
Frontiers in Psychiatry

OPEN ACCESS

EDITED BY

Alexandre Martins Valença,
Fluminense Federal University, Brazil

REVIEWED BY

Michal Privara,
Charles University, Czechia
Anna Anselmo,
Bonino Pulejo Neurology Center (IRCCS), Italy

*CORRESPONDENCE

Jenthe Mens

j.mens@tilburguniversity.edu

RECEIVED 21 February 2025
ACCEPTED 26 March 2025

PUBLISHED 29 April 2025

CITATION

Mens J, Masthoff E, Bogaerts S and Heus P
(2025) Using physiological biomarkers in
forensic psychiatry: a scoping review.
Front. Psychiatry 16:1580615.
doi: 10.3389/fpsyt.2025.1580615

COPYRIGHT

© 2025 Mens, Masthoff, Bogaerts and Heus.
This is an open-access article distributed under
the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

TYPE Systematic Review

PUBLISHED 29 April 2025

DOI 10.3389/fpsyt.2025.1580615
Using physiological biomarkers
in forensic psychiatry:
a scoping review
Jenthe Mens1*, Erik Masthoff1,2,
Stefan Bogaerts1,2 and Pauline Heus3,4

1Department of Developmental Psychology, Tilburg University, Tilburg, Netherlands, 2Fivoor Science
and Treatment Innovation, Fivoor, Rotterdam, Netherlands, 3Cochrane Netherlands, University
Medical Centre Utrecht, Utrecht University, Utrecht, Netherlands, 4Julius Center for Health Sciences
and Primary Care, University Medical Center Utrecht, Utrecht University, Utrecht, Netherlands
Forensic psychiatry aims to reduce criminogenic risks and enhance societal

safety. While effective at a macro level, crime recidivism rates among forensic

patients remain substantial. This underlines the need for innovation, with growing

interest in the use of physiological biomarkers. To identify the extent (size), range,

(variety), and nature (characteristics) of evidence on the use of physiological

biomarkers in forensic psychiatry, a systematic scoping review was conducted

following JBI methodology and PRISMA-ScR guidance. Data on study

characteristics and results were extracted by two independent reviewers from

431 primary research studies published in scientific journals and dissertations.

Most studies were conducted in North America (53.4%) and Europe (41.3%). The

majority employed an observational design (95.6%) and were cross-sectional

(87.7%). Studies predominantly focused on males (84.9%) and adults (85.9%). The

most common diagnoses were psychopathy/antisocial personality disorder

(51.7%) and sexual disorders (21.8%). Brain activity served as a biomarker

outcome in 51.3% of studies, followed by peripheral sympathetic arousal

(29.2%) and peripheral sexual arousal (13.8%). Biomarker assessment methods

reflected these findings. Etiologic biomarker functions were most common

(77.2%), followed by diagnostic functions (12.7%). Findings reveal several gaps in

the existing scientific literature. Specifically, more experimental and longitudinal

research is needed to integrate physiological biomarkers into e.g., interventions,

effect monitoring, and (risk) assessment. Also, a greater focus on juveniles,

patients with psychotic and substance use disorders, and the use of newer

biomarker assessment methods measuring peripheral arousal is essential to

advance the field.

Systematic review registration: https://osf.io/, 10.17605/OSF.IO/46QBU.
KEYWORDS

forensic psychiatry, physiological biomarkers, scoping review, biomarker
function, psychopathology
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1580615/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1580615/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1580615/full
https://osf.io/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyt.2025.1580615&domain=pdf&date_stamp=2025-04-29
mailto:j.mens@tilburguniversity.edu
https://doi.org/10.3389/fpsyt.2025.1580615
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://doi.org/10.3389/fpsyt.2025.1580615
https://www.frontiersin.org/journals/psychiatry


Mens et al. 10.3389/fpsyt.2025.1580615
1 Introduction

Certain types of psychopathology, such as schizophrenia,

substance use disorder (SUD), and antisocial personality disorder,

are significant risk factors for (recurrent) delinquent behavior (1–3).

Forensic psychiatry aims to reduce criminogenic risks, thereby

enhancing societal safety. Although this works at a macro level

(4), the current selection of evidence-based interventions remains

limited (5) and recidivism rates among forensic patients are still

substantial. This underlines the need for innovation in developing

new treatment (evaluation) tools, assessment strategies, and risk

prediction methods. Much of this potential lies in biomedical

science and technology. Over the past decades, advancements in

these areas have significantly improved the understanding of

disease mechanisms, treatment options, and outcomes in most

medical disciplines. However, psychiatry, and particularly forensic

psychiatry, has been slower to adopt these innovations.

Traditionally, it has relied on subjective symptom presentations

and interpretations of observed behavior for assessment, diagnosis,

therapy, and prognostication (6). Forensic patients, however, are

prone to socially desirable responses (7), raising concerns about the

validity of current assessment and evaluation methods. Because of

this, there is increasing attention to neurobiological factors

associated with criminal behavior. The merged role of biomarkers

in forensic psychiatry provides a more objective and potentially

reliable assessment method (8, 9).

A biomarker is an indicator of normal or pathological biological

processes or responses to exposure or (therapeutic) interventions (10).

A common way to categorize biomarkers is by their clinical

application (11, 12). The Biomarkers, EndpointS, and other Tools

(BEST) glossary defines seven biomarker categories: susceptibility/risk,

diagnostic, monitoring, prognostic, predictive, pharmacodynamic/

response, and safety (10). Additionally, biomarkers can be classified

based on their characteristics. For instance, the BEST glossary (10) and

Califf (12) distinguish molecular, histologic, radiographic, and

physiologic biomarkers, whereas Bodhagi et al. (11) propose a

division into cellular, imaging, and molecular biomarkers, further

subdividing the latter into genetic, protein, and chemical biomarkers.

