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ABSTRACT: The dynamic and ever-evolving nature
of neuroimaging research creates important ethical
challenges. New domains of neuroscience research and
improving technological capabilities in neuroimaging
have expanded the scope of studies that probe the biology
of the social and ethical brain, the range of eligible volun-
teers for research, and the extent of academic-industry
relationships. Accordingly, challenges in informed con-
sent and subject protection are surfacing. In this context,
we provide an overview of the current landscape for neu-
roimaging and discuss specific research ethics topics
arising from it. We suggest preliminary approaches to
tackle current issues, and identify areas for further col-
laboration between neuroimagers and institutional
review boards (research ethics committee).
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I
N THE LAST THREE DECADES, neuroscience research
has made significant leaps forward (Popp &
Moore, 1994) and the research and ethics commu-
nity has followed the state of the art closely with

specific attention emerging in neurogenetic research
(MacKay, 1984), brain banking procedures (Riis, 1993),
and neuroclinical trials (Young, 2002). Imaging tech-
nologies at the frontier of neuroscience today have
brought advances in the understanding of brain mor-
phology and brain function in the healthy and the dis-
eased brain. Faster, higher resolution and noninvasive
capabilities have expanded the scope of research and the
range of suitable pools of volunteers (Rosen, Bodke,
Pearl et al., 2002). It has also stimulated private-sector

relationships (Cho, 2002). This evolving context creates
challenges for informed consent and human subject
protection including the management of incidental neu-
roimaging findings of anomalies in research (Illes,
Kirschen, Edwards et al., 2006; Kumra, Ashtari,
Anderson et al., 2006); protection of confidentiality in
large neuroimaging databases and the promotion of
public neuroscience literacy based on a balanced assess-
ment of the risks and benefits of neuroimaging (Wolpe,
Foster, & Langleben, 2005).

Here we provide an overview of the current landscape
of neuroimaging, and we discuss specific ethical topics
arising from it based on the literature and our research
experience in ethics and neuroscience. We offer prelim-
inary approaches to tackle current issues in considera-
tion of the momentum of neuroimaging and the need to
explicitly address some important emerging ethical chal-
lenges. We identify areas for further research regarding
ethics in neuroimaging research.

A New Landscape for Neuroimaging

The landscape for neuroimaging involves functional
imaging modalities such as Electroencephologragy
(EEG), Positron Emission Tomography (PET), magne-
toencephalography (MEG), functional Magnetic
Resonance Imaging (fMRI), magnetic resonance spec-
troscopy (MRS), and lately functional Near-infrared
Spectroscopy (fNIR or optical imaging). Functional
imaging modalities enable researchers to study brain
activation during task performance and complement
modalities that provide images of brain structure (struc-
tural imaging). Combined-modality imaging, such as
fMRI which has good spatial resolution with MEG that
has superior temporal resolution augments the power of
the imaging data (Mathiak & Fallgatter, 2005).

Imaging modalities each have unique features (please
see Maziotta (2000) and Illes and Racine (2005) for
more details on specific imaging modalities). PET is
sensitive to the decay of radioactive substances associ-
ated principally with brain metabolism and activation.
Neuroimaging using fMRI monitors blood oxygenation
correlates of behavior in discrete, stimulus-response
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paradigms. Advances in fMRI research have yielded
insights into the neurobiological correlates of behaviors
such as cooperation (Decety, Jackson, Sommerville et al.,
2004), love (Bartels & Zeki, 2004), deception
(Langleben, Schroeder, Maldjian, et al., 2002), and
moral reasoning (Greene, Sommerville, Nystrom et al.,
2001). Practices informed by these results such as lie
detection (Wolpe, Foster, & Langleben, 2005) or educa-
tion interventions (Gura, 2005) are surfacing, despite
important challenges in terms of external validity and
varying approaches to data analysis and interpretation
in functional neuroimaging (Anonymous, 2006; Gura,
2005; Illes & Racine, 2005; Wolpe, Foster, & Langleben,
2005). Neuroimaging, in combination with genetic test-
ing, is being used to refine diagnosis in neurological and
psychiatric disorders, with the goal of achieving diagno-
sis prior to the overt manifestation of disease, or con-
firming clinical diagnosis or assessing disease suscepti-
bility such as in Alzheimer’s disease (Rosen et al., 2002),
Huntington’s disease (Rosas, Feigin, & Hersch, 2004),
and depression (Pezawas, Meyer-Lindenberg, Drabant
et al., 2005). Neuroimaging services are being marketed
directly to consumers for early detection of stroke and
brain tumors (Illes, Racine, & Kirschen, 2006). The
constant technological innovation has also expanded
the pool of possible research volunteers, especially with
the minimal invasiveness of MRI in comparison to PET
for example (PET requires administration of radioactive

