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______________________________________________________________________________________________________  

With the increasing popularity in the use of brain imaging on antisocial individuals, An increasing number of 

brain imaging studies have revealed structural and functional impairments in antisocial, psychopathic, and violent 

individuals. This review summarizes key findings from brain imaging studies on antisocial / aggressive behavior. 

Key regions commonly found to be impaired in antisocial populations include the prefrontal cortex (particularly 

orbitofrontal and dorsolateral prefrontal cortex), superior temporal gyrus, amygdala-hippocampal complex, and 

the anterior cingulate cortex. Key functions of these regions are reviewed to provide a better understanding on 

how deficits in these regions may predispose to antisocial behavior. Objections to the use of imaging findings in a 

legal context are outlined, and alternative perspectives raised. It is argued that brain dysfunction is a risk factor 

for antisocial behavior and that it is likely that imaging will play an increasing (albeit limited) role in legal 

decision-making. 

_______________________________________________________________________________________________  

 

According to a large-scale meta-analytic review of mental health in worldwide prison systems, 5,113 of 10,797 male 

prisoners (47%) were diagnosed with antisocial personality disorder (APD) (Fazel and Danesh, 2002). However, only 

about 3.7% of the male prisoners were diagnosed with a psychotic illness and 10% were diagnosed with major depression 

(Fazel and Danesh, 2002). Although the prevalence rate of APD in this study seems more conservative than a prior claim 

of a 50-80% APD rate in male prison populations (Widiger et al., 1996), the result nonetheless confirms the very close 

link between APD and criminal behavior. Granted, repeat violent criminal behavior is a defining feature of APD, but such 

a close connection between APD and crime has urged researchers to employ brain imaging techniques to study individuals 

with APD. The hope is that a better understanding of the neurobiological basis to antisocial aggressive behavior can 

facilitate the development of a new generation of biosocial treatment and prevention programs to tackle a disorder that is 

very costly to society. 

The use of imaging techniques to test the structural and functional integrity of the antisocial brain has provided 

some groundbreaking findings, but has also raised some concerns regarding the use of the brain scan results in the legal 

system. In this review, we explore how brain imaging has increased our understanding of the neural bases underlying 

antisocial, psychopathic, and aggressive behavior and the potential implication of these findings for the law. Several 

issues will be addressed: First, do antisocial, psychopathic and aggressive individuals have a brain abnormality? Second, 

are impairments relatively widespread, or are they instead localized to one or perhaps two specific regions? Third, what is 

the functional significance of these regional abnormalities found in antisocial groups? And forth, should the scientific 

findings from brain imaging on antisocial criminals be used in legal cases?  

  

BRAIN IMAGING FINDINGS ON ANTISOCIAL INDIVIDUALS 

In the past few decades, several brain imaging techniques have been made available for studying psychiatric populations. 

Functionally, Positron Emission Tomography (PET), Single Photon Emission Computed Tomography (SPECT), and 

functional Magnetic Resonance Imaging (fMRI) are among the most commonly used techniques in revealing brain 

dysfunction in antisocial aggressive individuals. Structurally, anatomical Magnetic Resonance Imaging (aMRI) is a major 

tool employed by researchers in detecting volumetric abnormalities in any brain region in antisocial groups. Using 



different mechanisms, each of the brain imaging technologies has its contribution in the search of the neural circuits 

underlying antisocial psychiatric behavior. 

PET Findings in Antisocial Individuals 

In the late 1980s, PET began to gain popularity among researchers studying brain functioning in antisocial, aggressive 

behavior. By injecting the subject with a short-lived radioactive tracer prior to the scan, glucose metabolism in regions-of-

interest can be measured to detect any functional impairment. Many of the studies investigated the metabolic abnormality 

during resting states in antisocial individuals. In a case study of four psychiatric patients with a history of repetitive 

violence, Volkow and Tancredi (1987) found decreased metabolic activity in frontal and left temporal cortex. In a follow-

up study, Volkow et al. (1995) observed significantly reduced glucose metabolism in both prefrontal and medial temporal 

regions in psychiatric patients with a history of violence compared with normal controls. Wong et al. (1997) also found 

significant reduced metabolism in the anterior inferior temporal cortex, bilaterally for non-repetitive and left-sided for 

repetitive violence offenders, compared with normal controls. Using aggressive children with epilepsy, Juhasz et al. 

