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a b s t r a c t 

Brain-computer interfaces (BCIs) represent a transformative innovation in healthcare, enabling direct commu- 

nication between the brain and external devices. This educational article explores the potential intersection of 

BCIs and traditional, complementary, and integrative medicine (TCIM). BCIs have shown promise in enhancing 

mind-body practices such as meditation, while their integration with energy-based therapies may offer novel in- 

sights and measurable outcomes. Emerging advancements, including artificial intelligence-enhanced BCIs, hold 

potential for improving personalization and expanding the therapeutic efficacy of TCIM interventions. Despite 

these opportunities, integrating BCIs with TCIM presents considerable ethical, cultural, and practical challenges. 

Concerns related to informed consent, cultural sensitivity, data privacy, accessibility, and regulatory frameworks 

must be addressed to ensure responsible implementation. Interdisciplinary collaboration among relevant stake- 

holders, including TCIM and conventional practitioners, researchers, and policymakers among other relevant 

stakeholders is crucial for developing integrative healthcare models that balance innovation with patient safety 

and respect for diverse healing traditions. Future directions include expanding evidence bases to validate TCIM 

practices through BCI-enhanced research, fostering equitable access to neurotechnological advancements, and 

promoting global ethical guidelines to navigate complex sociocultural dynamics. BCIs have the potential to revo- 

lutionize TCIM, offering novel solutions for complex health challenges and fostering a more inclusive, integrative 

approach to healthcare, provided that they are utilized responsibly and ethically. 
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. Introduction 

.1. Brain-Computer interfaces 

Brain-computer interfaces (BCIs) (also referred to as brain-machine

nterfaces (BMIs)) establish direct communication pathways between

he brain and external devices, enabling control through neural sig-

als. 1 These systems can be invasive, using implanted electrodes, or

on-invasive, utilizing electroencephalography (EEG) or near-infrared

pectroscopy. 2 BCIs have diverse applications, including assistive tech-

ology for patients who are paralyzed, motor rehabilitation after stroke

r spinal cord injury, and potential cognitive enhancement. 2-4 They

an control various devices such as prostheses, wheelchairs, and com-

uters. 4 BCIs are classified into sensory, motor, bidirectional, and

ognitive types, serving different functions. 5 While non-invasive BCIs

re safer and easier to implement, invasive BCIs offer higher infor-

ation bandwidth. 5 Despite rapid advancements, challenges remain

n improving signal acquisition, decoding techniques, long-term reli-
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bility, and addressing ethical considerations for widespread clinical

se. 1 , 4 

.2. Implantable versus wearable BCIs: functionality and potential 

BCIs can be categorized into wearable and implantable systems, each

ith distinct advantages and applications. 

Implantable BCIs are invasive and are surgically inserted devices

hat directly interact with neural activity, using microelectrode arrays

o record high-resolution signals from specific cortical regions. 6 These

ystems enable bidirectional communication, allowing brain signals to

ontrol external devices while providing sensory feedback through elec-

rical stimulation. 7 Implantable BCIs have shown promise in restoring

otor functions for individuals with paralysis, such as controlling pros-

hetic limbs or wheelchairs. 2 , 8 They also have applications in addressing

eurological conditions and enhancing sensory perception. 7 The pre-

ise decoding of brain activity offered by implantable BCIs makes them

aluable tools for neurorehabilitation, potentially facilitating recovery
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f neural function in patients with severe stroke or spinal cord injury. 2 