contrast agents by injection). Accordingly, fMRI has
changed the risk-benefit ratio, justifying the participa-
tion of volunteers with more extensive disabilities than
PET (Rosen et al., 2002). The neuroimaging commu-
nity is also growing in size (Illes, Kirschen, & Gabrieli,
2003). In Figure 1, we illustrate how these interacting
areas of activity form a backdrop against which the
new ethical challenges for neuroimaging research
stand out. 

1. Incidental Findings and Informed Consent

Neuroimaging—like all medical imaging procedures—
reveals valuable information that is otherwise clinically
inaccessible. Medical applications of imaging modalities
such as confirmation of cerebral hemorrhage with
Computed Tomography (CT) or detection of cerebral
tumors with MRI are prime examples of the use of neu-
roimaging in diagnosis and monitoring of health inter-
ventions. However, these powerful properties of neu-
roimaging create challenges in the context of research
when anomalies of potential clinical significance such as
tumors or vascular malformations, called incidental
findings, are detected in subjects. 

Early studies of such incidental findings in neu-
roimaging research showed a prevalence of 2-8% (Illes,
Desmond, Huang et al., 2002; Katzman, Dagher, Azar
et al., 1999; Kim, Illes, Kaplan et al., 2002; Kumra et al.,

CLINICAL APPLICATION 
AND TRANSLATION

Neuroimaging promises 
tools for diagnosis and 

evaluation of treatment. In 
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PUBLIC UNDERSTANDING 
AND VISUAL SIMPLICITY

New imaging technologies 
reveal complex structural 
and functional data in an 
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body relationship. A RESEARCH ETHICS 

LANDSCAPE FOR 
NEUROIMAGING

FIG. 1. A research ethics landscape for neuroimaging
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2006) in adult and pediatric research populations.
Although these data reflect higher rates than other pop-
ulation studies of brain tumors (3-6 cases per 100,000
depending on gender and geographic pool (Central
Brain Tumor Registry of the United States, 2004)) and
vascular disease (0.5%) (Weber & Knopf, 2006), these
data suggest the need for explicit plans for managing
incidental findings in imaging protocols and informed
consent forms (Illes et al., 2006). Pathways for handling
incidental findings may recognize a range of solutions
that are ethically acceptable depending upon the exper-
imental goals, the professional training of the investiga-
tors, and the nature of the imaging site (e.g., medical or
non-medical). Both the benefits and consequences of
detecting and disclosing incidental findings, including
false positives, must be taken into account when making
decisions about how to manage them. 

The potential impact of an incidental finding in
research is well exemplified by the case of a Stanford
medical student who volunteered for an fMRI study on
verbal working memory, and in whom an arteriove-
nous malformation (AVM) was identified fortuitously.
The student in question has written and spoken elo-
quently about how this was both an unexpected and
life-changing personal experience (Hilgenberg, 2005)
(see http://neuroethics.stanford.edu; at that website, go
to The Case of SH). By contrast, an anonymous corre-
spondent to Nature who participated in a colleague’s
study, shared how an incidentally detected brain tumor
dramatically changed his life trajectory and adversely
affected his medical insurability (Anonymous, 2005).
Management of incidental findings also challenges the
role of researchers, especially of those without a medical
background and clear professional prima facie deonto-
logical obligations to patients (Philips, 2005). 