(2001) found a significant correlation between higher severity of aggression and lower metabolism in the bilateral medial 

prefrontal and left temporal cortex.  

In addition, some studies examined the metabolic abnormality in antisocial individuals by using a challenge task, 

most commonly a continuous performance task (CPT). Using an auditory activation task, Goyer et al. (1994) showed that 

the number of impulsive-aggressive acts in personality-disordered patients was negatively associated with glucose 

metabolism in the left anterior frontal and anterior medial frontal cortex. Raine et al. (1994) also found reduced glucose 

metabolism in the anterior medial prefrontal, orbitofrontal and superior frontal cortex in murderers compared to normal 

controls during a CPT task. In a follow-up study incorporating additional participants, Raine, Buchsbaum & LaCasse 

(1997) again found reduced glucose metabolism in the bilateral middle and medial frontal cortex as well as the left 

anterior medial prefrontal, right orbitofrontal cortex, left angular gyrus, and corpus callosum during a CPT task in 41 

murderers compared to 41 matched controls. They also found abnormal asymmetries of functioning, with murderers 

showing lower left and increased right functioning in both the amygdala and hippocampus compared to controls (Raine et 

al., 1997). Using an auditory CPT task, significantly lower glucose metabolism in the right hypothalamus was found in 

male perpetrators of domestic violence compared to controls (George et al., 2004). Taken together, these studies indicate 

brain glucose metabolism abnormalities in antisocial individuals, particularly in the prefrontal and temporal regions.  

SPECT Findings in Antisocial Individuals 

Soon after the first PET studies were published, another brain imaging technique, SPECT, also began to be employed by 

researchers studying the brain function in antisocial populations. By injecting a gamma-emitting tracer (in most cases 
99m

Tc-HMPAO or 
99m

Tc-EC), the gamma rays emitted by the brain regions (which are proportional to their blood flow 

intakes) are detected by a gamma camera and the amount of regional cerebral blood flow (rCBF) is then determined. 

Kuruoglu et al. (1996) first published a study using SPECT in which alcoholics with APD showed significantly reduced 

frontal rCBF compared to both alcoholics with other personality disorders and nonalcoholic controls. Amen et al. (1996) 

also presented findings on aggressive individuals which showed decreased rCBF activity in the prefrontal cortex and 

increased activity in the anterior medial frontal and left temporal cortex. Reduced rCBF was also reported in the left 

anterior inferior temporal cortex in a group of violent offenders compared with non-repetitive violent offenders showing 

lower activity in the right anterior temporal cortex compared with repetitive violent offenders (Wong et al., 1997). Using 

21 individuals convicted of impulsive violent offenses, aggressive dementia patients showed reduced rCBF in the left 

anterior temporal, bilateral dorsofrontal, and right parietal cortex compared to non-aggressive dementia patients (Hirono 

et al., 2000). Soderstrom et al. (2000) revealed reduced rCBF in the frontal cortex, temporal cortex (the hippocampus in 

particular), and the left angular gyrus in aggressive dementia patients compared to controls.  The same research group 

found significant negative correlations between increased psychopathy scores and decreased rCBF in the orbitofrontal 

cortex, left temporal cortex, and left hippocampus in a group of violent offenders (Soderstrom et al., 2002). However, not 

all studies have found reduced blood flow in antisocial, aggressive individuals using SPECT. For example, Intrator et al. 

