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Abstract: Violent criminal behavior may be a sequela of functionally and structurally 
compromised prefrontal and corticolimbic cortices.  These anatomically distinct yet functionally 
integrated regions of the human brain confer qualities of moral sensibility and intentionality of 
action.  Criminal behavior leading to conviction necessitates the commission of a prohibited act, 
actus reus, coincidentally occurring with a guilty state of mind, mens rea.  Sentencing 
determinations markedly differ for those who intentionally violate compared to reckless acts and 
such outcomes can be critically life-impactful.  However, making inferential assessments about 
an aggressor’s mental state can be a challenging task for legal experts.  This meta-analysis 
reviews how the functional somatotopy of brain regions associated with aggression can be 
forensically assessed to contextualize violent criminal behavior to facilitate legal processes.  
Because brain scans have diagnostic credibility, by extension, they are increasingly becoming 
persuasive forensic evidence.  A centralized neuroimaging database may emerge as a game-
change for legal processes.  The intercalated framework of neurolaw uniquely offers great power 
to elucidate criminological factors within the statute.     
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1. Introduction: Neurobiology underlying violent criminal behavior 

Anatomically distinct yet functionally integrated prefrontal and corticolimbic regions of the 

human brain underlie the expression of identifiable behaviors.  The prefrontal cortex uniquely 

distinguishes adult humans from other animals, conferring qualities of reasoning, mental 

abstraction and reflective awareness of our own thought processes.  The evolutionarily ancient 

limbic system, responsible for emotional expression, is highly phylogenetically conserved as 

compared to the relatively modern frontal cortex.  What happens should our neural precocity go 

awry?   Evidence overwhelmingly supports the notion that dysfunction of both prefrontal and 

corticolimbic structures can intersect with an array of violent behaviors.   

Criminal behavior leading to a conviction necessitates the commission of an unlawful act, actus 

reus, guilty act, coincidentally occurring by a state of mind, mens rea, guilty mind, that implies 

accountability for the action.  Investigating how these implicated neuroanatomical regions 

interact is at the crux of understanding how compromised behavior ultimately result in criminal 

violence.  Case studies of criminals having neuropsychological and/or cognitive disorders or 

injury provide provocative insights into violent behavior which may be a sequela of functionally 

and/or structurally compromised brain regions.  Functional neuroimaging, which gives 

quantitative perspective to the neurology underlying criminal actions, is increasingly becoming 

standard evidence in controversial criminal cases (Kumarasamy 2014). 

Our developed prefrontal cortex confers conscientiousness, affording accountability for our 

actions.  Over two hundred years ago, French physician Philippe Pinel recognized rare individuals 

who exhibited deviant behavior yet had no indication of any apparent cognitive disorder such as 

hallucinations, “manie sans délire.”  Historically, case studies dating back to 1835 have reported 

the onset of antisocial personality traits after frontal lobe injury, notably the famous case of 

Phineas Gage who survived albeit with drastic personality changes after his frontal lobe was 

accidentally ablated with an iron rod.  Frontal lobe injury is associated with compromised axonal 
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projections to distal limbic regions that are involved in ‘primitive impulses’ (Grafman et al., 

1996).  Resultantly, dysfunction in prefrontal domains may influence social perception, self-

control, judgment, decision-making processes and normative morality.    

Functional connectivity mapping revealed a pattern of diminished gray matter involving 

prefrontal cortices and limbic-paralimbic regions coupled with altered connections in the dorsal 

frontal lobe in psychopathic subjects, suggestive of a weakened link between emotional and 

cognitive domains (Contreras-Rodriguez et al., 2015).  Classical studies using positron emission 

tomography (PET) to investigate functional abnormalities associated with aggression in 

murderers, particularly those who plead guilty by reason of insanity, found reduced cerebral 

glucose metabolism in prefrontal regions, including anterior medial prefrontal and lateral 

prefrontal cortices (Raine et al., 1997).  Medial prefrontal cortices are involved in self-reflection 

and rumination; critical attributes that foster social emotions such as empathy, guilt and 

embarrassment (Qin & Northoff 2011).  Misallocated recruitment of prefrontal and subcortical 

structures may characterize individuals who commit affective acts of violence.  Assessing the 

somatotopy of these structures may yield valuable forensic information in conjunction with an 

existing behavioral profile.  

Neurobiology addresses morality discriminately.  Corticolimbic domains cumulatively associated 

with conscientiousness, specifically the amygdala and medial prefrontal cortices have been 

implicated in non-clinical studies of moral judgments (Harenski et al., 2014).  Normative 

morality is the universally recognized modicum of social behavior, regardless of any given group 

or cultural affiliation, that is based on fairness, reciprocity, treating others as we wish to be 

treated; ‘do no harm’ and basic human compassion.  In contrast, descriptive morality refers to 

conduct expectations held by particular cohesive societal groups that ensure right and wrong; 

accepting common customs and following agreed upon rules and laws (Mendez 2009).  

Neurobiology is principally concerned with normative morality.  This meta-analysis generally 
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addresses the neural substrate underlying violations of normative morality, malum in se, while 

recognizing the invariable overlap with descriptive morality.  Aberrant neural connectivity 

and/or signalling within and between prefrontal structures necessitate a predisposition to 

depreciated conscientious awareness, mens rea, but may not be sufficient for commencing an 

act of violence, actus reus, without subcortical recruitment of limbic regions.  Inferences about 

such mental states motivating criminal acts are firmly ensconced in the law.   

This meta-analysis is not intended to be an exhaustive description of specific neuroanatomical 

regions and their functionality per se but rather to characterize the dysfunction of structures 

pertinent to the concomitant expression of violent criminal behaviors.  Using the PubMed 

National Center for Biotechnology Information database, current literature was reviewed, 

focusing on research articles addressing the neurobiology underlying criminality with emphasis 

on psychopathology and pseudo-psychopathology.   
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Figure 1: Brain regions 

To illustrate the neuroanatomy associated with criminality, a standard acrylic anatomical brain 
model (Classic Brain Model, Lexington, SC USA) was digitally photographed at zoom 1 (Sony 
Cybershot, 12.1 Megapixels).  Images were enhanced, cropped, sized, shaded and labelled using 
Adobe Photoshop Elements 13 Expert software (Adobe Systems Incorporated, version 13.1, 
2014).  For anatomical context, please refer to this figure (above) throughout this meta-analysis.  

