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Neuroethics deals with the ethical,
political, juridical and social im-
plications of neurophysiologic ex-

perimental data and their clinical applica-
tions1. Relevant neurophysiologic studies
focus on cerebral anatomical lesions, fun-
ctional abnormalities, neuro-biochemical
imbalances, behavioural genetics, and affec-
tive or emotional disorders. Specifically, the
role of cerebral studies in psychiatric forensic
examination is currently under debate2. We-
stern Penal Codes admit that when a subject
is unable to control his conative, cognitive,
affective and physical capacities, insanity may
be pleaded3. The main argument in favour
of the use of experimental data to support
the classical psychiatric forensic approach is
based on the fact that some neuroscientific
findings can shed light on the defendant’s
mental capacity. However, we propose that
not all experimental data should be used in
legal issues without a clarification of their
probative value in the forensic theatre.

The Three Paradigms: a Conceptual Distinction

In Neuroethics, the relationship between
neuroscience and law is often defiled by a
conceptual misunderstanding. Indeed, there
is a misleading overlap between the philo-
sophical concept of free will, the juridical
notion of liability, and the neuroscientific
evidence concerning the subject’s auto-de-
termination capability. The same (ab)use of
the three paradigms just mentioned is often
present in folk psychology’s idea of human
responsibility. To disentangle the conceptual
confusion, we will briefly describe the three
paradigms.

1. The Philosophical debate on free will clas-
sically distinguishes determinist and indeter-
minist positions about the universe. The de-
terminist position supposes that the state of
the universe is essentially a function of phy-
sical laws and conditions present at the be-
ginning of the universe, while an indeter-
minist position denies it4. A determinist
supporting the existence of free will in a
deterministic world is called a “compatibilist”
or a “soft determinist”, but if he denies the
existence of free will, then he is called a
“hard determinist”. An indeterminist who
agrees with free will existence is named a
“libertarian”. Many interesting arguments
have been employed to endorse such philo-
sophical alternatives5.

2. The juridical notion of liability is defined
in many ways in Western Penal Codes, but
it essentially focuses on two aspects: the sub-
ject’s cognitive capacities and the subject’s
volitional capability6. It is widely accepted
that the admissibility of a scientific proof
that establishes a defendant’s charged mental
insanity cannot be decided without the im-
plementation of rigorous and shared criteria,
even if the same scientific evidence may be
extremely probative for one purpose and
completely not pertinent for another7. To
exemplify, in order to judge the proof of
admissibility in the US Code, two “Federal
Rules of Evidence” are usually quoted:
FRE 401: “Relevant evidence” means evi-
dence having any tendency to make the ex-
istence of any fact that is of consequence to
the determination of the action more prob-
able or less probable than it would be with-
out the evidence.
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FRE 403: Although relevant, evidence may
be excluded if its probative value is substan-
tially outweighed by the danger of unfair
prejudice, confusion of the issues, or mis-
leading the jury, or by considerations of un-
due delay, waste of time, or needless presen-
tation of cumulative evidence8.
Considering the example of brain imaging,
American Courts have to confront with
three main questions9: can we use neu-
roimaging as a probative tool in the attri-
bution of criminal responsibility? Are brain
images prejudicial rather than misleading or
confusing to the jury and Courts? Can the
use of neuroimaging be
more dangerous than
probative? No definitive
conclusion can be
drawn about this issue
at present, and the cur-
rent approach is, there-
fore, to evaluate each
case separately.
3. Neuroscientific evi-
dence concerning the
subject’s auto-determi-
nation capability contains the implicit pro-
posal of a specific theory of action, based
on the subject’s awareness of being himself
the author of the action10. Following the
classical work by Libet and colleagues11,
many studies have investigated the activation
of specific motor areas in the brain and so-
metimes criticized the methodological un-
derpinning of Libet’s approach12. Early stu-
dies underlined the role of readiness potentials
generated in the supplementary motor area
(SMA)13, while more recent research has
compared the neurological correlates of vo-
luntary action with the supposed instant
when the intention to make a spontaneous
movement arises to the subject’s consciou-
sness14. Two interesting cortical networks
have been found which show that voluntary
action follows essentially a parietal motor
circuit (early sensory cortices-S1, parietal
cortex, lateral part of the premotor cortex,
primary motor Cortex-M1), then a circuit
where M1 receives a broad class of inputs
from pre-supplementary motor area (pre-

