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Increased aggression is common after traumatic brain injuries and may persist after cognitive recovery. Maladaptive aggression and
violence are associated with dysfunction in the prefrontal and temporal cortex, but such dysfunctional behaviors are typically measured
by explicit scales and history. However, it is well known that answers on explicit scales on sensitive topics—such as aggressive thoughts
and behaviors—may not reveal true tendencies. Here, we investigated the neural basis of implicit attitudes toward aggression in humans
using a modified version of the Implicit Association Task (IAT) with a unique sample of 112 Vietnam War veterans who suffered
penetrating brain injury and 33 healthy controls who also served in combat in Vietnam but had no history of brain injury. We hypothe-
sized that dorsolateral prefrontal cortex (dlPFC) lesions, due to the crucial role of the dlPFC in response inhibition, could influence
performance on the IAT. In addition, we investigated the causal contribution of specific brain areas to implicit attitudes toward violence.
We found a more positive implicit attitude toward aggression among individuals with lesions to the dlPFC and inferior posterior temporal
cortex (ipTC). Furthermore, executive functions were critically involved in regulating implicit attitudes toward violence and aggression.
Our findings complement existing evidence on the neural basis of explicit aggression centered on the ventromedial prefrontal cortex.
These findings highlight that dlPFC and ipTC play a causal role in modulating implicit attitudes about violence and are crucially involved
in the pathogenesis of aggressive behavior.
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Introduction
Maladaptive aggression and violence can lead to interpersonal
conflict and criminal behavior, which endangers societal stability

and incurs substantial financial costs (McCollister et al., 2010). In
2013, �3 million people in the United States were victims of
violent crimes (Truman, 2010). Multiple factors contribute to
aggression, including brain function, genetic predisposition, and
environmental provocation (Nelson and Trainor, 2007; de
Almeida et al., 2015). Studying the neural basis of aggressive be-Received Aug. 6, 2015; revised Jan. 20, 2016; accepted Jan. 28, 2016.
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Significance Statement

Maladaptive aggression and violence can lead to interpersonal conflict and criminal behavior. Surprisingly little is known about
implicit attitudes toward violence and aggression. Here, we used a range of techniques, including voxel-based lesion–symptom
mapping, to examine the causal role of brain structures underpinning implicit attitudes toward aggression in a unique sample of
combat veterans with traumatic brain injury. We found that damage to the dorsolateral prefrontal cortex (dlPFC) led to a more
positive implicit attitude toward violence that under most normal situations would be considered inappropriate. These results
suggest that treatments aimed at increasing cognitive control using cognitive behavioral therapies dependent on the intact dlPFC
could treat aggressive and violent behavior.
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havior can inform targeted interventions to prevent and control
aggression and changes in public policy.

The incidence of aggression and violence after traumatic brain
injury (TBI) ranges between 35% and 90% (Tateno et al., 2003).
Such aggressive behavior is generally reactive without premedi-
tation and nonpurposeful (Silver et al., 2005). The aggression
reported in TBI patients tends to be threats, yelling, throwing
things, and, less frequently, physical assaults (Grafman et al.,
1996). Damage to the limbic system, ventromedial prefrontal
cortex (vmPFC), and temporal lobes has been associated with
aggressive behavior (Silver and Yudofsky, 1994). Aggressive be-
haviors are most linked to dysfunction in the frontal lobes, which
are responsible for executive function and complex social behav-
ior (Anderson and Bushman, 2002; Forbes and Grafman, 2010).
A meta-analysis on neuroimaging studies showed diminished
functionality in the dorsolateral prefrontal cortex (dlPFC), ante-
rior cingulate cortex, and orbitofrontal cortex (OFC), in antiso-
cial/violent individuals (Yang and Raine, 2009). Studies in violent
individuals and patients with temporal lobe epilepsy suggested
that dysfunction in temporal lobe structures can also lead to in-
creased aggression (Seidenwurm et al., 1997). Interestingly, one
study reported decreased frontal gray matter in temporal lobe
epilepsy patients with affective aggression (Woermann et al.,
2000). Therefore, frontotemporal regions appear to coordinate in
regulating aggressive impulses. Most research on aggressive be-
havior has relied upon explicit reports, yet a large proportion of
human social cognition occurs outside of consciousness. Implicit
measures such as the Implicit Association Test (IAT) have been
used to study beliefs that people may wish to disguise, for exam-
ple, negative views about women or racial groups (Greenwald et
al., 1998).

The two central premises of our study are as follows: (1) im-
plicit attitudes toward violence predict dysfunctional violent be-
havior and (2) “dysfunctional” violence is qualitatively different
from adaptive violence. A recent study showed no differences on
explicit violence measures between male perpetrators of intimate
partner violence and nonviolent individuals (Robertson and Mu-
rachver, 2007). However, implicit measures revealed that violent
men showed a more rapid association between women and vio-
lence than nonviolent individuals (Eckhardt et al., 2012).

To date, only one behavioral study has investigated implicit
attitudes toward violence and aggression. This evidence indicated
that explicit measures of violence are not as sensitive as the
implicit measures in predicting aggression related to criminal
activity (Gray et al., 2003; Banse et al., 2014). For example, psy-
chopathic murderers showed a much more positive implicit atti-
tude toward violence than nonpsychopathic murderers (Gray et
al., 2003). Nevertheless, the neural basis of implicit, automatically
driven attitudes toward aggression and violence has remained
unexplored.

Here, we investigated the neural basis of implicit attitudes
toward aggression and violence in patients with penetrating TBI
(pTBI) using violence and weapons IATs (see Fig. 1a). We used
voxel-based lesion-symptom mapping (VLSM) to identify brain
regions causally involved in implicit attitudes toward aggression.
We examined the association between implicit and explicit ag-
gression in patients with lesions to different brain regions. We
hypothesized that lesions in the dlPFC and temporal cortices—
regions that may be critical for modulating implicit attitudes
toward violence and are distinct from those previously involved
in explicit measures of aggressive behavior—would be associated
with a more positive attitude toward violence and aggression.
Although vmPFC has been associated with aggressive behavior,

those studies were based on self-reported or observer-reported
questionnaires, not implicit tasks (Grafman et al., 1996), and our
hypothesis focused on response inhibition with regard to implicit
violence attitude. Finally, using a hypothesis-driven approach, we
tested whether executive functions mediate the interaction be-
tween dlPFC and implicit attitudes toward aggression.

Materials and Methods
Participants. Participants were male combat veterans recruited from the
W.F. Caveness Vietnam Head Injury Study Registry (VHIS) during
Phase 4, conducted between 2009 and 2012 at the National Institute of
Neurological Disorders and Stroke (NINDS) of the National Institutes of
Health in Bethesda. Given its large sample size and wealth of preinjury
and postinjury data, the VHIS provides a unique opportunity to investi-
gate brain– behavior relationships using lesion-mapping methods. Our
sample consisted of 112 veterans with pTBI and 33 healthy controls
(HCs), who also served in combat in Vietnam but had no history of brain
injury or other neurological disorders. All pTBIs and HCs were recruited
from the VHIS. The two groups were matched on key demographic
variables including age, sex, education, and war experiences. Very few
participants (pTBIs and HCs) reported a diagnosis of substance abuse of
cannabis, anxiolytics, stimulants, opioids, cocaine, PCPs, or other sub-
stances. Only four HCs and six pTBIs (distributed in the different
groups) reported lifetime prevalence of cannabis abuse. For the other
substances, less than three participants (pTBIs and HCs) reported life-
time prevalence. However, there were no differences in prevalence [� 2

(2) � 0.07, p � 0.97] and diagnosis (Fisher’s exact test, p � 0.58) of
alcohol abuse between pTBIs and HCs. Concerning the legal and crimi-
nal history of the participants, a total of 16 pTBIs versus eight HCs
reported minor criminal activity. There was no association between par-
ticipant group (HCs vs pTBIs) and criminal activity [� 2 (1) � 0.01, p �
0.92)]. There were no career military members who retired after a life-long
career; all pTBIs were retired after their tour of duty ended or injury man-
dated it. All HCs spent time in Vietnam but all retired shortly afterward.

