardado, A., Yang, Y., Bandodkar, A. J., & Rogers, J. A. (2020). 
Recent advances in neurotechnologies with broad potential for neuroscience 
research. Nature neuroscience, 23(12), 1522-1536.

59	  Park, H. K., Jung, J., Lee, D. W., Shin, H. C., Lee, H. J., & Lee, W. H. (2022). A 
wearable electromyography-controlled functional electrical stimulation system 
improves balance, gait function, and symmetry in older adults. Technology and Health 
Care, 30(2), 423-435.

60	  Awuah WA, Ahluwalia A, Darko K, Sanker V, Tan JK, Tenkorang PO, Ben-Jaafar 
A, Ranganathan S, Aderinto N, Mehta A, Shah MH, Lee Boon Chun K, Abdul-Rahman 
T, Atallah O. Bridging Minds and Machines: The Recent Advances of Brain-Computer 
Interfaces in Neurological and Neurosurgical Applications. World Neurosurg. 2024 
Sep;189:138-153. doi: 10.1016/j.wneu.2024.05.104. Epub 2024 May 22. PMID: 
38789029.

61	  Shawki, N., Napoli, A., Vargas-Irwin, C. E., Thompson, C. K., Donoghue, J. 
P., & Serruya, M. D. (2025). Neural signal analysis in chronic stroke: advancing 
intracortical brain-computer interface design.  Frontiers in Human Neuroscience,  19, 
1544397. See also: Wang, Y., Tang, Y., Wang, Q., Ge, M., Wang, J., Cui, X., ... & Xu, 
S. (2025). Advances in brain computer interface for amyotrophic lateral sclerosis 
communication. Brain‐X, 3(1), e70023.

62	  Goering, S., Brown, T., & Klein, E. (2021). Neurotechnology ethics and relational 
agency. Philosophy Compass, 16(4), e12734.

63	  See: Putrino, D., & Krakauer, J. W. (2023). Neurotechnology’s prospects for 
bringing about meaningful reductions in neurological impairment. Neurorehabilitation 
and neural repair, 37(6), 356-366; Chandler, J. A., Van der Loos, K. I., Boehnke, S., 
Beaudry, J. S., Buchman, D. Z., & Illes, J. (2022). Brain Computer Interfaces and 
Communication Disabilities: Ethical, legal, and social aspects of decoding speech 
from the brain. Frontiers in human neuroscience, 16, 841035.

64	  Beck, A., Schönau, A., MacDuffie, K., Dasgupta, I., Flynn, G., Song, D., ... & Klein, 
E. (2024). “ In the spectrum of people who are healthy”: Views of individuals at risk 
of dementia on using neurotechnology for cognitive enhancement. Neuroethics, 17(2), 
24.

65	  See further: Haston, S., Gill, S., Agbeleye, O., Twentyman, K., Green, B., Eastaugh, 
C., ... & Mkwashi, A. (2024). Horizon Scanning Report: Neurotechnology for Mental 
Health, Healthy Ageing and Physical Disability. National Institute for Health Research 
Innovation Observatory, the University of Newcastle upon Tyne; Goering, S., Brown, 
T., & Klein, E. (2021). Neurotechnology ethics and relational agency. Philosophy 
Compass, 16(4), e12734; van Beinum, A. (2024). Rethinking human–technology 
relations: exploring the sociopolitical dimensions of invasive brain stimulation. 
Humanities and Social Sciences Communications, 11(1), 1-11.

66	  Gaudry, K. S., Ayaz, H., Bedows, A., Celnik, P., Eagleman, D., Grover, P., ... & 
Snyder, J. (2021). Projections and the potential societal impact of the future of 
neurotechnologies. Frontiers in neuroscience, 15, 658930.

67	  See further: Güemes, A., da Silva Costa, T., & Makin, T. R. (2025). Foundational 
guidelines for enhancing neurotechnology research and development through end-
user involvement.  Journal of Neural Engineering,  22(1), 012001; Doya, K., Ema, A., 
Kitano, H., Sakagami, M., & Russell, S. (2022). Social impact and governance of AI 
and neurotechnologies. Neural Networks, 152, 542-554.

