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Social mentalizing refers to the ability to understand the intentions, causes, emotions and beliefs of another
person or the self and is crucial for interpersonal understanding. Disturbances in this process may lead to
aggressive and violent behaviors. Literature has shown that male perpetrators convicted for intimate partner
crime (IPVAW) present alterations in different measures related to social mentalizing, in particular, they present
more irrational thoughts toward women and difficulties in emotional recognition and empathy processes.
However, the brain mechanisms underlying this process are still unknown. The aim of this study is to examine
the resting-state functional connectivity of the cerebellar Crus II area, as a core component of social mentalizing
in male perpetrators, and to explore if this connectivity is associated with social mentalizing processes. To
achieve these objectives, we compared the resting-state connectivity of 25 men convicted for an IPVAW crime
(male perpetrators) with 29 men convicted for other crimes (other offenders) and 28 men with no criminal
records (non-offenders) using a seed-based whole brain analysis. Subsequently, correlations were performed to
explore the association between the significant connectivity networks and social mentalizing measures only in
male perpetrators of IPVAW. Analyses showed that male perpetrators of IPVAW exhibit hyperconnectivity be-
tween Crus II and posterior areas of the default mode network, frontoparietal and limbic areas compared to other
offenders and non-offenders. In addition, the greater connectivity found between the Crus II and the posterior
default mode network was related to a greater number of distorted thoughts about women and less affective
empathy in male perpetrators of IPVAW. These results show that connectivity between the cerebellum and the
default mode network may underlie the social processes that are at the basis of intimate partner violence
perpetration.

Introduction

Social cognition includes mental operations concerning how we
create representations of others and how these representations guide
social actions, judgments and perceptions (Fiske and Taylor, 2020;
Amodio, 2019). A key aspect of social cognitive functions is social
mentalizing, the ability to understand the intentions, causes, emotions
and beliefs of another person or the self (Baetens et al., 2014). This
mind-to-mind process includes a range of meta-operations such as the-
ory of mind, empathy, emotion recognition and self-reflective function
(Adshead et al.,, 2013). Distortions in mentalizing could cause

difficulties in both affective and social processing, and may lead to the
emergence of antisocial behaviors such as violence (Moller et al., 2014).

Social mentalizing plays an undeniable role on intimate partner
violence against women (IPVAW) perpetration (Misso et al., 2019).
According to previous literature, male perpetrators of IPVAW present
difficulties in emotional decoding, empathy and theory of mind
(Romero-Martinez et al., 2013; Bueso-Izquierdo et al., 2015; Romer-
o-Martinez et al., 2016). Moreover, it has been demonstrated that male
perpetrators present irrational thoughts about women and the use of
violence as an adaptive way of solving problems (for a more compre-
hensive review, see Ubillos-Landa et al., 2020). All these studies reveal
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the need for further research on social mentalizing in order to improve
intervention programs for male perpetrators of IPVAW crime.

The underlying neurobiology contributing to social cognition in male
perpetrators remains poorly understood. To date, only 5 studies have
been published in this regard (Lee et al., 2008, 2009; Bueso-Izquierdo
et al., 2016; Marin-Morales et al., 2021, 2022). Their results have shown
different brain activation during emotion processing and moral di-
lemmas in male perpetrators of IPVAW in comparison to other offenders
(men convicted for crimes other than IPVAW) and non-offenders (men
with no criminal records). In the last decade, resting-state functional
connectivity magnetic resonance imaging (rs-fMRI) has rapidly gained
traction as a method of brain imaging (Leutgeb et al., 2016). Numerous
rs-fMRI studies have identified altered connectivity between brain areas
in violent populations (for a more comprehensive review, see Romer-
o-Martinez et al., 2019). However, there is only one study that has
explored the resting-state functional connectivity (rsFC) of male per-
petrators, demonstrating that they present different rsFC between pre-
frontal, limbic and default mode network areas, and that this specific
rsFC was associated with socioemotional processes (Amaoui et al. under
review).