Participants were evaluated �40 years after injury, so it can be as-
sumed that they were stable because most of the compensatory mecha-
nisms observed after TBI had likely occurred in the 3 years immediately
after injury (Han et al., 2007). Table 1 reports pTBI and HC group de-
mographics and results from selected neuropsychological tests that were
administered over a 5 d testing period. The Institutional Review Board at
the National Institute of Neurological Disorders and Stroke in Bethesda
approved all study procedures and participants provided written consent
for inclusion in the study.

Neuropsychological tests. An extensive battery of neurobehavioral tests
was administered to participants. For the purposes of this study, we
report on a subset of those tests including the Armed Forces Qualifica-
tion Test (AFQT) (United States Department of Defense, 1960), which is
highly correlated with existing measures of intelligence and on which we
have preinjury data (Grafman et al., 1988). Other tests results that we
report on include: the Delis–Kaplan Executive Function System (D-
KEFS; Delis et al., 2001), including the trail-making test for cognitive set
shifting, and verbal fluency for word fluency; the Visual Object and Space
Perception Battery (VOSP; Warrington and James, 1991) for perceptual
ability; the Boston Naming Test (BNT; Kaplan et al., 1983) for object
naming; the Token Task (TT; McNeil and Prescott, 1994) for verbal
comprehension; the Beck Depression Inventory (BDI; Beck et al., 1996)
for depression; the Barratt Impulsivity Scale (BIS-11; Patton et al., 1995)
for impulsive tendencies; and the Mississippi Scale (MPTSD; Hyer et al.,
1991) for posttraumatic stress disorder (PTSD). Participants also re-
ported their degree of combat exposure in terms of the frequency of
enemy contact during combat (Koenigs et al., 2008). The measure of
combat exposure was based on unit assignment (e.g., support unit, com-
bat service support unit, combat unit; see (Koenigs et al., 2008). In our
sample, combat exposure relied only on unit assignment records because
it was difficult to quantify and fully document military experience in the
Vietnam War.

IAT. The IAT measures implicit attitudes using the associations of two
target categories (e.g., male/female) with two attribute categories (e.g.,
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strong/weak). More strongly associated target–attribute pair elicits a
more rapid response revealing implicit biases. We adapted the IAT
method (Greenwald et al., 1998; Gozzi et al., 2009) to study implicit
attitudes toward violence. To accomplish this aim, we developed two
versions of the IAT: the Weapons IAT and the Violence IAT. Both IATs
contained five blocks each. In Block 1, target stimuli were presented in
the center of the screen, and participants categorized them as a Flower or
Weapon (Weapons IAT) or as Peaceful or Violent (Violence IAT) by
pressing the corresponding key. In Block 2 and Block 4, attribute stimuli
were presented in the center of the screen and participants categorized
them as Pleasant or Unpleasant (Weapons IAT and Violence IAT). The
categories assigned to the response keys were reversed between Block 2
and Block 4 and the order counterbalanced across participants. In Block
3 and Block 5, all stimuli were presented in random order in the center of
the screen and participants performed combined classification into each
stimulus’s corresponding category. In the congruent block, the Pleasant/
Flower (Weapons IAT) or Pleasant/Peaceful (Violence IAT) categories
shared one response key, whereas the Unpleasant/Weapon (Weapons
IAT) or Unpleasant/Violent (Violence IAT) categories shared the other
response key. In the incongruent block, the category combination was
reversed, such that the Pleasant/Weapon (Weapons IAT) or Pleasant/
Violent (Violence IAT) categories shared one response key, whereas the
Unpleasant/Flower (Weapons IAT) or Unpleasant/Peaceful (Violence
IAT) categories shared the other response key. The order of congruent
and incongruent blocks was counterbalanced across participants. See
Figure 1a for a schematic of the experimental procedure for the Violence
IAT.

In the Weapons IAT, the target category stimuli included names of
flowers (e.g., “rose,” “daffodil”) and names of weapons (e.g., “pistol,”
“sword”); in the Violence IAT, the target category stimuli included
peaceful images (i.e., women dancing, puppies) and violent images (e.g.,
bloody hand, robbery). In both the Violence IAT and the Weapons IAT,
the attribute categories included pleasant words (e.g., “fun,” “love”), and
unpleasant words (e.g., “pain,” “afraid”). Pleasant and unpleasant words
were selected from the Affective Norms for English Words (Bradley and
Lang, 1999), whereas peaceful and violent images were obtained from the
International Affective Picture System (Lang et al., 2008). A total of 40
stimuli (4 categories � 10 stimuli per category) were used in each IAT. In
both IAT designs, stimuli were presented in random order within each
block. The stimuli were viewed on a PC and administered using E-Prime
version 1.2 software (Psychology Software Tools). Participants were in-
structed to classify each word or image according to the categories given
on the left or right sides of their screen by pressing one of two corre-
sponding keys. Participants were asked to respond as quickly and accu-
rately as possible. In each trial, a fixation cross was presented for 1000 ms,
followed by a stimulus. The stimulus remained on the screen until the
participant selected a response. Immediately after a response, a feedback
cross “X” appeared for 1500 ms if the participant pressed the wrong key.

Blocks 1, 2, and 4 contained 20 trials each, whereas Blocks 3 and 5
(congruent and incongruent blocks) contained 40 trials each. Words
and/or images within each block were presented in random order. Par-
ticipants viewed all words and images presented in the IAT before begin-
ning each task. Participants completed 20 practice trials before Block 3 or
Block 5.

The IAT has been primarily used to measure association strengths of
stereotypical attributes (Rudman et al., 2001; Greenwald et al., 2003;
Hofmann et al., 2005; for review, see Amodio, 2014). Decreased response
latency represents stronger association between target concept and attri-
bute in that condition. We calculated the D-score to index the IAT effect
for each task using the scoring algorithm advocated by Greenwald et al.
(2003). According to this algorithm, the IAT effect is calculated by sub-
tracting the reaction time (RT) in the congruent trials (i.e., violent images
and unpleasant words) from those in the incongruent trials (i.e., violent
images and pleasant words) and dividing the difference by the pooled
SDs after eliminating trials with extreme latencies and replacing error
latencies. Normally, violence is more strongly associated with Unpleas-
ant rather than with Pleasant attributes; therefore, Violence/Unpleasant
is defined as the congruent condition and Violence/Pleasant as the
Incongruent condition (Gray et al., 2003). In our study, a decreased

IAT effect indicated a faster response to the incongruent Violence/
Pleasant condition, reflecting a more positive implicit attitude toward
violence (i.e., indicating a stronger association between violence and
pleasantness).

The order of congruent and incongruent blocks in both IATs was
counterbalanced across participants in the subgroups (Violence: � 2 �
3.97, p � 0.41; Weapons: � 2 � 3.35, p � 0.50).

Explicit measures of violence and aggression. We administered self-
report questionnaires to measure explicit attitudes toward violence and
aggression (Table 2) such as the Aggression Questionnaire (AQ; Buss and
Warren, 2000), the Attitudes Toward Guns and Violence (AGVQ; Sha-
piro, 2000), and the State-Trait Anger Expression Inventory (STAXI;
Spielberger, 1988; Spielberger and Sydeman, 1994). The AQ (Buss and
Warren, 2000) is made up of 34 items assessing five domains of aggres-
sion. These domains include physical aggression (e.g., “I may hit some-
one if he or she provokes me”), verbal aggression (e.g., “My friends say
that I argue a lot”), anger (e.g., “I have trouble controlling my temper”),
hostility (e.g., “At times I feel I have gotten a raw deal out of life”), and
indirect aggression (e.g., “When people are bossy, I take my time doing
what they want, just to show them”). AQ total score is a summary mea-
sure of the overall level of anger and aggression of the participants. Par-
ticipants rated these statements using a Likert scale ranging from 1 (not at
all like me) to 5 (completely like me). Higher scores reflected increased
presence of aggressive behaviors in the five domains of aggression and in
the total score.