68	  Collins, B., & Klein, E. (2023). Invasive Neurotechnology: A study of the concept 
of Invasiveness in Neuroethics. Neuroethics, 16(1), 11. See also: Desai, P., Shook, J. R., 
& Giordano, J. (2025). Assessing systemic benefit and risk in the development of BCI 
neurotechnology. In Brain-Computer Interfaces (pp. 431-443). Academic Press.

69	  Desai, P., Shook, J. R., & Giordano, J. (2025). Assessing systemic benefit and risk 
in the development of BCI neurotechnology. In Brain-Computer Interfaces  (pp. 431-
443). Academic Press.

70	  Gaudry, K. S., Ayaz, H., Bedows, A., Celnik, P., Eagleman, D., Grover, P., ... & 
Snyder, J. (2021). Projections and the potential societal impact of the future of 
neurotechnologies. Frontiers in neuroscience, 15, 658930.

71	  See further: Ugur, M., Pothukuchi, R. P., & Bhattacharjee, A. (2024). Towards Forever 
Access for Implanted Brain-Computer Interfaces.  arXiv preprint arXiv:2409.17496. 
See also: Nature – Editorial: Reality check for brain–machine interfaces.  Nat Rev 
Bioeng 2, 627 (2024). https://doi.org/10.1038/s44222-024-00230-0

72	 See: Bublitz, C., & Ligthart, S. (2024). The new regulation of non-medical 
neurotechnologies in the European Union: overview and reflection. Journal of Law and 
the Biosciences, 11(2), lsae021; Schalk, G., Brunner, P., Allison, B. Z., Soekadar, S. R., 
Guan, C., Denison, T., ... & Miller, K. J. (2024). Translation of neurotechnologies. Nature 
Reviews Bioengineering, 2(8), 637-652.

73	  See, for example: Yuste, R. (2023). Advocating for neurodata privacy and 
neurotechnology regulation. Nature protocols, 18(10), 2869-2875; Lavazza, A. (2022). 
Free will and autonomy in the age of neurotechnologies. In  Protecting the mind: 
Challenges in Law, Neuroprotection, and neurorights  (pp. 41-58). Cham: Springer 
International Publishing.

74	  van Beinum, A. (2024). Rethinking human–technology relations: exploring 
the sociopolitical dimensions of invasive brain stimulation.  Humanities and Social 
Sciences Communications, 11(1), 1-11. See also: Sample, M., Sattler, S., Boehlen, W., & 
Racine, E. (2023). Brain-computer interfaces, disability, and the stigma of refusal: A 
factorial vignette study. Public Understanding of Science, 32(4), 522-542.

75	  Wolbring, G. (2021). Auditing the impact of neuro-advancements on health 
equity.  Journal of Neurology Research,  12(2), 54-68. See also: Herrera-Ferrá, K. 
(2021). Bioculture and the global regulatory gap in neuroscience, neurotechnology, 
and neuroethics. In  Developments in neuroethics and bioethics  (Vol. 4, pp. 41-61). 
Academic Press.

76	  WHO, Ageing and health, 1 October 2024, Available at: https://www.who.int/
news-room/fact-sheets/detail/ageing-and-health#

77	  See further: Yamada, Y., & Sumiyoshi, T. (2021). Neurobiological mechanisms of 
transcranial direct current stimulation for psychiatric disorders; neurophysiological, 
chemical, and anatomical considerations.  Frontiers in human neuroscience,  15, 
631838.

78	  See: Vedam-Mai, V., Deisseroth, K., Giordano, J., Lazaro-Munoz, G., Chiong, 
W., Suthana, N., ... & Okun, M. S. (2021). Proceedings of the eighth annual deep 
brain stimulation think tank: advances in optogenetics, ethical issues affecting DBS 
research, neuromodulatory approaches for depression, adaptive neurostimulation, 
and emerging DBS technologies.  Frontiers in Human Neuroscience,  15, 644593; 
Alagapan, S., Choi, K. S., Heisig, S., Riva-Posse, P., Crowell, A., Tiruvadi, V., ... & 
Rozell, C. J. (2023). Cingulate dynamics track depression recovery with deep brain 
stimulation. Nature, 622(7981), 130-138.