nvasive BCIs pose safety concerns, including potential damage to nerve

ells, blood vessels, and an increased risk of infection due to their im-

lantation in brain tissue. Additionally, issues such as biocompatibil-

ty, scar tissue formation, and the degradation of acquired brain signals

ighlight the need for a thorough understanding of the body’s interac-

ion with foreign objects to ensure the development of safe and effective

CI applications. 9 Ongoing research aims to improve biocompatibility,

ower management, and wireless data transmission for these devices. 7 

Wearable BCIs are non-invasive devices that measure brain activity

xternally, typically using EEG. 10 These wearable systems do not carry

he same level of risk as invasive BCIs, but offer advantages over tradi-

ional EEG setups, including portability and the potential for long-term

onitoring. 10 While they may have lower signal resolution compared to

mplantable BCIs, wearable BCIs can still effectively detect and classify

ental states such as focus and relaxation. 11 Applications of wearable

CIs range from medical uses like epilepsy diagnosis to non-medical pur-

oses such as enhancing cognitive performance and enabling hands-free

ontrol systems. 10 , 12 Recent advancements in wearable BCI technology

ave led to improvements in real-time mental state recognition, emo-

ion detection, and even speech decoding. 12 , 13 Despite challenges in al-

orithm optimization, wearable BCIs show promise in revolutionizing

uman-machine communication and enhancing quality of life. 13 

.3. Clinical and experimental applications 

BCIs have shown remarkable potential in restoring communication

nd motor function for individuals with paralysis. Intracortical BCIs al-

ow users to control external devices with their neural activity; they have

nabled high-performance communication, allowing users to type and

ontrol external devices with increased speed and accuracy compared

o previous systems. 14 These interfaces have also demonstrated the abil-

ty to control robotic limbs and prosthetics, offering hope for mobility

estoration in severe paralysis cases. 2 , 15 Beyond motor control, BCIs are

eing explored for applications such as seizure detection, vision restora-

ion, and memory enhancement. 16 While invasive BCIs using microelec-

rodes in the cerebral cortex provide higher fidelity, less invasive meth-

ds like EEG are also being developed. 16 Despite promising results, BCI

echnology is still in early development stages and requires further tech-

ical improvements and clinical trials before widespread adoption. 16 

.4. Advances in technology 

Advancements in BCIs have been driven by progress in materials

cience, artificial intelligence (AI), and neural decoding algorithms. AI

as significantly improved the analysis and decoding of neural activity,

nhancing BCI applications in clinical settings and expanding human ca-

abilities. 17 Developments in integrated microelectronics, wireless com-

unications, and computational neuroscience have led to prototype

ead-mounted and fully implantable wireless systems for multi-channel

eural recording. 18 Biocompatible materials, including soft electrodes

nd engineered interface coatings, have improved the longevity and per-

ormance of neural implants. 19 , 20 These advances have resulted in high-

ensity interfaces capable of interacting with 3D populations of neurons

cross entire tissue systems. 19 Additionally, progress in miniaturization

nd wireless technology is paving the way for less invasive and more

ser-friendly BCI systems. 18 , 20 

.5. Overview of traditional, complementary, and integrative medicine 

Traditional, complementary, and integrative medicine (TCIM) has

ained significant academic and public interest in recent decades for its

olistic approach to health and well-being, 21-23 evidenced by an expo-

ential growth in research literature published on the topic in recent

ears. 24 TCIM includes a wide variety of therapeutic practices origi-

ating from diverse cultural, historical, and epistemological contexts. 25 
2

ccording to the World Health Organization, “traditional medicine ” en-

ompasses “the entirety of knowledge, expertise, and customs rooted in

he theories, beliefs, and experiences of various cultures, whether ex-

lainable or not, utilized in the preservation of health and the man-

gement, prevention, diagnosis, or treatment of physical and mental

ilments ”. 26 The US National Center for Complementary and Integra-

ive Health (NCCIH) differentiates “alternative ” health approaches as

hose used in place of conventional medicine, “complementary ” ap-

roaches as those used together with conventional medicine, and “in-

egrative health ” as the structured combination of complementary and

onventional approaches. 27-28 Increasing global acceptance of integra-

ive medicine reflects recognition of its ability to enhance conventional

reatments by addressing patients’ physical, mental, and emotional well-

eing. 21 Throughout this article, the term TCIM will be used to collec-

ively refer to these therapeutic approaches. 

