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Abstract

Most violent crimes in Western societies are committed by a small group of men who display antisocial behavior from an early
age that remains stable across the life-span. It is not known if these men display abnormal brain structure. We compared regional
brain volumes of 26 persistently violent offenders with antisocial personality disorder and substance dependence and 25 healthy
men using magnetic resonance imaging volumetry and voxel-based morphometry (VBM). The violent offenders, as compared with
the healthy men, had markedly larger white matter volumes, bilaterally, in the occipital and parietal lobes, and in the left
cerebellum, and larger grey matter volume in right cerebellum (effect sizes up to 1.24, Pb0.001). Among the offenders, volumes of
these areas were not associated with psychopathy scores, substance abuse, psychotropic medication, or global IQ scores. By
contrast, VBM analyses of grey matter revealed focal, symmetrical, bilateral areas of atrophy in the postcentral gyri, frontopolar
cortex, and orbitofrontal cortex among the offenders as compared with the healthy men (z-scores as high as 5.06). Offenders with
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psychopathy showed the smallest volumes in these areas. The larger volumes in posterior brain areas may reflect atypical
neurodevelopmental processes that underlie early-onset persistent antisocial and aggressive behavior.
© 2007 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Approximately 5% of males are characterized by a
pattern of antisocial behavior that onsets in early
childhood and remains stable across the life-span. These
men are responsible for 50% to 70% of all violent crimes
(Moffitt, 1993; Hodgins, 1994). They fulfill diagnostic
criteria for conduct disorder (CD) in childhood and
antisocial personality disorder (ASPD) in adulthood. In
Finland, for example, men with ASPD are responsible for
approximately 60 to 80% of the most serious violent
offenses (Tiihonen and Hakola, 1994; Eronen et al.,
1996a). A recent survey indicated that about half of all
prisoners in Western countries fulfill diagnostic criteria
for ASPD that require by definition a diagnosis of CD
prior to age 15 (Fazel and Danesh, 2002). Substance
misuse is almost always co-morbid with CD and ASPD.

Within this population of males characterized by an
early onset and a stable pattern of antisocial behavior that
persists across the life-span, a subgroup presents the
personality traits of psychopathy. As adults, this subgroup
commits even more violent offences than the others (Hare
andMcPherson, 1984). Reliable and valid diagnoses can be
made using the Psychopathy Checklist Revised (PCL-R;
Schroeder et al., 1985; Hare, 1991; Fulero, 1995).
Psychopathy is not included as a diagnosis in the ICD-10
or DSM-IV, even though it fits the definition of a
personality disorder. It is more severe in its manifestation
than ASPD in that it requires the presence of the two traits,
Arrogant and Deceitful Interpersonal Behavior and
Deficient Affective Experience, in addition to a history of
antisocial behavior. A great deal of research has been
conducted using the PCL-R as a dimension, and the total
score has been consistently found to be the best known
predictor of violent behavior (Hemphill et al., 1998).

MenwithASPDhave been reported to show reductions
in frontal grey matter volumes as compared with healthy
men, and similar volumes of frontal white matter (Raine
et al., 2000). However, one third of the individuals with
ASPD in this study had also a schizophrenia spectrum
disorder. Men with psychopathy have been described as
having an abnormally structured corpus callosum (Raine
et al., 2003). A recent review, however, has highlighted
that few structural differences have been identified in this
population and that none have been replicated (Pridmore
et al., 2005). In these studies, samples have been
heterogeneous, inadequately characterized, poorly de-
scribed, and not comparable. A recent study compared
brain volumes, assessed with magnetic resonance imaging
(MRI), of incarcerated offenders with personality disorders
(75% of themdiagnosed as psychopaths) and healthymen.
No differences in frontal or temporal lobe volumes were
observed. This study did not measure the grey or white
matter separately (Dolan et al., 2002). We have previously
compared offenders with ASPD and alcoholism and
healthy men, and we observed no significant differences
in prefrontal grey and white matter volumes (Laakso et al.,
2002). To our knowledge, no other quantitative data have
been reported on the neuroanatomy of persistent violent
offenderswith a history of antisocial behavior going back to
at least mid-adolescence. It is not known if such men
present abnormalities in brain structure. Given the paucity
of replicated findings, we did not make hypotheses nor
select specific regions for study. Rather, we used lobar
analyses and voxel-based mophometry to compare the
brain structures of persistent violent offenders who fulfill
criteria for ASPD and healthy men in all brain regions. The
sample of offenders was relatively homogeneous with
respect to age of onset and history of antisocial behavior,
persistence and severity of violent criminality, and absence
of any history of severe mental illness.