Anatomically distinct regions of the human brain are identified by pastel shading and 
corresponding colored text.  The sagittal section divides the brain into left and right 
hemispheres.  Medial regions are closer to the midline whereas lateral regions are closer to the 
skull.  Ventral refers to towards the front whereas dorsal regions approach the 
cerebellum/medulla. 
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2. Neurolaw and the role of neuroimaging  

Neurolaw is the burgeoning field integrating neuroscience as applied to law, drawing ideas from 

criminology, neurobiology, physiology, psychology and sociology.  An outstanding issue is the 

extent to which criminal punishment can modify behavior precipitated by neural abnormalities.  

Sentencing based upon modifiability i.e., punishment decisions based on neuroplasticity, the 

brain’s ability to change itself, is proposed by neuroscientist David Eagleman (Eagleman 2011).  

In cases where prefrontal and/or corticolimbic dysfunction putatively associated with violent 

acts are presented as criminal defense, the sentencing would entail psychiatric 

institutionalization for palliative treatment rather than prison.  So neurobiological forensic 

evidence for determinations of guilt or innocence might be especially helpful during pretrial or 

sentencing determinations (Farahany 2016).  Neuroscience is beginning to address novel 

perspectives regarding violent criminal behavior that can be a game-changer for legal processes.   

Criminal lawyers might question whether defendants, witnesses or jurors are lying or accurately 

recalling the truth.  Polygraphic evidence contextualized by understanding underlying 

psychophysical mechanisms emerges as a powerfully persuasive investigative tool.  Tempering 

this argument, the reliability of lie detection has always been controversial, the fundamental 

issue being conditions under which such ‘mind reading’ techniques could be coercive or taken 

out of context; polygraphic results are only as credible as their interpreters.  In general, 

deception is associated with greater activation of the prefrontal and/or anterior cingulate 

cortices, whereas truthfulness is typically not associated with any greater activity of any 

cerebral region (Jiang et al., 2016).  Regardless of debate, truth verification technology is 

already underway e.g., the ‘No Lie MRI’ technique (Greely 2013; Pardo 2013).   

Because brain scans have diagnostic credibility, by extension, they are becoming standard 

evidence in pivotal legal trials beyond the experimental or medical context to substantiate 

criminal behavior at the neuroanatomical level.  The advent of functional and structural 
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neuroimaging techniques, such as PET, electroencephalography (EEG), computerized axial 

tomography scan (CAT) and functional magnetic resonance imaging (fMRI) affords sensitive 

detection of regional brain dysfunction with precision and accuracy that can otherwise elude 

conventional psychological assessment.  Forensic brain scans presented as evidence can better 

elucidate a psychiatric diagnosis to facilitate an insanity defense or mitigate legal outcomes 

(Presidential Commission 2015).   

The John Hinckley trial was the first criminal defense to use neuroscientific imaging.  Hinckley 

shot United States President Ronald Reagan and three others in 1981.  Psychiatrist David Bear 

diagnosed Hinckley with severe schizophrenia and depression.  In defense, Bear presented CAT 

scans of Hinckley’s brain in court, revealing that Hinckley’s cortical sulci, the lateral fissures, 

were significantly wider and deeper than typical (Kelkar 2016).  (Excessive neural pruning during 

adolescence and early adulthood is an etiology of schizophrenia).  Former United States 

President Barack Obama’s bioethics commission stated that neuroscience is currently used in a 

quarter of capital cases and that percentage is rising rapidly (Presidential Commission 2015).   

While neurological abnormalities detected by imaging technology cannot ascribe any coincident 

violent behavior to an alleged crime, results may be diagnostically suggestive.  Brain scans are 

taken after the alleged crime, so a drawback potentially exploited by prosecutors is that 

investigators cannot know with definitive certainty whether the revealed neurological aberration 

exactly coincided with the commission of the violent criminal act in question, actus reus.  

Relying on images of functional neuroanatomy to reveal morality may be arguably presumptuous.  

While neuroimaging can definitively diagnose e.g., a tumor or lesion, such scans cannot 

implicate behavioral outcomes with predictable certainty.  However, fMRI analysis has been 

recently used in the context of the law, including predicting psychopathy (Vilares et al., 2017).  

Brain scans are increasingly becoming critical arbitrators in legal settings.  
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3. Aggression 

Aggression is conventionally defined as any threatening or physically assaultive behavior 

intended to harm another (Coccaro et al., 2011).  Violence means actions that inflict physical 

harm in violation of normative social constructs.  These overlapping definitions may be used 

interchangeably in this meta-analysis.  Aggressive behaviors could have been evolutionarily 

adaptive if we imagine ancient humans competing for requisite resources such as food, territory 

or even mates in times of scarcity.  In our modern society, such aggressive traits can become 

counterproductive, violating our consensual ethical standards i.e., descriptive morality, malum 

prohibitum, and inflicting harm onto others i.e., normative morality, malum in se.   

Based on data from neuroimaging studies, while psychopathic aggressors display different neural 

functioning, they are often effectively able to use compensatory mechanisms in basic cognitive 

tasks (Freeman et al., 2015).  So gross aberrations of affect and behavior may be disguised since 

cognitive, motor and sensory functioning still remain relatively intact.  Animal studies identify 

various midbrain structures that underlie aggression e.g., medial preoptic area, lateral septum, 

anterior and ventromedial hypothalamus periaqueductal gray and bed nucleus of stria terminals 

(Nelson & Trainor 2007).  In human subjects, neuroimaging data increasingly implicate analogous 

anomalies in corticolimbic circuits associated with aggressive behavior (Coccaro et al., 2011).   

