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Abstract
Morality may be innate to the human brain. This review examines the neurobiological evidence
from research involving functional magnetic resonance imaging of normal subjects,
developmental sociopathy, acquired sociopathy from brain lesions, and frontotemporal dementia.
These studies indicate a “neuromoral” network for responding to moral dilemmas centered in the
ventromedial prefrontal cortex and its connections, particularly on the right. The neurobiological
evidence indicates the existence of automatic “prosocial” mechanisms for identification with
others that are part of the moral brain. Patients with disorders involving this moral network have
attenuated emotional reactions to the possibility of harming others and may perform sociopathic
acts. The existence of this neuromoral system has major clinical implications for the management
of patients with dysmoral behavior from brain disorders and for forensic neuropsychiatry.

INTRODUCTION
For years, scientists and philosophers have proposed a sixth human sense for morality.
Recently, there is increasing evidence that there is, in fact, an intrinsic morality network.
The presence of a moral sense is consistent with a focus of human evolution on mechanisms
of individual behavior that maximize survival in social groups. Evolution has promoted
social cooperation through emotions against harming others, a need for fairness and the
enforcement of moral rules, empathy and “Theory of Mind” (ToM), as well as other
behaviors that feed into the concept of morality. ToM is the ability to appreciate the
thoughts, feelings, and beliefs of others.

If there is a “moral sense,” then there should be specific brain mechanisms for morality as
well as brain disordered patients with impaired morality. Convergent evidence that this is
the case comes from studies of functional magnetic resonance imaging (fMRI) in normals,
neurological investigations of sociopaths, and the examination of patients with focal brain
lesions or with frontotemporal dementia (FTD). This neurobiological evidence points to an
automatic, emotionally- mediated moral network that is centered in the ventromedial
prefrontal cortex (VMPFC), particularly in the right hemisphere. Although this literature is
still young, disparate, and heavily reliant on fMRI correlations, the convergence of evidence
supports the presence of a neuromoral brain network. This report reviews this burgeoning
literature and discusses the theoretical implications for brain-behavior relationships, and its
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clinical and legal implications. Although much of the presented evidence is still debated, a
picture of moral neuroscience is beginning to emerge.

MORALITY: DEFINITION AND BACKGROUND
Morality is a code of values and customs that guide social conduct. An example of a moral
value is the avoidance of harm to others (“no-harm” rule). Philosophers often divide
morality into “descriptive” or “normative” types. Descriptive morality is a code of conduct
held by a particular society or group as authoritative in all matters of right and wrong. It
focuses on areas beyond no-harm, such as purity, accepting authority, and emphasizing
loyalty to the group.1 Normative morality, on the other hand, is a universal code of moral
actions and prohibitions held by all rational people, irregardless of their society or group’s
descriptive morality.1,2 It focuses predominantly on no-harm and fairness but also includes
the other aspects of morality. Philosophers since pre-Socratic times have long pondered the
existence of a universal normative morality in addition to the descriptive codes proposed by
each society, religion, or legal system.

Neurobiology is concerned with normative morality, which can lead to different codes of
moral behavior when it interacts with socio-cultural learning.2–4 The interface of
evolutionary psychology with social neuroscience points to universal “neuromoral”
emotions and drives that strengthen social cohesion and cooperation. 5,6 Studies with apes
and other social animals describe moral emotions such as empathy, gratitude, a sense of
fairness, feelings of reciprocity, righteousness, consolation, and group loyalty.7–9 In humans,
moral emotions, such as guilt, shame, embarrassment, gratitude, compassion, pride, fear of
negative evaluation by others, and outrage at unfair treatment, are strong motivators to act in
a socially favorable way.10,11 These emotions or sentiments allow humans to quickly grasp
the moral implications of social interactions and then act to enhance their personal
reputations and the likelihood of future social cooperation.12 Furthermore, moral emotions
are manifestations of evolutionary-based neuromoral drives including no-harm, fairness or
equity, community, authority, and purity.1,13 The two most prominent of these may be no-
harm, as evidenced by the discomfort felt on directly hurting others,14 and fairness, as
evidenced by the need to punish “free-riders” or those who cheat and break the rules.15