2. Method

2.1. Participants

Healthy participants gave informed consent, and all
data from offenders (MRI scans and case record files) were
obtained retrospectively from hospital files. The procedure
was approved by the ethical committee of Kuopio
University Hospital. All participants were of Finnish ori-
gin. The healthy comparison group included 25 men –
students, hospital staff and skilled workers – who were
considered to be free of current or past substance misuse
and other mental disorders on the basis of unstructured
interview. Intelligence quotient (IQ) scores were not avail-
able from the comparison subjects. The offender group
included 26 men with no history or current diagnosis of
psychosis or schizotypal personality disorder who were
consecutively admitted to a university forensic psychiatric



Table 1
Comparison of sociodemographic and clinical characteristics (mean±
S.D.) of the healthy men and the violent offenders

Healthy
men
(N=25)

Violent
offenders
(N=26)

Statistic P-value

Age, years 34.6±10.8 32.5±8.4 t=0.783 0.438
Ethnicity, %

white
100% 100% Fisher

exact test
1.000

Alcohol
dependence, %

0 100% Fisher
exact test

b0.001

Polysubstance
abuse, %

0 76.9% Fisher
exact test

b0.001

Total intracranial
volume

1707±117 1654±108 t=1.664 0.102

203J. Tiihonen et al. / Psychiatry Research: Neuroimaging 163 (2008) 201–212
hospital for a pre-trial assessment. All were charged with
violent offences (2 murder, 10 manslaughter, 4 attempted
murder or manslaughter, 1 assisting manslaughter, 6 as-
saults, 3 armed robberies). All had a history of recurrent
violent acts, and all but two had previous convictions for
violence. Data on handedness were not available. The
characteristics of the participants are presented in Table 1.
One of the offenders had a history of head injury leading to
transient unconsciousness. None of the offenders had a
diagnosis of mental disorder or behavioral disorder caused
by previous brain damage.

Diagnoses were made by consensus using multiple
sources of information including reports from multidis-
ciplinary treatment teams, family members, colleagues
from work, and medical and criminal files. All offenders
fulfilled criteria for both DSM-IV ASPD and ICD-10
dissocial personality, and none fulfilled criteria for
schizotypal personality disorder or any current or past
psychotic disorder. All met the criterion for a maladap-
tive pattern of substance abuse related to alcohol abuse
(DSM-IV, APA 1994) with early onset corresponding
type 2 as described by Cloninger (Cloninger, 1987), and
all fulfilled the DSM-IV and ICD 10 criteria for
substance dependence with 20 fulfilling criteria for
drug polysubstance dependence and 6 for alcohol
dependence. Fifteen offenders had used amphetamine
at least once (9 from the high psychopathy group and 6
from the low psychopathy group). Participants had no
access to alcohol for 3 to 6 months prior to the brain scan
and no access to illicit drugs for 1 to 7 weeks prior to the
brain scan. (The different abstinence periods are
explained by the fact that while storage and use of
intoxicating amounts of alcohol by prisoners are difficult
and rare in Finnish prisons, the delivery and use of illicit
drugs is much easier and rather common.) Eleven of the
offenders were free of psychotropic medication, and 15
were taking either benzodiazepine, antidepressant or
antipsychotic medication (small doses used as anxiolytic
or hypnotic).

2.2. Psychopathy ratings

The PCL-R was used to assess psychopathy (Hare,
1991). For detailed information, see http://www.niuva.fi/
tuttex.html.

2.3. Magnetic resonance imaging

Comparisons between study groups were done by
using voxel-based morphometry (VBM) and lobar
volumetry. Lobar analyses provide quantitative informa-
tion on brain volume alterations in large regions of interest.
VBM addressed the significance of volume alterations in
much more restricted areas that can be as small as a single
voxel. The participants were scanned with a 1.0 T Impact
(Siemens; Erlangen, Germany) using a standard head coil
and a tilted T1-weighted coronal 3D gradient echo
sequence (magnetization prepared rapid acquisition gra-
dient echo: TR 10 ms, TE 4 ms, TI 250 ms, flip angle 12°,
FOV 250 mm, matrix 256×192, 1 acquisition). The 3-D
spatial resolution was 2.0 mm×1.3 mm×0.97 mm.

MR images were processedwith SPM2 (http://www.fil.
ion.ucl.ac.uk/spm/software/spm2) following an optimized
protocol including: (a) generation of a whole brain
customised template, (b) generation of customised prior
probability maps, and (c) main VVBM steps to applied
on original images. For detailed information, see Supple-
mentaryMaterial, doi:10.1016/j.pscychresns.2007.08.012.