79	  Chaudhary, U. (2025). Expanding Human Capabilities with Neurotechnology: 
Neuroprosthetics, BCIs, and Emerging Innovations. In  Expanding Senses using 
Neurotechnology: Volume 2‒Brain Computer Interfaces and their Applications(pp. 
405-441). Cham: Springer Nature Switzerland.

80	  Peng, K. A., Lorenz, M. B., Otto, S. R., Brackmann, D. E., & Wilkinson, E. P. (2018). 
Cochlear implantation and auditory brainstem implantation in neurofibromatosis 
type 2. The Laryngoscope, 128(9), 2163-2169.

81	  Giansanti, D. (2025). Advancements in Ocular Neuro-Prosthetics: Bridging 
Neuroscience and Information and Communication Technology for Vision 
Restoration. Biology, 14(2), 134.

82	  See further: Oliveira, J. F. D., Delfino, L. L., Batistoni, S. S. T., Neri, A. L., & Cachioni, 
M. (2018). Quality of life of elderly people who care for other elderly people with 
neurological diseases. Revista Brasileira de Geriatria e Gerontologia, 21(04), 428-438; 
Sim, J. (1998). Respect for autonomy: issues in neurological rehabilitation. Clinical 
rehabilitation, 12(1), 3-10.

83	  Draaisma, L. R., Wessel, M. J., & Hummel, F. C. (2020). Neurotechnologies 
as tools for cognitive rehabilitation in stroke patients.  Expert review of 
neurotherapeutics, 20(12), 1249-1261; Lyreskog, D. M., Zohny, H., Singh, I., & Savulescu, 
J. (2023). The ethics of thinking with machines: Brain-computer interfaces in the era 
of artificial intelligence. International Journal of Chinese & Comparative Philosophy of 
Medicine, 21(2).



 28 | WORKING PAPER | DELIVERING RESPONSIBLE NEUROTECHNOLOGIES GOVERNANCE

84	  Lipp, B., & Maasen, S. (2022). Techno-bio-politics. On interfacing life with and 
through technology. NanoEthics, 16(1), 133-150.

85	  Lynch, Z. (2004). Neurotechnology and society (2010–2060). Annals of the New 
York Academy of Sciences, 1013(1), 229-233.

86	  O’Mahony, B., Nielsen, G., Baxendale, S., Edwards, M. J., & Yogarajah, 
M. (2023). Economic cost of functional neurologic disorders: a systematic 
review. Neurology, 101(2), e202-e214.

87	  Gaudry, K. S., Ayaz, H., Bedows, A., Celnik, P., Eagleman, D., Grover, P., ... & 
Snyder, J. (2021). Projections and the potential societal impact of the future of 
neurotechnologies. Frontiers in neuroscience, 15, 658930.

88	  Nicholson, N. R. (2012). A review of social isolation: an important but 
underassessed condition in older adults.  The journal of primary prevention,  33(2), 
137-152.a

89	  Cinel, C., Valeriani, D., & Poli, R. (2019). Neurotechnologies for human cognitive 
augmentation: current state of the art and future prospects.  Frontiers in human 
neuroscience, 13, 13.

90	  Hendriks, S., Grady, C., Ramos, K. M., Chiong, W., Fins, J. J., Ford, P. & Wexler, A. 
(2019). Ethical challenges of risk, informed consent, and posttrial responsibilities in 
human research with neural devices: a review. JAMA neurology, 76(12), 1506-1514.

91	  See further: Goering, S., Brown, T., & Klein, E. (2021). Neurotechnology ethics 
and relational agency. Philosophy Compass, 16(4), e12734; 

92	  Wolbring, G. (2021). Auditing the impact of neuro-advancements on health 
equity. Journal of Neurology Research, 12(2), 54-68.