(1997) showed significantly increased rCBF in bilateral frontotemporal regions in drug-abusing psychopaths compared to 

drug-abusing non-psychopaths and controls during the processing of negative affect words. In summary, SPECT studies 

have found that antisocial aggressive individuals exhibiting reduced blood flow in the prefrontal cortex, temporal cortex 

and hippocampus. This technology has the same limitation as PET however in that it requires an injection of a tracer for 

acquiring images, making it somewhat less suitable for use in community samples.  

fMRI Findings in Antisocial Individuals 



The most recent development in functional imaging technology is the thriving usage of functional Magnetic Resonance 

Imaging (fMRI). Although still an indirect measure of neural activity, changes in the blood-oxygen-level dependent 

(BOLD) signal in response to a cognitive or emotional task can be captured in real time, allowing researchers to identify 

which brain regions are more utilized when performing a task. Because this technique is non-invasive and does not require 

an injection, its popularity among researchers has increased dramatically. Different emotional and cognitive tasks (e.g. 

fear-conditioning, working memory) have been utilized to study brain dysfunction in antisocial individuals with the 

common findings being abnormal activation in the amygdala, hippocampus and frontal regions. During the viewing of 

negative affective pictures, decreased activation was found in the amygdala-hippocampal complex in criminal 

psychopaths (Kiehl et al., 2001), the right dorsal anterior cingulate cortex in children with conduct disorders (Sterzer et 

al., 2005), and the right temporal and parahippocampal in psychopaths (Muller et al., 2003). However, increased 

activation was also reported in the frontotemporal (Kiehl et al., 2001) and the right prefrontal regions (Muller et al., 2003). 

In contrast, during the viewing of positive affect pictures, psychopaths were found to show decreased right medial 

prefrontal and increased left orbitofrontal activation (Muller et al., 2003).  

Fearlessness is hypothesized to be a key characteristic of antisocial individuals and has been investigated using an 

aversive conditioning task. Schneider et al. (2000) found an increase in activation in the dorsolateral prefrontal cortex and 

amygdala during the acquisition phase of aversive conditioning in individuals with APD. Alternatively, Birbaumer et al. 

(2005) revealed that psychopaths showed no significant differential activation in the limbic-prefrontal circuit (amygdala, 

orbitofrontal cortex, insula, and anterior cingulate cortex), which was activated in healthy controls during a fear-

conditioning task. Using a visual / verbal working memory task, Raine et al. (2001) showed significant reduced activation 

in the right hemisphere, particularly in the temporal cortex, in violent offenders with a history of abuse compared with 

controls. Again, using a working memory task, activation deficits in the left frontal gyrus and anterior cingulate cortex 

were found in APD patients compared with normal controls (Kumari et al., 2006). Another study by Kiehl et al. (2004) 

showed that criminal psychopaths failed to show the appropriate right anterior temporal activation when differentiating 

abstract from concrete words compared with healthy controls. This fMRI technology, although relatively new, has been 

providing some breakthroughs in revealing dysfunctions in the frontal, temporal and limbic regions in individuals with 

APD and psychopathy. Given its superior spatial resolution, fMRI is a promising tool in assist in identifying which 

subregions of which specific brain areas are impaired, together with the broader neural circuitry that may be disrupted in 

antisocial individuals.  

aMRI Findings in Antisocial Individuals 

In terms of structural abnormalities, aMRI has becoming the most common structural imaging used in examining brain 

structure in the past two decades. Several studies to date have found volumetric abnormalities in the prefrontal and 

temporal regions in antisocial individuals. One aMRI study involving a sample of 21 individuals with APD showed a 

significant gray matter volume reduction in the prefrontal cortex compared with normal controls, a substance-dependent 

control group, and also a broader psychiatric control group (Raine et al., 2000). Woermann et al. (2000) also found 

reduced left prefrontal gray volumes in aggressive epileptic patients compared to non-aggressive epileptic patients. 