2.4. Statistical analyses

In the analyses, the healthy men were compared with
the 26 violent offenders with ASPD and to the subgroup of
12 offenders who fulfilled criteria for a diagnosis of
psychopathy. Student's t-test, chi-square test and Fisher
exact test were used to compare participants' sociodemo-
graphic and clinical characteristics. Analysis of covariance
(ANCOVA) was used to evaluate the age-adjusted
differences between the violent offenders and healthy men
in the lobar volumetry analysis. Effect size (Cohen's d ) was
used to describe the robustness of the findings (Cohen,
1988). Within the offender group, univariate analysis of
variance (full factorial model) was used to assess the
contribution of variables such as PCL-R scores, IQ scores,
duration of alcohol abuse, polysubstance abuse and use of
current psychotropic medication to regional brain volumes.
The association between PCL-R factor scores and regional
brain volumes was assessed using Pearson's correlation
analysis. In VBM, grey matter and white matter images

http://www.niuva.fi/tuttex.html
http://www.niuva.fi/tuttex.html
http://www.fil.ion.ucl.ac.uk/spm/software/spm2
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Table 2
Comparisons of sociodemographic and clinical characteristics (mean±
S.D.) of the offenders with psychopathy and those with only ASPD

Offenders
with
psychopathy
(N=12)

Offenders
with only
ASPD
(N=14)

Statistic P-value

Mean age (in years) 33.0±8.6 32.1±8.5 t=0.256 0.800
Duration of alcohol
abuse (in years)

19.6±10.0 18.3±8.9 t=0.356 0.725

Polysubstance abuse 100% 57% χ2=6.69 0.010
Mean global IQ
score

94.7±8.6 88.7±8.8 t=1.740 0.095

Current
psychotropic
medication

67% 50% χ2=0.74 0.391

Mean score PCL-R
total

34.6±3.1 25.9±2.8 t=7.566 b0.001

Mean score for
Arrogant and
deceitful
interpersonal style

6.03±1.74 1.90±1.12 t=7.287 b0.001

Mean score for
Deficient
affective
experience

7.83±0.58 6.14±1.10 t=4.782 b0.001

Mean score for
Impulsive,
irresponsible
behavioral style

9.67±1.15 9.71±0.47 t=−0.142 0.889

The IQ of the offenders was assessed using the Wechsler Adult
Intelligence Scale — revised (Wechsler, 1981).
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were analyzed with an ANCOVA model (see Supplemen-
tary Material, MRI method paragraph for details,
doi:10.1016/j.pscychresns.2007.08.012).

3. Results

Comparisons of the sociodemographic and clinical
characteristics of the violent offenders and healthymen are
shown in Table 1. As can be seen, no differences were
observed between the violent offenders and healthymen as
to age, ethnicity and intracranial volume. More of the
violent offenders than the healthy men had a history of
alcohol and polysubstance abuse. As presented in Table 2,
the subgroup of offenders with psychopathy was similar to
the other offenders with only ASPD as to age, duration of
alcohol abuse, global IQ score, and the proportion taking
medication. All of the offenders with psychopathy had a
history of polysubstance misuse as compared with 57% of
the other offenders. By definition, the offenders with
psychopathy obtained higher total PCL-R scores, and also
higher scores for the two factors assessing the personality
traits of psychopathy,Arrogant andDeceitful Interpersonal
Behavior and Deficient Affective Experience.
3.1. Regional brain volumes

The adjusted lobar regional brain volumes of offenders
as compared with the healthy men are shown in Table 3.
Regional volumes correlated strongly with each other
(Pearson r up to 0.99), and 85% (161 of 190) of the
correlations were statistically significant (Pb0.05). Offen-
ders displayed greater volumes in most areas than the
healthy men, and the age-adjusted differences were
statistically significant without Bonferroni corrections in
the right cerebellar greymatter, left cerebellar whitematter,
and parietal and occipital white matter bilaterally. The
violent offenders had much more occipital white matter
than the healthymen,with effect sizes reaching 1.15 on the
right and 1.24 on the left. These comparisons remained
statistically significant after applying Bonferroni correc-
tions for multiple comparisons. When the subgroup of
violent offenders diagnosed as psychopaths were com-
pared with the healthy men, the effect sizes were slightly
larger than those observed in comparisons between all the
offenders and the healthy men (0.69 for right cerebellar
greymatter,P=0.064; 0.63 for left cerebellar white matter,
P=0.075; 0.77 for right parietal white matter, P=0.04;
0.84 for left parietal white matter, P=0.026; 1.30 for right
occipital white matter,P=0.001; and 1.51 for left occipital
white matter, Pb0.001). Since amphetamine use per se
has been suspected to affect regional brain volumes
(Thompson et al., 2004; Jernigan et al., 2005), we made
separate analyses among amphetamine-naïve subjects.
Those offenders who had never used amphetamine (n=11,
3 belonging to high psychopathy group and 8 to the low
psychopathy group) displayed greater volumes in all 6
areas than the healthy men, and this difference was
statistically significant in right occipital white matter
(effect size 0.78, P=0.033) and left occipital white matter
(effect size 1.03, P=0.009).