.6. Intersection with brain–computer interfaces 

The integration of TCIM with advanced neurotechnologies like BCIs

epresents an emerging, yet promising, area of research. BCIs, which

cquire and translate brain signals into commands for external devices,

ave primarily focused on restoring function for individuals with dis-

bilities. 4 However, their potential extends beyond these applications,

ffering opportunities to enhance human-system interactions and aug-

ent performance in various ways. 29 The convergence of TCIM and BCI

echnologies introduces exciting possibilities for personalized treatment

lans, early disease detection, and improved patient engagement. 30 As

CI technology continues to evolve, it may contribute to rehabilitation,

herapeutic benefits, and even augmentative channels for the brain, ex-

ending the boundaries of our biological systems. 9 , 31 The relationship

etween BCI and TCIM interventions can vary based on the intended

pplication. In some cases, BCIs may be used concurrently with TCIM

e.g., real-time neurofeedback during meditation), while in others, BCIs

ay serve as an initial step to facilitate later TCIM interventions (e.g.,

ost-stroke BCI rehabilitation followed by acupuncture or yoga for func-

ional maintenance). 

Although BCI technology is still evolving, its current applications in

eurorehabilitation and neuromodulation suggest a foundation for fu-

ure integrations with TCIM. This article explores such potential appli-

ations while acknowledging the experimental nature of the technology.

t addresses key ethical, cultural, and practical considerations, such as

atient autonomy, data privacy, and accessibility challenges. The article

lso discusses innovative applications, policy and regulation considera-

ion, and the future of BCIs in the context of TCIM. 

. The potential of brain–computer interfaces in TCIM 

Fig. 1 illustrates the structural components and diverse applications

f BCIs within the context of TCIM, highlighting their potential applica-

ions. 

.1. Enhancing mind-body interventions 

TCIM interventions such as mindfulness meditation and biofeedback

ave been shown to improve neural plasticity and self-regulation, which

ay enhance BCI adaptation and performance. Conversely, BCIs can

rovide real-time neurofeedback to optimize the effects of TCIM in-

erventions by monitoring and reinforcing beneficial neural activity.

tudies have shown that individuals who undergo mindfulness-based

tress reduction (MBSR) training exhibit improved BCI accuracy com-

ared to control groups. 32 , 33 This improvement is associated with in-

reased alpha-band neural activity during intentional rest periods in BCI

asks. 32 The enhancement in BCI performance correlates with the dura-

ion of meditation practice and improved sustained attention, 32 how-

ver, even short-term meditation practice (4 weeks) has been found

o enhance BCI performance accuracy. 33 Neurologically, MBSR training
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Fig. 1. Structure of a BCI and Example Applications in TCIM. A BCI functions as a closed-loop system, where user actions generate feedback, such as an imagined 

hand movement controlling a robotic arm. This process begins with signal acquisition, where brain activity is recorded and converted into usable signals. Next, 

pre-processing removes noise and artifacts to enhance data quality. In feature extraction, relevant patterns are identified using advanced algorithms, followed by 

classification, which interprets the user’s intent. Finally, the processed signal triggers device control, allowing interaction with external systems like computer 

cursors or robotic limbs. This streamlined process enables BCIs to translate neural activity into practical applications. With respect to TCIM, some examples of 

applications include enhancing mind-body interventions, supporting neuromodulation and biofeedback techniques, and applications in rehabilitation and chronic 

disease management. 
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eads to increased frontolimbic alpha activity and decreased alpha con-

