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Abstract: The paucity of existing baseline data for
understanding neurologic health and the effects
of injury on people from Indigenous populations
is causally related to the limited representation of
communities in neuroimaging research to date. In
this paper, we explore ways to change this trend in
the context of portable MRI, where portability has
opened up imaging to communities that have been
neglected or inaccessible in the past. We discuss
pathways to engage local leadership, foster the par-
ticipation of communities for this unprecedented
opportunity, and empower field-based researchers
to bring the holistic worldview embraced by Indig-
enous communities to neuroimaging research.

Introduction

Advances in magnetic resonance imaging (MRI) that
are moving scanning capabilities from a fixed environ-
ment to one that is mobile and portable (pMRI) has
opened up benefits to communities that have been
neglected or inaccessible in the past. For these ben-
efits to be realized, however, clinicians and research-
ers must engage local leadership, achieve buy-in at the
community level, and appreciate the values and pri-
orities of populations of interest. For people of Indig-
enous backgrounds, however heterogeneous they may
be, holism and data sovereignty are anchoring prin-
ciples. Here we explore ways to achieve the embodi-
ment of these principles into imaging studies of the
brain where pMRI capabilities, opportunities, and
challenges are unfolding.

We focus on Native American People in the USA
and Indigenous People in Canada (First Nation, Métis,
Inuit) in this paper. We acknowledge and respect the
profound heterogeneity of these groups, their differ-
ent experiences with colonization throughout history,
and their treatment in the modern era. We recognize
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that the specific inclusion of people outside of North
America, such as the Simi of the north, Maori in New
Zealand and Aboriginal Australians, are out of scope.
For the purposes of this paper, however, we do not dif-
ferentiate among North American groups, nor do we
feel that we are neglecting the world stage, as we view
that the most pressing early issues for pMRI to which
we speak here are cross-cutting. We focus on issues
that directly impact healthcare and research access.
We explore how neuroimaging can be tailored and
implemented to meet many of the needs and priori-
ties of historically neglected Indigenous communities
that may apply within and outside North America and
to begin to overcome, or at least address, barriers that
have been exacerbated by geographic and socioeco-
nomic factors. In doing so, we strive to contribute to

legal and regulatory landscape governing the nations
with whom they seek to work.

I. Advances in MRI
The discovery of MRI in the late 1970s led to power-
ful new opportunities for both research and advances
in clinical medicine. For the brain, MRI yields high-
resolution images of structures, white matter tracts,
lesions, and arteries, enabling the visualization of
both healthy neuroanatomy and neurological abnor-
malities.2 Functional MRI, alone and in combination
with other imaging methods, yields detailed signals of
blood flow and oxygenation associated with a range of
applications from resting state, movement, to cogni-
tion and executive decision-making.

Historically, MRI has been situated in urban loca-

We explore how neuroimaging can be tailored and implemented to meet
many of the needs and priorities of historically neglected Indigenous
communities that may apply within and outside North America and to begin
to overcome, or at least address, barriers that have been exacerbated by
geographic and socioeconomic factors. In doing so, we strive to contribute
to ongoing efforts to rectify inequalities in research and ultimately clinical
medicine that have been shaped by a complex history.

ongoing efforts to rectify inequalities in research and
ultimately clinical medicine that have been shaped by
a complex history.

Our overall approach to this paper considers, there-
fore, that before colonization, there were no borders
between the Indigenous peoples of North America
and current early discourse about pMRI can be a
baseline for both groups. There are mentions through-
out this paper of data on Native Americans in the USA
because there are federally collected data (U.S. Cen-
sus) that provide insights on the medical landscape
of both rurally located Indigenous people and those
residing in urban areas. At present, many Indigenous
People in Canada are still unrecognized and are fight-
ing for their sovereignty, rights, and access to equal
healthcare. Canada’s Truth and Reconciliation Call
to Action is the country’s contemporary response to
the Indian Act that governed the country’s approach
to Indigenous People and Indigeneity since 1876.! As
governance of individual Indigenous nations in both
the U.S. and Canada will have different sovereign gov-
ernment structures, researchers must understand the

tions for clinical purposes and in academic centers
that can afford them for research. For patients and
research participants, access has been limited by geog-
raphy on the one hand, and by costs and wait times on
the other. MRI scanners cost millions to purchase, not
including siting and the expertise required to inter-
pret scans.? These instruments are expensive to add
to Radiology departments, and it is no surprise that
MRIs are disproportionately distributed around the
world. In high income countries such as the USA and
Japan for example, there are 35.3 and 19.5 MRI units
per million population. In Canada, the ratio is only 4.6
MRI systems per million. For some regions, especially
in rural and remote areas, Radiology departments are
often limited to x-ray and other basic clinical imaging
capabilities. In the past, MRI for them has been com-
pletely out of reach.