We further examined the six brain regions (right
cerebellar grey matter, left cerebellar white matter, and
parietal and occipital white matter bilaterally) where the
offenders displayed greater volumes than the healthymen.
Among the 26 violent offenders, associations between the
adjusted volumes in these regions and total PCL-R total
scores, global IQ scores, duration of alcohol abuse,
presence of polysubstance abuse, and use of current
psychotropic medication were not statistically significant.
The only significant correlation between the adjusted
brain volumes in these regions and PCL-R factor scores
was observed between the score for Impulsive Irrespon-
sible Lifestyle and left cerebellar white matter (r=−0.52,
P=0.006; Bonferroni corrected significance level
P=0.05/6=0.008). Correlations between regional brain
volumes and scores for Arrogant and Deceitful Behavior

http://dx.doi.org/doi:10.1016/j.pscychresns.2007.08.012


Table 3
Adjusted (native brain volume/total intracranial volume×1000) brain volumes (mean±S.D.) in healthy men and violent offenders

Healthy
men
(N=25)

Violent
offenders
(N=26)

Effect
size a

Age-adjusted ANCOVA

F1,48 P b

Grey matter
Frontal Right 146.1±14.1 148.1±20.2 0.11 0.001 0.971

Left 148.3±15.0 149.0±20.0 0.04 0.150 0.700
Temporal Right 46.7±3.7 44.8±5.0 0.24 0.359 0.552

Left 46.4±3.9 47.7±5.2 0.28 0.555 0.460
Parietal Right 74.7±6.6 74.7±9.2 0.01 0.173 0.679

Left 76.4±6.7 75.9±9.2 −0.05 0.450 0.505
Occipital Right 58.2±5.0 57.6±7.7 −0.08 0.353 0.555

Left 55.8±5.0 55.8±6.1 0.01 0.085 0.771
Cerebellar Right 63.7±4.7 67.2±5.9 0.67 4.993 0.030

Left 64.2±4.0 67.0±5.7 0.57 3.548 0.066

White matter
Frontal Right 159.1±13.3 163.9±12.8 0.37 1.693 0.199

Left 163.3±11.6 167.5±13.1 0.35 1.585 0.214
Temporal Right 17.1±2.5 16.89±3.2 −0.08 0.015 0.903

Left 20.2±2.5 20.3±3.4 0.02 0.072 0.789
Parietal Right 74.4±5.9 78.9±5.9 0.76 6.936 0.011

Left 74.4±5.4 78.6±5.5 0.76 6.905 0.012
Occipital Right 46.2±4.0 51.2±4.7 1.15 15.779 b0.001

Left 42.8±3.4 47.7±4.4 1.24 18.727 b0.001
Cerebellar Right 16.5±1.6 17.1±1.6 0.04 2.070 0.157

Left 16.6±2.2 17.8±1.7 0.63 4.984 0.030

a Effect size is Cohen's d (Cohen, 1988).
b When Bonferroni correction for multiple comparisons is applied, the level of significance is P=0.0025.
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weremodest and positive (ranging from 0.12 to 0.25), and
those between brain volumes and Deficient Affective
Experience were modest and negative (ranging from
−0.07 to −0.31). No statistically significant correlations
were observed in the regional volumes vs. PCL-R scores
in the other 14 brain regions.

Volumes of cerebrospinal fluid (CSF) were similar
among offenders and healthy men, except in the left
frontal region where offenders displayed larger volumes
(F=5.68, P=0.021, age-adjusted ANCOVA).