PSYCHOLOGICAL AND fMRI STUDIES IN NORMALS
Investigators have used fMRI in normals to define the neuroanatomy of moral
behavior.4,14,16 These studies usually involve tasks or dilemmas of moral judgment or
reasoning.14,16–19 The main neuromoral areas involved are the VMPFC and adjacent
orbitofrontal, plus ventrolateral, cortex (OFC/VL), amygdalae, and the dorsolateral
prefrontal cortex (DLPFC) (Figure 1).4,5,14,16,18 The VMPFC (defined here as Brodmann’s
areas [BA]10–12, 25, 32 plus the frontopolar region of BA10) attaches moral and emotional
value to social events, anticipates their future outcomes, and participates in ToM, empathy,
attribution of intention, and related tasks.20–23 The OFC/VL region (defined here as BA47,
parts of BA10–12 and 25, plus VL BA44), mediates socially aversive responses, changes
responses based on feedback, and inhibits impulsive, automatic, or amygdalar
responses.24–26 The amygdalae, located in the anteromedial temporal lobes, mediate the
response to threat and aversive social and moral learning.6,27,28 The DLPFC can override
this neuromoral network through the application of reasoned analysis to moral situations. 18

Finally, some fMRI morality and related tasks activate additional regions such as the
anterior insula,29 posterior superior temporal sulcus (pSTS),30–32 anterior cingulate gyrus,33

the inferior parietal lobules and temporoparietal junctions,32,34–36 ventral striatum and
mesolimbic reward system,37 precuneus,35 and posterior cingulate.30,32 Other regions, such
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as subcortical limbic and anterior temporal lobes, can lead to impaired moral behavior as
well.5,38

The VMPFC, particularly on the right, is core to this neuromoral system. In fMRI studies,
this brain region becomes activated with tasks requiring explicit moral judgments, passive
viewing of morally salient photos (Figure 2), and the elicitation of charity, fairness, guilt,
and other moral emotions and sentiments.16,22,30,39 Greene and colleagues14 have found
VMPFC activation on presenting “personal” moral dilemmas involving the possibility that
the participant’s direct action could cause someone serious harm (Table 1), compared to
“impersonal” moral dilemmas where the possibility of causing someone serious harm does
not involve the participant’s direct action on another. These findings indicate that the
VMPFC mediates automatic moral and “prosocial” reactions, such as discomfort at the
prospect of being a direct agent of a personal moral violation or of harm to someone
else.40–42 In fact, fMRI studies indicate that the VMPFC participates in prosocial, affiliative,
or social attachment emotions in general, including guilt, embarrassment, and
compassion. 22,43,44 In contrast, Greene and colleagues14 have found DLPFC activation on
presentation of the impersonal moral dilemmas, suggesting a later, dispassionate, reasoned,
or cost-benefit assessment for moral judgments in the absence of a sufficient VMPFC
“moral reaction.”8,18,30,45–50

In addition to emotions to do no harm, moral emotions serve to enforce moral rules by
attributing negative intentions and seeking to punish “cheaters” who violate them.15,44,51

This “altruistic punishment” is a manifestation of the moral drive for fairness and equity.
There is increased VMPFC activation from a sense of fairness (Figure 3), which contributes
to the drive to punish violators or non-cooperators, even if costly for the punisher.44.51,52

This is further exemplified in the Ultimatum Game, where one player must divide a sum of
money with a second player, but if the second player rejects the division as unfair, neither
player receives anything. The second player’s rejection of unfair offers, and the foregoing of
any money whatsoever, usually reflects both their sense of fairness and desire for altruistic
punishment.53 Altruistic punishment is strongly dependent on determining that others,
particularly those with a negative reputation, are deliberately not playing by the rules.44,54

The VMPFC is involved through its role in attribution or in inferring the intention of others’
behavior. 55 The OFC/VL (BA47) region and neighboring anterior insula and amygdala,
especially on the right,52,56 subsequently effect altruistic punishment through sentiments
linked to social aversion/exclusion, such as anger, indignation, disgust, and
contempt.22,43,44,57–61

ToM and empathy are two processes very closely related to morality. ToM involves the
VMPFC, which facilitates the appreciation that others have thoughts, feelings, and
beliefs.33,62,63 The “cognitive” aspects of empathy, such as taking someone else’s
perspective and vicariously identifying with it, involve the VMPFC (BA10,11) in a
phylogenetically new system that only occurs in great apes and advanced mammals.42,64–68