Similarly, Laakso et al. (2002) reported reduced gray matter volume in dorsolateral prefrontal, medial frontal, and 

orbitofrontal cortex in alcoholics with antisocial personalities compared to controls. Dolan et al. (2002) found a volume 

reduction in the temporal lobe in patients with impulsive aggressive personality disorders, but no such reduction was 

found in the prefrontal cortex. More recently, Yang et al. (2005) found a volume reduction in prefrontal gray matter in 

unsuccessful psychopaths (caught) compared to both successful psychopaths (not caught) and also non-psychopathic 

controls. Overall, volumetric reduction have been found in the frontal, particularly dorsolateral and orbitofrontal 

prefrontal sub-region, and temporal cortex in antisocial aggressive individuals, 

The relationship between APD and volumes of subcortical regions such as the hippocampus, and corpus callosum 

seem to be more complicated. Laakso et al. (2000) demonstrated reduced volume in right hippocampus in violent 

offenders with APD who were also early-onset alcoholics compared to controls. They also found volumetric reductions in 

the posterior hippocampus to be associated with increased psychopathy scores in antisocial alcoholics (Laakso et al., 

2001). More complex structural abnormalities were reported by Raine et al. (2004) implicating abnormal asymmetry in 

the anterior hippocampus. More specifically, they found an exaggerated structural hippocampal asymmetry (right > left) 

in unsuccessful psychopaths compared with successful psychopaths and controls.  Raine et al. (2003) assessed 15 

antisocial psychopathic individuals and found increased callosal white matter volume, increased in callosal length, and 

reduced callosal thickness compared to 25 matched controls. Correlational analyses in the larger unselected sample of 83 

subjects also confirmed the association between higher scores in psychopathic personality and larger callosal volumes 

(Raine et al., 2003). As suggested by the above studies, it is plausible that antisocial individuals have structural deficits in 



the subcortical regions, particularly the hippocampus and corpus callosum. However, future study is clearly needed to 

allow drawing conclusion possible.  

Summary of Brain Abnormalities in Antisocial Individuals 

Based on the findings of the reviewed imaging studies described above, several brain regions have been 

repeatedly found to be impaired in antisocial, psychopathic, and aggressive individuals despite the type of imaging 

techniques used: the prefrontal cortex, superior temporal cortex, amygdala-hippocampal complex, and anterior cingulate 

cortex. In the frontal region, deficits in the prefrontal and anterior cingulate cortex contribute to impulsivity, 

irresponsibility, poor decision-making, and deficient emotional information processing in antisocial individuals. In the 

temporal regions, the amygdala-hippocampal and superior temporal impairments are likely to predispose to antisocial 

features such as the inability to follow the social rules, deficiency in moral judgment, and the failure to avoid punishment.     

Although these brain imaging findings have been highly suggestive of a strong link between brain abnormalities 

and antisocial aggressive behavior, more questions are raised due to the fact that the antisocial groups studied contain 

some degree of within- and between-group heterogeneity. It is to our speculation that antisocial individuals with different 

characteristics, for example aggressive, institutionalized, or comorbid with other psychiatric disorders, may differ in the 

severity of brain abnormalities and also show impairments in different brain regions. By testing this hypothesis, in turn, 

could potentially explain the inconsistency among these studies. However, no systematic review to date has addressed 

such concerns. 

REGIONAL BRAIN FUNCTIONS LINKED TO ANTISOCIAL BEHAVIOR 

In recent years using healthy participants, functional imaging studies have been able to identify the key function 

performed by each component of the brain. It is our belief that it is extremely important to understand how the brain 

functions normally to better connect the cognitive/ emotional dysfunction and brain regional deficits found in antisocial 

individuals. By examining the anatomical connectivity and the key function of the regions found impaired in antisocial 

individuals (the prefrontal cortex, superior temporal gyrus, amygdala-hippocampal complex and anterior cingulate 

cortex), it may provide some insights into how deficits in these regions predispose to antisocial, aggressive personalities.  

Prefrontal Functioning 

For many years, the approach to evaluating the structural and functional integrity of the prefrontal cortex was 

simply to examine the prefrontal cortex as a whole. However, with the increasing knowledge base on brain imaging in 

healthy individuals in the past 20 years, it is now recognized that this region, which was once considered a unitary 

structure, is a composite of anatomically and functionally distinct subsystems. In particular, major differentiations have 

been made between the functional properties of the orbitofrontal and dorsolateral sectors (Damasio, 1994; Lapierre et al., 

1995).  