Neuroimaging studies that have attempted to study the process of
social mentalizing agree that the key cerebral areas are the tempor-
oparietal junction (TPJ) and the default mode network (DMN) (Li, 2014;
Van Overwalle et al., 2015a), which encompasses the medial prefrontal
cortex (MPFC), the posterior cingulum cortex (PCC), the middle tem-
poral gyrus (mTG) and parietal areas including the precuneus and
bilateral angular gyrus (AG) (Wang et al., 2020). However, a recent
meta-analysis has shown the need to consider cerebro-cerebellar con-
nections in such a complex process (Van Overwalle et al., 2015b). In
fact, in the last decade, the number of studies focused on exploring the
function of the cerebellum in social cognition has increased exponen-
tially, highlighting the anatomical and functional connections between
the cerebellum and the default mode network (Habas et al., 2009;
Buckner et al., 2011; Yeo et al., 2011; Strata, 2015; Guell., 2018).

This novel literature proposes that the cerebellum modulates cortical
activity by generating internal predictions based on the information it
receives from the mentalizing regions and sending error signals if there
is a mismatch between the predicted social events and actual behaviors
(Van Overwalle et al., 2020a). Besides, novel studies have shown that
there is an anatomical and functional specificity within the cerebellum,
revealing that the Crus II area would show the higher implication on
social mentalizing (Van Overwalle et al., 2020b) and presents a greater
connectivity with the key cerebral areas (Van Overwalle and Marién,
2016). In particular, numerous studies assessing processes requiring
social mentalizing (Leggio and Olivito, 2018; Ma et al., 2021) have
found greater activation of Crus II compared to other cerebro-cerebellar
areas. Moreover, functional connectivity research showed that cere-
bellar Crus II area was specially related to executive network (Habas
et al., 2009), and to DMN when social cognition processes are involved
(Van Overwalle and Marién, 2016).

In this study, we aimed to investigate the resting-state functional
connectivity of the Crus II in male perpetrators of IPVAW in comparison
to other offenders and non-offenders. In addition, we aimed to examine
the association between the specific rsFC of the Crus II and social
mentalizing processes found altered in male perpetrators. Based on a
previous study of resting-state functional connectivity in male perpe-
trators (Amaoui et al., under review), we hypothesized that: (1) male
perpetrators will present higher rsFC between Crus II seed and TPJ and
DMN areas in comparison to other offenders and non-offenders; (2) The
specific rsFC would be negatively associated with empathy and emotion
decoding but positively associated with irrational thoughts about
women and violence.
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Materials and methods
Participants

Sample-size was estimated using the statistical tool G* Power (Faul
et al., 2007). Based on a previous neuroimaging study of Bue-
so-Izquierdo et al. (2016) with an expected power of 0.8, an effect size of
0.9 and an alpha-level of 0.05, the resulting sample size had to be equal
or higher to 25 participants per group. Finally, 84 participants were
enrolled for this study: 26 men convicted for IPVAW crime (male per-
patrators, MPG), 29 men convicted of crimes other than IPVAW crime
(other offenders, OOG) and 29 men with no criminal records (non--
offenders, NOG). Participants from both convicted groups were
recruited from the Center for Social Insertion (CSI) in Granada (Spain).
Non-offenders were recruited via advertisement, social networks and
academies.

The inclusion criteria were: men aged 18 years or older. More spe-
cific criteria were set per study group. For male perpetrators group
(MPG): being convicted of an intimate partner violence crime regulated
by the Spanish law (de Espana, 2004, Law 1/2004, Comprehensive
Protection Law against Intimate Partner Violence, IPV). This law covers
any act of physical, psychological and sexual violence exercised over
women by those who are or have been their male spouses or by those
who are or have been linked to them by a similar relationship of affec-
tivity, whether they are cohabiting or not. For other offenders group
(OOG): being convicted for crimes other than intimate partner violence
such as robbery, drug trafficking or traffic violation; and for the
non-offenders group (NOG): not having any prior criminal record.
Exclusion criteria for all participants were as follows: (a) illiteracy, (b)
brain injury that has caused a loss of consciousness of more than 1 hour
(Cohen et al., 2003), (c) antecedents of relevant psychological disorder,
(d) history of drug or alcohol abuse (according to the Diagnostic and
Statistical Manual of Mental Disorders 4th ed; DSM-IV) and (e) the
presence of anomalies or contraindications to MRI scanning. Also,
additional exclusion criteria for other offenders and non-offenders
groups were added in order to control that none of the participants
had a history of IPVAW. Based on previous studies (Bueso-Izquierdo
et al., 2016; Marin-Morales et al., 2021, 2022), those men from the other
offenders and non-offenders groups who obtained a score equal or
greater to 11 on the severity subscale of the Conflict Tactic Scale-2
(Loinaz et al., 2012) were excluded. Specific information about de-
mographic and crime characteristics of the sample are presented in
Table 1.