A second questionnaire, the AGVQ (Shapiro, 2000), was administered
to assess beliefs regarding the use of guns in society and personally held
views related to violent versus nonviolent conflict resolution. The mea-
sure contains 26 statements related to violence, guns, and conflict behav-
ior (e.g., “I would feel awful inside if someone laughed at me and I didn’t
fight them,” “I’d like to have my own gun,” and “Carrying a gun makes
people feel powerful and strong.”). Participants responded using a Likert
scale ranging from 1 (Agree), 2 (Not Sure), to 3 (Disagree). Four subscale
scores are obtained from the AGVQ: Aggressive Response to Shame,
Comfort with Aggression, Excitement, and Power/Safety. Importantly,
the scores on this measure reflect attitudes toward guns and violence, not
just the frequency of violent behaviors.

The State-Trait Anger Expression Inventory (STAXI; Spielberger,
1988; Spielberger and Sydeman, 1994) was also administered to assess
anger. The STAXI offers a self-reported measure of the experience and
expression of anger in 44 items (i.e., “When I get mad, I say nasty
things”). Participants answered on a 4-point Likert scale to assess either
the intensity of their angry feelings or the frequency of experienced,
expressed, or controlled angry episodes.

Lesion analysis and mapping. CT scans were obtained for all patients
from a General Electric Medical System Light Speed Plus CT scanner in
helical mode due to the nature of patients’ penetrating brain injuries and
the likelihood of retained intracranial metal fragments. CT scans were
acquired during Phase III of the VHIS study (�6 years before Phase IV).
However, a clinical reading of CT scans acquired during Phase IV indi-
cated that the lesions were unchanged from Phase III and no additional
aging or pathological effects were observed.

CT images were reconstructed with an in-plane voxel size of 0.4 � 0.4
mm, an overlapping slice thickness of 2.5 mm, and a 1 mm slice interval.
Using the Analysis of Brain Lesion (ABLe) software version 2.8b (Makale
et al., 2002; Solomon et al., 2007) implemented in MEDx (Medical Nu-
merics) version 3.44, we calculated lesion location and volume loss. To
identify the location of each lesion, a neuropsychiatrist (V.R.) trained in
interpreting CT scans manually outlined the lesion area on every slice in
native space. Results were reviewed by another investigator (J.G.) who
was blind to the clinical evaluation. Volume loss was determined by
summing the area of all traced lesions and then multiplying by slice
thickness. Each CT scan was then spatially normalized to a CT brain
image in Montreal Neurological Institute (MNI) space (Collins et al.,
1994). To improve registration accuracy, spatial normalization was per-
formed using the automated image registration algorithm (Woods et al.,
1998) with a 12-parameter affine fit. This procedure enabled us to calcu-
late brain volume loss across the entire brain and within ROIs defined
using the automated anatomical labeling (AAL) atlas (Tzourio-Mazoyer
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Figure 1. Violence IAT design (a) and lesion analysis results (b–d). a, Violence IAT design. Participants completed five blocks, including one congruent and one incongruent condition. b, Lesion
overlay of all 112 patients with focal penetrating traumatic brain injuries. The color indicates the number of patients with damage to a given voxel. The greatest lesion overlap is in red and the least
lesion overlap is in blue. c, VLSM of violence IAT performance (D-score). Lesions within the left inferior posterior temporal cortex were associated with lower D-scores (i.e., more positive implicit
attitude toward violence) on the violence IAT. The statistical map is corrected at 5% FDR, with minimum cluster size of 10 voxels. The color indicates the z-value: yellow represents the highest z-value
and orange represents the lowest z-value. d, Conjunction and disjunction lesion overlay of the Violence IAT low and high score groups. Blue indicates regions associated with high D-score only (i.e.,
a less positive implicit attitude toward violence), yellow indicates regions associated with low D-score only (i.e., a more positive implicit attitude toward violence), and green indicates regions
associated with both high and low D-score (i.e., overlapping regions of more and less positive implicit attitude toward violence). Patients with lower D-score (i.e., a more positive implicit attitude
toward violence) sustained lesions that affected the left inferior posterior temporal cortex and bilateral dlPFC, whereas patients with higher D-scores (i.e., a less positive implicit attitude toward
violence) had more lesions in the middle and superior orbitofrontal cortex. Only voxels with a minimum of four patients are displayed. All brain figures are in radiologic convention: the right
hemisphere is on the reader’s left.
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et al., 2002) and MNI coordinates, including the vmPFC, vlPFC, dmPFC,
and dlPFC, as well as the inferior posterior temporal cortex (ipTC) (see
Koenigs et al., 2008 for a similar procedure; Gozzi et al., 2009).

Through the VLSM analysis, we compared for each voxel scores from
patients with a lesion in a given voxel against patients without a lesion at
that given voxel. We applied a false discovery rate (FDR) correction of
0.05 and a minimum cluster size of 10 voxels with our patients. VLSM
analyses were only conducted in voxels with a minimum of four patients
with a lesion in a given voxel. The FDR correction of 0.05 was based on
previous VLSM studies (Kimberg and Farah, 1993; Gläscher et al., 2009;
Tsuchida and Fellows, 2012; Dal Monte et al., 2013). The minimum of
four patients with damage to a given voxel is sufficient to detect signifi-
cant differences (Gläscher et al., 2009). The AAL atlas for gray matter
(Tzourio-Mazoyer et al., 2002) and the ICBM-DTI-81 atlas for white
matter (Mori et al., 2008) were used to identify the anatomical locations
of significant clusters.

We determined whether the weapons and violence IAT D-scores were
associated with regional gray and white matter using VLSM (Bates et al.,
2003). Through VLSM analysis, we were able to identify brain regions
that played a causal role in modulating task performance (Barbey et al.,
2014).

Statistical analysis. We performed all statistical analyses using SPSS
21.0 with the significance level set to p � 0.05, two-tailed. We checked
normality of data using the Kolmogorov–Smirnov test and conducted
parametric or nonparametric statistical tests as appropriate. Further-
more, we performed a hierarchical multiple regression analysis to exam-
ine potential predictors of the violence D-score. We entered lesion size in
violence-related cortical areas as regressors, including PFC subregions
(vmPFC, vlPFC, dmPFC, and dlPFC) and ipTC (Gozzi et al., 2009) while
adjusting for preinjury intelligence, PTSD, impulsivity, visual discrimi-
nation, verbal comprehension, and total percentage of brain volume loss.
Preinjury intelligence and total volume loss are important factors influ-
encing recovery after TBI (Raymont et al., 2011), whereas PTSD and
impulsivity measures were included due to their implication in aggres-
sive behaviors (Hoptman et al., 2002; Koenigs and Grafman, 2009). Fi-
nally, we controlled for visual discrimination due to the visual nature of
our task. We performed Spearman correlations between implicit and
explicit measures of violence and between implicit attitudes about
violence and executive functions in the pTBI and HC groups. A Kruskal–
Wallis test was used for the confirmatory group analysis and we per-
formed planned follow-up pairwise comparisons.