 The orbitofrontal regions including the orbitofrontal cortex (OFC) and the ventromedial prefrontal cortex 

(VMPFC) are densely connected with many brain regions including the basal ganglia, amygdala, and other prefrontal 

surrounding areas. Both the location and the anatomical connectivity allow these regions to receive and process the 

information concerning emotion and reward values, and output such information to the dorsolateral prefrontal cortex for 

final execution.  Recent fMRI studies have shown that the orbitofrontal regions, the VMPFC in particular, are activated 

during ethical decision-making and moral reasoning. For example, Greene et al. (2001) revealed that the VMPFC, as well 

as the anterior dorsolateral prefrontal cortex, is activated in response to reasoning about different ethical dilemmas. Moll 

et al. (2002) again reported increased activation in the OFC during the viewing of scenes that evoke moral emotions (i.e. 

physical assaults, war scenes, abandoned children). Similarly, Heekeren et al. (2003) showed activation in the bilateral 

VMPFC during simple moral decisions compared to semantic decisions. The strong and replicable involvement of the 

VMPFC and the OFC in moral decision-making processes is indicated in the above studies as well as supported by several 

reviews on brain circuits underlie moral reasoning (Casebeer, 2003; Greene and Haidt, 2002; Moll et al., 2003). In 

combination with findings showing orbitofrontal deficits in antisocial individuals (i.e. Laakso et al., 2002; Raine et al., 

1997), it is possible that the dysfunction in the OFC plays important roles in the neural circuits that underlie poor 

inhibitory control, moral decision-making, and reward/ punishment processing in these individuals (Blair, 2003; Kiehl, 

2005; Raine & Yang, 2006). 

The other key prefrontal subregion, the dorsolateral prefrontal cortex (DLPFC), receives inputs from surrounding 

regions, while also monitoring and manipulating information in the ventrolateral prefrontal cortex (VLPFC) (Petrides, 



1994, 1996; Owen et al., 1996). By monitoring the VLPFC, a region that encodes and retrieves information from the OFC, 

amygdala, and temporal cortex, the DLPFC is considered to be a key brain area involved in the execution of several 

cognitive functions (or so-called “executive functions”) such as the ability to plan, organize, regulate, shift strategy, and 

override a strong response tendency (i.e. attention-set shifting). Several fMRI studies have tested the involvement of the 

DLPFC in the executive functions described above by using inhibition control tasks, showing increased activation in this 

region during response inhibition (Garavan et al., 1999; Liddle et al., 2001; Horn et al., 2003). Therefore, it is to our 

prediction that the DLPFC deficits found in antisocial individuals (i.e. Laakso et al., 2002; Hirono et al., 2000) may be 

involved in antisocial features such as response perseveration, which results in a life-long antisocial behavior despite 

repeated punishment, poor planning, and organizing ability, which leads to an occupationally and socially dysfunctional 

lifestyle (Raine and Yang, 2006). 

Superior Temporal Functioning 

The superior temporal gyrus (STG), particularly the auditory cortex and Wernicke’s area, is directly connected 

with the orbitofrontal, medial and lateral prefrontal cortex as well as the limbic system. Several fMRI studies have 

suggested that the STG (particularly the posterior section), in addition to the orbitofrontal regions described earlier, shows 

increased activation in response to moral decision-making tasks (Greene et al., 2001; Moll et al., 2002; Heekeren et al., 

2003). Another crucial ability mediated by the STG is “theory of mind”. Human beings, as social animals, have the social 

cognitive ability to anticipate other people’s behavior based on prior experiences or instincts, an exceptional capacity 

known as “theory of mind”. This mentalizing ability allows us to attribute mental states, whether it’s desire or intention, to 

ourselves and to others (commonly known as the ability to place oneself in another’s shoes), and thus plays a central role 

in efficient social interaction. Several functional studies have provided evidence supporting the link between the STG and 

“theory of mind” (Fletcher et al., 1995; Baron-Cohen et al., 1999; Brunet et al., 2000; Castelli et al., 2000; Vogeley et al., 

2001; McCabe et al., 2001). As shown in these studies, the STG is centrally involved in moral decision-making and 

“theory of mind”, suggesting that the integrity of this region is important for efficient social function and communication. 