Participants were invited to participate voluntarily and anonymously
according to the Spanish legislation on personal data protection
(Organic Law 3/2018, December 5). An informed consent was obtained
from each participant prior to entering the study and they received 50
euros for participating in the study at the end of the evaluation. No penal
benefit was obtained for the convicted groups. All examinations were
approved by the Research Ethic Committee of the University of Granada
in Spain (number issued: 1000/CEIH/2019).

Materials

The Interview evaluating the risk of serious couple violence (Echeburtia
et al., 2008) was conducted to collect socio-demographic information
about the perpetrator and the victim, type of violence (physical, psy-
chological and sexual), information about the relationship status, the
risk of serious couple violence, and vulnerability factors of the victim.
Questions regarding head injury, medication use, childhood trauma
(direct and indirect child violence experience) and substance depen-
dence were added. Cronbach « values for the interview was .71.

The Conflict Tactic Scale-2 (Spanish version, Loinaz et al., 2012) was
used to assess the severity, frequency and intensity of the violence in the
relationship. It also measures different conflict tactics used inside the
relationship. The scale comprises 5 subscales (damages, negotiation,
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Table 1
Sociodemographic and clinical information of MPG, NOG and OOG.
Variables (Mean MPG (n 00G (n = NOG (n F/ p-value
(SD)) = 25) 29) = 28) x2
Sociodemographic information
Age (years) 41.20 39.00 37.80 0.928 0.40
(9.91) (11.05) (8.02)
Years of education 9.00 9.55 (3.58) 9.79 0.324 0.72
(4.28) (2.45)
Drug severity 1.11 1.09 (0.36) 0.91 2.58 0.08
(0.41) (0.39)
Loss consciousness
Yes (<30 min) 4% (1) 3.4% (1) 0% (0) 1.645 0.801
Yes (<15 min) 20% (5) 13.8% (4) 21.4%
(6)
No 76% (19) 82.8% (24) 78.6%
(22)
Prescribed 0.263
medication
Yes 41,7% 24,1% (7) 14,3%
(10) “@
No 12,5% (3) 13,8% (4) 14,35 (4)
No medication 45,8% 62,1% (18) 71,4%
1n (20)
Direct violence 1.675 0.433
during childhood
Yes 12% (3) 24.1% (7) 25% (7)
No 88% (22) 75.9% (22) 75% (21)
Indirect violence 1.389 0.499
during childhood
Yes 20% (5) 20.7% (6) 32.1%
©
No 80% (20) 79.3% (23) 67.9%
(19)
Crime characterization
CTS-2
Severity of violence 4.32 0.24 (0.51) 0.32 5.02* <0.01
(6.39) (0.95)
Physical aggression 2.00 0.24 (0.51) 0.32
(2.02) (0.94)
Psychological 3.52 1.55 (1.62) 1.32
aggression (2.28) (1.52)
Sexual Coercion 0.68 0.7 (0.26) 0.14
(1.22) (0.36)
Injury 0.88 0.21(0.77)  0.11
(1.51) (0.42)
Negotiation 4.16 4.41 (1.57) 4.96
(1.67) (1.37)
Type of crime
PV = SCF = 2.619 0.106
56% (14) 10.3% (3)
PPV = DD =
44% (11) 17.24% (5)
UM =
10.3% (3)
GAR =
24.26% (7)
DT =
34.5% (10)
VF = 3.4%
@™
Social mentalizing measures
IPDMV
IPDV 2.92 3.76 (2.82) 1.75 5.976* 0.002
(2.18) (1.29)
IPDM 3.84 4.69 (2.97) 2.93 2.755 0.065
(3.41) (2.00)
IRI
Cognitive empathy 36.56 42.00 43.75 7.817* <0.01
(6.63) (6.15) (7.68)
Affective empathy 37.24 40.34 38.71 2.053 0.164
(6.83) (5.03) (5.00)
Eyes’ Test
Emotion 19.33 19.40 20.56 0.695 0.061
recognition” (4.78) (4.36) (4.41)