93	  Müller, O., & Rotter, S. (2017). Neurotechnology: Current developments and 
ethical issues. Frontiers in systems neuroscience, 11, 93.

94	  See further: Müller, O., & Rotter, S. (2017). Neurotechnology: Current 
developments and ethical issues. Frontiers in systems neuroscience, 11, 93.

95	  Berger, T. W., Gerhardt, G., Liker, M. A., & Soussou, W. (2008). The impact of 
neurotechnology on rehabilitation. IEEE reviews in biomedical engineering, 1, 157-197. 
See also: Giacobbe, P., Burhan, A. M., Waxman, R., & Ng, E. (2023). Interventional 
psychiatry and neurotechnologies: education and ethics training. Canadian Journal of 
Neurological Sciences, 50(s1), s10-s16.

96	  See further: Physical principles of brain–computer interfaces and their 
applications for rehabilitation, robotics and control of human brain states. Physics 
Reports, 918, 1-133; Al-Ayyad, M., Owida, H. A., De Fazio, R., Al-Naami, B., & Visconti, P. 
(2023). Electromyography monitoring systems in rehabilitation: A review of clinical 
applications, wearable devices and signal acquisition methodologies. Electronics, 12(7), 
1520.

97	  See: Pustilnik, A. C. (2013). Neurotechnologies at the intersection of criminal 
procedure and constitutional law; Ienca, M., & Andorno, R. (2017). Towards new 
human rights in the age of neuroscience and neurotechnology. Life sciences, society 
and policy, 13, 1-27.

98	  See: King, B. J., Read, G. J., & Salmon, P. M. (2024). The risks associated with 
the use of brain-computer interfaces: a systematic review.  International Journal of 
Human–Computer Interaction, 40(2), 131-148. See also: Botes, M. W. M. (2022, June). 
Brain Computer Interfaces and Human Rights: Brave new rights for a brave new 
world. In Proceedings of the 2022 ACM Conference on Fairness, Accountability, and 
Transparency (pp. 1154-1161).

99	  See further: Ruiz, S., Valera, L., Ramos, P., & Sitaram, R. (2024). Neurorights in the 
Constitution: from neurotechnology to ethics and politics. Philosophical Transactions 
B, 379(1915), 20230098; Bublitz, C. (2024). Neurotechnologies and human rights: 
restating and reaffirming the multi-layered protection of the person. The International 
Journal of Human Rights, 28(5), 782-807.

100	 See: Ford, E., & Aggarwal, N. (2012). Neuroethics of functional neuroimaging in 
the courtroom. Neuroimaging in forensic psychiatry: From the clinic to the courtroom, 
325-340.

101	 See further:  Miller G., Science - fMRI Evidence Used in Murder Sentencing, 
November 2009, Available at: https://www.science.org/content/article/
fmri-evidence-used-murder-sentencing

102	 See: Yang Q, Shao R, Zhang Q, Li C, Li Y, Li H, Lee T. When morality opposes 
the law: An fMRI investigation into punishment judgments for crimes with 
good intentions. Neuropsychologia. 2019 Apr;127:195-203. doi: 10.1016/j.
neuropsychologia.2019.01.020. Epub 2019 Feb 22. PMID: 30802462.

103	 See: Rushing, S. E. (2014). The Admissibility of Brain Scans in Criminal 
Trails: The Case of Positron Emission Tomography.  Ct. Rev.,  50, 62; Moriarty, J. C., 
Langleben, D. D., & Provenzale, J. M. (2013). Brain trauma, PET scans and forensic 
complexity.  Behavioral Sciences & the Law,  31(6), 702-720. See also: Valk, P. E., 
Delbeke, D., Bailey, D. L., Townsend, D. W., & Maisey, M. N. (Eds.). (2006). Positron 
emission tomography: clinical practice. Springer Science & Business Media.