To our knowledge, no scoping review has systematically

examined the use of biomarkers in forensic psychiatry. The current

evidence mapping regarding this subject remains very limited. While

two narrative reviews exist regarding biomarkers for paedophilia and

potential neurocognitive markers for recidivism prediction, these were

not conducted systematically (8, 13). Additionally, other systematic

reviews, such as those on objective predictors of outcome in forensic

mental health services and on eye tracking and paedophilia, are

outdated or overly narrow in scope (9, 14). Consequently, the

available reviews are insufficient for understanding the role of

biomarkers in forensic psychiatry.

This scoping review focused on physiological biomarkers (e.g.,

skin conductance, heart rate variability, and brain activity), as they are

particularly relevant for clinical forensic practice. Unlike static
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biomarkers (e.g., genetic), physiological biomarkers are dynamic

and changeable, offering actionable outcomes for prevention,

assessment, and treatment. They are also non-invasive, easily

measurable, and practical for ongoing assessment and intervention

in forensic settings. Thus, this scoping review aimed to identify the

extent (size), range (variety), and nature (characteristics) of evidence

on the use of physiological biomarkers in forensic psychiatry. Sub-

questions were: (1) How has research on physiological biomarkers in

forensic psychiatry evolved over time?; (2) What clinical applications

are addressed in this research?; (3) How are studies on physiological

biomarkers distributed by offender type and diagnosis category? Due

to the exploratory nature of the research, no a priori hypotheses

were formulated.
2 Methods

2.1 Study descriptor

This study followed the JBI methodology for scoping reviews

(15) and adhered to a protocol registered on the Open Science

Framework (https://osf.io/46qbu/), with changes recorded in this

paper. A descriptive approach is taken; no quality assessment of the

included studies was conducted. The study is complied with

following the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR)

checklist (16).
2.2 Participants

This scoping review included studies on forensic patients,

defined as individuals diagnosed with a psychiatric disorder who

were charged with or convicted of a criminal offense, without

restrictions on gender, age, or ethnicity. Studies involving

offenders with conditions like antisocial personality disorder,

psychopathy, or paedophilic disorder were eligible. However,

studies on individuals with transgressive behavior without a

psychiatric disorder and/or ‘offender’ status were excluded.

Research involving forensic psychiatry staff was also not considered.

2.2.1 Context
This review selected studies conducted in forensic psychiatry

settings, including forensic in- and outpatient clinics, correctional

facilities (including prisons, juvenile correctional facilities, and

probation supervision), and other professional environments

where forensic patients were reported.

2.2.2 Biomarkers
This review included studies reporting on the use of physiological

biomarkers in forensic psychiatry, whether measured with imaging

techniques or not. Anatomical/histological and molecular biomarkers
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(genetic, protein, chemical) were excluded unless studied in

conjunction with physiological biomarkers. Physiological

biomarkers were defined as measurable, dynamic indicators of the

body’s physiological or pathological status. Examples included

electrophysiological and hemodynamic brain activity assessed with

EEG, MEG, fMRI, or SPECT, but not brain metabolism (which

concerns biochemistry) measured with PET. Peripheral sympathetic

arousal indicators, such as sexual arousal and eye movements, were

also considered physiological biomarkers. For this review, the FDA

and NIH (10) biomarker categories were adapted to suit the

forensic psychiatric context, resulting in six functions and

definitions: (1) etiologic: biomarker is an element in the

explanatory model for the association between psychopathology

and delinquent behavior; (2) diagnostic: biomarker is used to detect

or confirm the presence of (a subtype of) psychopathology or

condition status (e.g., arousal); (3) monitoring: biomarker is used

to evaluate the course of patient functioning, including intervention

effectiveness; (4) intervention: biomarker is part of an intervention

(such as a training using biofeedback); (5) prognostic: biomarker is

used to estimate the likelihood of crime recidivism; (6) predictive:

biomarker is used to predict which patients benefit from certain

interventions (responsiveness).

2.2.3 Studies
This scoping review included primary research (original

studies) published in scientific journals and dissertations.

Systematic reviews and meta-analyses were excluded but served as

sources for identifying primary research (see below). Narrative

reviews, conference papers, book chapters, and grey literature

were excluded for feasibility because they were not deemed

essential for the review’s purpose. Quantitative, qualitative, and

mixed-method studies were considered, including observational

(descriptive, exploratory, analytical designs), experimental

(randomized controlled trials, non-randomized controlled trials,

quasi-experimental studies), cross-sectional, and longitudinal

studies. Searches covered all dates up to September 1, 2023, with

no language restrictions. Any translation issues encountered

were manageable.
2.2.4 Search strategy
The search strategy aimed to find published primary research

studies using a three-step search strategy. First, a limited search of

MEDLINE (PubMed) and PsycINFO was conducted to retrieve

relevant publications. Titles, abstracts, and index terms from these

articles were analyzed to develop (various iterations) a full search

strategy for MEDLINE (see Supplementary Material Appendix A).

Second, the final search strategy, using all identified keywords and

index terms, was applied across all targeted databases (see below).

For Google Scholar, a modified query with fewer characters and no

truncation was used (see Supplementary Material Appendix B).

Third, the reference lists of systematic reviews and meta-analyses,

excluded during full-text screening, were searched for additional

studies, deviating from the original protocol. However, the
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reference lists of included studies and excluded narrative reviews

were not searched due to the substantial number of included studies

and evidence saturation achieved after the initial steps.