Measures of loss consciousness, violence during childhood and type of crime on
(% [n]). MPG = male perpetrators group; OOG = other offenders group; NOG =
non-offenders group; CTS-2 = Conflict Tactic Scale-2; Drug severity variable

266

Journal of Psychiatric Research 150 (2022) 264-271

(log10 normalized); PV = psychological violence; PPV = physical and psycho-
logical violence; SCF = scams or crimes of forgery; DD = dangerous driving;
GAR = Grave assault/robbery; DT = drug trafficking; VF = violent fight; UM =
unspecified misdemeanor (lost answers). IPDV = Inventory of distorted thoughts
about the use of violence; IPDM = Inventory of distorted thoughts about women;
Cognitive empathy = composed of perspective taking and fantasy subscales of
the IRI; affective empathy = composed of empathic concern and personal
distress subscales of the IRI; Emotion recognition = measured using the Eyes’
test.
2 Lost answers. MPG (N = 15), 00G (N = 15), NOG (N = 16).

physical violence, sexual coercion and psychological aggression) and
two levels of severity (minor or severe). It uses an 8-point Likert scale
ranged from O “this has never happened” to 6 “more than 20 times in the
past year”, and 7 means “not in the past year, but it did happen before”.
Cronbach «a values for the CTS-2 ranged from 0.34 to 0.94.

The Inventory of Distorted Thoughts about Women and Violence
(IPDMV; Echeburtia & Fernandez-Montalvo, 1997) is a self-report in-
ventory to measure irrational thoughts. The inventory is divided in two
subscales: 13 items related to irrational thought about sexual roles and
inferiority of women (IPDM) and 16 items related to the use of violence
as a correct method of conflict resolution (IPDV). Cronbach o values
were 0.662 and 0.519 respectively.

The Interpersonal Reactivity Index (IRI) by Pérez-Albéniz et al. (2003)
was conducted to assess empathy as a self-report measure. Two sub-
scales were used in this study: cognitive empathy (composed of
perspective taking and fantasy subscales) and affective empathy
(composed of empathic concern and personal distress subscales), with a
Cronbach « ranging from 0.56 to 0.70.

The Eyes Test of Fernandez-Abascal et al. (2013) is a conductual task
used to evaluate the ability to recognize complex mental states
expressed by human eyes. It consists of 36 photographs of eyes and in
each item participants are instructed to choose among four descriptors
based on what they think the person in the photography is feeling. Each
item is scored as correct or incorrect. Consequently, the higher the score,
the greater is the ability to recognize emotions. This task present a
test-retest value of 0.63.

MRI data acquisition and preprocessing

Anatomical and resting-state functional MRI were acquired with a 3-
T scanner (Siemens TRIO) at the Mind, Brain and Behavior Research
Center of the University of Granada (Spain). High spatial resolution T1-
weighted anatomic images were acquired in the sagittal orientation
using a three-dimensional weighted turbo-gradient-echo sequence
(repetition time (TR) = 2300 ms; Echo time (TE) = 3.1 ms, Field of view
(FOV) = 208; Voxel size = 0.8 x 0.8 x 0.8 mm, Number of slices = 208)
in order to check for any gross anatomical abnormality. Functional MRI
data were acquired during a resting-state scan. Participants were
instructed to lie still with their eyes close without falling asleep during 8
min. Functional images were acquired using a T2*-weighted echo-
planar imaging (EPI) sequence through the following parameters: TR =
2.0s; TE = 25 ms; FOV = 238 x 238 mm; Acquisition Matrix = 68 x 68;
thirty-five 3.5 m axial slices, Voxel Size = 3.5 x 3.5 x 3.5 mm, 240
whole-brain volumes.