Currently, the Indian Health Service (IHS) website
reports only 13% of hospitals have an MRI unit in the
USA.* According to the Government Accountabil-
ity Office, the IHS may contract radiological services
if they cannot provide them. Barriers to accessibility
exist in receiving this contracted healthcare. However,
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an IHS facility may not be able to afford it without
patient insurance, and physicians may be unwilling to
provide contracted care at a discount.’

There is no similar health entity in Canada for
Indigenous People. Federal, provincial, and territorial
levels of government share some degree of jurisdic-
tion in the complex patchwork of Canadian policies,
legislation, and relationships. Indigenous peoples are
included in the per capita allocations of funding from
the federal fiscal transfer and are entitled to access
insured provincial and territorial health services as
residents of a province or territory. Indigenous Ser-
vices Canada funds or directly provides services for
First Nations and Inuit Peoples that supplement
those provided by provinces and territories, including
primary health care, health promotion, and supple-
mentary health benefits. Indigenous Services Canada
directly provides certain health care services to com-
munities and funds the provision of certain commu-
nity health programs for Inuit people living in Inuit
Nunangat, in addition to federal funding provided to
territorial governments. Indigenous Services Canada
also funds non-insured health care benefits to eligible
First Nations and recognized Inuit regardless of where
they live in Canada.®

I1I. The pMRI Revolution

Building on advances: Conventional MRI was an
advancement in engineering, science, and medicine,
and pMRI signifies a further revolution, in particular
for people for whom these scans have not been acces-
sible for health care, and without which neuroimaging
research with high resolution has been all but impos-
sible. The portability of pMRI eliminates the need
for built infrastructure, and low power requirements
allow it to be operated with fewer energy concerns.
Field strength of different systems, image quality, and
the range of available procedures all vary compared to
fixed MRI systems.”

Addressing disparities and racism in neurologic
health: The ability to diagnose and triage neurologi-
cal conditions is paramount to treating and deliver-
ing good outcomes for patients, and rurally located
Native Americans in the USA and Indigenous People
in Canada are particularly prone to diagnostic errors
both with, when available, and without access to MRI.
Indeed, studies on the Indigenous populations have
indicated that individuals from Indigenous back-
grounds are less likely to receive specialty care than
non-Indigenous people.® Among Native Americans
in the USA younger than 65 years, for example, rates
of neurological conditions are more than three times
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higher than that of Caucasians of similar age.® In
addition, individuals who are American Indian/Alaska
Native (AIAN) have poorer overall survival rates and
comorbidities from brain and other central nervous
system tumors as compared to individuals who are
Caucasian.’® Moreover, among the large number of
individuals identifying as American Indian or Alaska
Native in the USA, almost 15% of these individu-
als remain uninsured. This number is almost double
the U.S. national average (8.4%), and 2.4 times larger
than the Caucasian uninsured percentage (6.2%)."" In
Canada, 5% of the population is Indigenous. Although
the healthcare system in Canada is nationalized,
Indigenous peoples face a lack of health services, par-
ticularly in remote communities. Indigenous peoples
in both countries experience anti-Indigenous racism
in health systems, and a lack of cultural safety and
acceptance of Indigenous health and healing models.
Health insurance access, location of reservations, and
tribal government finances are all factors for Indig-
enous People in North America that impact access
to quality healthcare. Life expectancies for AIAN in
the U.S. are 5.5 years less than Caucasians in the U.S.
(73.0 years to 78.5 years, respectively).’? Reduced life
expectancy for Indigenous populations emphasizes
why access to all healthcare capabilities, including
MRYI, is not only an imperative but a human right.

In order to combat the health disparities within
Native American communities, the Indian Health Ser-
vice (IHS) was created to be accessible to all enrolled
members of federally recognized tribal nations in the
USA. The Indian Health Care Improvement Act of
1976 (25 U.S.C § 1601)* and the Snyder Act of 1921
(25 U.S.C § 13)* comprise the basic legislative author-
ity for the THS and how healthcare is managed on
reservations, trust land, and lands owned by tribal
governments. Although the THS was created to com-
bat healthcare barriers for Native Americans, access
to these services is affected by the wait time between
making an appointment and the delivery of a service,
travel distance to facilities, and lack of transportation.
If a healthcare location is close enough for a tribe to
use, barriers continue to exist in the quality of care
and the capabilities of that facility since not all clin-
ics have the equipment and level of health specialists
necessary.