The most emotional aspects of empathy, such as emotional contagion, include the OFC/VL
(BA44) in a phylogenetically old system.64,65,69–71 Variables that strongly affect
“cognitive” empathy, and impact on VMPFC (BA10) activity, include the self as the agent
of an action and the perceived similarity between the self and others.58,72 This suggests that
the VMPFC deals with complex “self-other conjoining,” or a resonating of the protagonist’s
mental and emotional states with that of someone else. Other areas modulate self-other
conjoining, including OFC/VL mirror neurons, when observed intentions and emotions of
others are internally mapped or imitated;65,73–82 the anterior cingulate cortex, when self-
concepts are threatened by the outperformance of others (envy);33 and the ventral striatum,
when pleasure results from another’s misfortune (“schadenfreude”).33
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DEVELOPMENTAL SOCIOPATHY
Neuroscience has come a long way since the claims of an innate “criminal mind” from
Cesare Lombroso and others.83 Neuroimaging and other techniques have revealed a great
deal about the neurobiology of morality through the study of sociopathy, or chronic
antisocial behavior. Sociopaths lack moral emotions, empathy, conscience, or remorse and
guilt for their acts. Although they have difficulty distinguishing between moral (victim-
based) transgressions and conventional (social disorder-based), they have normal moral
knowledge and reasoning.60,61 Sociopaths have instrumental (cold-blooded and goal-
directed) aggression with decreased sympathetic arousal. On psychophysiological measures,
they show minimal alterations in heart rate, skin conductance, or respirations when they are
subjected to fear or stressful or unpleasant pictures, and they have reduced autonomic
responses to the distress of others, as well as reduced recognition of sad and fearful
expressions.84–86

Those who have committed violent offenses have a high incidence of neurological changes.
In one study, nearly two-thirds of murderers had neurological diagnoses, including brain
injuries, mental retardation, cerebral palsy, epilepsy, dementia, and others.87 Neurological
examinations often show marked frontal or temporal deficits or changes on neuroimaging or
electroencephalography.88 Some of these deficits could be due to alcohol or substance abuse
or other confounding variables, and future studies will need to control for these variables.
Deficits in frontal functions such as inability to change their responses (response reversal
learning) or to inhibit risk-taking behavior after negative feedback occur among
institutionalized and violence-prone patients.60,89–94 Functional neuroimaging studies can
show frontotemporal hypometabolism, hypoperfusion, or changes in spectroscopy in
murderers pleading not guilty by reason of insanity and in violent psychiatric
inpatients.86,88,89,95–98 Voxel-based morphometry reveals a correlation of frontopolar and
OFC/VL grey matter reduction with increased psychopathic traits or scores.98,99 A reduction
in prefrontal gray matter volume associated with reduced autonomic arousal occurs among
violent offenders.100 Moreover, the smaller the volume of prefrontal cortex, the greater the
tendency towards sociopathic behavior is among known sociopaths.101 Paradoxically, boys
with callous unemotional conduct problems have increased gray matter concentrations in
medial frontal regions, suggesting a delay in cortical maturation.102

In addition to the predominant frontal lobe abnormalities, sociopaths have reduced function
of the amygdalae.60,103 These structures are involved in aversive or fear conditioning,
instrumental learning (reward), and the retrieval of socially relevant knowledge, such as
facial trust-worthiness, approachability, or fear.27 Sociopaths are impaired in these and in
anticipatory stimulus- reinforcement learning,104 information which is needed by the
VMPFC for the development of normal moral socialization.60,61,105 Animal studies further
show that the early amygdalar dysfunction disrupts the appropriate development of the
VMPFC and the OFC/VL.60,105 In developmental sociopathy, early amygdalar dysfunction
may result in VMPFC and OFC/VL dysfunction, through the impaired association of actions
that harm others with the aversive reinforcement of the victims’ distress. Finally, there is
evidence for subtle changes in a whole network of areas in developmental psychopathy.98

ACQUIRED SOCIOPATHY IN LESION STUDIES
Ever since the descriptions of Phineas Gage, perhaps neurology’s most famous patient,
clinicians have viewed patients with VMPFC lesions as characterized by alterations in social
and moral behavior (Figure 4). Focal lesions affecting VMPFC and adjacent OF/VLC
include strokes, trauma, tumors, infections, and a ruptured anterior commissure
aneurysm.83,106 Right frontal lesions may be especially associated with deviant social
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behavior and left frontal lesions associated with violent or angry outbursts.83,107,108

