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Inrecent years, a number of functional and structural neuroimaging studies have investigated the
neural bases of aggressive and violent behaviour in children and adolescents. Most functional
neuroimaging studies have persued the hypothesis that pathological aggression is a consequence
of deficits in the neural circuits involved in emotion processing. There is converging evidence for
abnormal neural responses to emotional stimuli in youths with a propensity towards aggressive
behaviour. In addition, recent neuroimaging work has suggested that aggressive behaviour is
also associated with abnormalities in neural processes that subserve both the inhibitory control
of behaviour and the flexible adaptation of behaviour in accord with reinforcement information.
Structural neuroimaging studies in children and adolescents with conduct problems are still
scarce, but point to deficits in brain structures in volved in the processing of social information
and in the regulation of social and goal-directed behaviour. The indisputable progress that this
research field has made in recent years notwithstanding, the overall picture is still rather patchy
and there are inconsistencies between studies that await clarification. Despite this, we attempt
to provide an integrated view on the neural abnormalities that may contribute to various forms
of juvenile aggression and violence, and discuss research strategies that may help to provide

a more profound understanding of these important issues in the future.
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BACKGROUND
Despite the undisputable relevance of psychosocial factors and
life stressors in understanding aggressive and violent behaviour,
the importance of research into the biological basis of pathologi-
cal aggression has been increasingly acknowledged in recent years
(Davidson et al., 2000). Modern brain imaging techniques, such
as structural and functional magnetic resonance imaging have
been used to investigate the nerual basis of pathological aggres-
sion in adults (for review, see McCloskey et al., 2005). While neural
abnormalities that can be observed in adults are likely to be the
consequence of abnormal behaviour itself and of manifold envi-
ronmental influences, such as psychosocial factors and substance
use, the approach of studying deviant social behaviour early in
the course of development maximises the chance of identifying
neurobiological mechanisms that are directly related to the its gen-
esis. Moreover, from a clinical perspective, the identification and
understanding of the neurobiological mechanisms that give rise
to abnormal aggressive behaviour in children will aid the develop-
ment of specific therapeutic interventions, which are more likely to
succeed when applied early in life. Only recently, imaging studies
have attempted to characterize neural abnormalities in children and
adolescents displaying aggressive or even violent behaviour.
From a psychiatric-diagnostic perspective, abnormal aggressive
behaviour in children and adolescents has been subsumed under the
diagnoses conduct disorder (CD) and oppositional defiant disorder
(ODD) by the the DSM classification system (American Psychiatric
Association, 1994). They are characterized by repetitive and chronic

aggressive and antisocial behaviour with a variety of implications
such as school refusal, social communication problems, and legal
involvement. The prevalences of disruptive behaviour disorders are
2% for CD and 3.2% for ODD. Boys are more affected than girls
(Laheyet al., 1999). There is a high-risk group starting with aggres-
sive behaviour at a particularly young age. This early-onset subtype
is characterized by an elevated biological risk and is more likely to
take a non-favourable outcome with life-course persistent antisocial
behaviour (Moffitt et al., 2008). In contrast, the adolescent-onset
subtype has a much better long-term prognosis with relatively unim-
paired education, work, health, and family-life outcomes (Moffitt
et al., 2008). This is acknowledged to some extent in the DSM-IV
by subdividing CD into childhood- and adolescent-onset subtypes
(American Psychiatric Association, 1994). While these diagnostic
entities may be helpful to guide clinical decision making, it has to be
kept in mind that they still represent rather heterogeneous entities
and may therefore be of limited use as behavioural phenotypes for
the investigation of the neurobiological mechansisms underlying
pathological aggression. CD, for example, which is generally con-
sidered a more severe disorder than ODD, is not a unitary disor-
der. First, it is often associated with other co-morbid conditions
(Loeber et al., 2000), most notably attention-deficit hyperactivity
disorder (ADHD), anxiety disorders, and depression. As CD and
ODD are strongly associated with ADHD, a neurobiological overlap
between ADHD and disruptive behaviour disorders has been dis-
cussed (Banaschewski et al., 2005). Second, CD encompasses a wide
range of behavioural abnormalities that may have different neural
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substrates. There is a variety of possible symptoms, ranging from
lying and breaking parental rules to more severe offences like rape,
assault, mugging, and breaking and entering (American Psychiatric
Association, 1994). Moreover, CD can be characterized by differ-
ent types of aggression, such as impulsive hot-tempered quarrels
or premeditated violent acts. A key distinction is between reactive
(affective, impulsive or defensive) and instrumental (premeditated
and goal-directed) aggression. These two types of aggression have
been proposed to differ in their biological basis (Kempes et al.,
2005). Reactive aggression is frequent in CD (and antisocial per-
sonality disorder in adults) but is also found in other psychiatric
disorders, e.g., in bipolar disorder, post-traumatic stress disorder,
and very frequently in borderline personality disorder (Blair, 2001,
2003, 2005). Instrumental aggression is more specific for CD but
is only observed in a subgroup of CD patients. The propensity for
instrumental antisocial behaviour including aggression is charac-
teristic of psychopathic personality, which has been operatinal-
ized as “callous-unemotional traits” in children (Frick et al., 1994).
Children with callous-unemotional traits show a specific neurocog-
nitive profile, have more extreme behaviour problems, and a higher
genetic risk, suggesting that this subtype of CD is mediated through
different psychopathological pathways and different developmental
trajectories (Moffitt et al., 2008).