2. Privacy

Ethical issues related to confidentiality and privacy are
common to all research that can reveal potentially sen-
sitive information. In neuroimaging, privacy challenges
are now amplified by two factors: the growth of neu-
roimaging databases and the emergence of ground-
breaking studies on the social and ethical brain. 

In some cases of large federally sponsored research
today, data sharing is required, and neuroimaging con-
sortia (e.g., Human Brain Project, International
Consortium for Brain Mapping, BrainMap, LONI-
UCLA) are actively engaged in the creation of neu-
roimaging databases. As neuroscience is “scaling up to
the leagues of big science” (Narasimhan, 2004), con-
cerns raised for the protection of confidentiality are

reminiscent of those associated with the creation of
gene banks. Indeed, based on some features of neu-
roimages, individual faces can be reconstructed under
certain conditions, thereby providing material for the
re-identification of volunteers (Canli & Amin, 2002;
Toga, 2002).

Further challenges bearing on confidentiality and pri-
vacy build on the distinctively intimate nature of some of
the data acquired during neuroimaging. There is an
expanding pool of neurosocial studies that yield brain
activation profiles associated with personal and pri-
vate thought, i.e., brain signatures for personality
traits that could be targeted in testing and screening
procedures (Illes & Racine, 2005). For example, some
leading neuroimagers have revealed neural correlates
for cooperation (Decety et al., 2004), judgments about
race (Eberhardt, 2005; Lieberman, Hariri, Jarcho et al.,
2005), love (Bartels & Zeki, 2004), deception
(Langleben et al., 2002), economic decision-making and
consumer preferences (McClure, Laibson, Loewenstein
et al., 2004; McClure, Tomlin, Cypert, et al., 2004), and
moral reasoning (Greene et al., 2001). These studies
explore intimate and personal processes that could
impact current views on data confidentiality and
“thought privacy.” In addition, thoughts and attitudes
could be reified based on certain unsupported interpre-
tations. Precedents for this exist such as the use of IQ
measures and lie detection tests used to support some
simplified views on intelligence and cognition. The lim-
itations of current tools and methods need to be under-
stood and acknowledged to support good practices in
matters of recruitment, informed consent and fair
assessment of promises of benefits, especially when
results are communicated broadly.

Other leading research has identified regional brain
activation patterns that are associated with disease,
including potential biomarkers for Alzheimer’s disease
at subclinical levels, tests that could reveal presence of a
disease process in absence of overt symptoms (Rosen
et al. 2002) or predict developmental outcomes in pre-
mature infants (Woodward, Anderson, Austin et al.,
2006). In addition, some innovative neuroimaging pro-
tocols have linked specific genes with differential brain
morphology and brain activation patterns in depression
(Pezawas et al., 2005). This example demonstrates the
power of combining genetic susceptibility information
with neuroimaging in order to assess a person’s risk to
develop disease, as well as highlighting the need to
define good practices of counseling in neuroimaging
based on probabilistic data and still misunderstood
pathological processes (Illes, Rosen, Greicius, et al.,
2007). The large-scale storage of neuroimages could be
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used to perform second-generation studies. As we see
from examples of current research, the information
could in some cases be used to generate individual neu-
roprofiles, perhaps on data that provide material to re-
identify the volunteer.

Sharing of neuroimages through neuroinformatic
platforms is an emerging phenomenon for neuroim-
agers. Some approaches to data banking have been
framed for gene and tissue banks (Austin, Harding, &
McElroy, 2003; Beskow, Burke, Merz et al., 2001).
However, in the absence of specific examination of neu-
roimaging data banking, these approaches may not be
revisited and updated (e.g., anonymization procedures;
sharing of imaging samples through web-based plat-
forms). Coordinators of large samples and neuroimag-
ing data banks need to decide when access to data is
legitimate and should be allowed, limited or denied.