Group analysis. Based on our previous hypothesis about the role of
vmPFC in modulating aggressive attitudes and on the results predicted
by the regression analysis (dlPFC and ipTC), we performed a confirma-
tory group analysis to assess the contribution of specific brain areas to
implicit attitudes about violence and to determine whether lesion groups
performed differently from controls in the direction predicted by the
regression. Our lesion groups were relatively selective, with damage
largely restricted to the specified regions.

Each patient’s brain scan was normalized to a CT template brain image
MNI space. Subsequently, we calculated percentages of Brodmann areas
(BAs) intersected by the lesion by analyzing the overlap of the spatially
normalized lesion images with the BA atlas. We defined ROIs based on
BAs and divided participants into four lesion groups (dlPFC, vmPFC,
ipTC, and other lesions) according to percentage of lesions in the ROIs
(see Fig. 2a for a lesion overlay of each group). The dlPFC ROI included
BA9 and BA46; 14 patients had lesions mostly confined to the dlPFC. We
decided to include only BA9 and BA46 because BA44 and BA45 are also
involved in language processing and lesions in those regions could con-
found the results. It is also more difficult to categorize patients with
posterior PFC lesions, such as in BA44 and BA45, into a specific lesion
group because they also had more extended lesions to the temporal/
parietal cortex. We based our grouping criteria on a previous research
study that used a similar IAT task (Forbes et al., 2012b). The vmPFC ROI
included BA10, BA11, BA25, and BA32; 19 patients had lesions mostly
confined to the vmPFC. The ipTC ROI included BA20 and BA21; 13
patients had lesions mostly confined to the ipTC. Finally, we selected a
control patient group consisting of 30 pTBI patients referred to as the

“other lesions group”; patients in this group did not have damage to any
of the previously selected BAs.

Lesion groups were defined for each region that significantly pre-
dicted IAT performance in the regression analysis (e.g., dlPFC and
ipTC) or plays an important role in aggression (e.g., vmPFC) based on
previous findings. In addition, we selected a control group of patients
who had lesions not involving vmPFC, dlPFC, or ipTC. We based our
inclusion criteria to a specific lesion group on previous studies
(Tranel et al., 2005; Koenigs et al., 2008). A patient was included in a
lesion group if his lesion involved at least 15% of that region. Patients
with brain damage to more than one region were classified based on
the region with the greatest percentage of brain damage (Gozzi et al.,
2009). We used this procedure to guarantee that patients in a lesion
group not only had brain damage to that region, but also had greater
brain damage to that region than to the other regions under investi-
gation (Mah et al., 2004). In addition, patients with brain damage
�15% in more than one region or whose damage was �15% were
excluded from this confirmatory analysis.

Concerning legal and criminal history of the participants, only one
participant (vmPFC) reported major/serious criminal activity. In addi-
tion, we performed a group analysis and found that the dlPFC (Fisher’s
exact test, p � 0.58), vmPFC (Fisher’s exact test, p � 0.52), and ipTL
(Fisher’s exact test, p � 0.71) groups did not differ in criminal activity
compared with HCs.

We performed Kruskal–Wallis tests to compare implicit attitudes and
explicit measures about violence between the lesion subgroups and HCs.
Finally, we analyzed the percentage of white matter tracts damaged in the
pTBI subgroups.

Mediation analysis. We performed a mediation analysis to determine
whether the association between violence D-score and dlPFC lesion was
mediated by executive function (i.e., verbal fluency). Mediation analyses
were performed for all pTBI patients, entering as an independent variable
different brain regions. However, we found significant results only with a
dlPFC lesion as the independent variable. We used the PROCESS macro
(Hayes, 2013) implemented in SPSS 21 to estimate the mediation model.
PROCESS uses a boot-strapping approach (1000 iterations) to evaluate
the 95% confidence intervals of the size of the model-specified indirect
effect. The mediation analysis was based on a three-variable path model
(see Figure 2c). Following standard assumptions (Baron and Kenny,
1986), we required that three tests reach significance in the mediation
analysis. First, the independent variable (dlPFC lesion) must be related to
the mediating variable (EF, verbal fluency) (Figure 2c, path a). Second,
the mediating variable must be related to the outcome variable (violence
D-score) after controlling for the independent variable (Fig. 2c, path b).
Third, the mediation effect defined as product of the indirect paths (a � b)
must be statistically significant. We tested for the hypothesis that includ-
ing the mediating variable in the model significantly reduces the relation-
ship between predictor (dlPFC) and outcome (violence D-score).

Results
Behavioral results
Demographics and neuropsychological testing results of the par-
ticipants are described in Table 1. As a whole, the pTBI and HC
groups did not differ on demographics and their performance
was similar on most of the reported neuropsychological mea-
sures. The pTBI group did have a lower postinjury AFQT score
(AFQT-7A, 1960) than the HC group, but their scores were
within the normal range (Grafman et al., 1988).

The Gender IAT was administered in Phase 3, �5 years before
Phase 4, and the Violence and Weapons IAT were administered
in Phase 4. All tests and questionnaires were counterbalanced
across participants.

We calculated the D-score to index the IAT effect; that is, the
RT differences between incongruent and congruent trials for
each task, using the scoring algorithm advocated by Greenwald et
al. (2003). In our study, a decreased IAT effect indicated a faster
response to the incongruent Violence/Pleasant condition, reflect-
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ing a more positive implicit attitude toward violence (i.e., indi-
cating a stronger association between violence and pleasantness).
The combined pTBI and HC groups did not differ in their vio-
lence and weapons D-scores. pTBI participants had significantly
slower RTs than HCs in the congruent block of the Violence IAT

(U � 1370, Z � �2.0, p � 0.045). In the pTBI group, there was no
correlation between accuracy in either condition and the IAT
D-score (incongruent: � � 0.001, p � 0.992; congruent: � �
0.152, p � 0.116); in the Weapons IAT, there was a modest cor-
relation between D-score and congruent block accuracy (� �

Figure 2. Group lesion overlays (a) and group analysis results (b, c). a, Lesion overlays of the dlPFC (BA46, BA9), vmPFC (BA10, BA11, BA25, and BA32), ipTC (BA20 and BA21), and other lesions
group (no dlPFC, no vmPFC, no ipTC). Color bar indicates the number of patients with overlapping lesions in each voxel. The figure is in radiologic convention: the right hemisphere is on the reader’s
left. b, Average violence IAT D-scores for the five groups: dlPFC (n � 14), vmPFC (n � 19), ipTC (n � 13), and other lesions (n � 30) and HCs (n � 33). The dlPFC group had a lower violence D-score
(i.e., a more positive implicit attitude toward violence) compared with the HC ( p � 0.03), vmPFC ( p � 0.05), and other lesions ( p � 0.01) groups. The ipTC group had a lower violence D-score
compared with the other lesions group ( p � 0.01). Error bars indicate � SEM. c, Results of the mediation analysis testing the relationship between dlPFC lesion, executive function (EF, verbal
fluency), and implicit attitude toward violence (D-score). The diagram shows the coefficients � SE of the path model significant at **p � 0.01 and *p � 0.05. ^Indirect path coefficient (lower and
upper limit of the confidence interval).
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0.207, p � 0.03), but not incongruent block accuracy (� �
�0.036, p � 0.712). In both IATs, the overall accuracy did not
correlate with D-score (Violence IAT: � � 0.018, p � 0.85; Weap-
ons IAT: � � 0.050, p � 0.607).

Concerning the explicit aggression measures, HCs reported
higher total AQ total aggression and hostility compared with the
pTBI group (Table 2). Nevertheless, both pTBIs and HCs had AQ
scores in the normal range (i.e., between 45 and 55; Buss and
Warren, 2000).

We next investigated the correlation between implicit and ex-
plicit measures and executive functions.

