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NEUROIMAGING & CRIMINOLOGY

• To identify the relationship between the brain and the mind, 
searching for evidence of how the mind can emerge from its
biological substrate. 

• Are potentially convicted criminals neurologically
predisposed to committing violent crimes?



MRI - STRUCTURAL

Magnetic Resonance Imaging

• Best for visualizing neuroanatomy.

• T1-weighted: bone white, white matter light 
grey, grey matter medium grey, 
water/CSF/air black.

• Morphometry examines the shape, volume, 
thickness, area and integrity of structures:

• Manually segmenting a few regions of interest.

• Voxel based morphometry (VBM), independent 
statistical comparison for each voxel in the brain.

• Freesurfer, cortical thickness.



FMRI - FUNCTIONAL
• BOLD (Blood Oxygen Level Dependent) 

image intensity based on local balance of 
oxygenated and deoxygenated hemoglobin.

• Resting-state or Task-based fMRI.

• Processing techniques:

• Seed-based approach, a priori 
knowledge/hypothesis;

• Independent component analysis (ICA), more 
exploratory;

• Graph theory, exploratory.

Magnetic Resonance Imaging



PET & SPECT

• Measure radioactive decay to create images 
of tissue function:

• Unstable nuclides incorporated into desired 
molecules.

• Emit photons as they return to more stable state.

• Captured by detectors, processed by computer, to 
yield functional image of tissue.

• Blood flow

• Glucose Metabolism

Nuclear Medicine

Positron emission tomography

Single-photon emission computed tomography

PET of Glucose 
Metabolism in normal v. 
Alzheimer’s Disease



NEUROIMAGING IN PSYCHOPATHY 
AND ANTISOCIAL PERSONALITY 

DISORDER 

• Heterogeneity in types of antisocial
populations studied with neuroimaging
techniques:

• with official DSM-IV/V diagnoses of 
antisocial personality disorder (ASPD);

• with criminal convictions;

• demonstrating violent behavior;

• with psychopathic traits;

• successful and unsuccessful psychopaths.

• Psychopathy-related behavioural
disorders consistently correlated
with alterations in specific brain 
areas:

• Prefrontal cortex
• Amygdala
• Angular gyrus and posterior

cingulate

• Hippocampus



• MRI

• 11% volume reduction in ASPD (Raine et al.).

• Reduced thickness in psychopaths (Yang et al.).

• 22% volume reduction in unsuccessful
psychopaths compared to successful psychopaths
and controls (Yang et al.).

PREFRONTAL CORTEX ALTERATIONS

• PET, reduced functioning (New et al.; Raine et 
al;  Volkow et al.). 

• SPECT, reduced blood (Soderstrom et al.; 
Coccaro et al.).

• Task fMRI, reduced functioning during
cognitive and emotional tasks, socially
interactive game.  



HYPOTHESIZED ROLE
OF PREFRONTAL REGION

• Abnormality has not been observed in all psychopathic or antisocial individuals:

• Glucose metabolism of predatory murderers similar to controls, whereas reduced in 
affective murderers (Raine et al.). 

• Psychopathic without prior convictions similar volumes to controls, whereas reduced
in with prior convictions (Yang et al.). 

• Some psychopathic individuals may exhibit good prefrontal functioning that
allows them to carefully plan crimes and avoid being caught. 

• Altered Executive functions

• Altered Processing reward and punishment information 

• Poor Inhibition of responses

• Poor Regulation of emotions



AMYGDALA ALTERATIONS

• MRI, reduced volume and deformation in violent
offenders and psychopathic individuals (Yang et 
al.).

• fMRI, reduced activity during emotional
stimuli, fear conditioning, affective recognition
task, socially interactive game, moral decision-
making about emotional moral dilemmas. 

• fMRI, increased activation viewing
negative visual content and during aversive 
conditioning. 

• No anticipatory fear that normally deters 
individuals from committing antisocial 
acts. 

• No association harmful actions with the 
pain and distress of others

• No empathy for victims.



NEUROIMAGING IN TRIBUNALE

• Cassazione, sez. V, 27 gennaio 2004 – Cassazione, 
sez. V, 14 novembre 2006 (Reggiani).

• Tribunale di Como, 20 maggio 2011 (Albertani)

• MRI, alterazione volume e densità della 
materia grigia.

• Corte d’Assise di Treviso, 20 novembre 2007 
(Favaro).

• Corte d’Assise d’Appello di Trieste, 18 
settembre 2009 (Bayout):

• fMRI, alterazione funzionale frontale 
rispetto a soggetti sani. 



I LIMITI DEL NEUROIMAGING NELLA
GIURISPRUDENZA

• …evidenze ottenute attraverso analisi di 
gruppo, non sono automaticamente o 
necessariamente applicabili a casi 
individuali. 

• L’inferenza statistica, per essere significativa, 
si presuppone rasenti la massima 
probabilità di esattezza.

• Il livello di significatività, per quanto 
possa rasentare lo zero per cento di errore, 
non lo raggiungerà mai per definizione. 



MACHINE LEARNING & NEUROIMAGING

• A branch of artificial intelligence
• extract information from data and to 

acquire knowledge.

• Characterisation at individual level, 
sensitive to subtle alterations in 
the brain, undetectable using
traditional univariate methods. 

• BIOMARKER: “a characteristic
that is objectively measured and 
evaluated as an indicator of 
normal biological processes, 
pathogenic processes, or 
pharmacologic responses to a 
therapeutic intervention.” (1998, 
National Institutes of Health
Biomarkers Definitions Working
Group).



CONCLUSIONS

• Neuroimaging in 
Criminology: MRI, fMRI, PET 
& SPECT.

• Psychopathy-related
behavioural disorders
consistently correlated with 
alterations: prefrontal
cortex, amygdala.

• “…non è certo che qualsiasi anomalia 
cerebrale rilevata possa aver causato l’atto 
che ha portato una persona ad essere 
incarcerata piuttosto che essere una 
conseguenza dell’essere in carcere” 

• Le evidenze delle analisi di gruppo non 
sono automaticamente o 
necessariamente applicabili a casi 
individuali.

• Il Machine Learning 
potrebbe permettere, a 
scopi di ricerca, la 
caratterizzazione a livello 
individuale della psicopatia.

• Dati multi-modali, 
scanner ibridi PET/MRI, 
dati cognitivi, psichiatrici, 
neuropsicologici.
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