3. Justice in Recruitment and Cohort Selection,

Coercion, and Confidentiality

Neuroscience research frequently relies on the recruit-
ment of colleagues or students. Despite cautions about
recruiting volunteers from trust relationships that involve
employees and their employers, this is a common prac-
tice in neuroimaging. Many neuroimagers perform their
research at night or during weekends to gain access to
scanners heavily booked for clinical purposes during the
day and to take advantage of reduced night scanning rates
to contain costs. Given the legacy of college student con-
scription into psychology studies and other methods of
volunteer recruitment, explicit protections may be needed
to ensure that students do not feel coerced to participate
(either at night or during the day) and to mitigate embar-
rassing situations if they do. Consider, for example, the
discovery of incidental findings, of previously unknown
claustrophobic tendencies in the tight scanner environ-
ment, or of unusual brain responses to stimuli of emo-
tional or sexual content in a colleague volunteering for an
imaging study. This type of situation highlights the need
for cautious recruitment practices. This requirement is
not unique to neuroimaging, but the sheer fascination of
seeing the structure of one’s own brain “in action” and the
tradition of recruiting students and peers may detract
from the full assessment of risk. 

4. Decisional Capacity and Vulnerable Populations,

Stigma and Discrimination

Pediatric studies: The non-invasiveness of MRI has
allowed for a growth of pediatric, neonatal and even
fetal neuroimaging, although the use for sedation still

positions many pediatric studies for full research ethics
committee (REC) review (Downie & Marshall, 2007).
Beyond issues of safety, proxy consent is a key consider-
ation, and carefully determining the acceptable balance
of risks and benefits for a child is challenging (Illes &
Raffin, 2005). Establishing the child’s best interest, and
also understanding how the child views his own partic-
ipation in a neuroimaging study can bring contrasting
views: a parent may find the prospect of participating in
a neuroscience experiment fascinating, while the child
may find it terrifying (Hinton, 2002). 

In the search of securing assent of a child, some cen-
ters have developed innovative approaches such as
using coloring books describing the MRI experience in
ways that are intelligible to the child (Hinton, 2002).
Preliminary data of the Cognitive Neuroscience
Laboratory at Stanford University supports efforts to
reach out to children volunteers: children can find the
fMRI experience valuable but the reasons they give for
participating are quite different than the ones provided
by adults (Thompson, 2004). Still, more research is
needed to generate evidence-based pediatric informed
consent practices.

Adult studies: While former constraints of invasive-
ness and task burden on neuroimaging have limited
enrolment in studies to patients with only mild to mod-
erate neurological and psychiatric conditions, it is now
feasible to scan patients with far greater ranges of cogni-
tive disability (Rosen et al. 2002). While this yields
greater and ever more refined understanding of disease,
it also creates new challenges to existing informed con-
sent procedures and current approaches to mitigating
stigma and discrimination (Kulynych, 2002). 

The specific issue of stigma of vulnerable populations
has not been extensively discussed in the context of neu-
roimaging research (Owens, 1997) even if it is pervasive
in the broader context of psychiatry and neurology
(Gray, 2002; Phelan, 2002). There are now sufficient
grounds to suggest that this conversation is needed. For
example, in the popular press, neuroimaging tends to
be simplified and results over-interpreted, especially
when results are portrayed as revealing our essence
based solely on characteristics of our brain (Racine,
Bar-Ilan, & Illes, 2005; 2006). Neuroimaging results
could therefore be uncritically understood as indicating
the differential superiority or inferiority of the brains of
one group over another. Pessimistic media depiction of
brain damage in so-called crack babies (antenatal
exposure to cocaine) or Romanian orphans in the
1980s serve here as a reminder of the possible impact of
neuroscience on stigma and over-deterministic conclu-
sions (DiPietro, 2000). Will potential deviations in brain
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activation based on population averages communicated
to the public—that do not in any case necessarily apply
to a specific individual—be understood by the general
public as an indication of abnormality and a ground to
ostracize and promote beliefs in a fatalistic biological
determinism? The questions raised here are akin to
those of population genetic studies in matters of proper
interpretation of research data and prevention of stigma
on communities (Foster & Carter, 1998; Juengst, 1998;
Weijer & Emmanuel, 1999). In addition, certain publi-
cized interpretations suggesting that neuroimaging
reveals our essence (neuro-essentialism) or provides a
direct measure of brain activity (neuro-realism) compli-
cate the fair and balanced assessment of the potential
risks and benefits of neuroimaging for researchers, REC
members as well as the general public (Racine, Bar-Ilan,
& Illes, 2005).