Neuroimaging studies on pathological aggression in children
and adolescents have chosen different strategies to define samples
of aggressive individuals. While some studies compared groups
of individuals fulfilling the diagnostic criteria for CD, others have
attempted to disambiguate between “pure” CD and CD with
co-morbidities, such as ADHD. Yet another approach that has
been used is to focus on subgroups displaying specific subtypes of
aggressive behaviour, e.g., boys with callous-unemotional traits.
Each of these approaches has its justification and its own merits,
but these differences should be kept in mind when interpreting
and comparing findings across studies.

EMOTION PROCESSING

THEORETICAL BACKGROUND AND BEHAVIOURAL FINDINGS

It has been proposed that the propensity for aggression and violence
is associated with a deficiency in responding to emotional cues in
the social environment (Davidson et al., 2000; Herpertz and Sass,
2000; Blair,2001; Raine, 2002). Several lines of evidence support this
notion of a link between emotion processing and aggression. Both
children and adults displaying antisocial and violent behaviour
show abnormally low autonomic arousal (Blair et al., 1997; Blair,
1999; Raine, 2002; Herpertz et al., 2003, 2005, 2007; Loney et al.,
2003). But also the recognition of emotional cues such as sad and
fearful facial expressions is impaired in children with antisocial
behaviour, especially in those with callous-unemotional traits (Blair
etal.,2001; Loney et al., 2003). In addition, emotional shallowness
and callousness have been found to be associated with several fea-
tures of childhood antisocial behaviour (Frick et al., 1994, 2003).

NEURAL ABNORMALITIES IN THE PROCESSING OF AFFECTIVE STIMULI

Functional MRI (fMRI) studies have examined the neural correlates
of emotion processing in aggressive and antisocial adults, especially
those with psychopathy (Hare et al., 1991). Functional abnormali-
ties were found in the amygdala, the orbitofrontal cortex (OFC),

and the anterior cingulate cortex (ACC) (Kiehl et al., 2001; Veit
et al., 2002; Birbaumer et al., 2005). More recently, the neurofunc-
tional correlates of aggressive behaviour were also investigated in
children and adolescents (Sterzer et al., 2005; Stadler et al., 2007;
Herpertz et al., 2008; Marsh et al., 2008; Jones et al., 2009). The
first study on emotion processing in aggressive children and ado-
lescents investigated neural processing of negative affective pic-
tures in a group of boys with CD (Sterzer et al., 2005). This study
revealed a negative correlation between aggressive behaviour and
responses in the left amygdala to negative affective pictures. The
inverse relationship, i.e., a positive correlation was found with
symptoms of anxiety and depression, which are often present as
co-morbid conditions in CD (Loeber et al., 2000). Consistent with
the central role of the amygdala in the processing of stimuli that
connote threat, in induced fear, and in generalized negative affect
(for review, see Phelps and LeDoux, 2005), this latter finding is in
line with the notion of an increased sensitivity to mood-congruent
stimuli in negative mood states (Leppanen, 2006). In contrast, the
reduced responsiveness of the amygdala in aggressive individuals
might reflect deficient emotion processing at the perceptual level
as a neural basis for pathological aggression. Viewing of affective
pictures was also accompanied by a pronounced deactivation in
the ACCin CD patients compared to controls (Sterzer et al., 2005).
This abnormal activation was located in the dorsal part of the ACC,
which has been implicated in cognitive monitoring and regulation
of behaviour rather than emotional processes (Bush et al., 2000).
This result may thus indicate an impaired cognitive control of emo-
tional behaviour in patients with CD, in line with the notion of a
reciprocal functional relationship between the dorsal and ventral-
rostral ACC (Drevets and Raichle, 1998; Bush et al., 2000). This
interpretation has to remain speculative, as the experimental para-
digm used in this study did not explicitly probe cognitive control
mechanisms. Interestingly, however, reduced activation in the ACC
was associated with the temperament dimension “novelty seek-
ing” (Cloninger, 1987), which comprises high impulsivity and a
quick-tempered personality (Stadler et al., 2007). Individuals with
high novelty seeking were also characterized by deficient behav-
ioural control strategies and a lower level of socio-moral reasoning
(Stadler et al., 2007). The reduced activation in the dorsal ACC of
patients with CD might hence be a linking factor between tempera-
ment, emotion processing, and behavioural outcome.