Functional images were preprocessed using the Functional Connec-
tivity CONNv17 Toolbox (Whitfield-Gabrieli and Nieto-Castanon, 2012)
running under Matlab R2017a (MatchWorks, Natick, MA, USA). Briefly,
the preprocessing included the following steps: (a) realignment and
slice-timing correction, (b) denoising and outlier detection (c) segmen-
tation, (d) co-registration of each participant’s anatomical scan to
functional images, (e) normalization, (f) reslice to a 2 mm voxel size in
MNI space, (g) smoothing of functional images with a 6-mm FWHM
isotropic Gaussian Kernel, (h) temporal band-pass filtering (0.008-0.09
Hz) and linear detrending term. Two subjects, one from the MPG group
and one from the NOG group, were excluded because cerebellar images
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could not be acquired.
Seed definition and functional connectivity analysis

To assess functional connectivity of the Crus II, we performed a seed-
based functional connectivity analysis using the functional connectivity
CONNv17 Toolbox (Whitfield-Gabrieli and Nieto-Castanon, 2012).
Seeds of interest were determined based on the meta-analysis of Van
Overwalle et al. (2015). Coordinates from the meta-analysis were
transformed to the MNI stereotaxic space. Then, to avoid overlap be-
tween seeds, those located less than 8 mm apart were identified and
replaced by a new region of interest in the centroid of these seeds.
Therefore, from the original 24 seeds, we lasted with 16 seeds. Finally,
only those that were localized in Crus II were selected.

In total, 2 Crus II seeds were defined in each cerebellar hemisphere
using a 5-mm radius sphere: left posterior CrusII (x = —13,y = —80,z =
—42), left lateral Crus II (x = —25, y = —82, z = —38); right posterior
Crus II (x =10,y = —79, z = —43) and right lateral Crus Il (x = 24,y =
—82, z = —36) using the Marsbar Toolbox for SPM12 in MNI stereotaxic
space.

Subject specific first-level general linear models (GLM) were defined
including the mean activity courses of each seed extracted from the
MarsBaR toolbox (http://marsbar.sourceforge.net) and nuisance signals
as regressors of no interest. Nuisance signals included motion, white
matter and cerebrospinal fluid time series. A high-pass filter (128 s) was
used to eliminate low-frequency noise. Images were created for each
subject by calculating the regression coefficient between all brain voxels
and each seed’s time series.

In order to investigate group differences in each seed’s connectivity,
first-level contrast images were included in a separate second-level one-
way ANOVA model. Drug severity and age were included as covariates.
The imaging results were corrected for multiple comparisons using
Monte Carlo simulations using AlphaSim implemented in the REST-
plusV1.2 Toolbox. For between-group comparisons, Alphasim input
parameters included a whole brain mask (242 545 voxels; 2 x 2 x 2
mm), a cluster connection radius of 5 mm, and results were significant at
an «a value of 0.025 and an individual voxel threshold probability of p <
.001. The resulting minimum cluster size was different for each seed; for
left posterior Crus II was 103 voxels (824 mm?®), for left lateral Crus II
was 93 voxels (744 mm?>), for right posterior Crus II was 95 voxels (760
mm?) and for right lateral Crus II was 97 voxels (776 mm?).

Statistical analyses

Demographic and behavioral data were analyzed using Jamovi
(Version 1.6, The jamovi project, 2021). ANOVA tests were conducted to
assess differences between groups. Only group differences were found in
drug consumption, therefore, a variable of drug severity was created by
the sum of the criteria of the DSM-IV for alcohol and drugs, including
frequency and intensity of the consumption. Then, this variable was
normalized and used as a confounding variable in all analyses.

Additionally, we tested if the specific rsFC of the Crus II in male
perpetrators correlated with social mentalizing measures. For this pur-
pose, the database was imputed (5.8% missing values) using the algo-
rithm of the missforest package (Stekhoven and Bithlmann, 2012). Then,
Spearman partial correlations were conducted between the extracted
values of each rsFC and the behavioral measures (distorted thoughts
about women and the use of violence, cognitive empathy, affective
empathy and emotion recognition) controlling for age and drug severity.
The correlational analyses were considered significant at a threshold at
p < .05. Finally, Fisher r-to-z transformation was performed to calculate
between-group interactions in these correlations.
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Results
Demographic data and crime characteristics

Groups did not differ in age, education level, type of crimes and child
violence experience. Differences were found in the severity subscale of
the Conflict Tactic Scale (CTS-2), where male perpetrators showed
significantly higher scores in comparison to other offenders and non-
offenders (Table 1).