5. Scientific Value; Conflict of Interest;

Transfer of Knowledge

It is the mandate of REC review to assess the relative risks
and benefits of any protocol in order to avoid unscientific
and therefore ethically unjustifiable research (Emmanuel,
Wendler, & Grady, 2000). This mandate is clear across
the Helsinki Declaration and the Common Rule of the
Code of Federal Regulations. Generally speaking, neu-
roimaging is widely accepted by the scientific community
as a legitimate research tool but there are dissenting
voices that equate neuroimaging with a new phrenology
given the important and sometimes unacknowledged
epistemological assumptions implicit in the construction
of neuroimages (Uttal, 2001). Consequently, some schol-
ars have remarked that neuroimaging is “a field in
which the technological capacity to generate brain
images far exceeds scientists’ current ability to interpret
what imaging data reveal about the mind and the brain”
(Kulynych, 2002). In fact, debate is growing about the
limits of neuroimaging both in the peer-reviewed liter-
ature and in popular science press. In addition to being
indirect measures of brain activation, as we noted earlier,
the meaning of functional neuroimaging results, espe-
cially those that bear on higher-order phenomena and
social behaviors, are tied to conceptual issues involving
religious beliefs and cultural input in research design
(Illes & Racine, 2005; Reilly, 1991). Publicized claims
that functional neuroimaging can readily assess person-
ality traits or provide literally “a window into the brain”
need to be mitigated and clarified by researchers as they
approach research subjects. Other challenges to the
integrity of knowledge and research come from conflicts
of interest (Cho, 2002), marketing of neuroimaging

services to consumers (Illes, Kann, & Karetsky et al.,
2004; Racine, Van der Loos, & Illes, 2007) and over-rep-
resented benefits in print media. 

Recommendations for Good Practice

Based on an analysis of the literature, Table 1 captures
some initial recommendations for good practices relative
to the emerging issues discussed in this review paper. For
many of these issues, empirical research has not yet docu-
mented current practices. Hence, only initial and tentative
recommendations can be made as indicated in the table. 

One area which has been further investigated concerns
the management of incidental findings. For example, the
Working Group on Incidental Findings in Brain Imaging
Research has presented approaches for the management
of incidental findings in structural imaging. The majority
of the members of that working group (about 50 experts
in imaging, bioethics, policy, law, and other relevant
fields) felt as ethically desirable that research protocols
should provide for disclosure of incidental findings (Illes
et al., 2006). That view was supported by both the respect
of researcher obligations to subjects’ autonomy and inter-
ests as well as evidence that research subjects vastly prefer
disclosure over non-disclosure (Kirschen, Jaworska, &
Illes, 2006). However, this view was held as unwise by a
minority of the working group members given factors
such as the harmful consequences of potential false-posi-
tives. Various options for follow-up were considered by
the working group (PI, primary care physician of the sub-
ject, referral physician) and a minority of the working
group also found it not ethical to leave all the responsi-
bility for follow-up to subjects. This makes it likely that
the management of incidental findings will depend on
choices made by PIs and RECs as well as available
resources (e.g., access to neuroradiologists) and the
nature of the protocol and research team (e.g., led by an
M.D. or a Ph.D.). It is important to note that the working
group felt that it was overall premature to apply its con-
clusions to functional imaging.

What follows in Box 1, is an example of informed
consent language proposed at Stanford University
(Lucas Center for Magnetic Resonance Spectroscopy
and Imaging) acknowledging the possibility of inciden-
tal findings and describing a procedure for their man-
agement. The limitations of research neuroimaging are
identified to dispel any expectations of clinical benefits.
Also, the language mentions who will contact the sub-
ject, therefore helping to clarify the responsibilities of
the PI and the subject in the case of a finding meriting
further investigation (e.g., contacting the subject and his
or her primary care physician in this case by the PI).