104	 See: Farwell, L. A. (2012). Brain fingerprinting: a comprehensive tutorial review 
of detection of concealed information with event-related brain potentials. Cognitive 
neurodynamics,  6(2), 115-154. See further: Rosenfeld, J. P. (2005). Brain 
fingerprinting: A critical analysis. The scientific review of mental health practice, 4(1), 
20-37; Ahuja, D., & Singh, B. (2012). Brain fingerprinting. Journal of Engineering and 
Technology Research, 4(6), 98-103.

105	 See: Conrad, E. C. (1959). Electroencephalograph (EEG) as Evidence of 
Criminal Responsibility. J. Crim. L. & Criminology, 50, 405; Thatcher, R. W., Biver, C. 
J., & North, D. M. (2003). Quantitative EEG and the Frye and Daubert standards of 
admissibility. Clinical Electroencephalography, 34(2), 39-53.

106	 See: Gordon, E. C., & Seth, A. K. (2024). Ethical considerations for the use 
of brain–computer interfaces for cognitive enhancement.  PLoS biology,  22(10), 
e3002899;  Sharif, S., Guirguis, A., Fergus, S., & Schifano, F. (2021). The use and 
impact of cognitive enhancers among university students: a systematic review. Brain 
sciences, 11(3), 355.

107	 See: Wolbring, G. (2024). Neuro-abilities and a good life.  Journal of 
Neurology Research,  14(1), 16-36; Ploesser, M., Abraham, M. E., Broekman, M. L. 
D., Zincke, M. T., Beach, C. A., Urban, N. B., & Ben-Haim, S. (2024). Electrical and 
magnetic neuromodulation technologies and brain-computer interfaces: ethical 
considerations for enhancement of brain function in healthy people–A systematic 
scoping review. Stereotactic and Functional Neurosurgery, 102(5), 308-324.

108	 See: Pustilnik, A. C. (2013). Neurotechnologies at the intersection of criminal 
procedure and constitutional law. See further: Wolpe, P. R., Foster, K. R., & Langleben, 
D. D. (2005). Emerging neurotechnologies for lie-detection: promises and perils. The 
American Journal of Bioethics, 5(2), 39-49.

109	 See: Díaz Soto, J. M., & Borbón, D. (2022). Neurorights vs. neuroprediction 
and lie detection: The imperative limits to criminal law. Frontiers in Psychology, 13, 
1030439.

110	 See: Gómez, A. G., & Ariano, C. (2021). The Impact of neurotechnologies on 
human rights and justice. In Enhancement Fit for Humanity (pp. 191-208). Routledge; 
Ligthart, S., & Meynen, G. (2023). Offering neurotechnology to defendants: on 
vulnerability, voluntariness, and consent. In Neurolaw in the Courtroom  (pp. 21-36). 
Routledge.

111	  See: Geukes, S. H., Bijlsma, J., Meynen, G., Raemaekers, M. A. H., Ramsey, N. F., 
Thomas, M. S., ... & Vansteensel, M. J. (2024). Neurotechnology in criminal justice: key 
points for neuroscientists and engineers. Journal of Neural Engineering, 21(1), 013001.

112	 See: Kempes, M. (2023). Added value of neurotechnology for forensic psychiatric 
and psychological assessment. Handbook of Clinical Neurology, 197, 217-232.

113	 See: Meynen, G., Van de Pol, N., Tesink, V., & Ligthart, S. (2023). Neurotechnology 
to reduce recidivism: Ethical and legal challenges. Handbook of clinical neurology, 197, 
265-276.



 29 | WORKING PAPER | DELIVERING RESPONSIBLE NEUROTECHNOLOGIES GOVERNANCE

114	 See: Pustilnik, A. (2024). The brain in court: from neuroscience” revolution” 
to neurotech upgrade? Research Handbook on Law and Psychology  (pp. 169-181). 
Edward Elgar Publishing;  Rainey, S. (2024). An Anticipatory Approach to Ethico-
Legal Implications of Future Neurotechnology. Science and Engineering Ethics, 30(3), 
18.