Consistent with other data, investigations show that focal lesions in the VMPFC and OFC/
VL impair moral judgment, and early lesions of these areas impair the development of moral
knowledge and judgment. 109,110 When VMPFC lesions are acquired before 16 months of
age, they may lead to severe antisocial behavior, insensitivity to future consequences of
decisions, and repeated failure to respond to behavioral interventions.109

The lesions implicated in “acquired sociopathy” involve the VMPFC and the OFC/VL.
Patients with focal VMPFC lesions, especially on the right, have attenuated feelings of
emotional discomfort for sociomoral violations, severe deficits in empathy, and reduced
responsiveness to victims.9,22,68,89,110–120 VMPFC lesions, especially on the right, disturb
“fortune-of-others” and related emotions such as compassion, shame, guilt, envy,
inappropriate pride, and gloating; emotions that correlate with perspective-taking and
ToM.109,116,117,121–124 Although first-order ToM may be intact, they may be particularly
unable to read the feelings and emotions (“affective ToM”) of others as evident on irony and
faux pas tasks.118,125 Like developmental sociopaths, patients with VMPFC lesions had
autonomic hyporesponsivity, especially in response to social stimuli,66,100,116,120 but
compared to developmental sociopaths, their hyporesponsivity is more general and not
selective for fearful or sad expressions.126,127 They also differ in that patients with VMPFC
lesions do not crave constant stimulation, and they are not deceitful, manipulative, or
instrumentally aggressive.59 Finally, OFC/VL lesions impair the use of immediate feedback
from social and emotional cues, and the control of emotional and impulsive
responses.24,57,59,60,128

Several recent research studies have used moral dilemmas to investigate moral decision-
making among patients with VMPFC lesions. Ciaramelli and colleagues114 compared 7
patients with VMPFC lesions with 12 normal controls on personal, impersonal, and non-
moral dilemmas. Compared to normal controls, the patients were significantly more willing
to judge personal moral violations as acceptable behaviors, and they did so quickly and with
little hesitation. In a similar study, Koenigs and colleagues117 carefully examined six
patients with focal bilateral damage to the VMPFC (Figure 5). Their patients maximized the
good for the many (utilitarianism) on moral dilemmas, had impaired autonomic activity in
responses to emotionally charged pictures, and had diminished empathy, embarrassment,
and guilt. In both of these studies, compared to controls, the patients with VMPFC damage
tend to make utilitarian choices in conflicting moral dilemmas.114,117 In contrast, patients
with VMPFC lesions may continue to reject unfair offers in the Ultimatum Game,129 a
finding that suggests that their intact OFC/VL region, with relatively preserved socially
aversive sentiments,22 continues to apply altruistic punishment in situations where fairness
and intentionality are overt or predefined.12,22 The sparing of the VL areas related to
aversion may add to the emotional negative aspects of their behavior and render them
vehement self-centered moralists.12,114

Despite their deficits in per sonal moral responses, patients with adult-onset VMPFC lesions
retain moral knowledge and reasoning. Although early-onset VMPFC lesions can impair the
acquisition of moral knowledge,109,110 patients with adult-onset VMPFC lesions have
preserved moral reasoning and retain the knowledge of moral rules and conventions.129–132

On moral tasks, they can verbalize the differences between right and wrong responses, but
they may not act on that knowledge and can score well on self-report moral behavioral
inventories (Table 2). In sum, patients with VMPFC lesions do not act according to their
retained moral knowledge because they have a deficit in prosocial or affiliative sentiments,
and do not use their moral reasoning abilities to anticipate the future consequences,
outcomes, or feelings of their actions.10–12,22,112,113,133–137 One reason for this partially
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retained moral knowledege is that it is located outside the VMPFC, particularly in the right
anterior temporal lobe.43

FTD AND DISEASE STATES
Brain disorders including slow, insidious neurodegenerative dementias, are another window
to the organization of morality in the brain. There are many brain disorders that can disturb
sociomoral behavior, such as Huntington’s disease, traumatic brain injury, frontal tumors
and other conditions (Table 3). Perhaps the most characteristic is FTD. This disease can
serve as a model to illustrate alterations in moral behavior from brain diseases.