Recognizing sovereignty over care and research: Sov-
ereignty over health care on the lands of Indigenous
People is essential in medicine; data sovereignty is
essential in research. The approach to portable MRI,
therefore, may be as similar as it is unique because both
aspects of sovereignty must be put to work in tandem.
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When establishing care models for Indigenous
peoples, consultation and discussion are impera-
tives to ensure that beliefs and approaches to tradi-
tional medicine and healing are accounted for, as is
an understanding of patient autonomy by healthcare
personnel.’> Amongst the hundreds of nations across
the United States and Canada, the vast diversity in
cultures, traditions, and beliefs has, alongside it, tra-
ditionally diverse approaches to medicine and healing
that are part of all Indigenous health systems. Two-
eyed Seeing has been advanced as one way in clinical
neuroscience to achieve this goal.’® As appropriate,
they must be integrated in approaches to healthcare
on traditional lands.

Beyond an appreciation of traditional, biomedi-
cal, and hybrid perspectives on health and care, the
benefits of early detection of disease for better health
outcomes, especially among minoritized populations,
cannot be ignored. While it is beyond the scope of this
paper to provide a detailed comparative analysis, we
note that there is a significant, yet under-documented
divide in healthcare outcomes not only between rural
and urban areas but also across different racial and
ethnic groups within rural America due to lack of trust
and access to disease prevention and detection strate-
gies.”” To our knowledge, the data specifically compar-
ing health outcomes between Indigenous populations
and white rural patients are markedly limited.

There is no overstating the importance of respect for
the differences in priorities for research, data collec-
tion methods, and dissemination of results of studies
that involve Indigenous communities. At the outset,
to build trust within the community among research-
ers and participants, partnerships must be formed at
the regional level with elders, elected tribal officials,
and community members as consultants who are keen
to provide perspective. There should no longer be any
tolerance for helicopter methods in which community
members are merely passive subjects.’® Management
for both expected and unexpected findings require
active engagement and planning.’”® Creative commu-
nication strategies that can reliably reach participants
irrespective of their technological resources must be
established, especially as many patients in rural areas
live outside of reliable cell phone or internet coverage
and often lack regular access to phones or computers.

Many Indigenous-led initiatives and governance
structures provide guidance for research and are
setting the example for data sovereignty today. The
Native BioData Consortium in Eagle Butte, SD, for
example, was created by Indigenous scientific and
bioethics experts to keep Indigenous research samples
and data within the governance of Indigenous com-

munities. In Canada, OCAP® (Ownership, Control,
Access, and Possession) was established to protect the
rights of Indigenous People to ensure ownership and
control of their information, decision-making that is
powered by their lifeways, priorities, and concerns.2°

With growing research spaces on tribal lands like the
Native BioData Consortium, it is pertinent to consider
the ownership of data as being as sovereign as the sub-
jects that created it.>* Researchers can navigate issues
of consent and confidentiality in Indigenous contexts
by recognizing and respecting that many Indigenous
groups have a collective ethic, and decisions may
be made by group consensus or through a council of
defined authority. Researchers must engage with the
various forms of representation chosen by the com-
munity and think differently about data governance
beyond individual consent. As such, researchers should
consider alternative models of data management, such
as Indigenous-led bio-data repositories, that prioritize
Indigenous sovereignty in research and data.

Researchers must adhere to ethical guidelines and
regulations at a federal level for the protection of
human subjects, as outlined in the Code of Federal
Regulations, while also considering the specific cul-
tural and ethical considerations of the tribal commu-
nity.22 This guidance, while codified within the USA,
also sets a precedent that should inform research prac-
tices globally, particularly when involving Indigenous
communities. In doing so, researchers must integrate
not only these federal regulations but also consider
the specific cultural and ethical considerations of each
Indigenous community. At the local level, researchers
should be aware whether or not the nation has a tribal
Institution Review Board (IRB) process and the extent
to which it is formally instituted similar to non-tribal
IRBs, or more community-based where tribal mem-
bers are invited to discuss the research. Researchers
should always familiarize themselves with the require-
ments of any process and the cultural importance of
these ways going forward.

International legal agreements also provide a con-
text for these ethical considerations. The 1948 Univer-
sal Declaration of Human Rights supports the equal
opportunity for all individuals to access the fruits of
scientific advancement in Article 27.1.23 The 1966
International Covenant on Civil and Political Rights,
through Article 1.1, explicitly affirms the right of all
peoples to self-determination.2* The 1966 Interna-
tional Covenant on Economic, Social, and Cultural
Rights, in Article 12.2.d, emphasizes the right to equal
access to medical services and medical attention.?s
Collectively, these international agreements under-
score the importance of respecting and integrating
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Indigenous rights into research practices, ensuring
that Indigenous communities can partake fully and
fairly in scientific advancements.