Orbitomedial prefrontal cortices have repeatedly been demonstrated to exert inhibitory control 

over explosive aggression (Brower & Price 2001; Coccaro et al., 2011; Duffy & Campbell 1994; 

León-Carrión & Ramos 2003).  Deficits in this region are also specifically implicated in flawed 

decision-making, suggesting a link between these two behavioral functions (Coccaro et al., 

2011).  Ventromedial cortices appear to be recruited when aggressive urges are suppressed 

rather than enacted (Patrick 2008).  Dysfunction within both ventromedial cortices and 

amygdalar regions render psychopaths relatively insular to the aversive consequences of moral 

transgression and thus less likely to avoid committing them (Harenski et al., 2014).  Imaginal 
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anger is associated with enhanced activation of the left orbitofrontal cortex, right affective 

nucleus accumbens and bilateral anterior temporal regions (Bufkin & Luttrell 2005).  Early case 

reports link orbitofrontal EEG spiking to violent hallucinations and assaultive behavior 

(Fornazzari et al., 1992).  And orbitofrontal, ventromedial and dorsolateral prefrontal 

dysfunction contribute to violent behaviors in different ways. 

The ventromedial and anterior cingulate cortices mediate an array of social and affective 

decision-making functions, and deficits may further contribute to violent behaviors (Koenigs 

2012).  Orbitofrontal and ventromedial cortices appear to function in concert to refine complex 

decision making processes; subtleties that appear to help understand punishment contingencies.  

The orbitofrontal cortex was found to equalize the value of competing outcomes so that the 

value of differing rewards can be compared (Montague & Berns 2002; Schoenbaum & Roesch 

2005) (whereas the ventromedial cortex plays a key role in representing the value of goal-

directed outcomes and options (Grabenhorst & Rolls 2001; O’Doherty 2011).   

Deeper in the brain, the anterior cingulate-orbitofrontal region is responsible for assigning 

emotional valence to social stimuli (Shackman et al., 2011).  Anatomically embedded within the 

corticobasal ganglia, the anterior cingulate cortex belongs to the reward/incentive circuit linked 

to emotional processing (Haber & Behrens 2014).  Neural threat circuitry includes the amygdala, 

hypothalamus and dorsal periaqueductal gray matter (Gregg & Siegel 2001; Pemment 2013) and 

these corticolimbic regions may be regulated by frontal regions e.g., orbital, medial and 

ventrolateral frontal cortices (Blair 2004; Pemment 2013).  If the frontal lobe exerts executive 

control over this threat circuitry, then such deficits may impair threat response regulation and 

even hinder the function of proximal and distal regions receiving their axonal projections, 

increasing the likelihood of unforeseen and potentially problematic behavior.  Psychopathy 

related behavioral disorders are consistently correlated with dysfunction of orbitofrontal-limbic 
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structures, which are associated with somatic reactions to emotion, behavioral planning and 

responsibility-taking (Del Casale et al., 2015).   

 

4. Psychopathology 

Psychopaths are responsible for an inordinate proportion of violent crime (Anderson & Kiehl 

2014) with their behavior consistently correlated with dysfunction of orbitofrontal-limbic and 

paralimbic structures (Del Casale et al., 2015; Koenigs 2012), regions critical for coordinating 

cognitive and affective functions.  Modern neuroscientific research is advancing rapidly, reifying 

psychopathy with practical ramifications for how the law regards psychopathic criminality.  

Psychopaths are typified by their lack of normative ‘moral emotions,’ guilt and empathy, which 

contribute to criminality and callous disregard for harming others (Harenski et al., 2014). 

An estimated 1% of the general populace meets the criteria for psychopathy and psychopaths 

constitute 15 – 22% of the prison population and commit over 50% more criminal offenses than 

non-psychopathic prisoners (Hare 1996; 1999).  Psychopathy is a strong predictor of violent 

recidivism (Cornell et al., 1996; Harris & Rice 1991; Porter et al., 2009).  Compared to non-

psychopaths, psychopaths showed a higher risk for incarceration (20–25 times) and violent 

recidivism (4–8 times) coupled with resistance to rehabilitative treatment (Kiehl 2014).  The 

Diagnostic and Statistical Manual of Mental Disorders (DSM) uses a polythetic set of criteria to 

characterize all personality disorders.  The American Psychiatric Association (APA) recognizes 

psychopathy as a constellation of personality traits having stochastic etiologies.  The classical 

diagnosis of psychopathy as historically characterized by psychiatrist Hervey Cleckley (Cleckley 

1941) as well as modern models (Lynam et al., 2011; Patrick et al., 2009) and the Psychopathy 

Checklist-Revised (Hare 2003) have a controversial relationship with the DSM-V.  Regardless of 

classification, psychopathy is a well-established personality disorder with robust clinical, 
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neuroscientific and forensic application.  Frontal structures such as the posterior orbitomedial 

cortex exhibit rich reciprocal connections with the amygdala (Ghashghaei & Barbas 2002; 

Ghashghaei et al., 2007) that may serve to regulate output of amygdalar nuclei (Ghashghaei & 

Barbas 2002).  There is evidence of greater prefrontal and amygdalar structural deficits in 

‘unsuccessful’ psychopaths, which may predispose them to impaired behavioral control and 

decision-making, thus making them more prone to convictions (Yang et al., 2010).  Psychopaths 

were also found to have thinner anterior temporal cortices bilaterally as well as thinner cortices 

in the left insula and right inferior frontal gyrus compared to healthy controls (Ly et al., 2012).  

Such dysfunction of ventromedial prefrontal and amygdalar structures may contribute to 

impaired moral socialization (Birbaumer et al., 2005; Blair 2008; Harenski et al., 2014).   

The recognition of happy, sad and fearful emotional expressions was observed to be deficit in 

psychopathic subjects.  In subsequent brain imaging analysis, psychopaths with better 

recognition of these facial emotional expressions showed higher volumes in prefrontal 

structures, the somatosensory cortex, anterior insula, cingulate cortex and posterior lobe of the 

cerebellum (Pera-Guardiola et al., 2016).  Studies further exploring anatomical correlates may 

be useful for elucidating neuro-functional evidence gleaned from psychiatric research.  