2.2.5 Information sources
A comprehensive search was conducted through the following

scientific databases: MEDLINE (PubMed), PsycINFO, Embase,

Social Science Citation Index (Web of Science), Scopus (for

citation tracking), Cochrane Library, and Google Scholar.

2.2.6 Study selection
All identified records (for Google Scholar the top 980) were

uploaded and processed in EndNote 20 with duplicates removed.

The records were then exported to the systematic review platform

Rayyan (Qatar Computing Research Institute, Doha, Qatar). Titles and

abstracts were screened by two reviewers (authors JM and EM) against

the inclusion criteria. To optimize selection integrity, the first 50

publications were assessed jointly to establish consensus on

interpreting and applying the inclusion criteria. Subsequently, 500

studies were screened on titles and abstracts independently by both

reviewers and the ratings were compared. Strong inter-rater reliability

was achieved (Cohen’s kappa = .94) (17), after which the remaining

records were divided between the reviewers for independent

assessment. Any uncertainties were resolved through cross-checks.

The selection of the double-assessed publications was determined

during biweekly consensus meetings. Next, both reviewers

independently assessed the full text of the first 60 selected citations

in detail against the inclusion criteria. Again, inter-rater reliability

remained near perfect (Cohen’s kappa = .97) (17). The remaining

publications were again divided and assessed by one of the two

reviewers. Doubts or disagreements were resolved through cross-

checks, followed by joint decision-making during consensus meetings.

2.2.7 Data extraction
Data from studies included in the scoping review were extracted

by two independent reviewers (JM and EM) using a data extraction

tool developed by the researchers to align with the review’s aim.

This tool was designed based on the JBI instrument for extracting

study details, characteristics, and results (15). JM and EM each

created a draft, which was integrated into a single tool after a

consensus discussion, with additional input and critical reflection

from a third researcher (PH). The tool was piloted on five relevant

papers retrieved during the first search step, leading to minor

adjustments. Further refinements were made during the data

extraction process following consensus consultations between JM

and EM with PH’s input. In particular, several variables were

reformulated or made more concrete. Furthermore, the variable

‘stimulus/task’ representing the provocation used during biomarker

assessment, was added. The final version of the data extraction tool

is available as Supplementary Material Appendix C. To ensure

accuracy and minimize bias, data extraction was cross-checked by

the reviewers in 10% of the studies. Inconclusive and unclear data

were excluded from extraction.
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3 Results

A total of 15,801 records were retrieved from the database

searches. After removing duplicates, 9,686 records were screened on

titles and abstracts. Subsequently, 1,070 publications were assessed

for full-text eligibility. At the end of the selection process, 431

studies from 426 publications (some publications contained more

than one qualifying study) were included in the scoping review.

From these 431 studies, 85 were added via a structured reference list

search of excluded systematic reviews and meta-analyses (Figure 1).

Supplemantay Table 1 shows the data extracted from all

included studies, covering contextual, design, and substantive

aspects, supplemented with brief summaries of study aims and

conclusions (15, 16, 18–445). The latter is provided to clearly and

concisely describe the content of the studies without adding any

qualitative judgment.
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The included studies were conducted between 1943 and

September 1, 2023 (date the databases were searched). Until 2000,

the number of studies was limited to 78 (18.1%). Thereafter, there

was an exponential increase of 92 studies (21.3%) until 2010 and

261 studies (60.6%) until the mentioned search date (Figure 2).

Most studies were conducted in North America (53.4%) and

Europe (41.3%). The top six countries (> 10 studies) were the United

States, Canada, Germany, the Netherlands, the United Kingdom, and

China, accounting for 83.3% of the studies (Figure 3).

Table 1 presents the aggregated characteristics of the included

studies, study populations, and control groups where applicable.

The vast majority of studies had an observational design (95.6%),

with case-control (62.6%) and cross-sectional (24.1%) studies being

the most common. In contrast, (quasi) experimental research with

physiological biomarkers in forensic psychiatry was scarce. In

addition, most studies (87.7%) were not longitudinal. The
FIGURE 1

Study selection.
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included studies were mainly conducted in correctional facilities

(45.6%) and inpatient clinics (34.2%), with fewer studies conducted

in outpatient settings (16.2%). Most studies focused on men

(84.9%), followed by both men and women (9.3%). The majority

of study populations consisted of adults (85.9%), with 10.9%

including both adults and youth, and only 3.0% specifically

targeting juveniles. The offender types studied were mainly sex
Frontiers in Psychiatry 05
offenders (31.6%) or violent offenders (21.6%), though offender type

was unspecified in over a third of the studies. Regarding diagnoses,

more than half of the studies (51.7%) investigated individuals with

(juvenile) psychopathy (or traits), antisocial personality disorder,

conduct disorder, and/or disruptive behavior disorder.

Additionally, 21.8% focused on sexual disorders (particularly

paedophilia). Disorders such as substance use disorders (3.2%)
FIGURE 2

Number of studies by year of publication.
FIGURE 3

Countries in which the included studies were conducted.
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and psychotic disorders, including schizophrenia (2.1%), were far

less represented. In 75.9% of the studies, one or more control groups

were included. Over half of these compared the study population to

healthy controls or non-offenders, while a third used other offender

types. In 14.4%, the control groups consisted of psychiatric patients.

Table 2 provides an overview of cumulative data on biomarker

outcome measures and functions extracted from the included

studies. In just over half of the studies, brain activity (central

nervous system) was examined as a biomarker outcome.