Advanced Neuroimaging Research 5
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TABLE 1. Initial Recommendations Regarding Emerging Issues in Advanced Neuroimaging Research

Ethical topics Context (from Figure 1) Initial recommendations

Incidental findings and
informed consent

Privacy, especially 
of thought

Recruitment practices
and confidentiality

Decisional capacity and
vulnerable populations

Stigma and discrimination

Scientific value

Conflict of interest

Transfer of knowledge

Neuroimaging research can reveal unexpected
anomalies of potential clinical significance.
Expanding neuroimaging community and tech-
nology create challenges for standardization of
practice and shared approaches
to informed consent forms (ICFs).

Expanding pool of neurosocial studies may
lead to applications that yield neuroprofiles of
personal and private thought. Privacy chal-
lenges are amplified by growth of neuroimag-
ing databases and consortia.

Neuroimaging research frequently relies on
the recruitment of colleagues or students and
challenges confidentiality and consent.

Non-invasive neuroimaging procedures are
expanding the pool of prospective volunteers.
More vulnerable populations can now be
imaged, challenging existing informed consent
procedures and current approaches to
mitigating stigma and discrimination.

Scientific evaluation of neuroimaging is
complicated by the diversity of research
methods. Public understanding of research
intermingles with emerging direct-to-consumer
advertising of brain imaging products and
academic/private sector relationships as
well as current public understanding
supporting expectations for early clinical
applications.

• Transparency in research protocol and ICFs
for approach to handling of incidental
findings (IFs).

• Collaboration between RECs and neuroimaging
groups in construction of ethical approaches
for IFs respectful of subjects, research goals
and institutional mandates.

• Transparency about banking procedures and
secondary uses in ICFs.

• Proactive handling of thought-privacy concerns,
and cultural and conceptual issues in design of
neurosocial studies.

• Clarification of institutional recruitment prac-
tices, and student participation in neuroimag-
ing research.

• Ongoing research neuroethics education
to ensure confidentiality and uncoerced
participation.

• Refined communication procedures sensitive to
new levels of decisional capacity, especially for
children, pregnant women, and patients with
severely impaired decisional capacity. 

• Clarity of language that proactively prevents
misunderstanding of results.

• Evaluation of protocols taking into account
diversity of research paradigms, and
risk-benefit ratio.

• Clarity about academic/private sector strategies
and acceptability of its societal implications.

• Review of strategies for dissemination of
research results, and claims for technological
promise.

BOX 1. Sample Language for the Management of Incidental Findings in MRI Research

“The scans performed in this study are for specific research purposes and are not optimized to find medical abnormalities. The
investigators for this project may not be trained to perform medical diagnosis. The investigators and Stanford are not responsi-
ble for failure to find existing abnormalities with these MRI scans. However, on occasion the investigator may notice a finding on
an MRI scan that seems abnormal. When this occurs, a physician will be consulted as to whether the findings merits further inves-
tigation, in which case the investigator will contact you and your primary care physician and inform you of the finding. The deci-
sion as to whether to proceed with further examination or treatment lies solely with you and your physician. The investigators,
the consulting physician, and Stanford are not responsible for any examination or treatment that you undertake based on these
findings. Because the images collected in this study may not comprise a proper clinical MRI scan, these images will not be made
available for diagnostic purposes.”

(Stanford University, Last update April 9, 2007, available at: http://humansubjects.stanford.edu/consents/SUSampCons.doc)
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This excerpt exemplifies how some issues can be clari-
fied based on specific choices regarding disclosure and
referral. Ultimately, however, language used in the
informed consent form will depend on the specific
options approved by local RECs.