Emotional face morphing tasks may be useful for distinguishing subtle emotive impairments in 

psychopathic subjects (Pera-Guardiola et al., 2016).  In sum, such research directives are 

suggestive of neuroarchitectural distinctions between psychopathic subjects based on their 

acuity in recognizing and empathically characterizing emotive facial expressions.   

Amygdala are responsible for the manifold processing of nuanced emotional expression and 

reinforcement of reward/punishment contingencies in tandem with the adjacent ventromedial 

prefrontal structures.  Inextricably linked with ventromedial prefrontal cortices, amygdala relay 

important stimulus information (Price 2003; Shoenbaum & Roesch 2005) associated with the 

rapid detection of threat and initiation of response (Coccaro et al., 2011).  Amygdala are 
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associated with aversive or fear conditioning, instrumental learning (reward) and retrieval of 

socially relevant knowledge, such as facial trust-worthiness and approachability (Mendez 2009).  

Studies of youths with psychopathic tendencies relative to controls found compromised 

functional connectivity between amygdala and ventromedial prefrontal cortices (Marsh et al., 

2008).  Incarcerated adult male psychopaths showed a similar etiology, with reduced 

engagement of anterior temporal cortices and amygdala shown during the commission of moral 

judgments (Harenski et al., 2014).  If the frontal lobe and amygdala are implicated in 

psychopathy, then ostensibly tracts allowing communication between these two broad regions 

may show developmental defects (Pemment 2013; Craig et al., 2009).  

The hippocampus underlies memory formation linked with autonomic nervous system responses.  

Functional imaging studies revealed exaggerated asymmetry of hippocampi in the brains of 

unsuccessful psychopaths, specifically that the right anterior hippocampi were bigger than the 

left as compared to healthy controls (Raine et al., 2004).  Further, asymmetry of both 

hippocampi and amygdala were found in murderers compared with control subjects (Patrick 

2008; Raine et al., 1997).  Resultant poor memory consolidation would invariably contribute to 

their inability to make sound social cognitive judgments (Pemment 2013; Raine et al., 2004).   

Findings from a recent psychiatric study comparing psychopathic criminals to non-criminals 

having high and low levels of impulsive traits suggest that overt criminality is not necessarily 

characterized by abnormal reward expectation, but rather by enhanced communication between 

striatal regions involved in reward i.e., amygdala, nucleus accumbens, ventral palladium, 

coupled with frontal brain regions (Geurts et al., 2016).  The amygdala relays stimulus 

reinforcement learning information to the orbitofrontal cortex, allowing good decision making to 

occur.  Regional deficits may account for why psychopaths may struggle with forming stimulus-

punishment associations and are poor at engaging in adaptive behaviors that conflict with other 
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primary motivators (Anderson & Kiehl 2014).  Cumulative findings suggest that ‘gut reactions’ to 

threat miscues may be a learned response reinforced by misappropriated reward expectation.   

Classical neuropsychological studies showed that psychopathic individuals may be impaired in 

both behavioral extinction and reversal learning (Budhani & Blair 2005; Budhani et al., 2006).  

Recruitment of adjacent corticolimbic structures (amygdala, insula, orbitomedial prefrontal 

cortex) were abolished in psychopaths, suggesting fundamental deficits in learning about 

punishing consequences (Birbaumer et al., 2005; Veit et al., 2002).  Such insensitivity to 

aversive stimulation may render psychopaths relatively impervious to punishment contingencies.  

An outstanding question is how learned behaviors may potentiate psychopathy. 

 

5. Reactive versus instrumental psychopathological aggression 

Forensic typology makes a distinction between instrumental and reactive aggression. 

Instrumental aggressors use purposeful, cunning, controlled tactics e.g., intimidation or coercion 

of a rival, physical incapacitation or stalking (Coccaro et al., 2011).  Conversely, generalized 

rage is a hallmark of reactive aggression resulting in an impulsive act of violence without regard 

for consequences (Blair 2008; Raine et al., 1998).  Reactive aggression, uniquely typified by 

situationally provoked impromptu anger without antecedent deliberation, is associated with 

abnormal emotional regulation (Coccaro et al., 2011).   

So what is the neurobiological distinction?  Deviations in frontal, temporal and anterior cingulate 

brain regions have been found in subjects who reactively aggress (Patrick 2008), suggesting 

relatively widespread neural deficits compared to instrumental aggressors.  Neural scans of 

reactive murderers have demonstrated significantly lower prefrontal metabolic activity 

compared with controls, whereas frontal metabolism in instrumental murderers resembled 

controls (Brower & Price 2001).  Based on convergent neuroimaging studies, instrumental 
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aggressors are typified by a decreased response in both amygdalar and orbitofrontal cortices 

when faced with emotionally evocative stimuli; a functionally ‘cool brain’.  In contrast, 

individuals who present with an increased risk for reactive, but not instrumental, aggression 

show increased response in both amygdalar and orbitofrontal cortices when exposed to such 

stimuli; a functionally ‘hot brain’.   

Compared with non-psychopathic prisoners, psychopathic prisoners showed less deactivation in 

the posterior medial cortex during externally focused tasks.  These findings suggest a potential 

biomarker underlying key features associated with psychopathy e.g., excessive self-focus and 

diminished empathy.  Further, posterior medial cortex dysfunction was found to relate 

specifically to instrumental aggressors, suggesting that a failure to inhibit this region during 

externally focused tasks may be specifically linked to affective/interpersonal deficits associated 

with criminality (Freeman et al., 2015).   

While deficits in amygdalar functioning were found in the brains of instrumental psychopaths, 

the difference in amygdalar volume was slight; statistically insignificant as compared to control 

group (Anckarsäter et al., 2007).  Enhanced amygdalar response may better characterize 

reactive aggression, whereas blunted amygdalar responses were found to typify psychopathic 

subjects prone to instrumental aggression (Coccaro et al., 2011).  If both frontal lobe and 

amygdalar dysfunction are a prequel to aggression, then we might also expect deficits in 

connectivity between these regions.  