Peripheral sympathetic arousal (e.g., skin conductance, heart rate

variability) was assessed in 29,2% of the studies, and peripheral

sexual arousal was studied in 13,8%. Relatively few studies

examined eye movement, measured with eye trackers, or other

biomarker outcomes. Regarding the functions of biomarkers,

etiology (examining underlying substrates of forensic-relevant

psychopathology and/or delinquent behavior) was clearly the

main focus (77.2%). Biomarkers with diagnostic functions

followed at an appropriate distance (12.7%), while other

biomarker functions (monitoring, intervention, prognostic, and

predictive biomarkers) were rarely investigated.

Table 3 lists the biomarker assessment methods used in the

included studies. fMRI (31.3%) and EEG (25.5%) were the most

common methods, both of which measure brain activity. PPG

(penile plethysmography), used to measure peripheral sexual

arousal, came in third place (15.6%). Not included in Table 3 but

noteworthy is that of the 75 included studies using PPG as an

assessment method, 45 (60%) were conducted in Canada, 23

(30.7%) in the US, three (4.0%) in Western Europe, three (4%) in

Eastern Europe and one (1.3%) in New Zealand. For non-sexual

peripheral sympathetic arousal, a variety of methods and devices

were used, including polygraph, skin conductance devices, EMG,

ECG, and others. The use of wearables was minimal (1.9%). Finally,

eye trackers or active electrodes for measuring oculomotor

responses were rarely used, consistent with earlier findings

regarding biomarker outcomes. Table 3 also shows the stimuli or

tasks used to elicit participant responses, applicable in 357 studies

(82.8%). These stimuli and tasks were diverse (outlined in

Supplementary Table 1) and Table 3 provides an outline

classification for this purpose. Emotion tasks, sexual stimuli, and

cognitive tasks were used approximately equally, together

accounting for 79.8% of the total.

Finally, in the context of this scoping review, the association

between some of the previously presented variables is visualized in

Figures 4–6. Figure 4 shows the number of studies per year of

publication, similar to Figure 2, but now differentiated by biomarker

outcome. This again shows the predominance and increasing trend of

research into brain activity and/or activation. However, it also indicates

that PPG as an assessment method may be declining in recent years

and that assessment methods for non-sexual peripheral arousal and

oculomotor responses, albeit still limited, seem to be emerging.

Figure 5 visualizes the diagnosis by biomarker function. This

gap map shows that most etiological research with physiological
Frontiers in Psychiatry 06
TABLE 1 Characteristics of study, study population, and (if applicable)
control group(s).

Study type 431 100%

Observational 412 95.6%

Case-control 270 62.6%

Cross-sectional 104 24.1%

Cohort 23 5.3%

Case-study, case-series 14 3.2%

Cross-sectional + cohort 1 0.2%

Experimental 11 2.6%

Quasi-experimental 8 1.9%

Follow-up duration

Not applicable 378 87.7%

< 1 year (range 25 minutes - 1 year) 35 8.1%

≥ 1 year (range 1 year - 21 years) 18 4.2%

Context in which the study
was performed

482 100%

Correctional facility 220 45.6%

Inpatient clinic 165 34.2%

Outpatient clinic 78 16.2%

Other (e.g., community) 6 1.2%

Not specified 13 2.7%

Characteristics of study population

Gender 431 100%

Male 366 84.9%

Female 14 3.2%

Male and female 40 9.3%

Not specified 11 2.6%

Age 431 100%

Adult(s) 370 85.8%

Juvenile(s)* 13 3.0%

Adults and juveniles 47 10.9%

Not specified 1 0.2%

Offender type 431 100%

Violent offender 93 21.6%

Sex offender 136 31.6%

Mixed offender group 38 8.8%

Other 5 1.2%

Not specified 159 36.9%

(Continued)
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biomarkers has been conducted in forensic patients with

psychopathy, antisocial personality disorder, and paraphilias. For

paraphilias, a reasonable portion of the research also addressed

diagnostic biomarkers and, to a lesser extent, monitoring. The gaps,

both partial and complete, were identified, particularly in patients

with psychotic and substance use disorders. Additionally,

significant gaps persist across all patient categories regarding

biomarker functions monitoring, intervention, prognostic, and

predictive purposes.

Last, Figure 6 visualizes diagnosis by biomarker outcome. This

gap map shows that the scarce research in forensic patients with

psychotic or substance use disorders primarily focused on the

biomarker outcome of brain activity. Furthermore, it emerges that

relatively little research is done in individuals with sexual disorders

using biomarker outcomes that monitor non-sexual peripheral

sympathetic activity, and that research with oculomotor outcomes

is limited or absent across all diagnosis groups.
4 Discussion

The objective of this scoping review was to investigate the extent

(size), range (variety), and nature (characteristics) of the evidence

on the use of physiological biomarkers in forensic psychiatry. The

review showed that the number of studies meeting the inclusion

criteria has increased exponentially over recent decades, consistent

with general trends in modern scientific research (446). However, a

slight decline in the focus on physiological biomarkers in forensic

psychiatry was observed in recent years (Figure 2). Whether this
Frontiers in Psychiatry 07
decline represents a sustained trend or merely a temporary post-

COVID-19 publication dip remains to be seen. The majority of the

431 studies included were conducted in North America. This is not

surprising as the US has long been a leading contributor to scientific

output (447), including studies in psychiatry (439). Other countries

in the top six, such as Canada, were also expected, given Canada’s,
TABLE 1 Continued