In contrast to the memory and cognitive deficits of Alzheimer’s disease and other dementias,
the core features of FTD are transgression of social norms including sociopathic behavior, a
loss of empathy or appreciation of the feelings of others, and a loss of insight for their
behavior and its consequences.138 In FTD, asymmetric right-sided frontal involvement is
especially associated with socially undesirable behaviors, loss of empathy, and a distorted
appreciation of others. 139–143 FTD patients manifest violations of social and moral rules or
norms early in their disease.138 Most commonly there is a loss of social tact and propriety,
unacceptable physical contact, and improper verbal or nonverbal communication.144

Sociopathic behavior occurs in more than half of patients with FTD (Table 4).145

Investigators have described FTD patients with stealing and shoplifting, 145–147

inappropriate sexual behavior,138,148 physical aggression and acts of violence,146,148

frequent traffic violations and hit-and-run accidents,148 pedophilia,149 and other
transgressions.145 These sociopathic acts are associated with right frontal, presumably
VMPFC, involvement on imaging and on neuropathology.143,144

Early FTD affects the VMPFC more than the DLPFC, and studies show corresponding
impairments of emotionally-based moral judgments. In one study, FTD patients were
impaired in their ability to immediately respond to personal moral dilemmas, compared to
Alzheimer’s disease patients and normal controls.150 Using relatively intact DLPFC
processes, the FTD patients solved the moral dilemmas in a logical, cold, and calculating
fashion. These patients have problems with empathy, both empathic concern and perspective
taking.136 Investigations of personality among FTD patients have also shown decreased
empathy and decreased agreeableness with right OFC/VL involvement and inter-personal
coldness or decreased emotional empathy with anterior temporal involvement.151–154 On
voxel-based morphometry studies, empathy correlates with a right medial frontotemporal
network (VMPFC and anterior temporal areas).151,155 FTD patients are particularly
impaired in gauging the seriousness of moral transgressions.136 Other studies document
defects in ToM in patients with FTD,125,136,156–158 as well as deficits in social concepts
from right anterior temporal lobe involvement.43

In FTD, defective moral emotions along with decreased self-other conjoining could account
for defective moral judgment as well as most of their observed sociopathic acts. There is a
selective impairment in decision-making in personal moral judgment in FTD in the face of
relatively preserved moral knowledge and moral reasoning ability.150 Their impersonal
responses to personal moral violations are consistent with the early focus of neuropathology
in the VMPFC.144 These changes, coupled with insufficient control of impulsivity from
adjacent OFC/VL involvement, explain the tendency to impulsive moral violations in full
knowledge of the potential consequences. Furthermore, involvement of the rigth anterior
temporal in FTD can lead to social knowledge deficits and contribute to the moral
behavioral changes in this disorder.43,151
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DISCUSSION
The evidence from fMRI studies in normals, sociopathy, brain lesions, and FTD suggest a
neuromoral network of prosocial emotions and drives that promote social cohesiveness and
cooperation.1,6,159 Most moral judgments are rapid, involuntary, and intuitive; whereas,
deliberate rational reasoning is often post hoc rationalization for judgments which have
already occurred.8,13,45 Normative morality appears to be rooted in an intrinsic neuromoral
network.

The neuromoral network comprises the VMPFC, especially on the right, the OFC/VL, the
amygdalae, and related structures.16 The VMPFC, with its rich interconnections with limbic
structures, mediate these strong automatic reactions to moral violations.4,14,16,18,45,81 Brain
lesions or diseases that involve the right VMPFC reduce moral emotions and responses to
dilemmas that involve either harm to others or a sense of fairness or equity. The OFC/VL
region manages socially aversive emotions and may inhibit immediate and amygdalar
responses, suppresses impulsive behavior, and responds to feedback learning.24,59 The
amygdalae mediate the response to immediate threat, aversive social learning, and help
incorporate social or moral prohibitions.27 Some investigators also propose that this morality
network can be over-ridden by DLPFC-mediated reasoning processes, resulting in
utilitarianism, ie, the greatest good for the greatest many.22

If the brain has a “moral grammar,” it is less in the Chomsky sense than in an interaction of
moral drives with the process of self-other conjoining. 160,161 Biological moral drives, such
as no-harm and fairness, are the forces that result in moral emotions. In the VMPFC, this is
coupled with automatic, complex self-other conjoining. The result is the creation of joint
attention and “intersubjective space,”162 ie, the activation of one’s representations of the
state and situation of others.8,76 Unless actively inhibited, activation of these shared
representations probably occurs automatically through mirror neurons and results in ToM,
empathy, moral emotions, and moral behavior.163–167