A carefully conducted recent study used a similar design to
investigate emotion processing in a larger group of boys with CD
(Herpertz et al., 2008). These authors found neither a difference in
ACC activation nor a correlation between aggressive behaviour and
amygdala activation. To the contrary, activation in the left lateral
amygdala was found to be even greater in boys with CD compared
to healthy conrols. Consistent with the positive correlation of amy-
gdala activation with anxiety and depressive symptoms in the study
by Sterzer et al. (2005), this finding could be related to high levels
of anxiety and emotional problems in the study by Herpertz et al.
(2008), although covariate analyses indicated that amygdala hyper-
activation could not be exclusively explained by these symptoms
in this latter study. While the severity of anxiety and depressive
symptoms were similar in the two studies, levels of aggressive and
dissocial behaviour were on average higher in the study by Sterzer
etal. (2005), which may have resulted in greater sensitivity for
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neural changes related to these behavioural abnormalities. Another
possible explanation for the amygdala hyperactivation in CD found
by Herpertz et al. (2008) is that the cluster of increased amygdala
activation was located slightly lateral to the cluster where controls
showed amygdala activation. The group difference was thus con-
fined to a lateral subregion of the amygdala, and it cannot be ruled
out with certainty that greater spatial spread or variability of the
amygdala activation in the CD group may have contributed to this
finding. Finally, while a similar set of stimuli from the same affective
picture data base (Lang et al., 1997) was used in both studies, there
were also some differences between the two experimental para-
digms: For example, the stimulus set size was considerably smaller
and stimuli were presented for shorter durations in the study by
Herpertz et al. (2008). This may have hampered the power at the
single subject level and hence also overall sensitivity, despite the
considerably larger sample size in this study. While these explana-
tions must remain speculative for the moment, the inconsistencies
in results clearly call for further studies that should maximise sta-
tistical power both by using most efficient stimulation paradigms
and, most importantly, by studying larger cohorts.

NEURAL PROCESSING OF DISTRESS CUES

Two recent studies have addressed the question whether emotion
processing is altered in boys with callous-unemotional traits, a sub-
group of youths with conduct problems (Marsh et al., 2008; Jones
et al.,2009). Both studies investigated the processing of fearful facial
expressions using fMRI. They both reported reduced activations in
the amygdala of youths with callous-unemotional traits, consistent
with the hypothesis that antisocial behaviour in these individuals
is related to deficient neural responses to distress cues in others.
These reduced amygdala responses could not be accounted for by
symptoms of ADHD, which is a frequent co-morbid condition
in children with antisocial behaviour, suggesting that the finding
is indeed related to antisocial behaviour. Interestingly, functional
connectivity between the amygdala and the ventromedial prefrontal
cortex is greater in healthy subjects and youths with ADHD rela-
tive to those with callous-unemotional traits (Marsh et al., 2008),
possibly indicating an inappropriate modulation of instrumental
behaviour by stimuli such as others’ distress cues.