Characteristics of study population

Diagnosis 431 100%

(Juvenile) psychopathy (traits), ASPD, CD, disruptive
behavior disorder

223 51.7%

Paraphilia, paedophilia, exhibitionism 94 21.8%

Schizophrenia, psychotic disorder 9 2.1%

Substance Use Disorder 14 3.2%

Other (e.g., personality disorder, ADHD, …) 24 5.6%

Mixed diagnoses 40 9.3%

Not specified 27 6.3%

Characteristics of control group(s)† 327‡ 100%

Healthy controls/non-offenders 170 52.0%

Offenders 109 33.3%

Psychiatric patients 47 14.4%

Not specified 1 0.3%
*Study populations are classified as ‘juveniles’ if specifically stated in the study; upper age
limits vary up to a maximum of 21 years depending on the country where the study was
conducted; † in 139 of the 431 included studies there was no control group; ‡ in a number of
studies there was more than one control group; these are only counted separately here if they
differ in terms of characterization.
TABLE 2 Biomarker outcome measure and function.

Biomarker outcome measure 544* 100%

Central nervous system: brain activity 279 51.3%

Peripheral sympathetic arousal 159 29.2%

Skin conductance/resistance (level) 57 10.5%

Heart rate (variability) 46 8.5%

Startle response 19 3.5%

(Facial) electromyographic (muscle) activity 17 3.1%

Respiration rate 9 1.7%

Temperature 5 0.9%

Blood pressure (diastolic and/or systolic) 4 0.7%

Pupil dilatation 2 0.4%

Peripheral sexual arousal† 75 13.8%

Change in penis circumference 74 13.6%

Vaginal blood volume, vaginal pulse rate and amplitude,
response duration

1 0.2%

Eye movement (eye tracker) 13 2.4%

Other 19 3.5%

Eye movement (EOG)‡ 12 2.2%

Movement 3 0.6%

Physiological indicators not specified§ 3 0.6%

Speech reactions 1 0.2%

Biomarker function¶ 434 100%

Etiologic 335 77.2%

Diagnostic 55 12.7%

Monitoring 19 4.4%

Intervention 14 3.2%

Prognostic‖ 8 1.8%

Predictive** 3 0.7%
fron
*The total number of biomarker outcome measures exceeds the amount of studies (n = 431)
because in several studies more than one biomarker outcome measure was used; † although
‘peripheral sexual arousal’ is also a sympathetic nervous system activity, this biomarker is
categorized separately here because of its specific association with sex offenders; ‡ eye
movement as measured with EOG, other than eye movement as measured with an eye
tracker, is shown here in the ‘other’ category because it only serves the purpose of correcting
for eyeblinks or detection of artifacts when interpreting an EEG; § the studies in question do
not specify which physiological biomarkers, usually measured with a polygraph, were
involved; ¶ the total number of biomarker functions exceeds the amount of studies because
in three studies there were two biomarker functions; ‖ in this study, ‘prognostic’ function
represents biomarkers that are used to estimate the likelihood of crime recidivism; ** the
‘predictive’ function here refers to biomarkers that are used to predict which patients benefit
from certain interventions.
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pioneering developments in forensic psychiatry, including the Risk-

Need-Responsivity (RNR) model (448), the Psychopathy Checklist

(449), and several risk assessment instruments (450).

A significant finding is that over 95% of the included studies had

an observational design, highlighting a gap in research on the use of

physiological biomarkers in forensic psychiatry. This becomes even

more clearer when considering the variable ‘biomarker function’.

Most research focused on the etiological function, examining

underlying substrates of associations between psychopathology

and delinquent behavior. Although this knowledge contributes to

the scientific foundation, much of the research appears repetitive.

Also, the clinical relevance of such studies is questionable. Forensic

care primarily aims to prevent crime recidivism, which requires

robust assessment tools, effective interventions, reliable response

predictions, robust effect monitoring, and improved recidivism risk

estimation. Thus, these findings indicate a big discrepancy between

the current state of the literature and the practical needs of the

clinical field. To meet these needs, more (experimental)

intervention studies should be conducted, along with

(observational) studies involving monitoring, predictive, and

prognostic physiological biomarkers. These studies should

preferably adopt longitudinal designs with multiple or continuous

measurements. However, as shown in this scoping review, such

studies are only marginally represented. The preference for

observational, non-longitudinal designs likely stems from their

fewer methodological and logistical challenges compared to

longitudinal experimental research. Nonetheless, it is now clear

that longitudinal and intervention-focused research requires far

more attention moving forward.

Most included studies were conducted in correctional facilities,

often in prison settings, or forensic inpatient clinics accounting for

79.8% of the total. This dominance may be related to the logistical

and substantive advantages of these settings, such as the availability

of participants, better control over external factors, and/or extrinsic

motivators for participation. The dominance of inpatient studies

also aligns with the RNR model, emphasizing efforts on forensic

patients who commit serious crimes and who pose the highest

security risk to society. These patients are often treated in inpatient

settings (451).

Another notable gap arises when examining research

populations. The sex ratio in the studies reflects the male-

dominated forensic populations, with 82-95% males in European

forensic settings (452) and similar figures for violence offenders

globally (453). However, only a small number of studies include

minors. Forensic child and adolescent psychiatry is a relatively

young and niche field in most countries (454). Nevertheless, early

interventions in juvenile delinquency are crucial, as such behavior

often precedes adult criminal behavior (455). Thus, the lack of

studies focusing on minors represents a significant gap that needs to

be addressed. Next, there is limited research on certain psychiatric

diagnoses among participants. Almost three-quarters of the studies

focused on individuals with (juvenile) psychopathy, antisocial

personality disorder, and paraphilias, while participants with

psychotic or substance use disorders comprised only 5.3%. This is

striking, given the overrepresentation of these disorders in forensic
TABLE 3 Biomarker assessment method and stimulus.