These new findings have implications for clinical neuropsychiatry. Patients may present
with alterations in moral behavior due to brain disorders. They can manifest as shoplifting,
hit-and-run accidents, lack of empathic aid, or the spectrum from subtle changes in
personality all the way to serious crimes like pedophilia.149 When patients present with
dysmoral behavior for the first time, as a change from a prior pervasive pattern of behavior,
clinicians need to consider a possible, causative brain disorder (Table 3). Family and friends
need education as to the significance of the patient’s behavior, and the question of whether
their dysmoral behavior is their “fault” may need frank discussion. Lastly, medications can
be useful in controlling related behaviors such as impulsivity, but do not selectively suppress
dysmoral behavior. Selective serotonin reuptake inhibitors, beta-blockers, and mood
stabilizing antiepileptic agents (such as valproate, carbamazepine, and lamotrigine) could be
of help in this regard.

The neurobiology of morality raises additional questions of legal culpability. Patients with
VMPFC lesions or FTD with disturbed volition have committed crimes and been
arrested.145,146,148 The US federal insanity defense hardens the original M’Naughton rule,
requiring the defendant to prove, by “clear and convincing evidence,” that “at the time of the
commission of the acts constituting the offense, the defendant, as a result of a severe mental
disease or defect, was unable to appreciate the nature and quality or the wrongfulness of his
acts” (18 U.S.C. § 17).168 Without the restraint of intuitive moral emotions and self-other
conjoining, however, patients may not be able to deter an impulse to act in an unacceptable
manner, even as they know right and wrong and understand the nature of their acts.
Furthermore, Anglo-American jurisprudence distinguishes between reason-based law and a
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natural law based on what a “reasonable person” would do in like circumstance.169

Paradoxically, under the law a “reasonable person” is someone who actually responds to
intact moral emotions; therefore, the proof that these patients lack the faculties of a
“reasonable person” is the sociopathic behaviors themselves. These considerations demand a
reappraisal of the how we view culpability and criminal violations among brain-injured
patients.83

Of necessity, this review summarizes a large number of studies that are disparate in their
scope and variable in their approach. Most published studies focus on social behavior, rather
than specifically on moral behavior. The case for a neuromoral network is primarily based
on cross-sectional studies correlating fMRI findings with either task performance or with
clinical characteristics supplemented by developmental and acquired sociopathy, and
findings from patients with FTD. As a result, the conclusions from this review require future
hypothesis-driven studies with specific causal inferences.

CONCLUSION
Current research is beginning to outline a neuromoral network with a hub in the VMPFC.
This research has implications for understanding the organization of our moral sense in the
brain and has implications for clinical and forensic neuropsychiatry. The findings reviewed
here are preliminary, but this story promises to rapidly unfold as more research is done on
the neurobiological basis of morality in normals and in brain-injured patients.
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FOCUS POINTS

• Humans have an innate moral sense based in a neuromoral network centered in
the ventromedial prefrontal cortex and its connections.

• The neuromoral network works through moral emotions and moral drives, such
as the avoidance of harm to others and the need for fairness and punishment of
violators; it includes self-other conjoining processes, such as Theory of Mind
and empathy, which also involve the ventromedial prefrontal cortex.

• Disorders of this region, such as focal lesions or frontotemporal dementia,
disturb personal, intrinsic moral emotions and decision-making.

• Clinicians must recognize and manage “acquired sociopathy” and other
dysmoral behaviors associated with disorders of the neuromoral network.

• Patients with these disorders pose a special problem for forensic
neuropsychiatry.
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FIGURE 1. Anatomic areas in morality network
Originally from Thebrain.mcgill.ca, “copyleft” permission.
Mendez MF. CNS Spectr. Vol 14, No 11. 2009.
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FIGURE 2. Ventromedial prefrontal cortex in moral judgment and emotion16

Activation in response to passive exposure to morally salient pictures compared to
emotionally salient non-moral pictures.
Mendez MF. CNS Spectr. Vol 14, No 11. 2009.
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FIGURE 3. fMRI study of fairness52