Deficient responding to distress cues in others suggests an
impaired ability to empathize with the feeling of others. A recent
fMRI study directly targeted empathy for pain in youths with CD
by presenting animated visual stimuli that showed other people
experiencing pain (Decety et al., 2009). Surprisingly, this prelimi-
nary report of a small group of subjects (1 = 8 per group) showed
greater activations in the amygdala and other temporal and pre-
frontal regions of youths with CD compared to healthy control
participants when they viewed others in pain, compared to no pain.
Amygdala responses in CD youths correlated with their parents’
ratings of daring behaviour and sadism, which may indicate that
increased amygdala responses could reflect a positive affective
response (excitement or enjoyment) to seeing others in pain. In
line with the above mentioned study by Marsh et al. (2008 ), analy-
ses of functional connectivity revealed that adolescents with CD
exhibited less coupling between the amygdala and prefrontal corti-
cal regions, suggesting impaired regulatory interactions between
prefrontal cortex and the amygdala.

BEHAVIOUR REGULATION
MOTIVATIONAL REGULATION OF BEHAVIOUR
In addition to abnormal emotion processing and related deficits
in empathy, repetitive antisocial behaviour despite the prospect
or even the direct experience of punishment or other nega-
tive consequences may be related to motivational deficits (Blair,
2004). Indeed, children with disruptive behaviour problems show
abnormalities in motivational regulation of behaviour (Matthys
et al.,2004). Moreover, both children and adults with psychopathic
traits are impaired in reversal learning tasks (Budhani and Blair,
2005; Budhani et al., 2006), which index the ability to flexibly
adjust to changing reinforcement contigencies. In healthy indi-
viduals, the ventromedial prefrontal cortex has been implicated
in reversal learning (Cools et al., 2002; O’Doherty et al., 2003).
A recent study used fMRI to compare the neural basis of reversal
learning in children with callous-unemotional traits with ADHD
patients and healthy controls (Finger et al., 2008). Children with
psychopathic traits showed increased responses in ventromedial
prefrontal cortex during punished reversal errors compared to
both ADHD children and healthy controls. This abnormal activa-
tion in ventromedial prefrontal cortex suggests that children with
psychopathic traits may not appropriately process the violation
of reinforcement expectations. Ventromedial prefrontal cortex is
known to play a role in the computation of reward expectations
(Elliott and Deakin, 2005). Violation of these expectations can lead
to frustration, which has long been linked to reactive aggression
(Berkowitz, 1993). As ventromedial prefrontal cortex is involved
in the computations of expectation violation that are necessary
to induce frustration, the increased activity in this region during
reversal errors may reflect a signal involved in triggering reactive
aggression under conditions where an expected reward has not been
achieved. Exaggerated ventromedial prefrontal responses to expec-
tation violations may thus form the neural basis for an increased
risk for frustration that gives in turn rise to an increased risk for
aggressive behaviour (Blair, 2009).

A different aspect of reward processing was investigated by
a recent fMRI study that sought to dissociate dysfunctions in
attention and reward mechanims in boys with ADHD and CD,
respectively (Rubia et al., 2009b). These authors used a sustained-
attention paradigm, the continuous performance task, where
participants had to respond to targets that were either associated
with a monetary reward or not. Boys with “pure” CD (i.e., no co-
morbid ADHD) showed reduced activation during rewarded trials
in lateral OFC, compared to boys with pure ADHD (no co-morbid
CD) and healthy controls. This finding was interpreted as reflecting
hyporesponsiveness to reward cues. However, how such hypore-
sponsiveness relates to aggressive or antisocial behaviour is cur-
rently unclear. The lateral subregion of OFC has been implicated
in the evaluation of punishment (versus reward) values of stimuli
and is thought to thus provide a signal that can lead to a change in
current behaviour (Kringelbach and Rolls, 2004). Of course, the
link between dysfunction in a brain region involved in punishment
processing and aggressive or antisocial behaviour has some intuitive
plausibility. However, a deeper understanding of this relationship
will require further investigation with experiments that specifi-
cally address the question how orbitofrontal function relates to the
processing of punishment in antisocial individuals.
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Taken together the two recent studies by Finger et al. (2008)
and Rubia et al. (2009b) provide first evidence for deficits in pre-
frontal brain regions crucially involved in motivational control
of behaviour, possibly indicating impairments in reinforcement-
guided adjustment of behaviour. These functional neural deficits
may be related to structural abnormalities in prefrontal cortex
(Huebner et al., 2008; De Brito et al., 2009) that are discussed in
more detail below.