Biomarker assessment method 482* 100%

Central nervous system (brain)
activity assessment

279 57.9%

fMRI 151 31.3%

EEG (including ERP, QEEG [quantitative EEG]) 123 25.5%

SPECT 4 0.8%

MEG (magnetoencephalography) 1 0.2%

Peripheral sympathetic arousal assessment 103 21.4%

Polygraph (divers types)† 33 6.8%

SCD (skin conductance device) 25 5.2%

EMG 18 3.7%

ECG (EKG), photo-plethysmograph, photoelectric cell and
tachometer, digital pulse oximeter (for heart rate)

13 2.7%

Wearable: VU-AMS, Sense-IT, Empatica E4, Polar
WearLink, Actigraph

9 1.9%

Servo system (systolic blood pressure), Omron M5-I (systolic
and diastolic blood pressure)

2 0.4%

Thermometer (tympanic, digit) 2 0.4%

Video-recording pupil dilatation 1 0.2%

Peripheral sexual arousal assessment‡ 75 15.6%

PPG (penis plethysmography) 74 15.4%

Vaginal photoplethysmography 1 0.2%

Oculo-motor reaction assessment:
eye-tracker, active electrodes

13 2.7%

Other 12 2.5%

EOG§ 12 2.5%

Stimulus¶ 357‖ 100%

Emotion task (e.g., emotion recognition, emotion processing,
fear conditioning)

99 27.7%

Sexual stimuli (audio and/or video, pictures) 98 27.5%

Cognitive task (e.g., selective attention, response inhibition,
cognitive flexibility)

88 24.6%

Moral/empathy task 19 5.3%

Perceptual-motor task (e.g., playing a video game) 6 1.7%

Neurofeedback 5 1.4%

Drug cue exposure task 4 1.1%

Drug administered 2 0.6%

Transcranial magnetic stimulation 1 0.3%

Other 33 9.2%
*The total number of biomarker outcome assessment methods exceeds the amount of studies because
in several studies more than one biomarker assessment method was used; † not restricted to ‘lie
detection’; ‡ although ‘peripheral sexual arousal assessment’ is also a peripheral sympathetic arousal
assessment, this assessment method is categorized separately here because of its specific association
with sex offenders; § EOG is shown here in the ‘other’ category because it only serves the purpose of
correcting for eyeblinks or detection of artifacts when interpreting an EEG; ¶ in 79 of the 431 included
studies no stimulus was used (e.g., rest-state fMRI/EEG); ‖ in a number of studies more than one
stimulus was used; these are only counted separately here if they differ in terms of characterization.
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populations and their strong association with crime recidivism

(456–458).

Regarding biomarker outcomes and assessment methods, brain

activity and activation, along with their associated measurement

tools, have dominated the field for years. Researchers often

prioritize studying the brain, the ‘command center of body and

mind’, to explain forensic abnormalities, despite the limitations and

challenges of brain research in clinical practice. The focus may be

linked to an overreliance on observational, mainly non-longitudinal

research. Recently, the measurement of peripheral sympathetic
Frontiers in Psychiatry 09
arousal has gained traction due to its practicality, suitability for

multiple or continuous measurements, and potential use in patient

self-monitoring for impulse control. However, newer assessment

methods, such as wearables, eye-tracking systems, and voice stress

analysis tools, remain underutilized. Their cautious yet increasing

adoption suggests a promising trend toward addressing this gap in

forensic research. Finally, the near-exclusive use of PPG in North

America, and its apparent decline, reflects ethical and legal

obstacles, particularly regarding the sexual stimuli used. These

constraints are notably stricter in Europe.
FIGURE 4

Number of studies by year of publication, differentiated by biomarker outcome.
FIGURE 5

Diagnosis by biomarker function.
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This scoping review has several strengths, including being the

first of its kind and being conducted systematically using the JBI

methodology for scoping reviews. Additionally, the research

question and methodology were predefined in a protocol

registered on the Open Science Framework (https://osf.io/46qbu/).

Any changes to the original protocol are documented in this paper,

which facilitates the critical appraisal of the methodology and helps

in the identification of potential issues such as reporting bias (459).

Furthermore, data extraction was conducted on 431 studies,

highlighting another strength of this study: the substantial body

of evidence on which the results are based. A possible limitation is

the inclusion of only published studies reporting primary (original)

research. Despite this, it is unlikely that a broader search would have

led to different results due to saturation in the existing literature.

Following the guidelines for scoping reviews (15), we aimed to

provide a broad overview of the available literature and to identify

possible gaps, rather than to conduct an in-depth evaluation, such

as a quality assessment of the included studies and the risk of bias,

as is typically done in systematic reviews. However, by limiting the

scope to studies published in scientific journals and dissertations

only, we can assume that these studies have already undergone a

review process, which can be considered a certain guarantee of

their quality.