Between-group differences in functional connectivity

Based on the main objective of the study, the results were organized
by comparing the group of male perpetrators with each of the other two
groups.

Male perpetrators group (MPG) > non-offenders group (NOG). MPG
showed higher functional connectivity between left posterior Crus II and
left parahippocampus/hippocampus. Moreover, MPG showed higher
functional connectivity between right posterior Crus II and right pre-
cuneus, right angular gyrus (AG), left posterior cingulum cortex and
bilateral parahippocampal. Finally, male perpetrators demonstrated
also higher functional connectivity between right lateral Crus II and
mid-temporal gyrus (mTG). There were no group differences in left
lateral Crus II functional connectivity. NOG did not demonstrate higher
functional connectivity than MPG in any of the seeds (Table 2 and
Fig. 1).

Male perpetrators (MPG) > other offenders group (OOG). MPG
demonstrated higher functional connectivity between left posterior Crus
II and bilateral intraparietal sulcus (IPS), left precuneus/parietal supe-
rior area and left frontal inferior operculum in comparison to OOG.
Moreover, MPG showed higher functional connectivity between right
posterior Crus II and cuneus, right mid-occipital area, right fusiform
gyrus and left parahippocampal. Finally, MPG demonstrated higher
functional connectivity than the non-offenders group between right
lateral Crus II and cuneus. Again, there were no differences in left lateral
Crus II functional connectivity. OOG did not demonstrate higher func-
tional connectivity than MPG in any of the selected seeds (Table 2 and
Fig. 1).

Comparisons between other offenders (OOG) and non-offenders
(NOG) are described in the Supplementary material 1.

Correlations with social mentalizing variables in male perpetrators

Functional connectivity between right posterior Crus II and pre-
cuneus was found positively correlated with irrational thoughts about
women only in male perpetrators (r = 0.430, p = .041). This correlation
was found inverse in non-offenders (r = —0.480, p = .013). The com-
parison between these correlations showed a significant difference (z
score = 3.43, p < .001). This correlation was not found significant in the
other offenders group.

Functional connectivity between right lateral Crus II and mid-
temporal gyrus was negatively correlated with affective empathy in
male perpetrators (r = —0.458, p = .028). This correlation was not found
significant in any of the other two groups. Direct comparison between
these correlations (MPG vs NOG) revealed a significant difference (z
score = —2.05, p < .05) (see Fig. 2). Specific information about the
scores in all scales are presented in Table 1.

Discussion

The goal of this study was to investigate Crus II resting-state func-
tional connectivity in male perpetrators in comparison to non-offenders
and other offenders, and how it relates to social mentalizing processes.
We observed hyperconnectivity of the Crus II with parahippocampal/
hippocampus,default mode network, intraparietal sulcus and occipital
areas in male perpetrators. We also found that the specific resting-state
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Table 2
Significant differences between male perpetrators (MPG), non-offenders (NOG), and other offenders (OOG) in functional connectivity.

Seed Brain Region X y z ke Peak t value

MPG > NOG

L posterior Crus II Parahippocampal/hippocampus —22 -34 -10 136 4.46

R posterior Crus II Precuneus 20 —64 24 248 4.32
Angular gyrus 42 -50 32 240 4.33
Parahippocampal -18 -36 -8 217 5.58
Posterior cingulum -8 —44 20 151 4.78
Parahippocampal 18 -36 -16 113 4.39

R lateral Crus II Mid-temporal gyrus —60 -14 —14 126 4.60

MPG > 00G

L posterior Crus II Intraparietal sulcus —26 —62 42 296 4.49
Intraparietal sulcus 22 —60 48 269 4.60
Precuneus/parietal superior —-18 -74 52 161 4.46
Frontal inferior gyrus -36 14 28 150 4.29

R posterior Crus II Cuneus —4 —82 20 1152 4.66
Mid occipital 42 -76 6 393 4.72
Parahippocampal —22 -28 -16 260 4.58
Fusiform gyrus 36 —48 —-12 192 4.64

R lateral Crus I Cuneus —4 —86 18 841 5.06

Coordinates (x, y, z) are given in Montreal Neurological Institute atlas space (MNI). ke = cluster size in voxels.
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Fig. 1. Significant group differences in Crus II seed-
based analysis. Each brain image represents the
correlation of the seed written below. MPG = male
perpetrators group; NOG = non-offenders group;
0OO0G = other offenders group.

