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Will neuroscience ever enter the courtroom?
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Abstract

Advances in research into the neurobiological determinants of the human mind have raised questions concerning the factors un-
derlying moral judgement and responsibility. The present work addresses both neuroscientific and legal issues and analyses the results
of studies on brain structure and function in conditions such as psychopathy, paedophilia and aggressive behaviour. The associations
between the existing nervous system abnormalities and the nature and type of the crime committed are discussed, as is the culpability

of the perpetrator. The authors also address cost restrictions, which prevent more extensive use of fMRI in forensic psychiatry.
fMRI data have already been used in the legal process and could be applied to establish the prognosis of aggressive behaviour and

in simulation and long-term abstinence testing.
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Streszczenie

Rozwdj i postepy w zakresie badan nad neurobiologicznymi uwarunkowaniami zycia psychicznego i zachowania cztowieka po-

woduja pojawienie sie pytan dotyczacych podtoza wyboréw moralnych i odpowiedzialnosci.
Autorzy poruszaja problemy z zakresu neuronauki i prawa, poddaja analizie wyniki badan nad struktura i funkcja mézgu w wy-
branych stanach klinicznych, jak psychopatia, pedofilia, zachowania agresywne. Omawiane sa zwiazki pomiedzy istniejacymi anomalia-

mi w uktadzie nerwowym a charakterem i rodzajem czynéw przestepczych i zdolnos$cia do zawinienia sprawcéw tych czynéw.
Autorzy podnosza trudno$ci w prowadzeniu na szersza skale badan fMRI w psychiatrii sadowej z uwagi na koszty. Jednak pod-
kreslaja, ze niektére dane z tego typu badan bywaja juz uzywane przy orzekaniu przez sady. Ponadto propozycje stosowania fMRI doty-

czy¢ moga badania symulacji, prognozy zachowan agresywnych, trwato$ci abstynencji.

Stowa kluczowe: psychiatria sadowa, f MRI, neuronauka

Introduction

In his prayer for wisdom, King Solomon asked God
for understanding to discern what is right. In legal doc-
trine, wisdom and discernment are key elements in the
concept of truth. Although this concept has changed over
the centuries, the desire to know and discover the truth
and to apply it in practice remains unchanged.

In recent decades, forensic neuropsychiatry has de-
veloped in parallel with the progress of research into
human brain structure and functioning. This specialty
aims to identify and integrate the complex relations be-
tween brain functioning, mind, behaviour and social
phenomena [26].

The law addresses primarily the rationality, re-
sponsibility and culpability of an individual. The role of
rules in human behaviour is also an area of interest for
forensic psychiatry, which evaluates how the structure
and function of the brain affect human behaviour and
social phenomena. If we consider freedom, morality and
guilt as epiphenomena of cerebral processes, questions
arise concerning legal decisions and their effect on pa-
tients' lives.
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The role of neuroscience in law

It is thought that neuroscience will never discover
the relationship between the responsibility and the struc-
ture and functioning of the brain, as the concept of re-
sponsibility is related to the individual as a whole, not
only to physiological functions of the brain. In other
words, the role of society seems to carry more weight
than the anatomy and physiology of the brain [15]. In
contrast, the increasing influence of the findings of bio-
logical and anthropological studies on reforms of legal
doctrine reveals conflicts in the relationship between the
mind and the brain and between freedom and determin-
ism. The use of medical imaging in forensic psychiatry is
promising, as new techniques make it possible to examine
brain function in such detail that both the conscious mind
and the unconscious mind are accessed.

Introduced in the 1990s, functional magnetic reso-
nance imaging (fMRI) makes it possible to visualize blood
flow in the active areas of the brain. This technique pro-
vides large amounts of data (approximately 100 000 3-D
pixels, known as voxels, in one image), which can be
further analysed. Cerebral activity in a given situation is a
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key object of research. The introduction of multi-voxel
pattern analysis (MVPA), which identifies patterns in the
data generated by fMRI, proved to be a breakthrough in
the analysis of brain activity, as it provided us with a tool
that can link a mental phenomenon with specific observ-
able patterns. Additionally, specific thoughts have been
shown to have quite reproducible patterns, leading some
people to refer to the technique as "brain reading”. MPVA
has helped us to interpret how the activity of the brain
generates a conscious thought. These discoveries have a
practical application in lie detection and in the analysis of
the decision-making process. When we process complex
information using the pre-frontal and parietal cortices,
the intense signal generated suggests activity in these
areas, particularly a few seconds before a specific deci-
sion is made. These discoveries have increased interest in
free will and dependence of decisions on the functional
potential of specific areas of the brain.