In conclusion, this scoping review provides insight into the use

of physiological biomarkers in forensic psychiatry and highlights

several gaps in the scientific literature. In particular, there is a need

for more longitudinal research to investigate the integration of

physiological biomarkers into interventions, effect monitoring,

crime risk prognostication, and prediction of patient

responsiveness. Also, more attention is needed on juveniles,
Frontiers in Psychiatry 10
patients with psychotic and substance use disorders, and

investigating new biomarker assessment methods, particularly

those measuring peripheral arousal.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding author.
Author contributions

JM: Conceptualization, Data curation, Formal analysis,

Investigation, Methodology, Resources, Software, Visualization,

Writing – original draft, Writing – review & editing. EM:

Conceptualization, Formal analysis, Investigation, Methodology,

Project administration, Resources, Software, Supervision,

Validation, Visualization, Writing – original draft, Writing –

review & editing. SB: Conceptualization, Resources, Supervision,

Validation, Writing – review & editing. PH: Conceptualization,

Methodology, Resources, Supervision, Writing – review & editing.
Funding

The author(s) declare that no financial support was received for

the research and/or publication of this article.
FIGURE 6

Diagnosis by biomarker outcome.
frontiersin.org

https://osf.io/46qbu/
https://doi.org/10.3389/fpsyt.2025.1580615
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Mens et al. 10.3389/fpsyt.2025.1580615
Acknowledgments

Figures were made by Bart-Jan ter Heegde (Data-analyst, Fivoor).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
Frontiers in Psychiatry 11
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1580615/

full#supplementary-material

SUPPLEMENTARY TABLE 1

Study details and characteristics. NA, Not Applicable; NS, Not Specified; PPG,

Penile plethysmography.
References
1. Al-Rousan T, Rubenstein L, Sieleni B, Deol H, Wallace RB. Inside the nation’s
largest mental health institution: a prevalence study in a state prison system. BMC
Public Health. (2017) 17:342. doi: 10.1186/s12889-017-4257-0

2. Fazel S, Hayes AJ, Bartellas K, Clerici M, Trestman R. Mental health of prisoners:
prevalence, adverse outcomes, and interventions. Lancet Psychiatry. (2016) 3:871–81.
doi: 10.1016/S2215-0366(16)30142-0

3. Morgan VA, Morgan F, Valuri G, Ferrante A, Castle D, Jablensky A. A whole-of-
population study of the prevalence and patterns of criminal offending in people with
schizophrenia and other mental illness. Psychol Med. (2013) 43:1869–80. doi: 10.1017/
S0033291712002887

4. Bengtson S, Lund J, Ibsen M, Långström N. Long-term violent reoffending
following forensic psychiatric treatment: comparing forensic psychiatric examinees
and general offender controls. Front Psychiatry. (2019) 10:715. doi: 10.3389/
fpsyt.2019.00715

5. Beaudry G, Yu R, Perry AE, Fazel S. Effectiveness of psychological interventions in
prison to reduce recidivism: a systematic review and meta-analysis of randomised
controlled trials. Lancet Psychiatry. (2021) 8:759–73. doi: 10.1016/S2215-0366(21)
00170-X

6. Ewen JB, Potter WZ, Sweeney JA. Biomarkers and neurobehavioral diagnosis.
biomark Neuropsychiatry. (2021) 4:100029. doi: 10.1016/j.bionps.2020.100029

7. Tan L, Grace RC. Social desirability and sexual offenders: a review. Sex Abuse.
(2008) 20:61–87. doi: 10.1177/1079063208314820

8. Jordan K, Wild TSN, Fromberger P, Müller I, Müller JL. Are there any biomarkers
for pedophilia and sexual child abuse? A review. Front Psychiatry. (2020) 10:940.
doi: 10.3389/fpsyt.2019.00940

9. Sedgwick O, Young S, Das M, Kumari V. Objective predictors of outcome in
forensic mental health services-a systematic review. CNS Spectr. (2016) 21:430–44.
doi: 10.1017/S1092852915000723

10. FDA-NIH Biomarker Working Group. BEST (Biomarkers, EndpointS, and other
Tools) Resource. Silver Spring (MD: Food and Drug Administration (US (2016).
Available at: https://www.ncbi.nlm.nih.gov/books/NBK326791/.

11. Bodaghi A, Fattahi N, Ramazani A. Biomarkers: Promising and valuable tools
towards diagnosis, prognosis and treatment of Covid-19 and other diseases. Heliyon.
(2023) 9:e13323. doi: 10.1016/j.heliyon.2023.e13323

12. Califf RM. Biomarker definitions and their applications. Exp Biol Med. (2018)
243:213–21. doi: 10.1177/1535370217750088

13. Tortora L, Meynen G, Bijlsma J, Tronci E, Ferracuti S. Neuroprediction and A.I.
@ in forensic psychiatry and criminal justice: A neurolaw perspective. Front Psychol.
(2020) 11:220. doi: 10.3389/fpsyg.2020.00220

14. Godet T, Niveau G. Eye tracking and child sexual offenders: a systematic review.
Forensic Sci Res. (2021) 6:133–40. doi: 10.1080/20961790.2021.1940737

15. Peters MDJ, Godfrey C, McInerney P, Munn Z, Tricco AC, Khalil H. Scoping
Reviews. In Aromataris E, Lockwood C, Porritt K, Pilla B, Jordan Z editors. JBI Manual
for Evidence Synthesis. JBI (2020). doi: 10.46658/JBIMES-24-09
16. Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. PRISMA
extension for scoping reviews (PRISMA-scR): checklist and explanation. Ann Intern
Med. (2018) 169:467–73. doi: 10.7326/M18-0850

17. McHugh ML. Interrater reliability: the kappa statistic. Biochem Med. (2012)
22:276–82. doi: 10.11613/issn.1846-7482

18. Abe N, Greene JD, Kiehl KA. Reduced engagement of the anterior cingulate
cortex in the dishonest decision-making of incarcerated psychopaths. Soc Cognit Affect
Neurosci. (2018) 13:797–807. doi: 10.1093/scan/nsy050