3.2. Voxel-Based Morphomethy

The results of comparisons of the 26 violent offenders
and 25 healthy men on voxel-based morphometry of the
greymatter are presented in Table 4. The violent offenders
were characterized by focal, and strikingly symmetrical
areas of atrophy in the postcentral gyri, frontopolar cortex
(superior and medial frontal gyrus), and orbitofrontal
cortex as shown in Fig. 1. In addition, substantially
smaller volumes were observed in the left posterior
cingulate cortex and the right insula. In comparisons of
the 12 offenders with psychopathy and the healthy men,
the differences in these same areas remained significant
(Pb0.05 corrected), and the z-scores were slightly larger
than those obtained for the comparisons between all
offenders and the healthy men. A z-score of 5.59 was
obtained for the difference between the offenders with
psychopathy and the healthy men for left inferior parietal
lobule, 4.34 for right parietal lobule, 4.25 for left
frontopolar cortex, and 4.19 for right frontopolar cortex
(Pb0.05 corrected for false discovery rate). In the
comparison between the offenders with psychopathy
and the healthymen,markedly smaller densities were also
observed in the left middle temporal gyrus (cluster size
1336 mm3, x=−38, y=−78, z=20, z-score 4.06), and
left parahippocampal gyrus (cluster size 3640 mm3, x=
−30, y=−58, z=−8, z-score 3.99). In comparisons of the
14 offenders with ASPD only compared with the healthy
men or compared with offenders with psychopathy, no
significant volume reductions were observed.

Areas of smaller grey matter volume in offenders
who never used amphetamine (N=11) compared with
controls (N=25) measured with voxel-based morphom-
etry (Pb0.001 uncorrected) were observed in the left
orbital prefrontal cortex (cluster size 792 mm3, x=−20,
y=42, z=−22, z-score=4.27), in the left occipital
gyrus (cluster size 1200 mm3, x=−18, y=−58, z=10,



Table 4
Areas of smaller grey matter volume in violent offenders (N=26)
compared with healthy men (N=25) measured with voxel-based
morphometry (corrected for false discovery rate at Pb0.05)

Cluster
size
mm3

Regions Stereotactic
coordinates (mm)

Z
score

x y z

13032 L Inferior Parietal Lobule −52 −34 36 5.06
L Inferior Parietal Lobule −40 −42 46 4.50
L Postcentral Gyrus −44 −22 48 4.13

6576 R Inferior Parietal Lobule 44 −32 48 4.80
R Postcentral Gyrus 30 −44 58 3.53

21384 L Posterior Cingulate −18 −60 12 4.74
L Precuneus −14 −64 18 4.45
L Precuneus −10 −68 24 4.40

5960 L Superior Frontal Gyrus −20 42 −22 4.73
L Superior Frontal Gyrus −22 60 12 3.94
L Superior Frontal Gyrus −14 64 20 2.97

6360 L Paracentral Lobule −8 −28 46 3.98
L Precuneus −6 −52 40 3.47
L Medial Frontal Gyrus −2 −8 52 3.32

352 R Superior Frontal Gyrus 20 42 −20 3.97
2816 L Inferior Frontal Gyrus −36 22 4 3.86
4488 R Medial Frontal Gyrus 12 64 6 3.86

R Middle Frontal Gyrus 24 60 6 3.85
R Superior Frontal Gyrus 28 56 14 3.68

1416 Fusiform Gyrus 56 −24 −30 3.73
3088 R Insula 32 22 8 3.59

R Caudate 12 14 −4 3.25
848 L Superior Temporal Gyrus −48 −60 28 3.50
416 L Middle Temporal Gyrus −52 −56 0 3.43
1504 Lentiform Nucleus −18 18 0 3.39
736 L Middle Temporal Gyrus −38 −78 20 3.34
648 L Middle Frontal Gyrus −30 −8 62 3.28

L Middle Frontal Gyrus −40 0 60 2.93
808 L Fusiform Gyrus −48 −32 −18 3.26

L Fusiform Gyrus,Grey −58 −24 −26 3.09
L Fusiform Gyrus −50 −26 −24 3.06

Only those clusters larger than 250 mm3 are shown.
L = left, R = right.
Reading example: the most significant voxel of the cluster has
stereotactic coordinates of −52, −34, 36 and is located in the region of
left Inferior Parietal Lobule. Within the same cluster there are two
more peak of significance distant more than 8 mm from the former and
located at −40, −42, 46 and at −44, −22, 48.
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z-score=3.80), in the right postcentral gyrus (cluster
size 920 mm3, x=46, y=−30, z=46, z-score=3.75), in
the left postcentral gyrus (cluster size 312 mm3, x=
−52, y=−36, z=36, z-score=3.65), in the right superior
frontal gyrus (cluster size 392 mm3, x=28, y=54,
z=16, z-score=3.59), and in the right inferior temporal
cortex (cluster size 416 mm3, x=58, y=−22, z=−30,
z-score=3.46). However, due to the low number of
subjects in these subgroups, none of these comparisons
survived FDR-correction. No areas of decreased grey
matter were observed in the opposite comparison.
Table 5 and Fig. 2 present the results of voxel-based
morphometry of white matter. Violent offenders were
characterized by areas of increased white matter
density in widespread regions, whereas decreased
density of white matter was observed only in one
location in right medial frontal gyrus when compared
with healthy men. Areas of larger white matter volume
in subjects with high psychopathy (N=12) compared
with subjects with low psychopathy (N=14) measured
with voxel-based morphometry (Pb0.001 uncorrect-
ed) were observed in the right angular gyrus (cluster
size 752 mm3, x=48, y=−30, z=46, z-score=3.99),
in the right inferior temporal gyrus (cluster size
416 mm3, x=48, y=−22, z=−24, z-score=3.70) and
in the left cerebellum (cluster size 632 mm3, x=−14,
y=−56, z=−44, z-score=3.69). However, due to the
low number of subjects in these subgroups, none of
these comparisons survived FDR-correction. No areas
of decreased white matter were observed in the oppo-
site comparison.