115	 See: Liv, N. (2021). Neurolaw: brain-computer interfaces. U. St. Thomas JL & Pub. 
Pol’y, 15, 328.

116	 See: Cornejo-Plaza, I., & Cippitani, R. (2025). Principles of Research with 
Neurotechnologies and Artificial Intelligence: A Comparative Analysis of Latin 
American and European Laws. In  Contextualizing Neuroprotection: Latin American 
Perspectives on the Impact of Neurotechnological Development in Life and Society (pp. 
205-220). Cham: Springer Nature Switzerland; Bublitz, C. (2024). Neurotechnologies 
and human rights: restating and reaffirming the multi-layered protection of the 
person. The International Journal of Human Rights, 28(5), 782-807.

117	 See: Bhardwaj, T., Edlow, B. L., & Young, M. J. (2025). Ethically translating 
advanced neurotechnologies for disorders of consciousness: A survey of clinicians’ 
perspectives. Neurocritical Care, 42(3), 757-771.

118	 See: Goering, S., Klein, E., Specker Sullivan, L., Wexler, A., Agüera Y Arcas, B., 
Bi, G., ... & Yuste, R. (2021). Recommendations for responsible development and 
application of neurotechnologies. Neuroethics, 14(3), 365-386; Winickoff, D., Kreiling, 
L., & Lennad, L. (2024). The Global Governance of Neurotechnology: The Need for an 
Ecosystem Approach. AJOB neuroscience, 15(2), 116-118.

119	 See: Bariffi, F. (2025). Mind, Machine, and the Law: Reimagining Neurotechnology 
Governance through Disability Rights. Available at SSRN 5240404.

120	 See: Stieglitz, T. (2021). Why Neurotechnologies? about the purposes, opportunities 
and limitations of neurotechnologies in clinical applications. Neuroethics, 14(1), 5-16; 
Schalk, G., Brunner, P., Allison, B. Z., Soekadar, S. R., Guan, C., Denison, T., ... & Miller, 
K. J. (2024). Translation of neurotechnologies. Nature Reviews Bioengineering, 2(8), 
637-652.

121	 See, for example: Kempes, M. (2023). Added value of neurotechnology 
for forensic psychiatric and psychological assessment.  Handbook of Clinical 
Neurology, 197, 217-232; Muravieva, L. (2025). Regulating Neurotechnologies and AI-
Driven Neural Implants in the European Union: Legal and Ethical Challenges.

122	 See further: Yuste, R. (2023). Advocating for neurodata privacy and 
neurotechnology regulation. Nature Protocols, 18(10), 2869-2875.

123	 See: Friedrich, O., Wolkenstein, A., Bublitz, C., Jox, R. J., & Racine, E. (2021). 
Clinical neurotechnology meets artificial intelligence.  Philosophical, Ethical, Legal 
and Social Implications. Unter Mitarbeit von Andreas Wolkenstein, Christoph Bublitz, 
Ralf J. Jox und Eric Racine. Cham: Springer International Publishing AG (Advances in 
Neuroethics Ser). Online verfügbar unter https://ebookcentral. proquest. com/lib/kxp/
detail. action.

124	 See: Muravieva, L. (2025). Regulating Neurotechnologies and AI-Driven Neural 
Implants in the European Union: Legal and Ethical Challenges.

125	 See: Ligthart, S., Meynen, G., & Thomas, D. (2022). Persuasive technologies 
and the right to mental liberty: The ‘smart ‘rehabilitation of criminal offenders. The 
Cambridge handbook of information technology, life sciences and human rights.

126	 See: Goering, S., Klein, E., Specker Sullivan, L., Wexler, A., Agüera Y Arcas, B., 
Bi, G., ... & Yuste, R. (2021). Recommendations for responsible development and 
application of neurotechnologies. Neuroethics, 14(3), 365-386.

127	 See: Perkins, E. R., Bradford, D. E., Verona, E., Hamilton, R. H., & Joyner, K. J. 
(2023). The intersection of racism and neuroscience technology: A cautionary tale for 
the criminal legal system. Policy Insights from the Behavioral and Brain Sciences, 10(2), 
279-286.