Note. Each brain image represents the correlation of
the seed written below. MPG = male perpetrators
group; OOG = other offenders group NOG = non-
offenders group A. MPG demonstrated higher func-
tional connectivity than NOG between left posterior
Crus II and parahippocampal/hippocampus, be-
tween right lateral Crus II and precuneus, angular
gyrus, posterior cingulum and parahippocampal, and
between right posterior Crus II and mid-temporal
gyrus B. MPG demonstrated higher functional con-
nectivity than OOG between left posterior Crus II
and bilateral intraparietal sulcus, precuneus/parietal
superior and frontal inferior gyrus, between right
posterior Crus II and cuneus, mid-occipital area,
parahippocampal and fusiform gyrus, and between
right lateral Crus II and cuneus and mid-temporal

gyrus.

Distorted thoughts about women

Fig. 2. Significant Spearman partial correlations between resting-state functional connectivity and social mentalizing processes in male perpetrators.
Note. Age and drug severity as control variables. MPG = male perpetrators group. A. Negative correlation between resting-state functional connectivity Crus II — mid
temporal gyrus and affective empathy. B. Positive correlation between the resting-state functional connectivity Crus II — precuneus and distorted thoughts

about women.
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functional connectivity in male perpetrators was associated with irra-
tional thoughts about women and with affective empathy.

Our principal connectivity hypothesis was supported by these re-
sults, demonstrating that male perpetrators presented higher resting-
state functional connectivity between Crus II and posterior areas of
the default mode network in comparison to non-offenders. More
concretely, perpetrators showed higher resting-state functional con-
nectivity of the right posterior Crus II seed with the middle temporal
gyrus, precuneus, right angular gyrus and left posterior cingulate cortex.
This interaction or connectivity and its clinical implications have been
widely evidenced (Schmahmann, 2004), and most of the findings
converge on the assumption that hypoconnectivity would result in def-
icits in social mentalizing (Shinn et al., 2015). However, less recognition
has been given to the study of cerebellum in non-clinical research and
more specifically in forensic research (Demirtas-Tatlidede and Scha-
mahmann, 2013). Only few studies have shown that violent populations
exhibit altered resting-state functional connectivity between the cere-
bellum and the default mode network (DMN) in relation to violent
proneness (for a more comprehensive review, see Romero-Martinez
et al., 2019). Furthermore, in a meta-analysis by Klaus and Schutter
(2021) it has been demonstrated that the posterior cerebellum (Crus I
and Crus II) is co-activated together with the default mode network
during fear and anger processing. We therefore, suggest that higher
functional connectivity between the Crus II and the default mode
network might be related with difficulties in emotional processing in
male perpetrators.

Interestingly, the connectivity in this network did not remain sig-
nificant when comparing male perpetrators and other offenders. Despite
this, perpetrators showed a higher resting-state functional connectivity
between right posterior Crus II and bilateral intraparietal sulcus and
inferior frontal operculum. These cerebral areas are key regions within
the brain networks that monitor executive functions, cognitive control
and motor control processes (Hampshire et al., 2010; Bray et al., 2015).
Significantly, several studies support the role of the cerebellum in these
networks. Indeed, during cognitive tasks (executive functions, working
memory and attentional processes), the activation of the cerebellum
comes along with the activation of prefrontal and parietal regions
(Stoodley, 2012; Leggio and Olivito, 2018; Skouras et al., 2018). The
proposed function of the cerebellum in these cognitive processes would
consist in detecting errors between the predicted output and the current
behavior, and sending back this information to brain areas in order to
generate adaptive behavior (Leggio and Olivito, 2018). These results
may indicate that the difference in resting-state functional connectivity
between other offenders and specific male perpetrators may be located
in a more cognitive domain.