Whereas the pTBI group showed a modest negative correla-
tion between implicit and explicit measures of aggression (� �
�0.20, p � 0.019, two-tailed), the same effect was not found in
the HC group (� � �0.11, p � 0.275, two-tailed). To investigate
the relationship between executive functions and violence
D-score, we calculated correlations between the violence D-score
and the executive function subtests of the D-KEFS in the pTBI
and HC groups. In the pTBI group, we found modest positive
correlations between the violence D-score and trail making (� �
0.207, p � 0.016) and verbal fluency (� � 0.182, p � 0.030) tests,
indicating that a higher D-score (i.e., a less positive implicit atti-
tude toward violence) was associated with better executive func-
tions. No significant correlations were found in the HC group on
these same measures. Fisher’s z test (z � 0.42, n.s.) showed no
difference in implicit– explicit correlations between the two
groups. A moderation analysis did not show a significant moder-
ator effect of pTBIs on the association between implicit and ex-
plicit measures.

Finally, we performed a supplementary correlation analysis
between D-scores and a caregiver-rated neurobehavioral scale. In
both pTBIs and HCs, there was no correlation between Violence
or Weapon D-scores with the Neurobehavioral Rating Scale
(NBRS) (Levin et al., 1987) scores on hostility/uncooperative,
agitation, or anxiety.

To determine whether other factors could contribute to im-
plicit violent attitudes, we performed more fine-grained analyses
between predisposition factors (such as education, intelligence,
depression) and D-scores. The results of these analyses are sum-
marized in Table 3.

VLSM results
Figure 1b illustrates the overall distribution of lesions in our pTBI
sample (n � 112) by overlapping spatially normalized lesion im-
ages. Lesions within the left posterior inferior temporal cortex
(ipTC) were associated with lower D-scores on the violence IAT
(Fig. 1c, Table 4). As a reminder, a lower D-score indicated a
faster RT to the incongruent Violence/Pleasant condition and
implied a more positive implicit attitude toward violence. Unlike
the violence IAT task, we did not find significant clusters associ-
ated with the weapons D-score. As a result, subsequent analyses
only used the violence D-score.

To further examine the brain regions associated with the vio-
lence D-score, we divided all patients into quartiles based on their
D-scores and generated lesion overlay maps of participants in the
highest (top 25%, n � 27) and lowest (bottom 25%, n � 27)
scoring quartiles (Fig. 1d). Patients with lower D-scores (i.e., a
more positive implicit attitude toward violence; Fig. 1d, yellow)
sustained lesions that affected the left ipTC, bilateral dlPFC, and
bilateral OFC, whereas patients with higher D-scores (i.e., a less
positive implicit attitude toward violence; Fig. 1d, blue) sustained
lesions that affected the middle and superior OFC. The lesion
overlap between participants with higher and lower implicit atti-
tude toward violence is shown in green in Figure 1d (i.e., partic-
ipants in the highest and lowest scoring quartiles). The lesion
overlap in these two groups of patients was primarily found in the
OFC. Because this overlay was based on participants’ lesion loca-
tion, the finding of common overlapping regions in the two
groups was expected.

Hierarchical multiple regression
Next, we performed hierarchical multiple regression analyses to
examine the predictive power of lesion size in different brain
regions on violence D-scores while adjusting for damage to other

Table 1. Demographics, neurobehavioral data (mean � SD), and Mann-Whitney U
test statistics for pTBI patients and HCs

pTBI (n � 112) HC (n � 33) Statistics

Age (y) 63.29 � 2.97 63.33 � 3.79 U � 1766, Z � �0.38, p � 0.69
Education (y) 14.6 � 2.2 15.06 � 2.12 U � 1646, Z � �0.97, p � 0.33
Preinjury AFQT

percentile
66.05 � 22.76 72.9 � 17.05 U � 906, Z � �1.29, p � 0.19

Postinjury AFQT
percentile

57.29 � 24.99 71.39 � 19.54 U � 1229, Z � �2.92, p � 0.003

VOSP silhouettes 20.17 � 4.84 21 � 3.62 U � 1741, Z � �0.5, p � 0.61
BNT (BNT) 53.59 � 7.09 55.75 � 3.79 U � 1514, Z � �1.58, p � 0.11
Trail making

(D-KEFS)
9.54 � 3.67 10.84 � 2.53 U � 1502, Z � �1.64, p � 0.1

Verbal fluency
(D-KEFS)

9.70 � 3.11 10.58 � 3.79 U � 2059, Z � 1.45, p � 0.15

Token test (TT) 97.64 � 5.26 98.39 � 1.95 U � 1793, Z � �0.26, p � 0.78
BIS (BIS) 61.22 � 10.03 63.45 � 11.73 t � 1.08, p � 0.282
M-PTSD 78.68 � 21.48 83.66 � 22.88 U � 1617, Z � �1.08, p � 0.27
Combat exposure 2.91 � 1.68 2.72 � 1.23 U � 1663, Z � �0.91, p � 0.35

	Combat exposure	 is the frequency of exposure to enemy contact where 0 � support unit (no action), 1 � combat
support (occasional mortar attack), 2 � combat support (intermittent enemy contact), 3 � combat unit (intermit-
tent enemy contact), and 4 � combat unit (constant enemy contact).

*For HC, preinjury and postinjury refer to preservice and postservice.

Table 2. Implicit and explicit measures of aggression (mean � SD) and Mann-
Whitney U test statistics for pTBIs and HCs

pTBIs (n � 112) HCs (n � 33) Statistics

Violence IAT
D-score

1.13 � 0.31 1.16 � 0.26 U � 1744, Z � �0.1, p � 0.91

Congruent
RT (ms)

964 � 411 805 � 160 U � 1370, Z � �2.0, p � 0.045

Incongruent
RT (ms)

1641 � 710 1381 � 348 U � 1472, Z � �1.51, p � 0.13

Weapons IAT
D-score

0.95 � 0.4 0.95 � 0.38 U � 1776, Z � �0.1, p � 0.91

Congruent
RT (ms)

923 � 342 858 � 189 U � 1714, Z � �0.48, p � 0.63

Incongruent
RT (ms)

1322 � 543 1234 � 309 U � 1802, Z � �0.062, p � 0.95

AQ (total) 48.77 � 10.04 53.61 � 10.03 U � 2375, Z � 2.58, p � 0.01
Physical 50.59 � 8.93 52.79 � 11.2 U � 2161, Z � 1.57, p � 0.15
Verbal 48.92 � 10.78 50.94 � 12.37 U � 2027, Z � 0.93, p � 0.35
Anger 48.69 � 12.06 50.67 � 12.65 U � 2037, Z � 0.98, p � 0.32
Hostility 50.33 � 11.03 54.67 � 11.82 U � 2343, Z � 2.44, p � 0.01
Indirect 48.69 � 11.91 51.48 � 12.11 U � 2138, Z � 1.46, p � 0.14
AGVQ (total) 20.74 � 14.98 17.82 � 9.94 U � 1837, Z � �0.05, p � 0.95
Shame 8.67 � 16.64 4.36 � 10.4 U � 1848, Z � 0.08, p � 0.93
Comfort 14.13 � 18.03 8.7 � 11.43 U � 1532, Z � �1.42, p � 0.15
Excite 8.84 � 19.02 3.67 � 10.53 U � 1798, Z � �0.18, p � 0.85
Power 12.74 � 18.22 8.64 � 12.65 U � 1802, Z � �0.13, p � 0.89
STAXI 44.93 � 9.81 48.42 � 11.34 t � 1.74, p � 0.085

AQ and AGVQ include total scores and subscores.
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areas and neuropsychological covariates that were correlated
with violence D-scores. In the hierarchical multiple regression
analysis, the lesion sizes of different regions were entered in one
model.