Building on these foundations, the United Nations
Declaration on the Rights of Indigenous Peoples
(UNDRIP) specifically addresses these principles
through its provisions. Article 31 of UNDRIP advo-
cates for the rights of Indigenous peoples to main-
tain, control, protect, and develop their intellectual
property over their cultural heritage and traditional
knowledge, which includes data from research involv-
ing their communities.2¢ This underscores the critical
need for Indigenous-led data governance models that
respect and promote Indigenous data sovereignty.
Additionally, Article 24 reinforces the right to tradi-
tional medicines and health practices, advocating for
the inclusion of culturally appropriate medical tech-
nologies such as pMRI systems in Indigenous health-
care practices.?” Article 3 of UNDRIP emphasizes the
right to self-determination, advocating that Indige-
nous peoples must have a decisive voice in how health
technologies and research practices that affect them
are implemented.28

While international laws may not be directly
enforceable, their influence is significantly enhanced
when respected and implemented by influential
countries such as the USA and Canada. Compliance
not only sets a powerful example but also promotes
a broader, global respect for the rights of Indigenous
populations, encouraging the integration of these
principles into national policies and practices.

In complement to the profound work being done
within Indigenous communities on data sovereignty,
it is beneficial to consider the broader context of inter-
national data rights. For instance, the General Data
Protection Regulation offers a robust framework for
data protection that could inspire similar protec-
tions for Indigenous data. The FAIR Data Principles,
emphasizing Findability, Accessibility, Interoper-
ability, and Reusability of data, could be adapted to
respect and uphold the unique needs of Indigenous
data sovereignty, ensuring that data about Indigenous
peoples is managed in a way that is both ethical and
respectful of their cultural values.

Collectively, international agreements and frame-
works underscore the importance of respecting and
integrating Indigenous rights into research practices
and ensuring that Indigenous communities can par-
take fully and fairly in scientific advancements.

II1. Capacity-Building and Training

Recruiting primary and allied healthcare profession-
als to rural and under-resourced communities is a
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ubiquitous and well-known challenge that critically
impacts the structure and efficacy of healthcare sys-
tems serving these communities. Advancements in
career opportunities in medical imaging, however,
may naturally map onto the landscape of the doors
opened by pMRI. Indeed, the training of local opera-
tors is ripe for opportunity.

Specialist education is needed to become a radiologic
technologist (RT) and requires advanced certification
or degrees. Today, more than 50% of practicing RTs are
Caucasian.?® RTs from minority populations are sub-
ject to the same certification process as others through
the American Registry of Radiologic Technologists, 2°
without consideration of the economic challenges they
may face as they look to gain this professional train-
ing. Acknowledging this is essential for the practical
deployment and scalability of pMRI technology.

We propose that this gap can be addressed through
new opportunities for RTs to gain an introduction to
PMRI and certificate or degree programs at tribal col-
leges and universities (TCUs) that are located near
nations. There are 35 accredited TCUs in the USA
as of 2022 and in the 2015-2016 academic year, they
enrolled approximately 11.2% of all AIAN under-
graduate students.?® These were created to facili-
tate nation-building through self-determination,??
increase the completion rates of AIAN students, and
to counteract the forced assimilation policies and
practices of the USA government and religious insti-
tutions.?? TCUs offer applied science degree programs,
and 23 TCUs also provide certificate programs in the
health sciences.

In Canada, Indigenous People have tribal colleges
and universities known as Indigenous Institutes of
Higher Learning (ITHL). There are 26 Indigenous
post-secondary institutions in Canada that are dedi-
cated to preserving and teaching Indigenous cultures,
languages, and traditions, while also providing aca-
demic programs in a variety of fields. These IIHLs
vary in size and scope, offering a range of programs
and courses, like health sciences, which integrate
Indigenous knowledge and perspectives.?* They play
a crucial role in providing post-secondary education
that is culturally relevant and accessible to Indigenous
students. Many of these colleges and universities col-
laborate with mainstream universities to provide
accredited programs and these partnerships allow
students to receive a recognized degree while studying
within an environment that respects and incorporates
Indigenous knowledge and perspectives.

