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On the evening of May 9, 1991, a
postdoctoral fellow named Kenneth
Kwong ran a new MRI sequence at
Massachusetts General Hospital and,
remarkably, “saw a bright blob com-
ing out of the visual cortex” (1). This
experiment—the first to use blood
oxygenation level-dependent (BOLD)
functional magnetic resonance imag-
ing (fMRI) in a human subject—Iled
to a surge in neuroscience research
that has not abated since. In forensic
psychiatry, some commentators have
speculated that fMRI may have a role
in detecting lies, determining crimi-
nal responsibility, and distinguishing
chronic pain from malingering. Others
are far more circumspect in their pre-
dictions, arguing that these technolo-
gies have serious limitations. In this
column, we discuss how fMRI works,
how the images it produces can be
misunderstood (by clinicians, judg-
es, and juries alike), and how fMRI
evidence has been used in specific
legal cases.

The scientific principles of fMRI
are simple: (A) more active brain
tissues typically require more oxygen
than those that are less active, (B)
oxygen-poor blood (containing de-
oxyhemoglobin) responds differently
to a magnetic field than oxygen-rich
blood, and (C) differences in oxygen-
ation cause a measurable change in
the MRI signal (i.e., the BOLD re-
sponse; see Reference 2 for further re-
view). Thus, fMRI is a measure of the
hemodynamic response—an increase
in blood flow to active tissues—tath-
er than direct neural activity. These
changes in blood oxygenation are
measured across the entire brain at a
spatial resolution of approximately
one mm?®. The BOLD signal in each
of these small, cube-shaped “vox-
els” (essentially a three-dimensional
pixel)—of which the brain has about a
hundred thousand—is recorded about
every two seconds to capture and
demonstrate changes in brain activity

over time. By measuring differences
in the BOLD signal during experi-
mental and control tasks (a process
called “cognitive subtraction”),
researchers can deduce which areas
of the brain are more or less active
during particular cognitive processes.
However, what these data may imply
about human behavior is anything but
straightforward.

In particular, the association be-
tween the BOLD signal and a specific
action, symptom, or behavior may
be quite weak. And the connection
to legal or forensic conclusions like
truth or falsehood, guilt or innocence,
is weaker still. Although dense brain
regions often require high levels of
oxygenation and yield a substantial
BOLD response, they may make only
a limited contribution to a specific
cognitive or behavioral function. It is
generally assumed that such functions
result from local neuronal processing;
however, it is unclear whether this as-
sumption holds for complex pathways
and structures of the cortex (3). Until
scientists better understand how the
brain functions to produce cognition
and behavior, it will remain difficult
to use hemodynamic data to reach
specific legal or forensic conclusions.

Some limitations of fMRI are
attributable to the technology itself.
Neuromodulatory effects on arous-
al, attention, and memory are slow
to receive blood flow and, thereby,
weaken the spatiotemporal resolution
of BOLD signaling (3). Furthermore,
the highly vascularized connective
tissue and surface of the brain distort
the signal of adjacent neural regions
(4). In addition, the BOLD signal—a
measure of blood flow—is unable to
independently distinguish whether
increased flow represents excitatory or
inhibitory neural activity (4, 5).

Even if all these technical chal-
lenges were solved, a key conceptual
obstacle would remain: the unreli-
ability of inferences about an indi-

vidual’s cognitive functions from
group data. This group-to-individual
(or “G2i”) problem reflects the high
levels of interparticipant variability
present in both the BOLD response
and the location of voxels. Conse-
quently, group-averaged data cannot
reasonably be compared with any one
person’s data given the high level of
variability (6).

Without deeper scientific under-
standing and broader legal acceptance,
the use of fMRI as a modern-day
polygraph in court is premature.
Nonetheless, the lack of medicolegal
consensus has not precluded its use
in court, even a decade ago (7). Dr.
Steven Laken, CEO of the forensic
biotechnology company Cephos, Inc.,
attempted to introduce an fMRI-based
“credibility assessment” in Wilson v.
Corestaff Services, L.P. (8) and U.S. v.
Semrau (9). In both cases, Dr. Laken’s
testimony was excluded.

In Wilson, Dr. Laken’s proposed tes-
timony involved witness credibility in
an employment discrimination case.
The court stated, “anything that im-
pinges on the province of the jury on
issues of credibility should be treated
with a great deal of skepticism,” and
held that the Frye standard (10) was
not met.

In Semrau, Dr. Laken testified that
the defendant’s denial of committing
Medicare fraud was credible. After an
evidentiary motion, the court noted
that Cephos’ tests lacked ecological
validity, stating, “there are no known
error rates for fMRI-based lie detec-
tion outside the laboratory setting,
i.e., in the ‘real-world’ or ‘real-life’
setting.” The judge utilized both the
Federal Rule of Evidence 702 (11)
and Daubert (12) factors to reach his
conclusion. In summary, the court
determined that the error rate of fMRI
lie-detection in the “real world” is
unknown and that this use of fMRI
was prejudicial. Dr. Semrau appealed,
arguing that the district court erred in
excluding Dr. Laken’s expert testimo-
ny (8). The district court’s exclusion
of the expert witness was upheld part-
ly due to the lack of “formal research”
offered at the Daubert hearing.
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The level of acceptable ambigu-
ity in the BOLD response remains
unclear for scientific and medicolegal
contexts. At present, there is concern
that the capabilities of fMRI in lie
detection and other areas of interest in
forensic psychiatry have been over-
stated (13, 14). In fact, the American
College of Radiology maintains that
fMRI has not yet attained the required
threshold of evidence to merit routine
testimonial basis in evaluations of
traumatic brain injury, post-traumatic
stress disorder, dementia, and other
neuropsychiatric conditions (15).
Therefore, although fMRI seems to
be a promising forensic evaluation
tool, its practical utility in evaluations
remains limited.
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violations. He also presented some of
the common psychological sequelae
to professionals who are victims of

stalking (10).
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