ATTENTION AND INHIBITORY CONTROL

Aggressive and antisocial behaviour, especially reactive aggression,
has been linked to impulsivity, that is, to deficits in restraining
immediate behavioural responses in accord with anticipated long-
term consequences (Berkowitz, 2008). Clinically, this notion is
supported by a large overlap between CD and ADHD (Loeber
etal.,, 2000). Also in ADHD impulsivity is a core feature, in
addition to inattention and hyperactivity (American Psychiatric
Association, 1994). Two recent studies have asked whether CD
and ADHD share common neural deficits in the inhibitory con-
trol of behaviour and whether there are neural abnormalities
reflecting a deficit in inhibitory control that may be specific to
CD rather than ADHD (Rubia et al., 2008, 2009a). Rubia et al.
(2008) measured the neural correlates of inhibition and stopping
failure during a stop task in a group of boys with pure CD com-
pared to boys with pure ADHD and a group of healthy controls
using fMRI. They found that the neural abnormalities related
to successful response inhibition involved mainly dorsolateral
prefrontal cortex, both in CD and ADHD. In contrast, activa-
tions in response to inhibition failures were reduced in bilateral
temporoparietal cortex in boys with CD but not in ADHD. Of
note, the participants received implicit feedback during inhibi-
tion failures, such that fMRI activations during inhibition failures
most likely reflect error detection and subsequently enhanced
functions of arousal and attention allocation to the committed
error. Reduced responses in temporoparietal cortex, which has
been implicated in the detection of behaviourally relevant events
(Corbetta and Shulman, 2002), may therefore reflect deficient
performance monitoring in youths with CD. In other words,
individuals with CD may be less alerted by their mistakes and
be therefore less capable of adjusting their behaviour to negative
feedback, as has also been shown behaviourally (Matthys et al.,
2004; van Goozen et al., 2004).

In a second study from the same laboratory (Rubia et al.,2009a),
fMRI was used to study the neural substrates of inference inhibi-
tion, again in boys with either CD or ADHD compared to healthy
controls. They used a classical Simon task (Simon, 1969) where
spatial information interferes with iconic information of the target
stimuli, combined with an oddball task (involving the occasional
presentation of deviant stimuli), to allow for the dissociation of
neural signals related to inference inhibition from those related
to selective attention. This study showed shared deficits in right
superior temporal cortex during inference inhibition and in the
precuneus and right medial prefrontal cortex during the oddball
condition, in both CD and ADHD. While there was a specific deficit
associated with oddballs in left ventrolateral prefrontal cortex in
the ADHD group, no disorder-specific deficits were found in the
CD group using this paradigm.

Together, recent work investigating the neural substrates of
attention and inhibitory control shows a large overlap in func-
tional brain abnormalities in ADHD an CD. However, there are
also deficits that appear to be specific to CD. These deficits are
related to inhibition failures and may reflect a specific impairment
in response monitoring and learning from negative feedback in
youths with CD.

STRUCTURAL ABNORMALITIES

Recent structural MRI studies that used voxel-based morphom-
etry (VBM), an automated voxel-wise method for the detection
of regional differences in grey or white matter (Ashburner and
Friston, 2000), have provided confirmatory evidence for neural
deficits in brain structures that showed functional abnormalities
in fMRI studies. Two VBM investigations in youth with CD showed
decreased grey-matter volume in mesial temporal lobe structures,
including the amygdala, and a significant association of these grey-
matter deficits with the severity of conduct problems (Sterzer et al.,
2007; Huebner et al., 2008). Orbitofrontal grey-matter volume was
also found to be reduced in youth with CD (Huebner et al., 2008),
in line with previous reports of conduct problems in individuals
with early acquired prefrontal lobe damage (Anderson et al., 1999)
and thus supporting the notion that OFC plays an important role
in regulating aggressive behaviour. Sterzer et al. (2007) addition-
ally found a grey-matter volume reduction in bilateral anterior
insular cortex. Interstingly, anterior insular grey-matter volume
in CD patients was positively correlated with empathy levels as
assessed behaviourally, in line with recent evidence from fMRI sug-
gesting a crucial involvement of the anterior insula in the expe-
rience of empathy (de Vignemont and Singer, 2006). Somewhat
surprisingly, a VBM study in a non-clinical sample of boys with
callous-unemotional traits reported increased instead of decreased
grey-matter in orbitofrontal and anterior cingulate cortices
(De Brito et al., 2009). This finding could be explained by a delay
in cortical maturation, as the physiological prefrontal age-related
grey-matter decrease found in normally developing children was
not observed in the group of callous-unemotional boys. The incon-
sistencies in findings are most likely related to differences in sample
characteristics between the study by De Brito et al. (2009) and the
other two VBM studies by Sterzer et al. (2007) and Huebner et al.
(2008). While De Brito et al. (2009) studied a non-clinical sample
with callous-unemotional traits, the other two studies investigated
clinical samples with CD, but did not differentiate whether their
children with conduct problems had callous-unemotional traits or
not. Moreover, compared to the other two studies, the participants
were on average younger in the study by De Brito et al. (2009);
and the age range in this study was narrower (10-13 years) and
spanned the most critical period for prefrontal development, which
could have increased sensitivity for differences related to develop-
mental delay. Clearly, there is a need for further research to explain
the seemingly opposing results of these studies.