The ROIs used in the multiple regression analysis were ana-
tomically defined based on the AAL atlas (Gozzi et al., 2009).
Based on previous knowledge of frontal and temporal lobe in-
volvement in aggression, we entered as regressors prefrontal cor-
tex subregions (which were not identified in the VLSM) and
temporal lobe subregions including the superior and inferior an-
terior temporal lobes, inferior posterior temporal lobes, medial
temporal lobes, and amygdala.

After controlling for preinjury AFQT score and total percent-
age lesion volume loss, we entered lesion percentage in different
subregions within the temporal and prefrontal cortex as predic-
tors. Lesions to the dlPFC (� � �0.66, t(83) � �3.48, p � 0.001)
and the ipTC (� � �0.41, t(83) � �2.64, p � 0.010) predicted
lower violence D-scores (F(11,83) � 2.20, p � 0.022, Adjusted
R 2 � 12.3%). When we controlled for neuropsychological cova-
riates including a diagnosis of MPTSD (Hyer et al., 1991), TT
(McNeil and Prescott, 1994), BIS (Patton et al., 1995), and
D-KEFS (Delis et al., 2001) trail-making test scores, the lesion
percentage in the dlPFC remained the only significant predictor
(� � �0.56, t(79) � �2.95, p � 0.004), with larger dlPFC lesions
predicting lower violence D-scores (F(15,79) � 2.29, p � 0.01,
adjusted R 2 � 17%).

Group analysis
We next performed a confirmatory group analysis by selecting
four groups of pTBI patients with lesions to the dlPFC (n � 14),
vmPFC (n � 19), ipTC (n � 13), and other lesions (i.e., brain
lesion control group, not including previously selected areas, n �
30) and comparing them with the HCs (n � 33) on the violence
D-score and explicit measures of aggression and violence (see Fig.
2a for lesion overlays of the groups). The remaining 36 partici-
pants were excluded from the group analysis due to their exten-
sive lesions, which made it impossible to include them in a

selective lesion group. Table 5 and Table 6 report the scores on
the neuropsychological measures and implicit and explicit mea-
sures of aggression. To maintain sufficient power, we used a
planned-comparisons approach to analyze the data.

A Kruskal–Wallis test of the violence D-score between the five
groups (dlPFC, vmPFC ipTC, other lesions, and HCs) show a
significant main effect (H � 17.61, df � 4, p � 0.001, �p

2 � 0.183).
Planned comparisons using Mann–Whitney U tests revealed that
patients with lesions to the dlPFC had a significantly lower vio-
lence D-score (M � 0.91, SD � 0.36) compared with the HCs
(M � 1.16, SD � 0.26, U � 141, Z � �2.09, p � 0.03, d � 0.796),
the vmPFC (M � 1.16, SD � 0.32, U � 81, Z � �1.89, p � 0.05,
d � 0.734), or the other lesions groups (M � 1.29, SD � 0. 18,
U � 73, Z � �3.53, p � 0.01, d � 1.33), but not compared with
the ipTC group (M � 0.96, SD � 0.37, U � 84, Z � �0.34 p �
0.250, d � 0.136). Conversely, patients with lesions to the ipTC
had significantly lower violence D-score compared with the other
lesions group (U � 80, Z � �3.12, p � 0.002, d � 1.031), but not
compared with the dlPFC (U � 84, Z � �0.34, p � 0.250, d �
0.136), the vmPFC (U � 91, Z � �1.24, p � 0.22, d � 0.578), or
the HC groups (U � 148, Z � �1.62, p � 0.10, d � 0.625; Fig.
2b). Across the groups, there was no correlation between educa-
tion and Violence IAT D-score (� � 0.079, p � 0.41), so the level
of education did not affect the difference in D-scores among the
groups.

To verify that the observed result was a manifestation of atti-
tudes about violence rather than a more general executive im-
pairment in an RT-based task, we compared group performance
in a previous Gender IAT task that was explored in the same
population of patients (Gozzi et al., 2009). This analysis showed
no difference between groups in terms of D-score performance
on the Gender IAT (F � 0.93, df � 4, p � 0.48, �p

2 � 0.043),
confirming the specificity of dlPFC and ipTC involvement in the
violence IAT.

We next compared explicit aggression measures and executive
functions between these subgroups. A Kruskal–Wallis test of the
explicit measures of violence and aggression between the five
groups (dlPFC, vmPFC, ipTC, other lesions, and HCs) sho-
wed a significant main effect in the AQ total score (H � 13.13,
df � 4, p � 0.011, �p

2 � 0.019), AQ Hostility subtest (H � 12.67,
df � 4, p � 0.013, �p

2 � 0.032) and AQ Indirect Aggression
subtest (H � 14.16, df � 4, p � 0.01, �p

2 � 0.096), but planned
comparisons revealed no significant results. See Table 5 for aver-
age scores on the tests. A Kruskal–Wallis test of the D-KEFS tests
between the five groups (dlPFC, vmPFC, ipTC, other lesions, and
HCs) showed a significant main effect for the verbal fluency test
(H � 13.16, df � 4, p � 0.011, �p

2 � 0.020). Planned comparisons
revealed that only patients with lesions to the dlPFC had a signif-
icantly lower verbal fluency score (U � 132, Z � �2.31, p � 0.02,
d � 0.861) compared with the HCs. See Table 5 for average scores
in the tests.

Given that dlPFC lesions were associated with both a reduced
violence D-score and executive function (i.e., verbal fluency), we
next conducted a mediation analysis to test whether executive

Table 3. Spearman rank correlations between violence D-score and the predisposition factors of education, intelligence (post-AFQT), and depression (BDI-II) for the pTBI
patients and HCs

pTBI (n � 112) HCs (n � 33)

Education Post-AFQT BDI-II Education Post-AFQT BDI-II

D-score rho � �0.143
( p � 0.143)

rho � �0.035
( p � 0.719)

rho � �0.115
( p � 0.238)

rho � �0.093
( p � 0.605)

rho � �0.075
( p � 0.677)

rho � �0.162
( p � 0.369)

Table 4. VLSM results

Region

MNI
Cluster
size

z-value
threshold z-value

Cohen’s
dx y z

Gray matter �38 �34 �12 693 3.44
Left middle temporal

gyrus
4.17 2.01

Left inferior temporal
gyrus

4.17 2.2

Left parahippocampal
gyrus

3.66 1.95

Left fusiform gyrus 4.17 2.2
Left lingual gyrus 3.8 2.03
Left hippocampus 3.9 2.03

White matter
Left sagittal stratum 3.7 1.97
Left posterior thalamic

radiation
4.17 2.03
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function performance might mediate the association between
dlPFC lesion and implicit attitude toward violence (D-score).
Figure 2c shows the results of the mediation analysis, indicating
that verbal fluency is a partial mediator of the relationship be-
tween implicit attitude toward violence and dlPFC lesion. To
determine whether the mediating role of verbal fluency in the
violence D-score was specific to the dlPFC, we repeated the me-
diation analyses for the vmPFC, ipTC, and other lesions groups,
but did not find any significant mediation effect.

In addition, we assessed white matter tract damage in the
pTBI subgroups. We found that the superior corona radiata,
extreme capsule, cingulum bundle, superior longitudinal fas-
ciculus, and uncinate fasciculus were more damaged in the
dlPFC compared with the vmPFC group (see Table 7 for a
summary of the results).

Finally, to confirm that the IAT effect that we observed was
not an artifact of general response compatibility inhibition, we
compared group performance in the Multi-Source Inhibition
Task (Bush et al., 2003). There was no difference between the
lesion groups in RT or accuracy (RT: H � 2.08, df � 4, p � 0.72;
accuracy: H � 3.77, df � 4, p � 0.44). In addition, to verify that
that the observed result was a manifestation of attitudes about
violence rather than a more general executive impairment in an
RT-based task, we compared group performance in a previous
Gender IAT task that was explored in the same population of

patients (Gozzi et al., 2009). This analysis showed no difference
between groups in the Gender IAT D-score (F � 0.93, df � 4, p �
0.48, �p

2 � 0.043), confirming the specificity of dlPFC and ipTC
involvement in the violence IAT.