SMA), SMA, which in turn receives inputs
from the basal ganglia and the prefrontal
cortex15. We suggest that, although the neu-
roscientific data from Libet and colleagues
are unable by themselves to solve the ques-
tion concerning the philosophical concept
of free will and its existence or contribute
to the notion of juridical liability, they can
still be conveniently used to sustain an ar-
gument in favour (or against, depending on
the underpinning theory) free will existence. 
Manifestly, the shallow interconnection
among the three heterogeneous paradigms
such as the philosophical concept of free

will, the juridical no-
tion of liability and the
action awareness based
on neuroscientific data,
turn out to be danger-
ously insufficient when
we try to relate neuro-
science and law. There-
fore, we prefer to pro-
pose a clear distinction
among these para-
digms, while enclosing

a multivariate approach that makes use of
the three paradigms synergistically to shed
light on the neuroethical relationship con-
cerning “neuroscience and law”.

The explanatory role of neuroscience in Courts:
a new perspective

Another, more recent perspective supporting
the explanatory role of neuroscience in the
psychiatric forensic examination can also be
delineated. Recent work seems to indicate
a more convincing correlation between the
results of brain studies and behavioural dis-
orders. To make a profitable use of these ex-
perimental data in legal issues, we have first
to scientifically clarify the correlation among
misconduct (for example: aggressive, impul-
sive or violent behaviour) and brain anatom-
ical lesions, functional abnormalities, neuro-
biochemical imbalances, genetic
susceptibility or affective disorders. Follow-
ing this initial work, we should try and es-
tablish a relation with juridical liability: 
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Based on our present experience and inves-
tigation, we believe that neuroscientific stud-
ies do not change the core of the notion of
juridical liability. However, these studies can
still be useful to obtain a more profound
empirical comprehension and clarification
on the real mental capabilities of the
charged. Neuroscientific studies do not nul-
lify the concept of juridical liability but can
really help and scientifically sustain a judgment
on the mental capacity of the charged.
Clearly, many distinctions and assessments
have to be considered. To clarify this hy-
pothesis and for the sake of argument we
propose four views on the same topic. 

An Experimental Approach: four different views
We consider four views to support our re-
search hypothesis.
1) Traumatic Brain Injury (TBI)
TBI is considered the typical situation that
leads to brain anatomical deficits. Starting
from the renowned case of Phineas Gage16,
many recent studies focus on the behavioural
consequences of TBI17. In fact, a growing
body of evidence shows the existence of a
correlation between TBI and executive dys-
functions: a study by Colantonio and col-
leagues regarding TBI in a forensic psychia-
try population has shown that a history of
TBI was present in 23% of 394 eligible pa-
tients’ records18. Briefly, alcohol and/or sub-
stance abuse disorders and antisocial per-
sonality disorders/psychopathy are more
frequent in charged subjects with a history
of TBI. Obviously, this data underline the
existence of a correlation but does not def-
initely depict the causal direction; in brief,

they cannot categorically determine when
TBI is the consequence of alcohol and/or
substance abuse disorders or vice-versa. To
conclude: even if further studies are needed,
brain anatomical deficits, assessed by neu-
roimaging techniques such as Magnetic
Resonance Imaging (MRI) or Computed
Tomography (CT), are surely an important
element to be seriously considered when
to plead mental states of the charged, also
considering the high proportion of prison
inmates found to suffer of the consequences
of TBI19.
2) Brain Functional Abnormalities: Aggressive,
Impulsive and Violent Behaviour
Based on the cognitive neuroscience litera-
ture and a revisited form of the Raine’s
Model20 stressing the role of environmental
factors, we can try and correlate functional
brain abnormalities with behavioural phe-
notypes. A recent study focusing on aggres-
sive and impulsive behaviour describes an
association between the activation of specific
areas of the prefrontal cortex (dorsolateral,
dorsomedial, ventromedial, orbital medial,
ventrolateral) and the dorsal anterior cin-
gulate cortex with the alteration of emotion
regulation and impulse control21. Phenom-
enological experience of aggressive impulses
has been associated with activity of hypo-
thalamic structures, the amygdala and insula;
decision making and socio-emotional in-
formation processing are related to the ac-
tivity of the right anterior cingulate cortex,
ventromedial and orbital medial prefrontal
cortex, and anterior insula cortex22. Other
studies inquired functional correlations of
human aggressiveness and impulsiveness23.
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The underlying concept is that a functional
cerebral abnormality can be correlated to
misconduct and behavioural disorders, such
as aggressive, antisocial, impulsive and violent
behaviour. It is important to remember that
“correlation” does not necessarily mean “de-
terministic causation”. Thus, we are not able
to definitely assess if functional cerebral
deficits are causative or, differently, the con-
sequence of misconduct24. In summary: brain
functional abnormalities described in the
literature may be useful to enlighten the
neural underpinnings of phenomenological
experience of the charged, for example ex-
plaining how the defendant “shapes” his ag-
gressive behaviour or how the subject man-
ifests an impulse control deficit. Therefore,
we claim that the use of these data in Courts
has to be carefully considered since their
probative value has not been sufficiently
documented or proven.
3) Behavioural Genetics: the MAOA Case
Even if many authors have referred to the
possibility of using behavioural genetics
studies in legal cases25, very few of such cases
concerning the use of genetics in Courts26