GENERAL DISCUSSION AND OUTLOOK

In recent years, there has been a surge in brain imaging studies that
attempted to elucidate the neural basis of aggressive and antisocial
behaviour as early as in childhood and adolescence. Under the
hypothesis that these behavioural abnormalities may result from
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deficits in recognizing emotional expressions, especially distress
cues, in others and from a dysregulation of emotional behaviour,
a number of brain imaging studies have focused on deficits in
emotion processing. Other studies have highlighted abnormalities
in motivational processes and in inhibitory control of behaviour,
thereby extending our knowledge about possible neural mecha-
nisms that may underlie aggression and violence early in life. It
should be kept in mind that this research area is still in its infancy
and that more research is needed in order to develop a comprehen-
sive model of the neural mechanisms underlying juvenile antisocial
behaviour (see below). Nevertheless, it seems justified to summa-
rize the findings from neuroimaging studies so far in a tentative
and — at this stage — descriptive way (Figure 1).

There seems to be converging evidence for a dysfunction of
limbic structures, first and foremost the amygdala (Sterzer et al.,
2005,2007; Herpertz et al.,2008; Huebner et al.,2008; Marsh et al.,
2008; Decety et al., 2009; Jones et al., 2009). Reduced responsiveness
of the amygdala to fearful faces (Marsh et al., 2008; Jones et al.,
2009) may reflect an impairment in recognizing distress cues in
others. According to the violence-inhibition mechanism model
(Blair, 2001), this could in turn lead to a lack of empathy and
deficient control of aggressive behaviour. Alternatively, reduced
amygdala responsiveness could also be interpreted as reflecting a
reduced sensitivity to stimuli connotating threat, in line with the
notion that preferential amygdala responses to fearful faces subserve
the modulation of vigilance in threatening situations rather than
the recognition of social cues (Davis and Whalen, 2001). It should
be noted that some studies reported hyperresponsiveness of the
amygdala (Herpertz et al., 2008; Decety et al., 2009), depending on
the task used and the behavioural characteristics of the sample stud-
ied. It cannot therefore be concluded that aggressive and antisocial
behaviour is related to a general reduction in amygdala respon-
siveness. Conceivably, in the same group of antisocial indivuals,

the amygdala may be hyporesponsive when it comes to emotion
recognition or threat detection, but hyperresponsive in relation to
excitement, e.g., about the brutality of a situation (Decety et al.,
2009). Moreover, the amygdala may be differentially involved in
aggressive behaviour resulting from anxiety (Sterzer et al., 2005;
Herpertz et al., 2008) as opposed to aggression due to emotional
callousness (Marsh et al., 2008; Jones et al., 2009). It is an intrigu-
ing challenge for future research to provide a more sophisticated
picture of how dysregulation of amygdala function contributes to
aggressive behaviour.