Therefore, deficits in the STG as shown in several studies (i.e. Intrator et al., 1997; Soderstrom et al., 2002) may result in 

dysfunction in the abilities discussed above and predispose to antisocial features such as lack of concern regarding the 

impact of their actions to others and non-compliance with societal rules (Raine and Yang, 2006). 

Amygdala-Hippocampal Functioning 

The amygdala is located in the medial temporal cortex and receives information from the prefrontal cortex, 

thalamus, and associated areas, while the hippocampus is situated medially to the lateral ventricles and is densely 

interconnected with the amygdala, forming the amygdala-hippocampal complex. fMRI studies in recent years suggest the 

amygdala-hippocampal complex is likely to be one of the most important brain regions underpinning the processing of 

affective stimuli, particularly stimuli which contain negative emotion such as fear and threat. For example, Whalen et al. 

(1998) showed significantly increased amygdala activation in response to masked fearful faces and decreased activation 

when seeing masked happy faces. Another study conducted by Hariri et al. (2002) showed increased activation in the 

bilateral amygdala during the perception of threatening pictures meant to induce a fearful response. Regarding the 

hippocampus, the importance of this region in the recollection of events including acquired emotional memory has been 

demonstrated in several patient studies (i.e. Duzel et al., 2001; Yonelinas et al., 2002). In summary, it can be concluded 

from the above studies that the amygdala is responsible for processing threat- or fear-related stimuli while the 

hippocampus is involved in remembering facts and contextual information regarding negative stimuli. Taken together, the 

amygdala-hippocampal dysfunction found in several antisocial groups (i.e. Raine et al., 1997; Kiehl et al., 2001) may be 

linked to poor fear conditioning and impaired emotional regulation in antisocial psychopathic individuals (Blair, 2003; 

Kiehl, 2005; Raine and Yang, 2006).  

Anterior Cingulate Functioning 

The anterior cingulate cortex (ACC), a part of the limbic system, has rich bidirectional connections with the 

prefrontal cortex, parietal lobe, hypothalamus, amygdala and hippocampus. The rostral section of the ACC, also known as 

the “affective” subdivision, is involved in emotional information processing and the regulation of emotional responses 

(Bush et al, 2000). It is crucial in interpreting emotional cues and suppressing anger/ agitation in order to maintain 

efficient interpersonal communication. The caudal section, by contrast, is known as the “cognitive” subdivision, and is 

involved in detecting conflicts, and monitoring errors, which is key to everyday problem-solving (i.e. Allman et al, 2001; 

Frith and Dolan, 1997; Kerns, 2006). In addition, lesion studies also show that patients with damage to the ACC show 

symptoms including lack of empathy, shallow affect, poor error monitoring, and abnormal response inhibition (Mesulam, 

2000; Swick and Jovanovic, 2002; Swick and Turken, 2002). The lesion studies, along with studies showing impairment 



in the ACC in antisocial aggressive individuals (i.e. Kiehl et al, 2001, New et al, 2002), support the hypothesis that the 

ACC dysfunction may predispose antisocial psychopathic behavior such as perseveration and poor emotion regulation 

(Kiehl, 2005; Raine and Yang, 2006).   