VMPFC activation, along with ventral striatum and amygdala, associated with fairness
preference. The illustration shows the location of clusters with significantly greater
activation in response to fair compared with unfair offers.
VMPFC=ventromedial prefrontal cortex.
Mendez MF. CNS Spectr. Vol 14, No 11. 2009.
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FIGURE 4. Phineas Gage’s skull
On September 13, 1848, while working with explosives, an explosion sent a rod through
Phineas Gage’s skull. The rod traversed the ventromedial prefrontal cortex region and
altered his moral and social behavior.
Mendez MF. CNS Spectr. Vol 14, No 11. 2009.
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FIGURE 5. Ventromedial prefrontal cortex in moral judgment and emotion117

Top: Group lesion mapping medial views of the right and left hemispheres. The VMPFC
was damaged in all patients; the overlap between different patients is shown by the coloring.
Bottom: Lesions of the six VMPFC patients displayed in mesial views and coronal slices.
The color bar indicates the number of overlapping lesions at each voxel.
VMPFC=ventromedial prefrontal cortex.
Mendez MF. CNS Spectr. Vol 14, No 11. 2009.
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TABLE 1

Example of Reasoned and Personal Moral Dilemmas14

Reasoned moral dilemmas included the following:

1. Standard Trolley: Imagine that you are at the wheel of a runaway trolley quickly approaching a fork in the tracks. On the tracks going to the
left is a group of five railway workmen. On the tracks going to the right is a single railway workman. If you do nothing, the trolley will proceed
to the left, causing the deaths of the five workmen. The only way to avoid the deaths of these workmen is to hit a switch on your dashboard that
will cause the trolley to proceed to the right, causing the death of the single workman. Would you hit the switch in order to avoid the deaths of
the five workmen?

2. Resume: You have a friend who has been trying to find a job for a long time but without success. He has a family to support and he is
desperate. It occurs to him that he would be more likely to get a job if he just had a more impressive resume. He decided to put some false
information on his resume in order to make it more impressive. By doing this he ultimately got a job, beating out several other more qualified
candidates. Was it ok for your friend to put false information on his resume in order to help him get the job?

3. Taxes: You are the owner of a small business worried about surviving, making ends meet, and paying your taxes. It occurs to you that you
can lower your taxes by pretending that some of your personal expenses are business expenses. For example, you could pretend that the stereo
in your home is being used in your business office or that your dinners out with your wife are dinners with clients. Is it ok for you to report
personal expenses as business expenses in order to survive and make ends meet?

4. Standard Fumes: You are the night watchman in a hospital. There is an accident and deadly fumes in the ventilation system are traveling to
the hospital rooms. In one room there are three patients. In another room there is a single man. If you do nothing the fumes will go into the
room with the three patients and kill them. The only way to avoid this is to hit a switch that will reroute the fumes into the other room with the
single man, killing him instead. Is it appropriate for you to hit the switch in order to avoid the deaths of the three patients?

5. Lost Wallet: You are walking down the street when you come across a wallet lying on the ground. You open the wallet and find that it
contains several hundred dollars in cash. From the credit cards and other items in the wallet, it’s clear that it belongs to a very wealthy man.
You, on the other hand, are very poor and need money. You consider sending the wallet back to the owner without the money, keeping the
money for yourself. Would you keep the money you found in the rich man’s wallet?

Personal moral dilemmas included the following:

1. Footbridge: Imagine that a runaway trolley is heading down the tracks toward five workment who will be killed if the trolley keeps going.
You are on a footbridge over the tracks in between the approaching trolley and the five workmen. Next to you on this footbridge is a stranger
who happens to be very large. The only way to save the lives of the five workmen is to push this stranger off the bridge and onto the tracks
below where his large body will stop the trolley. The stranger will die if you do this, but the five workmen will be saved. Would you to push the
stranger onto the tracks in order to save the five workmen?

2. Transplant: You are a doctor. You have five patients, each of whom is about to die due to a failing organ of some kind. You have another
patient, a young man who is healthy. The only way that you can save the lives of the first five patients is to transplant five of this young man’s
organs (against his will) into the bodies of the other five patients. If you do this, the young man will die, but the other five patients will live. The
families and staff beg you to do this. Would you refuse their requests to do the transplants that would save five of your patients?