ectivity among limbic, frontoparietal, and default-mode networks. 34 

hese changes in neural activity are positively correlated with BCI per-

ormance improvement. 34 Overall, mindfulness meditation appears to

educe mind wandering and enhance self-awareness during BCI control,

eading to more precise neural signal control and improved BCI out-

omes. 33 , 34 

Past research highlights the potential of integrating BCIs with mind-

ulness and breathing practices for mental health and stress manage-

ent. BCIs allow users to control applications using brain waves, provid-

ng real-time feedback on neural activity. 35 This technology can enhance

elf-regulation skills, awareness, and emotional control when combined

ith mindfulness training. 35 , 36 This technology can be applied in real-

orld settings to improve meditation experiences. 37 Breathing tech-

iques have shown efficacy in treating various psychiatric and stress-

elated conditions by normalizing stress responses and autonomic func-

ion. 36-38 Technology-assisted breathing interventions, using static cues

r real-time physiological feedback, can further improve these prac-

ices. 39 While the clinical effectiveness of neurofeedback remains con-

roversial, modern imaging technologies like real-time fMRI are advanc-

ng the understanding of underlying mechanisms. 40 Some researchers

ave argued that neurofeedback training, particularly targeting specific

eural rhythms like theta and alpha waves, has been associated with im-

rovements in relaxation, focus, and even musical performance under

tress. 41 The effectiveness of these interventions may be influenced by

ask-specific, cognitive, motivational, and technology-acceptance fac-
3

ors. 42 While more research is needed, the integration of BCI and neuro-

eedback techniques shows potential for developing personalized and ef-

ective treatments in various clinical and non-clinical applications. 38 , 42 

nhancing mind-body interventions with BCIs may offer promising

venues for treating health conditions and maintaining overall well-

eing. 43 

.2. Supporting neuromodulation and biofeedback techniques 

Neuromodulation has emerged as a specific treatment without sys-

emic side effects, and BCIs offer potential for an integrated approach

o pain management. 44 Recent research supports the potential integra-

ion of BCIs even with therapies such as acupuncture. A novel virtual

cupuncture technique using virtual reality and EEG demonstrated sim-

lar brain activity to manual acupuncture, suggesting BCIs could pro-

ide real-time monitoring of neural responses. 45 Neuroimaging studies

ave shown that acupuncture modulates activity in key brain networks,

ncluding the default mode and central-executive networks. 46 These ef-

ects extend beyond the treatment period, influencing pain modulation

nd autonomic regulation. 47 Acupuncture has been found to impact var-

ous autonomic functions, such as heart rate, blood pressure, and skin

onductance, by activating specific brain regions and modulating neu-

otransmitters. 48 The integration of BCIs with acupuncture could pro-

ide more precise tracking of these neural and physiological responses,

otentially enhancing the efficacy and understanding of energy-based

herapies. 
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.3. Applications in rehabilitation and chronic disease management 

The integration of BCIs with TCIM practices offers a promising ap-

roach to neurorehabilitation and chronic disease management. BCIs

ave shown promise in enhancing motor recovery for stroke patients.