 

THE USE OF BRAIN IMAGING IN LEGAL DEFENSES 

   Brain imaging research suggesting that antisocial behavior may be associated with differential brain structure and 

function is likely in the long-term to have significant implications for some sectors of the legal system. In criminal cases, 

brain imaging could be used in insanity defenses (e.g. People v. Weinstein, 1992), as an indicator of criminal intent, in 

detecting deception by witnesses or defendants, and in determining appropriateness of the death penalty. It may also be 

used in the formation or alteration of laws, for example, whether to limit access to violent video games because they may 

increase aggressive behavior. Despite uncertainties regarding the accuracy and interpretation of brain imaging, especially 

in case-specific instances, the legal system has been quick to incorporate brain imaging evidence into the courts. PET 

and/or SPECT brain imaging evidence has been used in approximately 130 reported court cases, and fMRI evidence has 

been employed in two (Feigenson, 2006). Furthermore, evidence has also been cited in briefs that may influence court 

decisions.    

One of the first cases to admit brain imaging evidence was the high profile trial of John Hinckley Jr. who was 

accused of the attempted assassination of President Ronald Regan in 1981. The defense presented a computed tomography 

(CT) scan of Hinckley’s brain, arguing that the observed “widening” of sulci (likely reflecting cortical atrophy) looked 

similar to the brains of schizophrenia patients. Hinckley was found not guilty by reason of insanity (U.S. v. Hinckley, 

1989). Since then, brain imaging has been used in similar ways in attempts to demonstrate that a defendant’s actions may 

have resulted in part from abnormal brain functioning, thus questioning issues of responsibility and appropriateness of 

punishment. One of the authors (AR) testified to this effect in a rape and murder case. PET scans of the defendant 

revealed reduced brain activity in the ventrolateral, ventromedial, and polar regions of the prefrontal cortex. He argued 

that such brain dysfunction, which may have resulted from severe physical abuse and head injuries in childhood, could 

predispose to poor decision-making, lack of self-insight, lack of affect, and poor behavioral control which in turn 

predisposes to callous, disinhibited behavior. The defendant was found guilty, but spared the death penalty based in part 

on the reasoning that impaired capacity due to brain damage likely limited the defendant’s ability to appreciate the 

wrongfulness of his acts. As brain imaging technology advances, and as more studies of the neurobiology of criminal 

behavior are conducted, the use of brain imaging evidence in court is likely to become even more prevalent.  

 Brain imaging research also has implications in legislative decisions related to antisocial behavior. In the first case 

to employ fMRI, evidence was provided in an attempt to demonstrate that minors who play violent video games show less 

activity in the frontal cortex, and therefore anti-violent video game legislation should be enforced (Entertainment 

Software Assoviation et al. v. Blagojevich, 2005). The state argued that the reduction in frontal lobe activity was similar to 

brain activity patterns observed in clinically diagnosed violent or aggressive adolescents. However, criticisms regarding 

experimental design and whether brain activity is an accurate measure of mental function resulted in the decision that laws 

banning violent video games violate the First Amendment.  

More recently, brain imaging evidence was influential in the U.S. Supreme Court case regarding capital 

punishment of juveniles (Roper v. Simmons, 2005). The American Medical Association and the American Psychiatric 

Association, among others, issued a brief suggesting that adolescents may not have the ability to exercise adult impulse 

control, may underestimate risks, and are less capable of controlling their emotions because their brains have not fully 

matured. They cited evidence from numerous brain imaging studies (Giedd, 1999; Sowell et al. 2001) finding that 

complete myelination of neurons in the prefrontal cortex does not occur until ages 18-25 and therefore it is 

unconstitutional to implement such severe punishment for juveniles. In 2005, the Supreme Court ruled that it is 

unconstitutional to impose the death penalty for adolescents under the age of 18. 