3. Smother for dollars: You are in the hospital visiting a sick friend. A young man sitting next to you is visiting his very sick father who has
only a week to live. He tells you that his father has a large life insurance policy that runs out at midnight. If his father dies before midnight, this
young man gets millions of dollars. The money would mean a great deal to him and he sees no value in his father’s suffering for a few more
days. He offers you a million dollars to go up to his father’s room and smother his father with a pillow. Would you to smother this man’s father
in order to get money for yourself and this young man?

4. Crying Baby: Enemy soldiers have taken over your village. They have orders to kill everyone. You have hidden in the basement of a large
house along with other people. Outside you hear the voices of soldiers who have come to search the house. Your baby begins to cry loudly. You
cover his mouth to block the sound. If you remove your hand from his mouth the soldiers will hear his crying and will kill you, your baby, and
the other people hiding in the basement. To save yourself and the others you must smother your child to death. Would you smother your child
in order to save yourself and the other people?

5. Modified Lifeboat: You are on a cruise ship when there is a fire on board and the ship has to be abandoned. Unfortunately, the lifeboat that
you get in has too many people and may sink. Your lifeboat is beginning to fill with water. If nothing is done your lifeboat will sink before the
rescue boat arrives and everyone may die. However, there is a seriously injured person in the lifeboat. The other passengers ask you to help
them throw that person overboard so that the lifeboat will not sink. Would you refuse to help the others throw this person overboard in order to
save as many passengers as possible?
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TABLE 2
Moral Behavior Inventory150

This questionnaire presents acts for you to evaluate in terms of right or wrong. Please answer to the best of
your ability. Choose 1 if the item seems not wrong. Choose 4 if the item seems Severely Wrong. Use 2 for
Mildly Wrong and 3 for Moderately Wrong.

How wrong is it if you:

_____ Fail to keep minor promises

_____ Take the last seat on a crowded bus

_____ Sell someone a defective car

_____ Drive after having one drink

_____ Cut in line when in a hurry

_____ Don’t give blood during blood drives

_____ Are mean to someone you don’t like

_____ Say a white lie to get a reduced fare

_____ Drive out the homeless from your community

_____ Always let others pay at a restaurant

_____ Not help someone pick up their dropped papers

_____ Keep over-change at a store

_____ Not offer to help after an accident

_____ Ignore a hungry stranger

_____ Fail to vote in minor elections

_____ Keep money found on the ground

_____ Temporarily park in a handicap spot

_____ Cut off drivers on the freeway

_____ Take the largest piece of a pie

_____ Falsely get out of jury duty

_____ Ask others do some of your homework

_____ Take credit for others’ work

_____ Refuse to help people who don’t deserve it

_____ Get more time off than your co-workers
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TABLE 3

Neurological Diseases with Potential Disturbances of Moral Behavior

1. Frontotemporal lobar degenerations, eg, frontotemporal dementia

2. Huntington’s disease

3. Autism spectrum disorders

4. William’s syndrome

5. Traumatic brain injury

6. Epilepsy

7. Strokes and other focal lesions in frontotemporal regions

8. Other frontally predominant dementias, eg, Alzheimer’s variant, vascular dementia

9. Other inheritable disorders: Down’s syndrome, Prader-Willi and Angleman syndromes, Turner syndrome, fragile X syndrome

10. Anoxic encephalopathy

11. Infections: Creutfeldt-Jakob disease, HIV, Neurosyphilis

12. Hydrocephalus

13. Parkinson plus disorders

14. Tumors, eg, butterfly glioma of the frontal lobes

15. Demyelinating disorders, eg, multiple sclerosis, metachromatic leukodystrophy

16. Motor neuron disease with frontotemporal dementia

17. Toxins and alcohol

18. Non-infectious encephalopathies, eg, paraneoplastic, Hashimoto’s, steroid-responsive

Mendez MF. CNS Spectr. Vol 14, No 11. 2009.

CNS Spectr. Author manuscript; available in PMC 2011 August 29.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Mendez Page 25

TABLE 4

Sociopathic Acts Among 16 Patients with Frontotemporal Dementia145

Number Type

3 Unsolicited sexual approach or touching

3 Traffic violations including hit-and-run accidents

2 Physical assaults

1 Shoplifting

1 Deliberate non-payment of bills

1 Pedophilia

1 Indecent exposure in public

1 Urination in inappropriate public places

1 Stealing food

1 Eating food in grocery store stalls

1 Breaking and entering into others’ homes
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