There are conflicting hypotheses relating psychopathy to violent aggression.  Studies of conduct 

disorders and delinquency reveal that psychopathy confers an increased risk for both 

instrumental and reactive aggression (Frick et al., 2003).  However, other research concludes 

that psychopathy is the only psychiatric condition implicated in increasing the risk of 

instrumental aggression (Blair 2008; Patrick 2008; Porter et al., 2009).  Various emotional 
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conditions e.g., post-traumatic stress disorder, childhood bipolar disorder, etc. may be a 

precursor to reactive aggression (Blair et al., 2005) but not necessarily instrumental aggression.   

At the neuroanatomical level, reactive murderers may differ from instrumental murderers.  

Should all violent criminals be treated equally?  Courts must use their best discretion in giving 

special credence to those who display compromised neural functioning.  Regardless of the 

etiology underlying aggression, subjects who exhibit core affective features of psychopathy may 

be considered distinct from other types of violent offenders.  In sum, psychopathy may be 

necessary for the commission of violent instrumental aggression.  However, psychopathy may be 

a sufficient, but not necessary impetus for reactive aggression.   

 

6. Psychopathology versus antisocial personality disorder 

Diagnostically, psychopathy overlaps with antisocial personality disorder (ASPD), although these 

related conditions may not be synonymous (de Oliveira-Souza et al., 2008; Pemment 2013).  Is 

there a demarcation between instrumental psychopathy and reactive aggression demonstrated 

by ASPD subjects?  Corroborative studies reveal that when presented with emotionally evocative 

stimuli, amygdalar responses were increased for reactive but not for instrumental aggressors, 

suggesting that reactive aggressors may be primed to respond strongly to threatening stimuli.  In 

contrast, other psychopathic subjects show decreased amygdalar and orbitofrontal cortex 

responses to this stimuli (Blair 2010).  Psychopathy is thought to involve a deficit in negative 

emotions such anxiety and fear.  Psychopaths may differ from other antisocial aggressors in 

subcortical brain structures that mediate basic emotional processes (Patrick 2008).     

High impulsivity is a diagnostic hallmark of ASPD according to the DSM-V.  ASPD was especially 

characterized by increased rapid-response impulsivity (Dougherty et al., 2005) while aspects of 

impulsivity related to reward delay or attention appear relatively intact (Swann et al., 2010).  
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The neural threat circuitry (amygdala, hypothalamus, dorsal half of periaqueductal gray) is 

potentiated in reactive aggression (Gregg & Siegel 2001).  The greater the activity in this circuit, 

the greater the chance for reactive aggression.  Conversely, other psychopaths appear to show 

deficits in this response, demonstrating impairment in tasks that rely on functional amygdala 

(Blair 2010).   

Neurodevelopmental abnormalities in the corpus callosum have been implicated in ASPD 

(Pemment 2013).  Neural pruning of the corpus callosum occurs normally in childhood, refining 

neural communicative signalling in prefrontal cortices.  The corpus callosum was discovered to 

be 23% larger in volume in subjects with ASPD than the control group.  However, no such 

distinction was observed in psychopaths (Raine et al., 2003).  The prefrontal gray matter in the 

ASPD brain was reduced by 11% in comparison to control groups (Raine et al., 2000) and this 

important finding was replicated in other studies (Yang et al., 2010).  Further, the relationship 

between impulsive reactive aggression and reduced frontal lobe volume has been observed in 

those with ASPD (Laakso et al., 2002; Raine et al., 2000).   

Subjects with ASPD showed thinner cortices with larger surface area in various brain regions, 

specifically the bilateral superior frontal gyrus, orbitofrontal and triangularis, insula cortex, 

precuneus, middle frontal gyrus, and middle temporal gyrus (Jiang et al., 2016).  Such 

neuroarchitectural defects may account for the uncontrolled and callous behavioral 

characteristics that define ASPD, and these biomarkers may help characterize the 

pathomechanism underlying ASPD. 

 

7. Antisocial personality disorder 

High proportions of personality disorders (≤ 30%) are reported by adults who have suffered TBI 

(van Reckum et al., 1996; Grafman et al., 1996) with psychiatric comorbidity (≤ 44%) (Hibbard et 
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al., 1998) and heavy alcohol use (37-57%) (Kolalowsky-Hayner et al., 1999) being contributing 

factors.  A close link between ASPD and criminal behavior is affirmed by the report that 47% of 

male prisoners are diagnosed with ASPD (Fazel & Danesh 2002; Jiang et al., 2013).  

Concurrent abnormalities in both frontal and temporal lobes were found in a study of ASPD 

offenders (Jiang et al., 2016), which may increase the risk of aggression as compared to 

dysfunction in each anatomical region independently (Potegal 2012).  Dysfunction in both frontal 

and temporal regions may confer a predisposition to antisocial behavior and, specifically, 

hypoactivity in these anatomical regions may be linked to the commission of severe violent 

crimes (Anckarsäter et al., 2007).   

Converging lines of evidence confirm that prefrontal cortical thickness to surface area ratios are 

altered in ASPD brains, with direct implications for impulsivity, described as a core feature of 

ASPD according to the DSM-V (Dougherty et al., 2005; Jiang et al., 2016), specifically rapid-

response impulsivity.  Notably, results showed that orbitofrontal cortices extending to pars 

orbitalis and pars triangularis had significantly reduced thickness in ASPD brains (Ogilvie et al., 

2011).  A recent study investigating ratio parameters found that the percentage of successfully 

inhibited responses was significantly lower for ASPD subjects, suggestive of an impaired response 

inhibition in ASPD subjects (Jiang et al., 2016).  While aspects of impulsivity about reward-delay 

or attention appear relatively intact in ASPD, substantial deficits in rapid-response impulsivity 

were discovered (Swann et al., 2010). 

Corroborative neuroimaging and neuropsychological data indicate that limbic regions are 

compromised in psychopathic individuals.  Both the volume and gyrification of amygdala and 

striatal structures i.e., putamen and pallidum, were found to be reduced in violently aggressive 

adults and youths with conduct disorders (Blair 2008; Wallace et al., 2014).  Diminished 

amygdalar activation in response to noxious odors was discovered in subjects with ASPD as 
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compared to controls during aversive conditioning (Schneider et al., 2000).  Such disregard for 

unpleasant or disgusting stimuli; misperception of discomfort and personal physical harm may be 

accounted for by deficits specifically in the affective nucleus accumbens (Bufkin & Luttrell 

2005).   