Brain imaging evidence suggesting that brain regions associated with regulating impulses and aggression may not 

be fully developed in adolescents or may not function properly in some adults raises serious questions regarding the moral 

culpability of adult criminals. Whether brain imaging evidence should be admitted in courts is likely to become an 

important issue in criminal justice. Several researchers have raised concerns with the use of brain imaging in the legal 

system (Eastman & Campbell, 2006; Garland & Glimcher, 2006; Kulynych, 1997; Mandavilli, 2006; Mobbs et al., 2007) 

arguing that problems can arise when scientific literature designed for experimental purposes is implemented in a legal 

context. Many believe that the limitations of brain imaging research may not be fully realized at this point in time, 



potentially leading to dangerous legal or social judgments about people’s behavior. Mobbs et al. (2007) outlines several 

limitations in the use of brain imaging in the legal system: brain imaging cannot tell what a person was thinking at the 

time of an action, brain imaging is only one source of information regarding influences on behavior, the interpretation of 

brain scans is subjective and individually variable, and brain imaging evidence lacks diagnostic and predictive validity. In 

addition, Mobbs et al. and others (e.g. Farah, 2004) warn that the use of brain images in the courtroom may be too 

influential for jurors who may view the brightly colored images as more accurate and objective than they actually are.  

On a more theoretical level, Eastman & Campbell (2006) claim that there is a fundamental mismatch between the 

questions the legal system asks and the questions science can answer; at present, neuroscience cannot answer questions 

regarding particular individuals, but can only make statements about increased likelihoods due to membership in a group 

of individuals with similar characteristics. Neurobiological evidence from empirical studies has not been designed for 

practical application in the courtroom; thus it can be argued that the use of such evidence poses a risk to the proper 

exercise of justice.     

An alternative perspective to the concerns raised about using brain imaging in courts should also be considered. 

Many of the arguments and limitations given appear to be based on the idea that brain imaging is used as a form of brain-

print in isolation from all other evidence to unequivocally type an individual and demonstrate causality. In reality, brain 

imaging evidence should be considered in the same way as evidence from any other biological, psychological, or 

psychosocial source; brain structure and function is meant to be viewed as one factor among many that may predispose to, 

increase probability of, or influence behavior. Scientific information from group studies (e.g. childhood abuse 

predisposing to adult violence) is often used in court cases to argue for increased risk for violence in a specific individual, 

and does not imply the existence of a one-to-one causal relationship; brain imaging evidence from group studies should be 

treated no differently. Furthermore, brain imaging evidence is subjective in the same way that eye-witness testimony, 

psychological assessments, or the interpretation of other types of medical evidence are subjective, which is why it is 

important to involve expert witnesses who can objectively explain and interpret the evidence in a clear, unbiased manner. 

Once normative data sets are built up, imaging data can ultimately be interpreted objectively in the same way that IQ is. 

Finally, brain imaging can produce persuasive visuals in the same way that disturbing photographs, graphic testimonies of 

torture or child abuse, or persuasive expert witnesses can be influential to jurors, emphasizing the need for imaging data to 

be as thoroughly explained and scrutinized as any other evidence. Thus, when brain imaging evidence is applied to 

questions within accepted boundaries and is treated under same standards as other forms of evidence, it has the potential 

to make a useful contribution in legal decision-making.  

Morse (2004) argues that neuroscience may have a long way to go before it will begin to have widespread influence 

in the legal arena. Currently the law treats people as intentional, practical reasoners, not as purely mechanistic beings of 

the causal universe. While neuroscience may uncover some of the causal mechanisms that influence our behavior, Morse 

believes it is unlikely that neuroscience will be able to revolutionize our conceptions of ourselves to the extent that we no 

longer treat ourselves as rational, intentional agents with ultimate control over our actions. Similarly, Eastman & 

Campbell (2006) argue that only if we are able to achieve a very high level of biological understanding of ourselves, such 

that we have essentially explained away personhood, would legal determination of responsibility be reliant on 

neuroscience. An alternative perspective is that taking into account documented risk factors for violence in some specific 

cases does not mean that we have to completely abandon our general concepts of rationality, personhood, and 

responsibility. 

While brain imaging may be far from completely revolutionizing the legal system, it is clear that as neuroscience 

delves deeper into the exploration of criminal behavior, the potential for its use in courts will only increase. Ultimately, a 

high level of communication between scientists and legal officials is essential in order to appropriately integrate the new 

and potentially important findings from brain imaging research into the way society views, and deals with, criminal 

behavior.  
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