Also, male perpetrators showed greater connectivity between Crus II
and the parahippocampus/hippocampus in comparison to other of-
fenders and non-offenders. The posterior cerebellum has various
anatomical and functional connections with cerebral regions involved in
high-level mental processes like emotion regulation (Snow., 2014),
empathy (Lang et al., 2011), moral judgment and violence (Demi-
rtas-Tatlidede and Schmahmann, 2013). These regions include the
limbic system, and more concretely the amygdala and hippocampus
(Strick et al., 2009). The higher connectivity found between Crus II,
parahippocampus and hippocampus in male perpetrators might be
related to difficulties in processing moral emotions (Leutgeb et al.,
2016).

These neuroimaging results can be further understood by looking at
the correlational results. In fact, it has been found that the higher the
resting-state connectivity between the cerebellar Crus II area and pos-
terior default mode network (specifically, precuneus and mid-temporal
gyrus), the greater the number of distorted thoughts about women and
the lower the empathy. Literature has shown that the resting-state
connectivity between these areas may be a reliable marker of specific
cognitive abilities and personality traits that are related to behavior
regulation, and more specifically to violent proneness (Romero-
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Martinez et al., 2019). These correlations allow us to propose that there
is a specific relationship between resting-state connectivity of Crus-II
with posterior areas of the DMN and disturbances in social cognition
processes that may promote IPVAW perpetration (Ubillos-Landa et al.,
2020; Romero-Martinez et al., 2016).

There are several limitations to the present study. First, the nature of
male perpetrators is very diverse, consequently, in this study we were
unable to take into account other relevant variables such as personality
characteristics, or other sociocultural variables. Therefore, we propose
the need to carry out future studies where these variables could be under
consideration. Second, some of the social mentalizing measures are not
specific to intimate partner violence and even if significant results have
been found, previous literature proposes that the brain activation of
male perpetrators is strongly related to intimate partner violence stimuli
(Marin-Morales et al., 2021). Third, although seed analysis is one of the
most used techniques in the violent population, it is a tool that depends
on prior seed selection, which makes results interpretable (Lv et al.,
2018).

Despite the above limitations, this is the second study to explore the
resting-state brain mechanisms underlying social cognition processes in
men convicted of intimate partner violence. The value of studying
intrinsic connectivity in violent populations has been widely defended in
the literature, not only because it is a neuroimaging tool that allows us to
understand how the brain processes social information (Doruyter et al.,
2017), but also as a possible marker of violent proneness (Romer-
o-Martinez et al., 2019). Alterations in the process of social mentalizing
could lead to a spiral of behavior that is not only maladaptive, but vi-
olent towards other people (Moller et al., 2014). In this study it has been
found again that male perpetrators show hyperconnectivity compared to
men with no criminal records and men convicted of other crimes.

The most extended research line argues that cerebro-cerebellar
hypoconnectivity could underlie alterations in different social cogni-
tion processes in people with clinical diagnoses (Shinn et al., 2015).
Although studies with non-clinical populations are scarcer, one would
expect to find the same results. However, what we found in male per-
petrators is a hyperconnectivity accompanied by significant associations
with measures of social mentalizing. One possible explanation is the
existence of compensatory mechanisms. This proposal has been taken in
violent populations (Leutgeb et al., 2016) and psychopathic criminals
(Contreras-Rodriguez et al., 2014). This mechanism would suggest the
need of an effort to compensate for deficient coupling between brain
areas involved in socioemotional processing (Leutgeb et al., 2016). This
is a novel proposal that would require future studies in order to validate
it.

We conclude that the cerebellum is a core structure for social
cognition processes. More concretely, in this study we found that
resting-state functional connectivity between Crus II and default mode
network, limbic areas and prefrontal areas is specific of male perpetra-
tors and it is related to social mentalizing processes associated with vi-
olent perpetration. Although in this study we focus on Crus II as a
specialized area in social mentalizing process (VanOverwalle et al.,
2020), future studies are needed in order to explore the cerebellar
functioning of anterior (IV, V and VI) and posterior (Crus I and lobule IX)
areas in male perpetrators as a modulator of social processes. Finally, we
highlight the great importance of including the work on the different
processes of social cognition in intervention programs with male per-
petrators and in prevention programs.
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