 

8. Other neuropsychological disorders and acquired 

pseudopsychopathology 

The insanity defense, or pleading not guilty by reason of insanity, has been used since the 

historic M’Naghten case (1843) to exculpate those who lack the mental capacity to know what 

they do, or to know that what they are doing is wrong.  Since functional neuroanatomy may 

ultimately determine behavior, a factor in mens rea, the concept of the insanity defense has 

logically been extended to include other neuropathic disorders (Loyd v Whittley 1992).  Studies 

reveal that nearly 66% of murderers have neurological diagnoses e.g., brain injury, intellectual 

disability, epilepsy, dementia, etc. (Candini et al., 2017).  Neuroimaging and EEG results 

gleaned from murderers pleading not guilty by reason of insanity and in violent psychiatric 

inpatients have shown substantial hypometabolism and hypoperfusion in corticolimbic regions 

(Critchley et al., 2000; de Oliveira-Souza et al., 2008; Hoptman et al., 2011; Raine et al., 1998). 

Acquired pseudopsychopathic disorders have been linked to damage to orbitofrontal cortices 

(Pemment 2013) and/or ventromedial or ventrolateral frontal regions via either trauma or 

disease.  Dorsolateral prefrontal cortices may be involved with deceptive behavior and lying, 

inhibiting the normal ‘default’ propensity towards truth-telling (Karton & Bachmann 2011).  

Dorsolateral dysfunction may distinguish those having comorbid fetal or birth related brain 

injury, attentional disorders, substance misuse and antisocial conduct (Pennington & Ozonoff 

1996).  Hypoactivity in ventromedial regions can alter social moral behavior, resulting in an 
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inability to consider future consequences, potentiating risky behavior even when other viable 

options are presented (Brower & Price 2001; Bufkin & Luttrell 2005).  

Ventromedial prefrontal cortices mediate physiological reactions associated with accountability 

for moral violations (Marazziti et al., 2013).  Recent focal lesions in this region can alter 

normative moral sensibilities (Tranel et al., 2002) while the awareness of descriptive morality 

i.e., rules and moral conventions (Koenigs & Tranel 1994) appear to stay intact.  Patients with 

ventromedial prefrontal cortical focal lesions showed no or little autonomic responses e.g., 

heart rate, skin conductance, pupillary reactivity, piloerection, sweating, etc. when presented 

with socially evocative stimuli (Marazziti et al., 2013; Tranel 1994).  These patients appear 

phony and can act manipulatively, demonstrating callous disregard towards their victims.  In 

particular, approximately 50% of patients with frontotemporal lobe degeneration (FTD) present 

with sociopathic behaviors.  FTD is a non-Alzheimer’s degenerative dementia and affected 

neural regions are intricately connected to limbic cortices.  In contrast to Alzheimer’s dementia, 

FTD is characterized by violations of previously acquired descriptive morality and patients 

exhibit indifference to punitive consequences (Marazziti et al., 2013; Neary et al., 1998). 

The expression of anger is suggested to be the single most important factor associated with 

violent behavior (Coid 2013) and several studies have revealed a relationship between anger, 

impulsivity and aggression (Birkley & Eckhardt 2015; Rubio-Garay 2016).  Anger can lead to 

violent acts, especially when coupled with impulsivity and emotional dysregulation.  These 

behavioral characteristics are observed in various psychopathological conditions, such as 

substance abuse, mood disorders, posttraumatic stress disorder and intermittent explosive 

disorder (Candini et al., 2017).  Imaginal anger is associated with enhanced activation of the left 

orbitofrontal cortex, right affective nucleus accumbens and bilateral anterior temporal regions 

(Bufkin & Luttrell 2005).  Early case reports link orbitofrontal EEG spiking to violent 

hallucinations and assaultive behavior (Fornazzari et al., 1992).  Violent criminals can 
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misinterpret elements of ordinary situations e.g., regard a trivial slight as a threat, overreact to 

provocative stimuli and resultantly make poor social choices and behave inappropriately.  

Corticolimbic deficits may be the neurobiological substrate potentiating such emotional 

dysregulation.   

Severe mental disorders such as schizophrenia are commonly linked to an increased risk of 

violent behavior accelerated with substance and/or alcohol misuse (Candini et al., 2017; Iozzino 

et al., 2017).  Rates of schizophrenia with comorbid personality disorders are reported to range 

broadly from 4.5% to 100% (Candini et al., 2017).  The heterogeneity of assessment techniques, 

methodologies and study settings may account for this great variability (Newton-Howes et al., 

2008).  Disentangling the correlation between personality traits and schizophrenia can be 

confounding since symptoms tend to overlap (Candini et al., 2017).  Nevertheless, a dual 

diagnosis of schizophrenia and personality disorder is definitively associated with increased risk 

of violent aggression (Bo et al., 2013).  Bipolar disorder also is linked to increased risk of violent 

behavior (Candini et al., 2017; Volavka 2013).  ASPD increased recidivism of violence when 

coupled with other mental disorders (Shepherd et al., 2016) and identifying such comorbidity 

may be predictive of the risk of future criminality.   

 

8.1 Traumatic Brain Injury 

There is evidence at the epidemiological level that traumatic brain disorder (TBI) is linked with 

psychiatric disorders, criminality [105] (Timonen et al., 2002) and pseudopsychopathy (Anderson 

& Kiehl 2014).  For patients with TBI, those with impulsive aggression post-injury most often had 

pre-morbid antisocial behaviors (Greve et al., 2001), suggesting that TBI may further disinhibit 

those already prone to violence.  Additionally, the compound risk of incurring TBI was reported 

to be four-fold in a subgroup of mentally disordered males with co-existing criminality (Timomen 
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et al., 2002).  There may be a cyclical link between TBI and crime as an epiphenomenon; 

underlying demographic variables that influence both TBI and criminal behavior (León-Carrión & 

Ramos 2003) i.e., delinquents may be prone to engage in risky lifestyle choices that predispose 

them to incurring a TBI.   