128	 See: Trinh, D. T., Nguyen (2024). Crime Prevention Based on Neurological Signs: 
An Exploration of Neurology and Criminology. International Journal of Criminal Justice 
Sciences, 19(1), 428-450; Jotterand, F. (2022). Neurotechnologies and Psychopathy. 
In: The Unfit Brain and the Limits of Moral Bioenhancement. Palgrave Macmillan, 
Singapore. https://doi.org/10.1007/978-981-16-9693-0_6

129	 See: Geukes, S. H., Bijlsma, J., Meynen, G., Raemaekers, M. A. H., Ramsey, N. F., 
Thomas, M. S., ... & Vansteensel, M. J. (2024). Neurotechnology in criminal justice: key 
points for neuroscientists and engineers. Journal of Neural Engineering, 21(1), 013001.

130	 See further: Skinner, N., Leyva, M. A., & Giordano, J. (2023). On the viability 
and potential value of current and emerging neuroscience and technologies to the 
practice of forensic science. Medical Research Archives, 11(7.2).

131	 See further: Herrera-Ferrá, K., Muñoz, J. M., Becerril, A., García-López, E., 
Marinaro, J. Á., Hernández, L. R. S., ... & Ruiz, A. L. S. (2025). The regulation of 
neurotechnology: the neurorights bill in Mexico. The Lancet Psychiatry, 12(2), 88-90.

132	 See: Zaror-Miralles, D. (2025). Understanding Consent: Challenges in the 
Age of Neurotechnologies. In  Contextualizing Neuroprotection: Latin American 
Perspectives on the Impact of Neurotechnological Development in Life and 
Society  (pp. 195-204). Cham: Springer Nature Switzerland; Collins, B., & Klein, 
E. (2023). Invasive Neurotechnology: A study of the concept of Invasiveness in 
Neuroethics.  Neuroethics,  16(1), 11; Gaudry, K. S., Ayaz, H., Bedows, A., Celnik, P., 
Eagleman, D., Grover, P., ... & Snyder, J. (2021). Projections and the potential societal 
impact of the future of neurotechnologies. Frontiers in neuroscience, 15, 658930.

133	 See further: Farahany, N. A. (2023). The battle for your brain: defending the right 
to think freely in the age of neurotechnology. St. Martin’s Press.

134	 See: Menken, M. (1990). Rationalizing the use of diagnostic neurotechnology: A 
binational perspective. Neurology, 40(7), 1023-1023.

135	 See: Elmalaki, S., Demirel, B. U., Taherisadr, M., Stern-Nezer, S., Lin, J. J., 
& Al Faruque, M. A. (2021, April). Towards internet-of-things for wearable 
neurotechnology. In 2021 22nd International Symposium on Quality Electronic Design 
(ISQED) (pp. 559-565). IEEE.

136	 See: Möller, J. C., Zutter, D., & Riener, R. (2021). Technology-based 
neurorehabilitation in Parkinson’s disease—A narrative review.  Clinical and 
Translational Neuroscience, 5(3), 23.

137	 See, for example: Birnhack, M. (2019). A process-based approach to informational 
privacy and the case of big medical data. Theoretical Inquiries in Law, 20(1), 257-290; 
Lindstad, S., & Ludvigsen, K. R. (2023). When is the processing of data from medical 
implants lawful? The legal grounds for processing health-related personal data from 
ICT implantable medical devices for treatment purposes under EU data protection 
law. Medical law review, 31(3), 317-339; Adane, K., Muluye, D., & Abebe, M. (2013). 
Processing medical data: a systematic review. Archives of public health, 71(1), 27.

138	 See further: Human Rights-Based approach (HRBA) to Health, OHCHR, 1 
December 2023. Available at: https://www.who.int/news-room/fact-sheets/detail/
human-rights-and-health

139	 See further: Wolbring, G. (2021). Auditing the impact of neuro-advancements 
on health equity. Journal of Neurology Research, 12(2), 54-68.