4. Discussion

To our knowledge, this study reports the first
evidence that persistent violent offenders who fulfill
the diagnostic criteria for ASPD are characterized by
abnormal brain anatomy when compared with healthy
men. Despite the fact that all 26 violent offenders had a
history of substance dependence, lobar volumetry
indicated that they had markedly larger grey matter
volume in the right cerebellum and larger white matter
volume in the right and left parietal lobes, right and left
occipital lobes, and left cerebellum. The differences in
these regions were even greater in comparisons of the
offenders with psychopathy and healthy men. Voxel-
based morphometry revealed that the violent offenders
displayed symmetrical, bilateral areas of grey matter
atrophy in the postcentral gyri, frontopolar cortex and
orbitofrontal cortex and unilateral volume loss in the left
posterior cingulate cortex and right insula as compared
with the healthy men. These reductions in volume were
even greater among the subgroup of offenders with a
diagnosis of psychopathy.

The results of the present study concur with findings
from two structural MRI investigations of adolescent
boys with CD. In the present study, the violent
offenders displayed distinct areas of reduced temporal
gray matter compared with the healthy men consistent
with the findings of Kruesi et al. (2004) of bilateral
reductions in temporal grey matter among boys with
CD. Consistent with Sterzer et al. (2005a), a significant
reduction in volume of the insula was evident among



Fig. 1. Graymatter volume loss in subjects with antisocial personality disorder (N=26) comparedwith comparison subjects (N=25) (corrected for false
discovery rate at Pb0.05). Note the striking symmetry of smaller gray matter volumes in postcentral gyri, frontopolar cortex, and orbitofrontal cortex.
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the persistent violent offenders as compared with the
healthy men in the present study. In contrast to Sterzer
et al. (2005b) and to much theorizing about the primary
role that the amygdala may play in the development of
psychopathy (Blair, 2005), no differenceswere detected in
the volumes of the amygdala between the violent
offenders and healthy men. We have previously observed
negative correlations between the volumes of the
hippocampus (Laakso et al., 2001) and the amygdala
(Tiihonen et al., 2000) and total PCL-R scores among
different sample of offenders. The offenders in the
present study did, however, show reduced volume of the
parahippocampal gyrus as compared with the healthy
men.

Our findings are in line with results of a recent
functional MRI study, which observed less activation in
the limbic circuit (parahippocampal gyrus, orbitofrontal
cortex, insula, and anterior and posterior cirgulate) during
acquisition of fear among men with psychopathy as
compared with healthy men (Birbaumer et al., 2005).
Frontal cortex and, especially, orbitofrontal cortex are key
areas in the regulation of violent and aggressive behavior
(Grafman et al., 1996; Birbaumer et al., 2005). The
finding of reduced grey matter volumes in these areas
adds further support to hypotheses that the orbitofrontal
cortex is malfunctioning among persistently violent
offenders with a history of early-onset stable antisocial
behavior (Anderson et al., 1999). Further, the findings
concur with evidence showing that offenders with
psychopathy present difficulties in neuropsychological
tasks thought to be dependent on the integrity of the
orbitofrontal cortex (Lapierre et al., 1995; Blair, 2004).