tudies have demonstrated that BCI-monitored motor imagery practice

an improve motor function in subacute stroke patients. 49 Combining

CI training with goal-directed physical therapy has been found to sig-

ificantly improve hand and arm movements, as well as gait, in chronic

troke patients with initial paralysis. 50 BCIs facilitate neuroplasticity

nd functional recovery in completely paralyzed stroke patients using

on-invasive technologies like EEG. 51 A meta-analysis of randomized

ontrolled trials revealed that BCI-based post-stroke motor rehabilita-

ion is associated with a medium to large effect size in improving upper

imb motor function, as measured by the Fugl-Meyer Assessment. Addi-

ionally, several studies reported BCI-induced functional and structural

europlasticity at a subclinical level, suggesting that BCI technology

ould be an effective intervention for post-stroke upper limb rehabili-

ation. 52 

Research supports the integration of TCIM with conventional ap-

roaches for chronic pain management. BCIs have the potential to

nhance TCIM interventions, such as neurofeedback-assisted yoga for

tress management and BCI-guided energy therapies for chronic pain

elief. 53 Mindfulness-based interventions and acupuncture have also

hown promise in reducing pain intensity, increase mobility, improving

hysical function, and enhancing overall well-being. 54-56 By combining

hese modalities, clinicians can potentially improve treatment outcomes

nd decrease pain-related medication use. 56 However, further research

s needed to validate long-term efficacy and overcome methodological

imitations in existing studies. 53 

Similarly, BCIs may optimize chronic disease management by rein-

orcing behavioral changes and promoting adherence to interventions

uch as yoga or tai chi. These practices, which improve both physical and

ental well-being, can be enhanced by BCIs that track neural responses

o movement, offering real-time feedback to ensure proper alignment,

alance, and relaxation during practice. This integration could lead to

ore personalized and effective treatment protocols for chronic con-

itions, offering a comprehensive approach to healing that combines

echnological precision with the holistic, mind-body focus of TCIM. 

. Ethical, cultural, and practical considerations 

.1. Ethical concerns 

BCIs in medical contexts raise considerable ethical concerns, partic-

larly regarding privacy, autonomy, and consent. The intimate connec-

ion between BCIs and the brain poses risks to privacy and data secu-

ity, as these devices can access and potentially expose sensitive neural

nformation. 57-60 Ensuring informed consent is challenging due to the

omplexity of BCI technology and its potential long-term effects on cog-

ition and identity. 61 There are also concerns about patient autonomy,

s BCIs may influence mental states and decision-making processes. Eth-

cal concerns arise regarding the safety and efficacy of these technolo-

ies, especially for enhancement in healthy individuals, where risks may

utweigh benefits. 62 Furthermore, the vulnerability of certain patient

roups and the potential for stigma further complicate ethical consid-

rations. 57 BCIs offer potential benefits for patients with severe neuro-

ogical impairments, including restored communication and motor con-

rol. 63 , 64 However, their use raises significant ethical concerns. These

nclude managing patient expectations, weighing invasiveness and risk-

enefit ratios of different electrode types, and assessing decision-making

apacity in neurologically compromised individuals. 63 Additional chal-

enges involve personhood, stigma, autonomy, privacy, safety, and re-

ponsibility. 58 While BCIs may enhance patient autonomy, they also cre-

te accountability issues for both individuals and systems. 64 The intro-

uction of BCIs into medicine necessitates consideration of additional
4

oals beyond traditional medical objectives, including neural diversity,

eural privacy, agency, and authenticity. 65 Despite extensive discus-

ion of these issues, there is a lack of concrete recommendations for

ddressing them, highlighting the need for further research and practi-

al solutions. 57 To address these issues, researchers have recommended

eveloping best practices for informed consent protocols, implement-

ng robust data protection measures, and conducting further empirical

esearch on stakeholder perspectives. 57 , 58 , 61 The responsible develop-

ent of BCIs requires careful consideration of access, equity, and expec-

ation management. 66 

.2. Cultural sensitivity 

Cultural perspectives play a crucial role in the acceptance and inte-

ration of BCIs within TCIM practices. TCIM approaches often empha-

ize holistic, spiritual, and community-based healing methods, viewing

he body, mind, and spirit as interconnected. These practices are deeply

ooted in cultural philosophies and natural, non-invasive approaches

o health. 67 Introducing advanced neurotechnologies like BCIs may be

erceived as incongruent with these values, particularly in Indigenous

r culturally distinct communities. 68 As such, the integration of BCIs

n TCIM settings raises ethical, social, and cultural concerns that need

o be addressed, and as the complexity of brain-computer integration

echnologies increases, so do the associated ethical challenges. 57,58,68,69 

Research has highlighted the ethical, social, and cultural implica-

ions of BCIs and other neurotechnologies, emphasizing the need for

nclusive dialogue and responsible development to address concerns re-

ated to identity, privacy, and cultural sensitivity. 69 , 70 The integration

f BCIs must respect diverse healing traditions and acknowledge cultural

ttitudes towards invasive technologies. 68 Engaging with Indigenous

ommunities is particularly crucial, requiring a respectful approach that

eaves Indigenous knowledge into brain research strategies. 71 , 72 Ethi-

al issues surrounding BCIs include questions of human dignity, auton-

my, and user safety. 69 To address these challenges, researchers recom-

end establishing globally-coordinated ethical guidelines, implement-

ng new privacy measures, and adopting public guidelines for equitable

istribution of neurotechnological devices. 70 Collaboration among all

takeholders is essential to ensure the ethical development and use of

CIs. 69 

.3. Practical challenges 

Considerable practical challenges exist in integrating BCIs into TCIM.