In addition to the amygdala, there is also evidence for dys-
function in prefrontal brain regions, most importantly orbitof-
rontal and ventromedial prefrontal cortices (Finger et al., 2008;
Huebner et al., 2008; Marsh et al., 2008; Rubia et al., 2008; De
Brito et al., 2009; Decety et al., 2009), but also the dorsal ACC
(Sterzer et al., 2005; De Brito et al., 2009). A possible interpreta-
tion of these findings is that dysfunction of prefrontal circuits may
underlie an impaired regulation of affective responses, resulting in
areduced ability to restrain aggressive responses (Davidson et al.,
2000; Blair, 2001). Moreover abnormal function in orbitofrontal
and ventromedial prefrontal cortices was also observed during
reinforcement processing (Finger et al., 2008; Rubia et al., 2008),
which may indicate deficient learning mechanisms with regard to
social rules (Adolphs, 2003; Blair, 2004). Finally, the considerable
clinical overlap between CD and ADHD is reflected by a large
overlap in functional neural deficits during attention allocation
and inhibitory control of behaviour (Rubia et al., 2008, 2009a,b),
but there are specific functional abnormalities in temporoparietal
cortex of youths with CD that may be related to impaired learning
from negative feedback (Rubia et al., 2008).

Despite the considerable progress in the understanding of juve-
nile pathological aggression and violence, it should be noted that
evidence from neuroimaging is still relatively scarce. There are
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FIGURE 1 | Summary of neuroimaging findings related to aggressive and violent behaviour in children and adolescents.
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inconsistencies between studies that cannot be readily explained
at the moment, and some of the findings await replication before
strong conclusions should be made. One obvious problem is that
the sample sizes in most studies are relatively small (n = 8-24). Most
studies reviewed here applied state-of-the-art statistical methods
and it is therefore reasonable to assume that their results are in
principle valid. However, the known heterogeneity of aggressive
behaviours is likely to give rise to qualitatively different results
across studies, which makes it difficult to draw strong general con-
clusions. As mentioned above, the heterogeneity is reflected by the
fact that juvenile aggressive and antisocial behaviour, which is usu-
ally diagnosed as CD, is often associated with other co-morbid
conditions (Loeber et al., 2000), most notably ADHD and mood
disorders. This alone implies that aggressive behaviour, even though
phenotypically similar, may be based on different pathomecha-
nisms. For example, bursts of reactive aggression may be merely
due to a deficit in impulse control, but could also be based on
anxiety or negative mood; or undamped reactive aggression could
result from callous-unemotional traits, just because there is no
insight into the necessity to comply with social rules and to con-
trol one’s aggressive impulses accordingly. As this example shows,
it seems essential to carefully characterize the study populations
with respect to both the phenotypical expression of behaviour (e.g.,
reactive vs. instrumental aggression) and accompanying conditions,
such as psychiatric co-morbitidities. In addition, considering early
temperamental risk factors might also be helpful in identifying
subgroups of patients with distinct neurobiological profiles. For
example, children with callous-unemotional traits show a specific
neural profile suggestive of amygdala hypofunction, as manifested
by insensitivity to fearful facial expressions (Marsh et al., 2008;
Jones et al., 2009). This profile seems to differ from that of other
children with CD, in whom even increased amygdala responses to
affective information have been observed (Herpertz et al., 2008;
Decety et al., 2009). Finally, neuroimaging of juvenile aggression
and violence will undoubtedly also benefit from the incorpora-
tion of genetic factors that may predispose towards pathological
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It is a great challenge for the promising field of neuroimaging
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of strong and concise a priori hypotheses concerning the mecha-
nism underlying a specific type of behaviour. The inherent problem
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separation in such categories may hamper the interpretation and
“real-life” application of the resulting findings. Another possible
strategy is to aim at large study cohorts that may comprise vari-
ous subtypes of aggressive behaviour and also allow for genotypic
variability. In that case, the problem of heterogeneity must be dealt
with at the stage of data analysis using dimensional or factorial
approaches. Finally, longitudinal studies in large community-based
samples or in clinical populations will be indispensable for a more
complete pathophysiological understanding of the development,
timecorse and prognosis of aggression and violence during child-
hood and adolescence. Neuroimaging may provide useful prognos-
tic information or surrogate markers for treatment monitoring,
for example based on the use of novel pattern-based approaches
for the analysis of neuroimaging data (Haynes and Rees, 2006).
The choice of research strategy of course depends on the precise
scientific question asked and the hypothesis posed, but we believe
that the strategies proposed here have the potential to further our
understanding of juvenile pathological aggression and violence
in the future.
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