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Summary. The neurophysiologic substrates of vio-
lence and aggression have been extensively studied.
Although the EEG is often normal in violent persons
any abnormalities are generally nonspecific in nature.
Evoked potentials have been infrequently used to
study such behavior disorders. Long latency auditory
event-related potentials (AEPs) were studied in prison
inmates incarcerated for unmotivated violent crimes
or violence during the commission of other crimes,
and in prisoners jailed for non-violent offenses. Ha-
bitually violent inmates were compared with an equal
number of non-violent prisoners and neurologically
and audiologically intact controls. AEPs were re-
corded to an “oddball” paradigm from vertex and left
and right temporal electrodes. None of the prisoners
had latencies more than 3 standard deviations beyond
the normal group mean. N1 and P2 components were
longer in latency and lower in amplitude in prisoners
than in controls, but this was not statistically signifi-
cant. Violent and non-violent individuals did not dif-
fer in these measures. P3 was significantly prolonged
in latency in violent inmates, but not in those who
had committed a violent act. All components were
longer in latency on the right in violent prisoners,
while amplitudes were lower but not significantly so.
This asymmetry was not present in non-violent pris-
oners or control subjects. Caution is needed in iden-
tifying differences between criminals and the general
population, and in seeking markers of violent be-
havior. These findings may indicate cerebral dysfunc-
tion in some perpetrators of antisocial behavior, how-
ever, and suggest that evidence of non-dominant ce-
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rebral hemisphere dysfunction, possibly subtle and
chronic, may be found in some habitually violent in-
dividuals.
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Introduction

The physiological basis of violence and aggressive be-
havior has been the subject of intensive study [12].
Experimental lesions producing rage, ferocity, ag-
gression, and combinations of these have been de-
scribed [1]. Organic neurologic dysfunction, some-
times of subtle character, has been demonstrated in
many patients with the episodic dyscontrol syndrome,
in which violent and aggressive acts may occur with
little or no provocation [8]. A variety of EEG abnor-
malities have been reported in violent prisoners, psy-
chopathic patients and felons, and criminals generally,
but they have been non-specific, and have correlated
poorly with clinical features of violence or criminal-
ity, except for the frequent presence of neurologic
signs of subtle brain disorder generally, and of frontal
or tempral lobe dysfunction particularly [5]. Auditory
evoked potentials have been studied in patients with
antisocial behavior [10] and in brain injured individu-
als with rage attacks [4], and differences from con-
trols have been demonstrated. Long latency auditory
event related potentials, which have been related to
limbic system function [13] and shown to change in
temporal lobe and hippocampal disorders [7], have
not been studied in violent or aggressive persons to
our knowledge. We compared AEPs in normal con-
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trols, prisoners incarcerated for non-violent offenses,
and habitually violent offenders.

Subjects and Methods

Prisoners with normal neurologic examinations, normal EEGs
and computed tomographic brain scans, no history of pre-
scribed medication use, no history of head trauma with hos-
pitalization or prolonged unconsciousness, and no evidence of
mental retardation or mitigating psychiatric diagnosis were
identified during the course of neurologic consultation for the
Ohio Department of Rehabilitation and Correction during 1986.
20 prisoners with a mean age of 27.1 years were incarcerated at
a maximum security facility for more than one violent crime in
which a domestic dispute, alcohol, or drugs did not play a role,
or had been transferred from another penitentiary for habitual
violent behavior during their incarceration for a non-violent
offense. 20 additional inmates with a mean age of 29.7 years
were studied from medium and minimum security facilities, to
which they had been committed for nonviolent offenses with
no recidivism or violence during their sentences. 19 normal in-
dividuals, taking no medications and without auditory distur-
bance or neurologic disorder, had a mean age of 31.7 years.