140	 See further: Haston, S., Gill, S., Agbeleye, O., Twentyman, K., Green, B., Eastaugh, 
C., & Mkwashi, A. (2024). Horizon Scanning Report: Neurotechnology for Mental 
Health, Healthy Ageing and Physical Disability. National Institute for Health Research 
Innovation Observatory, the University of Newcastle upon Tyne.

141	 See: Sarlet, G. B. S., & Weschenfelder, L. R. (2025). The Right to Health in Brazil 
and the Prospects for Using Neurotechnology. In Contextualizing Neuroprotection: 
Latin American Perspectives on the Impact of Neurotechnological Development in Life 
and Society (pp. 123-147). Cham: Springer Nature Switzerland.

142	 See further: Wolbring, G. (2024). Neuro-abilities and a good life. Journal of 
Neurology Research, 14(1), 16-36; Bosl, W. (2012). Neurotechnology and psychiatric 
biomarkers.

143	 See further: Hain, D. S., Jurowetzki, R., Squicciarini, M., & Xu, L. (2023). Unveiling 
the neurotechnology landscape: scientific advancements, innovations and major 
trends. UNESCO Publishing



 30 | WORKING PAPER | DELIVERING RESPONSIBLE NEUROTECHNOLOGIES GOVERNANCE

144	 See further: Duncan, N. W., & Rae, C. L. (2024). Geographical and economic 
influences on neuroimaging modality choice. Royal Society open science, 11(5), 
231496; Rotenberg, A. (2023). The neurotechnology patent landscape in a time of 
neuroethics: 2016-2020 (Doctoral dissertation, University of British Columbia).

145	 See:  List of countries with low-income or middle-income economies (compiled 
by the Organisation for Economic Co-operation and Development (OECD)): 
Available at: https://wellcome.org/research-funding/guidance/prepare-to-apply/
low-and-middle-income-countries

146	 See further: Hain, D. S., Jurowetzki, R., Squicciarini, M., & Xu, L. (2023). Unveiling 
the neurotechnology landscape: scientific advancements, innovations and major 
trends. UNESCO Publishing



Villa Moynier
Rue de Lausanne 120B
CP 1063 - 1211 Geneva 1 - Switzerland 

Phone: +41 (22) 908 44 83 
Email: info@geneva-academy.ch
www.geneva-academy.ch

© The Geneva Academy 
of International Humanitarian Law 
and Human Rights

This work is licensed for use under a Creative Commons 
Attribution-Non-Commercial-Share Alike 4.0 International 
License (CC BY-NC-ND 4.0).

THE GENEVA ACADEMY 
The  Geneva  Academy  provides  post-graduate  education,  conducts  academic  legal  research  and  policy  studies,  and  organizes  
training  courses  and  expert  meetings.  We  concentrate  on  branches of international law that relate to situations of armed 
conflict, protracted violence, and protection of human rights.

DISCLAIMER
The Geneva Academy of International Humanitarian Law and Human Rights is an independent academic centre. Our publications 
seek to provide insights, analysis and recommendations, based on open and primary sources, to policymakers, researchers, media, 
the private sector and the interested public. The designations and presentation of materials used, including their respective citations, 
do not imply the expression of any opinion on the part of the Geneva Academy concerning the legal status of any country, territory, 
or area or of its authorities, or concerning the delimitation of its boundaries. The views expressed in this publication represent 
those of the authors and not necessarily those of the Geneva Academy, its donors, parent institutions, the board or those who have 
provided input or participated in peer review. The Geneva Academy welcomes the consideration of a wide range of perspectives in 
pursuing a well-informed debate on critical policies, issues and developments in international human rights and humanitarian law.

mailto:info@geneva-academy.ch
http://www.geneva-academy.ch

	OLE_LINK2
	OLE_LINK1
	OLE_LINK5
	OLE_LINK6
	OLE_LINK7
	OLE_LINK8
	OLE_LINK9
	OLE_LINK10
	OLE_LINK11
	OLE_LINK4
	OLE_LINK12