TCUs and ITHLs can provide didactic, on-site, and
clinical training if a portable MRI can be obtained. By
leveraging the proximity of TCUs and ITHLs to tribal
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areas and nearby health facilities, MRI technologists
can be trained close to where the technology will be
utilized.

IV. Giving Back in Research: Duty of Care
There are significant challenges conducting research
with populations that have limited access to medical
care, and among them is the duty to provide health-
care when that need is detected through research.
Richardson and others have argued that giving back
this way in research is a moral imperative.?> Others
uphold the clear philosophical importance of this duty
to care but have suggested that such a requirement
may have the negative effect of impeding research
given uncertainties about who should or can shoulder
the ensuing clinical burden, costs, and other practical
realities of achieving this goal.

V. Remuneration

Ethical remuneration consists of both reimbursement
for costs incurred by participants (e.g., transporta-
tion) as well as compensation for participant time
and effort. The value of a financial incentive should
not be so great that it distorts a participant’s ability
to evaluate the risk of involvement. The exact value
should be context-specific and ideally co-determined
by researchers together with participants or groups. A
surrogate can play a key role in stewarding reimburse-

Table |

ment on behalf of a participant with limited capac-
ity and to use it directly in care for example or hold
it in trust. For work with Indigenous communities,
researchers must consult with Elders to identify both
monetary incentives in addition to traditional gifts.
When appropriate, cash remuneration is preferred as
gift cards and similar tokens can be paternalistic and
stigmatizing.

VI. Sharing of Results and Reciprocity
Beyond remuneration, reciprocity in research priori-
tizes the participant-researcher relationship, mutual
respect, and autonomy.?¢ To achieve reciprocity, par-
ticipant and community benefit must be considered
outside of the envelope of traditional academic prod-
ucts. Models to achieve this goal are through writ-
ten and digital products (e.g., resource books, info-
graphics, films?7) in addition to community events for
knowledge translation and exchange that give back to
the communities that gave of themselves.

Conclusion

Through the democratization of MRI imaging capa-
bilities to rural areas, Native American reservations,
and Indigenous Lands, the ability to certify and ener-
gize a tribe’s or nation’s ability to lead in their own
healthcare will improve outcomes and broadly mean-
ingful research results. Here, we grounded our dis-

Key takeaways in considering pMRI for neurologic care and research in the neurological sciences.

Democratization of
technology

pPMRI enables tailored and equitable healthcare and research that respect and uphold the
sovereignty and specific needs of Indigenous communities. Continued progress will bridge gaps
in access, promote benefits, mitigate risks, and empower Indigenous communities to manage
and utilize capabilities in ways that align with their cultural values and health priorities.

Clinical practice and
outcomes

effective care.

The roll-out of pMRI for clinical care of Indigenous Peoples must take into consideration
traditional medicine, multiple ways of seeing wellness and disease, historical mistrust, and health
disparities. It must integrate early detection to close health disparities. Pathways for managing
expected and unexpected findings must be put in place prior to the implementation of any
scanning protocol. Innovative communication strategies to reach patients in remote areas
without reliable internet or cellular service will ensure that all individuals receive timely and

Land and data sovereignty in

Data sovereignty is at the core of all neuroimaging-related research. Indigenous-led governance

research models offer pathways for study conceptualization, data management, dissemination of results
and giving back to the community that respect and value the heterogeneity of Indigenous
Peoples.

Duty to care Any research that may yield clinical considerations for participants should ideally integrate a

management plan for follow up.

Equity and capacity-building

PMRI represents a new opportunity to build capacity in MRI operations among Indigenous
People interested in health research and care.A locally trained workforce will foster
sustainability and self-reliance in research and health care practices.
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cussion in the rights of Indigenous populations and
emphasize that practices not only adhere to global
legal standards but also deeply respect and promote
the intrinsic rights of Indigenous communities.

The expansion of MRI capabilities through its
portability signifies a pivotal moment: it is an evolu-
tion that not only offers an opportunity to enhance
healthcare delivery but ensures alignment with the
needs and sovereignty of Indigenous communities. By
expanding the training and backgrounds of research
and care teams who are resourced to these commu-
nities, responsive research policies and public health
measures can be developed and adopted. We conclude
with five key takeaway points shown in Table 1.

By anchoring our approach in universally recog-
nized rights, and by aligning pMRI practices with
these principles, we commit to a framework that is
ethical, respectful, and fundamentally supportive of
equity and justice for Indigenous peoples. The inte-
gration of pMRI technology into Indigenous health
care systems for the brain, and in the future for the
body, stands as a testament to the power of combining
science with social justice, and highlights the transfor-
mative potential of culturally informed discovery sci-
ence and health care.
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