Discussion
The goal of this study was to investigate the neural bases of im-
plicit attitudes toward violence and aggression. Our results indi-
cated that the dlPFC and ipTC are required to constrain implicit
attitudes toward violence. Lesions involving either area were as-
sociated with a more positive implicit attitude toward violence.
However, after controlling for PTSD, impulsivity, verbal com-
prehension, executive function, and total lesion size, the dlPFC

Table 5. Demographics, neurobehavioral data (mean � SD), and Kruskal–Wallis test statistics for pTBI patients and HCs

dlPFC (n � 14) vmPFC (n � 19) ipTC (n � 13) Other lesions (n � 30) HC (n � 33) Statistics

Age (y) 62.29 � 1.43 62.26 � 2.07 64.0 � 2.53 63.24 � 1.94 63.33 � 3.79 H � 8.57, p � 0.073
Education (y) 13.43 � 1.69 13.47 � 1.98 15.46 � 2.22 15.08 � 2.23 15.06 � 2.12 H � 13.99, p � 0.01
Preinjury AFQT percentile 65.14 � 25.56 67.58 � 19.30 68.92 � 15.60 62.24 � 29.47 72.9 � 17.05 H � 1.57, p � 0.813
Postinjury AFQT percentile 56.57 � 23.50 58.47 � 23.69 52.83 � 24.14 55.08 � 27.78 71.39 � 19.54 H � 11.12, p � 0.025
VOSP silhouettes 20.29 � 3.36 21.74 � 4.54 20.08 � 3.66 20.71 � 4.87 21 � 3.62 H � 2.60, p � 0.627
BNT 51.43 � 4.81 54.89 � 4.34 52.67 � 6.85 55.40 � 4.57 55.75 � 3.79 H � 12.05, p � 0.017
Trail making (D-KEFS) 8.93 � 3.07 10.53 � 2.43 8.58 � 4.88 8.72 � 4.05 10.84 � 2.53 H � 5.89, p � 0.207
Verbal fluency (D-KEFS) 7.46 � 3.45 10.58 � 2.93 8.38 � 2.46 9.40 � 2.60 10.58 � 3.79 H � 13.16, p � 0.011
TT 97.5 � 2.9 98.63 � 1.34 96.25 � 4.26 98.56 � 2.08 98.39 � 1.95 H � 3.82, p � 0.430
BIS 65.79 � 11.3 59.29 � 9.64 63.75 � 13.12 58.8 � 8.8 63.45 � 11.73 H � 7.97, p � 0.093
M-PTSD 81.64 � 22.25 70.53 � 17.75 88.75 � 22.82 74.14 � 21.38 83.66 � 22.88 H � 11.66, p � 0.020
Combat exposure 3.14 � 1.29 2.95 � 1.22 3.08 � 2.5 3.0 � 1.52 2.72 � 1.23 H � 1.40, p � 0.843

	Combat exposure	 is the frequency of exposure to enemy contact where 0 � support unit (no action), 1 � combat support (occasional mortar attack), 2 � combat support (intermittent enemy contact), 3 � combat unit (intermittent
enemy contact), and 4 � combat unit (constant enemy contact).

Table 6. Implicit and explicit measures of aggression (mean � SD) and Kruskal–Wallis test statistics for pTBIs and HCsa

dlPFC (n � 14) vmPFC (n � 19) ipTC (n � 13) Other lesions (n � 30) HC (n � 33) Statistics

Violence IAT D-score 0.91 � 0.36 1.17 � 0.32 0.94 � 0.37 1.29 � 0.18 1.16 � 0.26 H � 17.61, p � 0.01
Congruent RT (ms) 1225 � 463 949 � 300 1211 � 747 824 � 348 805 � 160 H � 23.35, p � 0.01
Incongruent RT (ms) 2134 � 693 1461 � 446 1705 � 899 1597 � 753 1381 � 348 H � 14.98, p � 0.01
Weapons IAT D-score 0.94 � 0.37 0.96 � 0.38 0.85 � 0.43 1.02 � 0.42 0.95 � 0.38 H � 2.03, p � 0.730
Congruent RT (ms) 1025 � 237 846 � 150 1160 � 450 867 � 436 858 � 189 H � 15.60, p � 0.004
Incongruent RT (ms) 1664 � 671 1291 � 412 1591 � 725 1210 � 595 1234 � 309 F � 13.13, p � 0.011
AQ (Total) 51.43 � 13.35 46.53 � 7.63 52.77 � 7.72 46.0 � 11.0 53.61 � 10.03 H � 13.11, p � 0.011
Physical 50.64 � 12.39 51.16 � 6.27 51.85 � 7.61 47.32 � 9.2 52.79 � 11.2 H � 6.76, p � 0.149
Verbal 53.50 � 11.89 47.95 � 9.23 51.15 � 7.93 46.52 � 12.86 50.94 � 12.37 H � 3.21, p � 0.523
Anger 50.93 � 14.21 45.21 � 11.35 53.15 � 9.6 44.81 � 13.39 50.67 � 12.65 H � 6.59, p � 0.159
Hostility 53.21 � 14.13 48.58 � 7.91 53.69 � 8.22 45.84 � 13.8 54.67 � 11.82 H � 12.67, p � 0.013
Indirect 51.86 � 9.64 46.95 � 9.27 55.15 � 8.92 44.94 � 12.53 51.48 � 12.11 H � 14.19, p � 0.01
AGVQ (total) 19.93 � 17.73 16.21 � 10.78 19.77 � 14.93 20.97 � 13.39 17.82 � 9.94 H � 2.03, p � 0.730
Shame 6.79 � 18.47 5.74 � 13.94 8.69 � 16.17 9.06 � 17.4 4.36 � 10.4 H � 4.66, p � 0.324
Comfort 1.14 � 10.66 10.26 � 14.07 13.46 � 19.8 14.94 � 17.07 8.7 � 11.43 H � 2.91, p � 0.573
Excite 6.5 � 22.61 5.74 � 15.76 9.08 � 20.39 9.81 � 18.95 3.67 � 10.53 H � 1.84, p � 0.765
Power 9.09 � 17.79 8.74 � 12.26 11.54 � 17.64 14.42 � 19.38 8.64 � 12.65 H � 3.02, p � 0.55
STAXI 45.57 � 10.26 42.42 � 9.55 47.85 � 7.72 42.0 � 8.94 48.42 � 11.34 H � 8.29, p � 0.081
aFor HC scores, see Table 2.

Table 7. Percentage of white matter tract damaged in the dlPFC, vmPFC, ipTC, and
other lesions subgroups

dlPFC vmPFC ipTC Other lesions

ACR 87.62% 88.45% 4.27% 0.06%
SCR 51.27% 8.03% 13.75% 26.67%
EC 47.74% 7.34% 9.33% 3.53%
CGC 14.18% 2.67% 7.13% 13.80%
SLF 46.31% 7.35% 46.98% 80.60%
UNC 37.23% 1.06% 24.75% 0%

ACR, Anterior corona radiate; SCR, superior corona radiate; EC, external capsule; CGC, cingulum; SLF, superior longi-
tudinal fasciculus; UNC, uncinate fasciculus.

Cristofori et al. • Implicit Violent Attitudes J. Neurosci., March 2, 2016 • 36(9):2757–2768 • 2765



was the only significant predictor of a more positive implicit
attitude toward violence. This finding suggests that damage to the
dlPFC impairs top-down mechanisms regulating attitudes about
violence. This result is corroborated by a mediation analysis
showing that verbal fluency partially mediated the association
between dlPFC and implicit attitudes toward aggression.