Magnetic resonance tomography and other tech-
niques for the structural and functional imaging of the
central nervous system (CNS), such as single proton
emission computed tomography and positron emission
tomography, play a key role in clinical diagnosis. How-
ever, although their high cost prevents routine use in
forensic psychiatry [12], the results obtained in clini-
cal practice are of interest to professionals working
with criminals.

Neuroimaging and forensic psychiatry

Neuroimaging techniques may be used to evaluate
the decision-making process, intense emotional states,
moral judgement, choice-related risk and readiness to use
violence [1,7,18]. Most studies involve individuals with a
psychopathic personality whose disturbed emotional and
moral judgement leave them less able to draw conclu-
sions from their illegal conduct. Findings suggest the
existence of structural abnormalities or functional
changes within the CNS, and, in some cases, the coexis-
tence of both [2,9,21,23].

Structural lesions in the pre-frontal cortex are asso-
ciated with decreased ability to empathize and limited
response when making moral judgements [6,8,11,16,28].

When imaging was performed in alcohol-dependent
individuals and in individuals with an anti-social person-
ality and tendency toward violent behaviour, lesions
were found within the pre-frontal and temporal cortices
and cognition interaction was observed.

Additionally, structural abnormalities in the amyg-
dala and dysfunction of the neuronal system supporting
regulation of emotions have been observed in individuals
with a predilection for aggressive behaviour [5,20,27,28].
A link between genetic and neurostructural changes has also
been observed in these individuals [4]. Brunner et al [3]
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reported abnormal behaviour associated with a mutation in
the MAO-A gene on chromosome X. Structural abnormalities
and dysfunctional regulation of emotions have also been
observed in the amygdala and pre-frontal cortex of patients
with borderline personality disorder and in patients with
attention-deficit/hyperactivity disorder (ADHD) [10,13,17].
Persistent symptoms of ADHD were observed in almost 50%
of prison inmates in Germany [13].

Few reports analyse neurostructural and functional
brain abnormalities in paedophiles or discuss limited ability
to control emotions by specific brain stimulation [25].
fMRI is also subject to ethical objections, for example, in
lie detection and testing for racial prejudice or a tendency
toward deviant sexual behaviour. Moreover, the use of
neuroimaging techniques and detection of CNS abnor-
malities may not always be beneficial for criminals. Some
lawyers claim that courts and their judgements should
protect society against criminals with a high risk of re-
offending due to biological abnormalities. Therefore, fMRI
has the potential to be used as a supplementary tool for
prognosis and detection of the risk of re-offending, espe-
cially in terms of regulation of emotions and long-term
abstinence. The combination of the Implicit Association
Test with fMRI could prove useful in such an evaluation.

Summary

The limitations of current technology and the sig-
nificant costs of neuroimaging, especially fMRI, prevent
extensive use of imaging techniques for legal purposes.
Nevertheless, in some countries (e.g. the US), the courts
accept the results of imaging as evidence, and struc-
tural/functional abnormalities - if found - are considered
mitigating circumstances. In each and every case, how-
ever, the offence committed and the relevant circum-
stances should be judged taking into account the clinical
and mental status of the perpetrator at the moment of
commission. The results of additional tests, including
neuroimaging techniques, should not be directly trans-
posed, as these techniques are subject to certain limita-
tions [22]. The results of fMRI are characterized by rela-
tively low reproducibility and a high risk of misinterpre-
tation. In addition, evaluation of decision-making proc-
esses or the risk of moral judgement is affected by latency
periods, which differ in duration - some are only a few
seconds long - and are prone to artefacts and interpreting
errors. Finally, it is important to remember that the re-
sults of additional tests (for example, IQ tests) must be
interpreted with caution when assessing sanity or at-
tempting to establish a prognosis and that structural and
functional CNS abnormalities also occur in mentally
healthy individuals who have never broken the law.

Also important is the fact that analysis of structural
and functional abnormalities in legal practice reveals a
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larger population of mentally healthy, but difficult and
socially unadapted individuals in closed institutions. This
is the case in some mental hospitals in Austria [24]. Nev-
ertheless, despite their importance, these limitations
should not prevent application of neuroimaging in foren-
sic psychiatry.

Current knowledge and the potential practical ap-
plication means that neuroimaging techniques (especially
fMRI) can be recommended in selected cases, such as the
study of the neurobiological basis of specific behaviours
in simulation testing, assessment of long-term abstinence
or detection of latent sexual deviations.
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