Table 1. AEP Latency and Amplitude from vertex-linked ear
montages control subjects, violent inmates and nonviolent
prisoners

Waveform  Controls Violent inmates Other inmates
Latency (MS)

N1 91.4£11.3 953+ 7.7 94.0 + 10.1
P2 1612 £11.1 1649 +£10.3 165.5 £ 14.3
N2 211.6 £21.6 2233 +20.7 217.5+21.8
P3 3205+27.1 3345%23.1 322.4 +18.7
Amplitude (UV)

N1 11.1+ 44 9.8+ 5.4 10.0+ 6.6
N2 10.5+ 6.1 54x 2.9 6.6 6.0
P3 121+ 44 10.3 £ 0.3* 10.7 £ 1.5*
* = < (.05

Auditory event related potentials were recorded in an
“odd ball” paradigm, in which rare (3,000 Hz) tones were in-
terspersed among common (1,000 Hz) tone stimuli in a pseudo-
random fashion. Patients and subjects were instructed to attend
to infrequent high pitched tones, and to attempt to keep an
accurate count of them. 1,000 and 3,000 Hz tone pips were pre-
sented through shielded headphones in an 80/20 ratio by a
Nicolet SM 200 auditory stimulator (Nicolet Instrument Cor-
poration, Madison, WI, USA). Tones had a 50 ms plateau time
and 5 ms rise — fall time, and were presented at 70 dBHL bilat-
erally, with an interstimulus interval of 1.1s. AEPs were re-
corded from Grass tin cup electrodes (Grass Instrument Com-
pany, Quincy, MA, USA) placed at midline (Cz), left tem-
poral (T3), and right temporal (T4) positions of the Interna-
tional 10/20 system and on the ears (Al and A2). Recording
montages were Cz—Al + A2, Cz-T3, and Cz-T4. Analysis time
was 1,000 ms, filter band pass was 1-100 Hz, and 400 averages
were replicated in each patient and subject. Trials with appar-
ent drowsiness or a rare tone count in error by more than 5
were rejected, and automatic rejection of myogenic or ocular
artifact was obtained.

The latencies and amplitudes of the N1, P2, N2, and P3
components of the AEPs were measured. Prison inmates and
controls and violent and non-violent offenders were serially
compared in two tailed T tests.

Results

Latency and amplitude measurements recorded from
the Cz—A1 + A2 montage are summarized in Table 1.
Violent and non-violent inmates had longer latency
and lower amplitude of N1 and P2 wave forms than
did normal controls. P3 was significantly longer in la-
tency among violent inmates (P < 0.05), but did not
differ between violent and non-violent individuals.
Violent and non-violent inmates had lower N2 ampli-
tudes which were not statistically significant, while P3
was significantly lower in amplitude (P <0.05). Vio-
lent and non-violent inmates did not differ from each
other with respect to N2 and P3 amplitudes, how-
ever.

Table 2. AEP Latencies from right and left temporal montages in control subjects, violent inmates,

and non-violent prisoners

N1 P2 N2 P3
Controls
Cz-T3 92.9 £13.5 189.3 +31.6 244.5 £ 30.2 330.0 £ 30.2
Cu-T4 89.6 +10.6 186.8 +22.0 241.7+373 332.2+339
Violent inmates
Cz-T3 95.4 £ 13.6 180.5 + 33.3 254.4 +27.6 350.2+39.2
Cz-T4 943 +11.2 189.3£22.2 276.9 + 26.1 379.2 + 26.1*
Other inmates
Cz-T3 90.6 £ 11.5 180.1 £19.3 264.8 +39.2 3548 +£39.2
Cz-T4 92.6 £15.3 178.6 £23.3 266.4 + 36.1 352.2+£39.0

* =P <0.05



Table 3. AEP amplitudes from right and left temporal mon-
tage in control subjects, violent inmates, and non-violent pris-
oners

N1 P2 N2 P3
Controls
Cz-T3 6.4+51 4319 78=+31 89%
Cz-T4 6.8+60 49+23 84=*5 8.9+5.1
Violent inmates
Cz-T3 6.6+63 45x13 69+53 8.8+%33
Cz-T4 59+23 42 2 52+40% 7.1£5.6¢
Other inmates
Cz-T3 6.0+38 45*+18 82+38 2
Cz-T4 6.5+33 47x22 83x+44 91%x55
*= P <0.05