Cumulative findings suggest that practitioners working with mentally ill individuals who have 

experienced a TBI should be proactively aware of increased risk for delinquency and violence.  

Because the temporal lobes are anatomically situated in direct contact with the floor of the 

skull, they are especially prone to traumatic injury.  Such contusions may result from movement 

of the brain inside the skull when struck directly by an object or from arrested forward motion 

of the head, producing a counter-coup injury (Diaz 1995; Elliot 1982).  Prompt and 

comprehensive medical treatment of TBI may allay the occurrence of violent crime (Sarapata et 

al., 1998).   

 

8.2 Intellectual disability 

Common characteristics of those with intellectual disability (ID) place them at greater likelihood 

of contact with the criminal justice system (Olley 2013), particularly risking both victimization 

and perpetuation of violent and/or sexual offenses (Nixon 2017).  Those with ID may appear in 

court for various reasons, both civil e.g., guardianship or custodial matters, services, etc., and 

criminal, which vary widely in gravity from minor offenses e.g., shoplifting or disruptive 

behavior, to felonies.  In such cases, the fallacious argument has been posited that an ID 

diagnosis requires showing that the defendant’s deficits were caused by low intelligence.  

However, such a causal link is not required by either the APA or the American Association on 

Intellectual and Development Disabilities (Olley 2013).  Knowledgeable agency may not be 
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equivalent to ipso facto intention, and a legal gray zone emerges when intellectual or cognitive 

deficits are subtle.   

Compared to typically developing peers, those with ID may not progress through developmental 

stages of moral reasoning as quickly and sophisticated stages may be unattainable.  Moral 

development is associated with cognitive abilities such as abstract reasoning, planning and 

decentration, etc. that are invariably impacted by ID.  Moral judgment in those with ID is 

suggested to be curvilinear (Langdon et al., 2010).  That is, the lowest level of moral judgment 

may be protective against criminality, conferring unquestioning obedience of authorities and the 

law.  But for those with borderline ID, reasons for moral decisions are dominated by gratification 

of their own immediate needs, placing them at great risk for delinquent behavior (Van Vugt et 

al., 2011).   

The commission of a violent act without competent awareness by the perpetrator is considered 

exempt from punishment as there is no recognizable guilty intent.  More stringent punishments 

are mandated for those who violate within a state of knowledge, compared with merely a state 

of recklessness.   

 

9. Intentionality and mens rea  

Criminal conviction is contingent upon evidence beyond a reasonable doubt that commission of a 

prohibited act, actus reus, coincides with a statutorily defined mental state, mens rea.  Existing 

research suggests that law enforcement officials and jurors have trouble distinguishing between 

the motives of defendants who violate under reckless pretenses from those who act with a 

knowledgeable state of intentionality, and ensuing discrepancies can generate a great deal of 

doubt and dispute.  We judge intentional attempts to cause harm to someone, even if the 

attempt fails, with more blameworthy gravity than harm inflicted inadvertently or recklessly 
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(Gan et al., 2016).  Ascribing just and equitable treatment of probative mental states implies 

two directional challenges: conceptual and inferential.  Concepts of mental states can 

effectively assign valence to the defendant’s responsibility, culpability and punishment.  

Comparatively, inferential evaluations try to make logical inferences of mental states from 

behavior and circumstantial evidence.  And making such inferences with a reliable degree of 

accuracy remains a formidable task.  Within the law, the concept of intentionality has many 

synonyms, referred to as voluntarily, purposely, knowingly or willfully, etc.  However, in 

practice, these all mean the same in legal proceedings.   

The brain is posited to have an innate ‘moral grammar’ (Mikhail 2007).  Evidence gleaned from 

neuroimaging studies suggest there is a neuroanatomical substrate to moral agency (Mendez 

2009) and such evaluations using neuroscientific technology can determine on which side of the 

legally defined boundary a defendant’s mental state lies.  Structures at the bilateral superior 

temporal-parietal junction are associated with moral decisions (Vilares et al., 2017).  The 

ventromedial prefrontal cortex, particularly the right hemisphere, may confer moral cognition 

supported by input from the adjacent orbitofrontal, ventrolateral, dorsolateral cortices and the 

amygdala.  Disorders to the right ventromedial prefrontal cortex e.g., focal lesions or 

frontotemporal dementia, disrupt moral emotions and decision making processes (Greene et al., 

2004).  fMRI studies found that activation of the right ventromedial prefrontal cortex coincides 

with tasks requiring explicit moral judgments and empathy (Greene et al., 2004; Mendez 2009). 

Where is the statutorily defined demarcation between knowledgeable intentionality and 

recklessness?  The dorsomedial prefrontal cortex was found to be more involved in 

knowledgeable mental states than in recklessness (Vilares et al., 2012).  Research investigating 

whether attributes of intentionality are associated with different brain regions than recklessness 

found that the anterior insula was most predictive of knowledgeable states of intentionality 

(Vilares et al., 2017).  (Anatomically, the insular cortex lies deep within the folds of the lateral 
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sulci, richly bi-directionally innervated with limbic and frontal regions).  This finding is 

congruent with previous experiments implicating the role of the anterior insula with 

representations of risk and uncertainty (Singer et al., 2009; Vilares et al., 2012) and previous 

studies suggest that this region plays a predominant role in uncertainty stochastic of innervation 

of the reward circuit (Preuschoff et al., 2006) i.e., mesolimbic structures comprised of the 

ventral tegmental area, nucleus accumbens, ventral striatum and basal ganglia.  Recent imaging 

experiments found there are communication differences between these mesolimbic structures 

associated with reward and motivation in both non-criminals and criminals with psychopathic 

traits (Geurts et al., 2016).  In sum, psychopathic brains are highly attenuated to the 

expectation of reward.  An especially strong focus on reward coupled with impulsivity may be 

linked to the tendency to offend.   