have been reported. Furthermore, these cases
are extremely controversial. A classical one
in the Neuroethics literature is the MAOA
gene case in Caspi’s and colleagues’ work27.
Briefly, the classical model claims that the
MAOA gene encodes for the MAOA en-
zyme; the MAOA enzyme degrades neuro-
transmitters like norepinephrine, dopamine,
and serotonin. High levels of the MAOA
enzyme are associated with a low activity
of the neurotransmitters. Conversely, low
levels of the enzyme are correlated with a
high activity of the neurotransmitters, that
in turn is associated with antisocial and vi-
olent behaviour when specific environmen-
tal factors are co-present (e.g.: childhood
maltreatment). Consequently, environmental
factors correlated to the MAOA enzyme
activity have been considered predictive of
violent and antisocial behaviour28. Even if
this study has been widely cited, these data
have not been always replicated, and there-
fore they appear rather controversial. Fur-
thermore, conceptual and methodological

biases undermine evidence reliability29. In
conclusion, considering that the probative
value of behavioural genetics studies for legal
issues appears ambiguous, we claim that at
present there is no sufficient or trustworthy
evidence to support the use of these studies
in psychiatric forensic evaluation. 
4) Affective and Emotional Disorder: Bilateral
Amygdala Damage
The Italian Penal Code apparently does not
allow that an emotional or affective state be
used to plead insanity30; this means, for
example, that even if I fly into a temper, I
am not excused if I kill or batter my nei-
ghbour; obviously, the Code ratio tries to
prevent every attempt from pleading insanity
for daily quarrel or honour killing. Never-
theless, current neuropsychiatry and neu-
ropsychological research present a certain
number of evidences supporting the idea
that emotional or affective disorders under-
pin specific psychiatric conditions31. Recen-
tly, an interesting case concerning bilateral
amygdala damage, that induces modifications
in the phenomenological experience of fear,
has been reported32. Bilateral amygdala da-
mage is extremely rare, even if we can find
some studies in the literature33. Without
denying the risk of the inappropriate use or
frank abuse of emotional and affective dis-
orders to plead insanity, we argue that neu-
ropsychiatric and neuropsychological re-
search may still help to define some
pathological emotional and affective disor-
der, potentially meaningful at least in some
legal issues, and should therefore be pur-
sued.

Conclusive Considerations

In conclusion, we sustain that neuroscientific
research - specifically in neuropsychiatric
and neuropsychological areas - may be rel-
evant in legal issues, especially in helping to
define the mental states of the charged. Cle-
arly, we cannot always assume that the neu-
rological and neuroscientific arguments are
sufficient to plead insanity. We have to con-
sider, from time to time, the probative value
of different data, without improperly overlap
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heterogeneous conceptual paradigms. Fur-
thermore, we support a multivariate appro-
ach including both the classical psychiatric
model and the neuroscientific evidence in
the psychiatric forensic evaluation. Consi-
dering the implications of psychiatric fo-
rensic evaluation, we defend a prudential
attitude, although prudence must not be-
come blindness towards new neuroscientific
possibilities. To appropriately use neuroscien-
tific evidences we need a neurocognitive
model capable to explain and categorize
empirical data better. Further empirical, me-
thodological and conceptual studies may
provide more consistent agreement and
open new ways to consider the relation bet-
ween neuroscience and law34.
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