Research Agenda

In the past years, progress has been made in bridging
neuroimaging and ethics. Interdisciplinary meetings
and publications have led to meaningful engagement,
mutual learning and important practice changes.
Pathways for the management of incidental findings
have been identified as well as subject’s expectations
toward neuroimaging research better understood.
However there are still crucial gaps in our understand-
ing of concrete challenges researchers and RECs face in
the review of neuroimaging research. We highlight here
some topics that need to be further researched.

Surveying actual REC practices. There are still many
unknowns about how RECs are dealing with the emerg-
ing challenges of neuroimaging research. Stronger mag-
nets are being used in fMRI research, social neuroscience
is gaining momentum, and more vulnerable populations
are now candidates for neuroimaging procedures. These
features and others are changing the neuroimaging land-
scape. Specific practices that need to be documented
include recruitments of students in the Academia, evalu-
ation of risk/benefit ratios, especially for vulnerable
patients (e.g., aging and pediatric) and REC assessment of
scientific value of protocols, in particular those relying on
a combination of imaging technologies. By surveying
actual practices, different models and approaches to han-
dle emerging issues could be identified and pave the way
for comprehensive approaches to remedy identified gaps. 

Further bottom-up identification of local and inter-
national challenges. The ethics of neuroimaging research
is one of the topics developed in the current neuroethics
literature. In spite of the considerable work already
accomplished, additional research is needed to extend
perspectives to local research and REC communities as
well as the ethical challenges inherent to large interna-
tional neuroimaging initiatives. Better clarifying the needs
of different national research and REC communities
through comparative analysis could help researchers ful-
fill their local national requirements while maintaining
their participation to international initiatives.

Evaluating implemented change. In some areas such
as the management of incidental findings changes have
occurred in imaging research and REC review.
Different models and approaches are being developed
to take into account local needs and the emerging ethics

discussion. The impact of these changes needs to be
assessed and their effectiveness evaluated. This crucial
extra step is required to guide future collaborations
between neuroimagers, RECs and bioethicists toward
the smoothest and most proactive implementation of
ethics-related change in neuroimaging.

Identifying research ethics challenges that fall
beyond the scope of REC review. The REC process is
the recognized mechanism for the evaluation of ethical,
legal, and social issues in research. This being said,
there are some understandable limitations to the man-
date of RECs and RECs may not be the suitable forum
to address all ethical issues related to neuroimaging
research. For example, oversight of translational
research and issues related to the commercialization of
imaging procedures cannot all be fully addressed by
RECs once the research evolves outside the mandate of
a single REC. Public understanding and the impact of
the interpretation of neuroimaging research in the
media can also impact subject’s expectations without
this being under the control of RECs. Although the REC
process is well suited to identify and address some cru-
cial research ethics issues, others will fall beyond the
scope and mandate of RECs. The identification of these
issues will help acknowledge the strengths of RECs and
identify approaches that complement REC mandates. 

Educational Implications

The continuous ethical use of neuroimaging as well as
adjustments needed to keep pace with the evolution of the
science will need to rely on extensive collaborations
between investigators and RECs. The positive role of edu-
cation cannot be overstated to avoid ethics pitfalls as well as
over-regulation of research. At the very basic level, safety
training needs to be supported as well as sufficient under-
standing of neuroimaging principles by trainees. This is
important to avoid, for example, possible incidents with the
strong magnetic fields of MRI. Updated ethics training also
needs to continue for neuroimagers, especially to take into
account the emerging issues. Neuroimaging centers and
labs are most likely best placed to identify how and when
on-going training should be provided to trainees. Such
training could be an ideal opportunity to cultivate quality
communication and collaboration between RECs and
neuroimaging. Indeed, given the emerging issues, neu-
roimagers and RECs need to work together in ways that
reflect sensibly their institutional contexts and needs.
Where discussion has not yet yielded recommenda-
tions or approaches, we can emphasize that interdisci-
plinary workshops on specific ethical topics have
proved to be a manageable and fruitful approach to
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produce initial recommendations. Overall, the challenges
we have highlighted and the early stages of related discus-
sion support the need for expanded collaboration and
mutual education among neuroimagers, RECs and schol-
ars from the biomedical ethics community.
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