The ability to integrate intention with the outcome of a given action is a critical crux of 

sophisticated moral judgment.  While moral emotions such as empathy are assumed to be 

lacking upon commission of an offense, immature moral judgment specifically has been shown to 

be most strongly related to delinquent behavior (Van Vugt et al., 2011).  Investigating the time 

course of integration between antecedent intention and the certainty of the resultant outcome 

may reveal processing stages in moral judgment, and findings suggest a temporal sequence of 

neural activation.  Recent studies using event-related potentials indicate that the right 

temporal-parietal junction appears to be especially active during both initial and late moral 

integration processing (Gan et al., 2016). 

Based on corroborative clinical experience, researchers report that psychopaths can have at 

least normal intelligence, and, somewhat counterintuitively, even a normal capacity to make 

moral judgments.  Rather, their actual behavior reflects volitional amorality (Tassy et al., 2013).  

Such observations might explain why some studies report that psychopathic subjects 

acknowledge descriptive and normative morality, demonstrating the ability to make moral 
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judgments, yet fail to act in accordance with them, illustrating a ‘moral hypocrisy’ (Batson et 

al., 1997).   

 

10. Forensic implications 

Provocative philosophical questions arise if we consider that our prefrontal cortex might serve as 

a filter to mask inherently basal violent aggression.  Because violent criminals may lack the 

aptitude for accountability and insight into the breadth of their behavioral deficits, conventional 

rehabilitative measures may be rendered moot.  What are the implications for criminal law?   

Consideration for a suspect’s mental state is requisite to fair legal justice.  After all, an act of 

violence committed by a rampaging wild animal, sleepwalker or an individual in a profoundly 

psychotic state, for instance, is considered exempt from punishment as there is no recognizable 

guilty intent.  A legal gray zone emerges when expert testimony presents less overt forensic 

evidence of a violent criminal’s compromised neurology.  The intercalated framework of 

neurolaw uniquely offers great power to describe and clarify criminological factors.   

The scientific method involves iteratively testing hypotheses using various techniques, and this 

systematic approach can be at odds with how the legal system operates.  Legal processes are 

concerned with the doctrine of precedent, stare decisis, and judges need to make definitive 

decisions based on conclusive evidence.  To define the scope of neurolaw, as per the federal 

rule of evidence, expert testimony needs only to be helpful, relevant and reliable to the trier 

and impactful to jurors.  As per the Daubert ruling (1993), the United States Supreme Court 

stipulates that the trial judge’s own discretion determines whether to admit expert evidence 

into their court.  If a scientific expert’s testimony is grounded in scientific methodology, then 

their knowledgeable expertise is deemed admissible, in accordance with Daubert’s Rule 702 

(Dixon & Gill 2001).  Organizing and centralizing compiled neuroimaging data could streamline 
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efficiency for investigative processes.  Since functional and structural neuroimaging has become 

more commonplace, its role as statutorily viable evidence are valuable in detecting regional 

brain dysfunction that can otherwise elude conventional psychological assessment.   

Centralized biometrics might be a means to reduce rates of recidivism (Riley 2005) as violent 

offenses, and individual mitigating circumstances, can be better tracked and retrieved to 

optimize investigative profiling.  Analogously, forensic deoxyribonucleic acid analysis (DNA) is 

routinely used to solve modern crimes.  In North America, data compiled by the Canadian 

National DNA Data Bank and the United States’ Combined DNA Index System have proved to be 

an invaluable resource for investigators.  For physical evidentiary samples such as latent prints, 

the Integrated Automated Fingerprint Identification System and Western Identification Network 

are well-established databases of identified known prints.  By extension, establishing an 

integrated forensic neuroimaging database may emerge as a game-changer in terms of how 

violent crime investigations are conducted.   

Should all violent criminals be treated equally?  Cumulative psychiatric and neuroimaging 

findings imply that neuroarchitectural deficits associated with psychopathy hijack the 

development of such morality (Anderson & Kiehl 2014), so conventional punishment 

contingencies may be effectively moot.  Therapeutic law encourages apology for malum in se 

crimes by granting broader protection from admissibility in liability determinations, plus 

affording restoration for the victim (Shuman 2000).  Sincere apology hold substantive 

psychological and societal meaning, necessitating acknowledgment of the grievous consequence 

of the offending act and attributing culpability with expression of remorse.  Neuropsychiatric 

researchers found that psychopathic subjects were unable to make sincere apologies for their 

offenses, representing a fundamental gap in moral understanding (Ayob & Thornton 2014).  

Further findings report that psychopathic inmates have the highest rates of recidivism compared 

to peer inmates without psychopathy (Seto & Barbaree 1999).   
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Based on cumulative evidence presented in this meta-analysis, psychopathic criminals are 

refractory to change relative to violent criminals without psychopathy and consequently need to 

be regarded separately from other violent offenders.  On the upside, if psychopathy is ruled out 

for other aggressors, then therapeutic services and resources, which are often limited, may be 

better allocated for their rehabilitation.  Therapeutic techniques to enhance neuroplasticity 

emerge as a potential direction.  Advances in interventions at the genomic level, 

developmentally and/or epidemiologically, are worthy areas of research.  Neuroscience is 

beginning to address novel perspectives regarding violent criminal behavior that will invariably 

impact future legal processes. 

 

11. Conclusion 

This meta-analysis highlights how the functional somatotopy of prefrontal and corticolimbic 

regions can be forensically assessed to characterize violent criminal behavior in legal settings.  

Neuroscientific evidence can be used to critically arbitrate criminal cases, even determining 

sentencing outcomes and assessing the feasibility of rehabilitative measures based on 

neuroimaging results in conjunction with behavioral profiles.  This meta-analysis distinguishes 

between instrumental and reactive aggression at the neuroanatomical level, comparing and 

contrasting differences with other neuropsychological disorders and pseudo-psychopathy.  

Criminal intentionality is explored within the context of neurolaw.  Psychopathic criminals are 

relatively refractory to rehabilitative treatment compared to non-psychopathic criminals, 

underscoring the need for alternate options for the psychopathic population.  This meta-analysis 

proposes a centralized neuroimaging database to streamline biometric information to optimize 

legal investigation, with respect to privacy and bioethical constraints.  The need for advances in 

individualized techniques to treat criminal aggression emerge as an important future research 

directive.   
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