The increased white matter observed among the
persistent violent offenders, as compared with the healthy
men,was not due to the size of the corpus callosum (as can
be seen in Fig. 2). This result does not concur with a



Table 5
Areas of larger white matter volume in violent offenders (N=26)
compared with healthy comparison subjects (N=25) measured with
voxel-based morphometry (Pb0.001 uncorrected)

Cluster
size
mm3

Regions Stereotactic
coordinates (mm)

Z
score

x y z

784 R supramarginal gyrus 56 −36 38 4.62
928 L superior frontal gyrus −10 62 2 4.10

L superior frontal gyrus −16 62 18 3.58
L superior frontal gyrus −20 64 4 3.23

360 R superior frontal gyrus 22 64 8 4.09
288 R occipital lobe 42 −78 20 3.90
272 R occipital lobe 48 −62 30 3.87

R occipital lobe 42 −70 40 3.20
416 R occipital lobe 42 −82 −8 3.81
928 R occipital lobe 32 −58 −8 3.64

R fusiform gyrus 34 −48 −12 3.28
936 R internal capsule 18 20 0 3.60

When FDR-correction was applied, only the cluster in the right
supramarginal gyrus (z-score 4.62) remained statistically significant
(Pb0.05 FDR corrected). No areas of decreased white matter were
observed in the opposite comparison.
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previous finding of larger corpus callosum among men
with psychopathy (Raine et al., 2003). The participants in
this latter study, unlike the offenders in the present study,
were not characterized by persistent violent offending and
some had diagnoses of schizophrenia spectrum disorders.
Further, Raine and colleagues (2003) did not examine any
other areas of white matter except the corpus callosum,
and they used region of interest volumetry, while we used
voxel-based morphometry.

The violent offenders in the present study were
characterized by long histories of substance abuse and
all 26 met criteria for either polysubstance drug depen-
dence (n=20) or alcohol dependence (n=6). Substance
abuse is associated with decreased grey and white matter
volume (Aasly et al., 1993; Liu et al., 1998; Agartz et al.,
2003; Lyoo et al., 2006), and although these volume
reductions reverse to some extent during abstinence, brain
volumes do not normalize to the level of healthy
individuals (Agartz et al., 2003). Our results on grey
matter volume loss in the occipital lobe, posterior cingulate
and medial frontal cortex are strikingly similar to those
reported by Thompson et al. (2004) among methamphet-
amine users. Our results showed that this kind of grey
matter volume loss was observed also among those
offenders who had never used amphetamine, which
suggests that observed focal GM volume decreases may
be associated more with personality traits or other factors
which lead to amphetamine abuse than with neurotoxic
effects of amphetamine. It has been observed that
methamphetamine use may be associated with larger
temporal and occipital white matter volume (Thompson et
al., 2004) and parietal grey matter volume (Jernigan et al.,
2005). Chronic methamphetamine use has been observed
to induce inflammation and glial proliferation (Escubedo
et al., 1998) which may contribute to white matter volume
increase. Our analysis on the subgroup of offenders who
had never used amphetamine revealed that these offenders
also had substantially larger volumes in posterior brain
areas than the healthy men, which indicates that our
findings are not entirely attributable to amphetamine use
per se, but are associated with factors that place the
individual at higher risk for amphetamine use. We
hypothesize that the larger regional volumes observed in
posterior brain areas reflect atypical neurodevelopmental
processes which may underlie the development of early-
onset and stable antisocial behavior. Substance abuse has
been shown to disrupt the development of the cerebellum
(Hauser et al., 2003). Males who display CD in childhood
are known to be exposed earlier than other children to
alcohol and drugs (Armstrong and Costello, 2002). It is
reasonable to speculate that the violent offenders in the
present study, all of whom fulfilled criteria for ASPD, CD
and substance dependence, may have used large doses of
alcohol and drugs at a young age leading to an interruption
of synaptic elimination (or pruning) that occurs during
adolescence (Blakemore and Choudhury, 2006). We
speculate that the larger volumes of white matter that
were observed in several brain regions among the violent
offenders may be the result of environmentally or
genetically triggered disruption of brain maturation.
Boys with CD not only begin using alcohol and drugs at
a young age, but in childhood, they experience higher rates
of accidents and infections than other boys (Aarons et al.,
2003), and the consequences of persistent physical
fighting. In addition to these possible environmental
factors that could disrupt brain maturation, a disruption
could also result from genetic programming.

Polysubstance abuse is associated with diffuse grey
matter loss (Aasly et al., 1993; Liu et al., 1998; Lyoo
et al., 2006). Therefore, it is possible that even the focal
reductions in grey matter volumes that we observed
among the violent offenders may be attributable, at least
in part, to substance abuse. However, it is remarkable
that the lobar analysis indicated that the offenders
displayed slightly larger grey matter volumes than the
healthy men in most areas. It is highly unlikely that this
finding could be explained by substance abuse. The
offenders also had significantly greater CSF volumes in
the left frontal lobe, which may be an indicator of a
slight substance abuse-induced atrophy in this area.