hese include the need for advanced technological infrastructure, spe-

ialized hardware and software, and highly trained personnel, which

ay be unavailable or unaffordable in many healthcare settings. 4 , 73 

he high development costs and potentially small target group chal-

enge commercial viability, potentially exacerbating existing socioeco-

omic inequalities. 62 , 73 Additionally, BCIs face challenges in reliabil-

ty, user-centered design, and long-term validation in real-world set-

ings. 4 , 73 Overcoming these obstacles requires a multidisciplinary ap-

roach, a broader focus on usability, increased resource allocation and

nclusion of target users in the design process, and international col-

aboration to advance BCI technology and its applications in medicine,

ncluding within the field of TCIM. 9 , 73 , 74 

Even assuming the aforementioned challenges have been adequately

ddressed, the training and education of practitioners in these technolo-

ies remain a significant challenge. TCIM education research is limited,

ith gaps in areas such as educational technology and e-learning. 75 , 76 

o effectively incorporate BCIs into TCIM, specialized educational pro-

rams are needed that balance technical knowledge with the holistic

rinciples of TCIM. These programs must be tailored to practitioners’

nique needs, ensuring that new technologies are used effectively while

aintaining patient-centered care. 75 Overcoming these barriers are cru-

ial for realizing the potential of BCIs in healthcare and ensuring equi-

able access to these promising technologies. 



J.Y. Ng Integrative Medicine Research 14 (2025) 101142

4

 

p  

g  

e

4

 

m  

B  

l  

c  

a  

p  

f  

i  

p  

m  

t

T  

a  

t

4

 

b  

s  

i  

p  

c  

b  

l  

m  

i  

e  

c  

c

A  

l

4

 

m  

y  

f  

a

A  

o  

p  

a  

i  

c

5

 

t  

d  

p

5

 

r  

i  

f  

t  

t  

c  

l  

o  

s  

e  

p  

o  

s  

o

5

 

o  

T  

i  

e  

w  

q  

i  

i  

l  

B  

c  

a

5

 

d  

n  

e  

t  

a  

c  

c  

l  

s  

r  

s  

i

T  

l  

u

T  

t  

a  

g

6

t

6

 

p  

s  

m  
. Innovative applications 

Innovative applications of emerging technologies, particularly im-

lantable BCIs, hold transformative potential for enhancing the inte-

ration of TCIM practices. Several promising areas are currently being

xplored. 

.1. Adaptive neurotechnologies 

Research has explored the potential of adaptive BCIs to enhance

ind-body practices and meditation. Studies have demonstrated that

CIs can monitor and modulate neural activity in real-time, particu-

arly in the alpha band, to improve meditation experiences and out-

omes. 32 , 37 Adaptive neurofeedback systems have been developed to

djust feedback based on users’ physiological states and performance,

otentially optimizing mind-body interactions. 77-81 Wearable neuro-

eedback devices, such as MeditAid, have shown promise in support-

ng self-regulation of attention during meditation, especially for novice

ractitioners. 82 MBSR training has been found to enhance BCI perfor-

ance by increasing control over neural activity, suggesting a synergis-

ic relationship between mindfulness practices and BCI technology. 32 

hese advancements indicate the potential for adaptive BCIs to person-

lize and deepen the therapeutic effects of various mind-body interven-

ions. 