Latency measurements from left and right tem-
poral recordings are summarized in Table 2, and Table
3 shows amplitude values from left and right tem-
poral electrodes. P2 and N2 were longer in latency in
Cz-T4 than in other derivations among the violent in-
mates, but this relative prolongation was not statisti-
cally significant. P3 (P < 0.05) was significantly pro-
longed, however. The asymmetry was not observed in
non-violent prisoners or in controls. A similar asym-
metry in AEP amplitude was observed in the right
temporal derivation among only the violent inmates,
with an amplitude reduction of N2 which was not sig-
nificant, and P3 amplitude rection of a lesser degree
of significance (P <0.1).

Discussion

These findings suggest differences in long latency
AEPs between some incarcerated offenders and age-
matched controls. The significance of these differ-
ences is uncertain, and it is likely to reflect a variety
of factors. The differences cannot be ascribed to iden-
tifiable neurologic disorder, however, nor to auditory
impairment, as all of these were absent in all three
groups. The both prisoner groups all had neurologic
complaints, having been referred initially for neuro-
logic evaluation, but these complaints were in all
cases unattended by objective evidence of underlying
neurologic disorder. The prisoners tested did not dif-
fer from the general inmate population in the presence
of neurologic disorder, but some could conceiveably
have had a physical basis for their complaints not de-
tectable at the time of their clinical evaluation and
electrophysiologic study. Controls and both inmate
groups were ostensibly taking no medications, which
is an important factor since drugs are known to effect
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AEPs [9]. It is certainly possible that some inmates
could have taken surreptitiously medications which
might have influenced their AEPs. Head trauma is
also relevant, as head injury is unduly frequent in the
incarcerated population [2, 14], and has been shown
to effect AEPs [6]. The prisoners studied had no clearly
identified episodes of major head injury, but could
have had the cumulative effects of unreported or un-
documented head trauma.

A discrepancy in AEPs was observed between vio-
lent and nonviolent offenders, with attenuation and
latency prolongation of AEP components over the
right hemisphere. This asymmetry was not observed
in nonviolent offenders or in controls, and suggests
the possibility of subtle right hemisphere dysfunction
in the former group, although the etiology of such
dysfunction in neurologically normal individuals, and
its relationship to their violent offenses, is uncertain.
Further neurophysiologic study of these and other
violent individuals, perhaps utilizing computerized
EEG frequency analysis or topographic brain map-
ping, would be appropriate to replicate and clarify
this observation, and might be supplemented by neu-
ropsychological assessment of various features of
right and left hemisphere function.

These observations accord with some evidence
that the “minor” hemisphere may be of crucial im-
portance in affective communication [15-17]. Right
hemisphere lesions or disorders might interfere with
interpersonal relations and might result in violent al-
tercations or social disability. An association be-
tween predominantly right temporal EEG paroxysms
and such dramatic personality disturbances as dis-
sociative states and multiple personality has been re-
ported [11]. Weintraub and Mesulam [18] described a
developmental disorder of the right cerebral hemi-
sphere, characterized by affective misidentification
and difficulty in acquiring skills and interpersonal
communication; it is possible that some individuals
prone to violent behavior, who have a high incidence
of “minimal brain dysfunction” [8], may represent an
exaggerated form of this developmental disorder.
Some neurophysiologic evidence [3] suggests dys-
function of the non-dominant hemisphere in some
personality disorders. We are not aware of previous
studies utilizing long-latency auditory event related
components, but believe that this may be an appro-
priate tool with which to study cognitive function and
information processing, and to assess differences in
hemispheric function which might be behaviorally
and socially meaningful. It is premature to assign any
clinical significance to such differences, however, and
medical or social application of findings suggesting
cerebral dysfunction in violent persons would not be
appropriate.
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