It has been observed that brain volumes correlate
positively with IQ (Haier et al., 2004). IQ test scores



Fig. 2. Brain areas where violent offenders had larger white matter volumes than controls (Pb0.001, uncorrected).
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were not available for the healthy men and consequently
analyses could not be adjusted for this important
covariate. However, the reductions in regional brain
volumes observed among the offenders are not likely
attributable to lower IQ. The greatest differences in
regional brain volumes were observed in comparisons
between the subgroup of offenders with a diagnosis of
psychopathy and the healthy men. Consistent with
previous studies (Hicks et al., 2004), the offenders with
psychopathy obtained IQ scores that were, on average, 6
points higher than those obtained by the other offenders
who fulfilled diagnostic criteria for ASPD. Although no
statistically significant linear correlations were observed
between PCL-R scores and regional brain volumes, we
cannot rule out a non-linear correlation, since all
offenders had relatively high PCL-R scores (≥21,
range 21–40). The observed negative correlation
between Impulsive Irresponsible Lifestyle vs. left
cerebellar white matter volume may be explained by
heavier substance abuse (leading to slight atrophy
among those offenders with high scores of Impulsive
Irresponsible Lifestyle).

We observed no trend towards smaller total frontal
lobe grey matter density among the persistently violent
offenders as compared with the healthy men. This
differs from previous reports of reduced frontal grey
matter among men with ASPD (Raine et al., 2000) and
among men labelled “unsuccessful psychopaths” (Yang
et al., 2005). But, the participants in these previous
studies were not characterized by persistent violent
offending and one third of those with ASPD were also
diagnosed with schizophrenia spectrum disorders.
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The volume loss in postcentral gyri that we observed
among the persistently violent offenders may be
associated with their inability to recognize or anticipate
the emotions of other people (Hare, 1998; Blair, 2003).
This somatosensory area receives projections from the
face and contributes to the mirror neuron system that is
involved in experiencing empathy, expression of emo-
tions, and social co-operation (Kohler et al., 2002).
Volume reductions in frontopolar, orbitofrontal and
parietal cortex, as well as insula and posterior cingulate
cortex, may be determinants of psychopathy, since these
regions are implicated in processing the experience of
empathy and theory of mind (Farrow et al., 2001; Moll
et al., 2001; Vollm et al., 2006) and in decision making
and risk taking (Paulus et al., 2003).

A large number of brain regions have been proposed
as possible determinants of early-onset persistent
antisocial behavior. We reasoned that the evidence,
however, was not sufficient to select any of these areas
for study. Rather, we conducted whole brain analysis
using voxel-based morphometry. The advantage of this
approach is that no region-specific hypotheses are
required, but the disadvantage is that, because of
conservative statistics, differences of medium magni-
tude in small structures such as the amygdala may fail to
reach statistical significance, resulting in a type 2 error.
On the other hand, small local alterations may remain
undetected in the lobar analysis which indicates the total
volume of a relatively large brain area. In the lobar
analysis, the use of the Bonferroni formula to correct the
level of significance in order to avoid type 1 errors is
also problematic since this formula should be used to
correct for multiple comparisons that are independent
from each other. This principle implies that it should not
be used in the present study where lobar volumes were
strongly correlated with each other. The differences,
however, in the occipital white matter between the
offenders and healthy men were very robust and would
have survived even a vigorous Bonferroni correction.

The sample of persistent violent offenders that was
studied was representative of violent offenders in
Finland who show an early-onset pattern of antisocial
behavior that is stable across the life-span. In Finland,
approximately 70% of persons accused of a serious
violent offense are required to undergo a pre-trial
assessment in an inpatient unit of a forensic hospital
(Eronen et al., 1996b) and it was from this population
that we obtained our sample. Generally, the results of the
present study concur with studies of adolescent boys
with CD and adult offenders with a diagnosis of
psychopathy, most of whom would be persistent violent
offenders (Hare, 1991). Notably, in the present study the
differences between the violent offenders and healthy
men were even stronger for the subgroup with than
without a diagnosis of psychopathy. The results of the
present study do not concur with previous findings
from men with ASPD who were not persistent violent
offenders. This observation could be important for
defining samples for future studies and underlines the
necessity of precisely characterizing study samples.

In conclusion, the results of the present study indicate
that persistent violent offenders with ASPD present
markedly abnormal white and grey matter regional brain
volumes as compared with healthy men. Substantially
larger regional volumes in the posterior brain areas were
observed among violent offenders with a history of
antisocial behavior going back to childhood. Thesemarked
differences in brain structure may reflect atypical neuro-
developmental processes that are involved in the initiation
and maintenance of persistent aggressive behavior.
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