.2. Brain-Computer interface integration with energy-based therapies 

Research has explored the potential of integrating BCIs with energy-

ased therapies, such as Reiki. While these practices remain controver-

ial, studies have shown promising results in pain reduction and anx-

ety management. 83 BCIs may offer the ability to monitor neural and

hysiological responses, potentially enhancing the precision and effi-

acy of these therapies. 84 For instance, BCIs could track changes in

rainwave patterns during sessions, providing feedback on relaxation

evels and emotional states. 85 This data-driven approach could comple-

ent practitioners’ intuitive skills and bridge the gap between empir-

cal validation and traditional expertise. The integration of BCIs with

nergy-based therapies represents an innovative frontier in healthcare,

ombining ancient healing practices with advanced neurotechnology to

reate more personalized and integrative therapeutic experiences. 84 , 86 

s research in this area advances, new paradigms in patient care are

ikely to emerge. 

.3. Artificial intelligence-enhanced BCIs 

The integration of AI with BCIs and TCIM offers promising advance-

ents in personalized healthcare. AI-enhanced BCIs can improve anal-

sis and decoding of neural activity, leading to better clinical outcomes

or patients with motor impairments. 45 In the context of TCIM, AI can

ssist in personalized treatment planning and health trend prediction. 87 

I-powered personalized medicine enables tailored interventions based

n patients’ genetic, epigenetic, and phenotypic profiles, potentially im-

roving management of chronic conditions. 88 However, challenges such

s data privacy, maintaining human touch in patient care, and mitigat-

ng algorithmic bias must be addressed. 87 , 88 Future research should fo-

us on the ethical implementation of AI in healthcare. 

. Policy and regulation considerations 

The successful integration of BCIs into TCIM will require the es-

ablishment of robust, forward-thinking regulatory frameworks that ad-

ress ethical, safety and efficacy, and accessibility concerns. Several key

olicy and regulatory considerations are vital to guide this process. 
5

.1. Ethical governance 

Regulatory policies for neurotechnologies must prioritize patient

ights, including informed consent, privacy, and cultural sensitiv-

ty. 70 , 89 As BCIs collect sensitive neural data, patients should be fully in-

ormed about potential risks and benefits. 70 Policies should address cul-

ural concerns, particularly in TCIM practices rooted in diverse cultural

raditions. 90 The principle of respect for persons underpins informed

onsent, recognizing individuals as autonomous agents capable of de-

iberation. 91 However, some communities prioritize collective consent

ver individual autonomy, creating ethical dilemmas in multicultural

ettings. 90 To address these challenges, recommendations have included

stablishing globally-coordinated ethical guidelines, implementing new

rivacy measures, preventing bias, and ensuring equitable distribution

f neurotechnological devices. 70 These efforts aim to balance cultural

ensitivities with individual rights in the development and application

f innovative medical technologies. 