In our study, we found that damage to both the dlPFC and
ipTC affected implicit attitudes toward violence. The inferior
temporal cortex is known to relay visual information in the ven-
tral stream. Lesion and imaging studies have shown left ipTC
involvement in generating and retrieving visual representations
(Gross, 1992). The involvement of posterior cortices in IAT stud-
ies has been found previously (Forbes et al., 2012a). We hypoth-
esize that the ipTC regions identified in our analysis may be
involved in the rapid automatic perceptual processing of violent
stimuli conveying visual information to cortices concerned with
inhibition and decision making. The dlPFC is a region crucial to
cognitive control, inhibition, and conflict processing (Koechlin
et al., 2003; Forbes and Grafman, 2010). It is involved in top-
down modulation of stereotypic social attitudes such as racial
bias through its extensive connection to the limbic system and
other associative cortices (Knutson et al., 2007; Forbes et al.,
2012a). Therefore, we speculate that a lesion to the dlPFC would
disrupt the inhibition of a positive implicit attitude toward vio-
lence, thereby releasing the expression of such implicit attitudes.
In our study, patients with lesions to the dlPFC performed worse
on a verbal fluency test that requires cognitive control, suggesting
that impairments in verbal fluency may be a functional explana-
tion for the enhancement of a more positive implicit attitude
toward violence. Other studies have suggested that the dlPFC
modulates dietary control via vmPFC (Hare et al., 2014). There-
fore, reciprocal associative relationships between knowledge con-
cerned with explicit behavioral control stored in the dlPFC and
implicit reinforced routines stored in the vmPFC may be a gen-
eral feature of PFC and subject to dissociative impairments after
brain damage. This was confirmed by mediation analysis, which
demonstrated that verbal fluency partially mediates the interac-
tion between dlPFC lesions and attitudes toward violence.

Consistent with previous studies on implicit and explicit atti-
tudes, we did not find a significant difference on the explicit
measure of aggression among the dlPFC group, the ipTC group,
and the other lesions groups. This suggests that the self-report
questionnaire may not reflect automatic aggression tendencies
due to either self-representation concerns or a lack of awareness,
which can be a prominent issue with frontal lobe brain damage.
In contrast, implicit measures are derived from more automatic
processes that are resistant to biases in, or limitations of, explicit
deliberation. Therefore, implicit and explicit test scores do not
necessarily correlate. As a result, differences that are masked by
controlled, explicit measures can potentially be revealed by auto-
matic, implicit tests (Milne and Grafman, 2001; Gozzi et al.,
2009). In interpreting IAT results, caution is always necessary
because any correlation between implicit and explicit measures is
moderated by such factors as experience, agency, number of ex-
posures, familiarity with the stimuli, and other task demands
(Nosek, 2005; Quadflieg et al., 2009). As noted above, implicit,
automatic attitudes such as the kind measured with the IAT may
better inform how accepting certain groups of individuals are
toward violence. In our modified version of the IAT, the fact that
the implicit measures correlated with the explicit measures of
aggression in the pTBI group suggested good external validity of
the test. We did not find significant correlations between the
D-scores and observed agitation, anxiety, or hostility using the

NBRS (Levin et al., 1987). Further research is needed to detail the
relationship between implicit and observed explicit violence.

HCs reported higher explicit aggression (e.g., total AQ total
aggression and hostility scores) compared with the pTBI group.
Nevertheless, both pTBIs and HCs had AQ scores in the normal
range (i.e., between 45 and 55; Buss and Warren, 2000). It is
possible that HCs were more aware of their aggressive behaviors
and able to explicitly report them.

Although we found that self-report questionnaires did not
correlate with implicit violent attitudes, we think that they could
still provide useful information, especially if used in combination
with implicit measures. Individuals are prone to social desir-
ability bias when they have to disclose personal and sensitive
information about themselves, such as negative behaviors like
aggression. In addition to the implicit measures, observer reports
from caregivers could complete the diagnostic clinical picture of
a violent/aggressive patient. Therefore, a combination of implicit
and explicit measures may provide useful tools to better monitor
violent individuals and prevent future violent behaviors.

Our results add to existing theories of aggression in the human
brain. The dlPFC, which is responsible for explicit deliberative
thinking about violent contexts/scenarios, could downregulate
the vmPFC that stores implicit attitude about violence reinforced
through learning and repetition (Grafman et al., 1996). The
vmPFC interacts with the anterior temporal lobe, which would
likely be a storehouse for social semantics about violence (Zahn et
al., 2007), and the posterior temporal lobe, which processes visual
information pertaining to violence or aggression. Why did we not
find any results linked to the vmPFC lesions? One possible expla-
nation for this is that almost all of the prior studies of aggression
linking it to the vmPFC is based upon reports about explicit
aggressive behavior (Grafman et al., 1996) rather than an implicit
tendency toward aggressive behavior, as investigated in the cur-
rent study. Implicit aggression could be associated with dlPFC
lesions because the dlPFC is associated with poor behavioral con-
trol over more automatic behaviors. Therefore, a lesion to the
dlPFC would be more likely to lessen inhibition over automatic
(i.e., implicit) aggressive reactions to perceived provocation.
These automatic aggressive behaviors, we suggest, are more likely
to be mediated by vmPFC and to be “released” after a dlPFC
lesion.

In our study, we found selective white matter tracts were
more damaged in the dlPFC group compared with the vmPFC
group. These white matter tract lesions in the dlPFC group
could further reduce the regulatory effects of spared dlPFC on
the vmPFC (Hare et al., 2009) and other structures contained
in an aggression network, leading to less inhibition of implicit
attitudes about violence.

Remarkably, we did not find any significant behavioral or
lesion-mapping effects for the Weapons IAT. It could be argued
that finding results only in the Violence IAT could hamper our
overall interpretation of the results. However, we stress that our
sample was a retired military population and therefore they
might have perceived the guns as a tool for protection and de-
fense. In addition, the difference in results between the Weapon
and Violence IAT might be due to different cognitive systems
involved in processing in the two tasks. The Weapons IAT used
only word stimuli in both attribute and target categories, whereas
the violence IAT used both word and picture stimuli.

Our study provides novel insight into the understanding and
control of aggressive behaviors. Moreover, our findings are ap-
plicable to soldiers who have recently returned from the battle-
field given their perspectives on aggression and higher incidence
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of domestic violence (Finley et al., 2010). Implicit measures, such
as the violence IAT, could be applied to detect hidden attitudes
toward violence and aggression.

Our sample has the unique advantage of uniformity of age,
sex, and education, as well as the availability of preinjury intelli-
gence data (Raymont et al., 2011). However, all our participants
were males �60 years old during the administration of the tasks.
To assess the generalizability of our results, examining implicit
attitudes toward violence in a younger population of male and
female veterans and nonveterans with and without brain damage
is necessary. The signal-to-noise ratio of the effects reported in
the confirmatory group analysis (Fig. 2b) might be biased because
those effects are based on lesion subgroups derived from the
whole-brain VLSM analysis (Fig. 1c).

The dlPFC has a pivotal role in downregulating behaviors
(Koechlin et al., 2003). Our results are consistent with this idea.
We found that damage to the dlPFC leads to a more positive
implicit attitude toward violence that, under most situations,
would be considered inappropriate. We suspect that this suscep-
tibility toward an aggressive reaction would be the most apparent
in novel or ambiguous circumstances that relied upon a rapid
response (e.g., if a driver in another car rolled down their window
and made an obscene gesture when complaining about the pa-
tient’s driving). These results suggest that treatments aimed at
increasing cognitive control using cognitive behavioral therapies
that depend on the intact dlPFC could treat aggressive and violent
behavior (Landenberger and Lipsey, 2005).
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