.2. Patient safety and efficacy 

Regulatory guidelines for BCIs and TCIM interventions require rig-

rous safety and efficacy standards. Clinical guideline development for

CIM should consider factors beyond evidence-based efficacy, includ-

ng burden of disease, magnitude of effect, and current use. 92 For BCIs,

thical challenges necessitate the creation of a global governance frame-

ork and special guidelines for clinical research. 93 BCI development re-

uires interdisciplinary cooperation and objective evaluation criteria to

mprove signal processing, translation algorithms, and user. 94 Standard-

zation of BCI technologies is crucial for ensuring interoperability, regu-

atory compliance, and widespread user access. The scarcity of specific

CI standards hinders device design and poses barriers to clinical and

onsumer applications, emphasizing the need for the BCI community to

ddress these. 95 

.3. Promoting accessibility 

BCI-TCIM integration may benefit various populations, including in-

ividuals with neurological disorders (e.g., stroke, spinal cord injury,

eurodegenerative diseases), patients with chronic pain conditions, and

ven healthy individuals seeking cognitive enhancement or stress reduc-

ion through biofeedback and mindfulness-based neurofeedback. The

ccessibility of BCI technologies allows for broad applications across

linical and wellness settings, particularly in low-resource settings. Key

hallenges include a narrow focus on reliability rather than usability,

imited target populations, and insufficient user involvement in de-

ign. 73 Ethical considerations around access and equity are crucial for

esponsible BCI development. 66 Similar issues affect medical and as-

istive health technologies for aging populations in low- and middle-

ncome countries, where access is often limited despite growing need. 96 

o address these challenges, policymakers should invest in digital health

iteracy education, promote inclusive technology design, incentivize eq-

itable healthcare delivery, and improve infrastructure accessibility. 97 

hese strategies can help overcome barriers related to individual factors,

echnology design, health system structure, and social determinants of

ccess, ultimately promoting more equitable adoption of neurotechnolo-

ies and other health innovations. 

. The future of brain-computer interfaces in the context of 

raditional, complementary, and integrative medicine 

.1. Interdisciplinary collaboration 

Interdisciplinary collaboration between TCIM and conventional

ractitioners, researchers, and policymakers, among other relevant

takeholders is crucial for developing effective integrative healthcare

odels. 98 , 99 This integration can address limitations in biomedicine and
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eet patient demands for holistic care. 99 The development of BCIs in

edicine exemplifies the potential for interdisciplinary collaboration,

ombining neuroscience, engineering, and clinical expertise to restore

unction for disabled individuals. 4 Successful collaboration requires ca-

able leadership, stakeholder endorsement, and interprofessional edu-

ation to build trust and understanding. 98 Organizational strategies such

s co-location, shared electronic health records, and condition-specific

eferral protocols can facilitate integration. 100 As integrative healthcare

volves, formal evaluation processes incorporating outcomes recognized

y both conventional and TCIM practitioners are essential for ensuring

uality and safety. 100 

.2. Expanding evidence bases 

The potential integration of TCIM with advanced technologies like AI

nd BCIs can contribute to the expanding of evidence bases. These tech-

ologies may offer opportunities to objectively measure and validate

CIM practices, potentially enhancing their scientific credibility and ac-

eptance within healthcare frameworks. 87 BCIs could provide neural

ata to monitor brain activity during practices like acupuncture or mind-

ulness meditation, offering insights into their neural mechanisms. 101 

tudies suggest that certain TCIM modalities, including acupuncture

nd mindfulness-based interventions, show promising results in manag-

ng chronic pain and improving overall well-being. 102 However, chal-

enges remain in implementing TCIM services and translating research

nto practice. Experiences from China and the United States demonstrate

arying approaches to TCIM implementation, from multi-level interven-

ions to the development of clinical practice guidelines, highlighting the

eed for tailored strategies to facilitate wider adoption. 103 

. Conclusion 

The integration of BCIs with TCIM represents an emerging, yet

romising, area of research. BCIs have demonstrated potential in op-

imizing mind-body techniques, such as meditation, and in providing

easurable insights into energy-based therapies. Their capabilities, par-

icularly when combined with AI, could enable personalized and tar-

eted approaches to TCIM. However, realizing these possibilities re-

uires addressing significant challenges, including ethical considera-

ions related to informed consent and data privacy, cultural sensitivities

nherent to TCIM practices, and barriers to accessibility and equitable

doption. Progress in this area will depend on fostering interdisciplinary

ollaboration between conventional practitioners, researchers, and pol-

cymakers, among other relevant stakeholders. Developing robust reg-

latory frameworks and ethical guidelines will be critical to ensuring

he safe and equitable application of BCIs in this context. Additionally,

fforts to validate TCIM practices using BCIs could strengthen their in-

egration into conventional healthcare systems. By merging traditional

ealing with modern neurotechnology, BCIs could revolutionize health-

are and offer personalized TCIM treatments for a wide range of condi-

ions, provided it is done responsibly and ethically. 
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