19. Abel GG, Huffman J, Warberg B, Holl CL. Visual reaction time and
plethysmography as measures of sexual interest in child molesters. Sex Abuse. (1998)
10:81–95. doi: 10.1177/107906329801000202

20. Aghajani M, Colins OF, Klapwijk ET, Veer IM, Andershed H, Popma A, et al.
Dissociable relations between amygdala subregional networks and psychopathy trait
dimensions in conduct-disordered juvenile offenders. Hum Brain Mapp. (2016)
37:4017–33. doi: 10.1002/hbm.23292

21. Aghajani M, Klapwijk ET, Andershed H, Fanti KA, van der Wee NJA, Vermeiren
RRJM, et al. Neural processing of socioemotional content in conduct-disordered juvenile
offenders with limited prosocial emotions. Prog Neuropsychopharmacol Biol Psychiatry.
(2021) 105:110045. doi: 10.1016/j.pnpbp.2020.110045

22. Aghajani M, Klapwijk ET, van der Wee NJ, Veer IM, Rombouts SARB, Boon AE,
et al. Disorganized amygdala networks in conduct-disordered juvenile offenders with
callous-unemotional traits. Biol Psychiatry. (2017) 82:283–93. doi: 10.1016/
j.biopsych.2016.05.017

23. Allen CH, Aharoni E, Gullapalli AR, Edwards BG, Harenski CL, Harenski KA,
et al. Hemodynamic activity in the limbic system predicts reoffending in women.
NeuroImage Clin. (2022) 36:103238. doi: 10.1016/j.nicl.2022.103238

24. Allen CH, Maurer JM, Edwards BG, Gullapalli AR, Harenski CL, Harenski KA,
et al. Aberrant resting-state functional connectivity in incarcerated women with
elevated psychopathic traits. Front Neuroimaging. (2022) 1:971201. doi: 10.3389/
fnimg.2022.971201

25. Allen CH, Maurer JM, Gullapalli AR, Edwards BG, Aharoni E, Harenski CL,
et al. Psychopathic traits and altered resting-state functional connectivity in
incarcerated adolescent girls. Front Neuroimaging. (2023) 2:1216494. doi: 10.3389/
fnimg.2023.1216494

26. Anderson NE, Maurer JM, Steele VR, Kiehl KA. Psychopathic traits associated
with abnormal hemodynamic activity in salience and default mode networks during
auditory oddball task. Cognit Affect Behav Neurosci. (2018) 18:564–80. doi: 10.3758/
s13415-018-0588-2

27. Anderson NE, Steele VR, Maurer JM, Bernat EM, Kiehl KA. Psychopathy,
attention, and oddball target detection: New insights from PCL-R facet scores.
Psychophysiology. (2015) 52:1194–204. doi: 10.1111/psyp.12441

28. Anderson NE, Steele VR, Maurer JM, Rao V, Koenigs MR, Decety J, et al.
Differentiating emotional processing and attention in psychopathy with functional
neuroimaging. Cognit Affect Behav Neurosci. (2017) 17:491–515. doi: 10.3758/s13415-
016-0493-5
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1580615/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1580615/full#supplementary-material
https://doi.org/10.1186/s12889-017-4257-0
https://doi.org/10.1016/S2215-0366(16)30142-0
https://doi.org/10.1017/S0033291712002887
https://doi.org/10.1017/S0033291712002887
https://doi.org/10.3389/fpsyt.2019.00715
https://doi.org/10.3389/fpsyt.2019.00715
https://doi.org/10.1016/S2215-0366(21)00170-X
https://doi.org/10.1016/S2215-0366(21)00170-X
https://doi.org/10.1016/j.bionps.2020.100029
https://doi.org/10.1177/1079063208314820
https://doi.org/10.3389/fpsyt.2019.00940
https://doi.org/10.1017/S1092852915000723
https://www.ncbi.nlm.nih.gov/books/NBK326791/
https://doi.org/10.1016/j.heliyon.2023.e13323
https://doi.org/10.1177/1535370217750088
https://doi.org/10.3389/fpsyg.2020.00220
https://doi.org/10.1080/20961790.2021.1940737
https://doi.org/10.46658/JBIMES-24-09
https://doi.org/10.7326/M18-0850
https://doi.org/10.11613/issn.1846-7482
https://doi.org/10.1093/scan/nsy050
https://doi.org/10.1177/107906329801000202
https://doi.org/10.1002/hbm.23292
https://doi.org/10.1016/j.pnpbp.2020.110045
https://doi.org/10.1016/j.biopsych.2016.05.017
https://doi.org/10.1016/j.biopsych.2016.05.017
https://doi.org/10.1016/j.nicl.2022.103238
https://doi.org/10.3389/fnimg.2022.971201
https://doi.org/10.3389/fnimg.2022.971201
https://doi.org/10.3389/fnimg.2023.1216494
https://doi.org/10.3389/fnimg.2023.1216494
https://doi.org/10.3758/s13415-018-0588-2
https://doi.org/10.3758/s13415-018-0588-2
https://doi.org/10.1111/psyp.12441
https://doi.org/10.3758/s13415-016-0493-5
https://doi.org/10.3758/s13415-016-0493-5
https://doi.org/10.3389/fpsyt.2025.1580615
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Mens et al. 10.3389/fpsyt.2025.1580615
29. Anton ME, Baskin-Sommers AR, Vitale JE, Curtin JJ, Newman JP. Differential
effects of psychopathy and antisocial personality disorder symptoms on cognitive and
fear processing in female offenders. Cognit Affect Behav Neurosci. (2012) 12:761–76.
doi: 10.3758/s13415-012-0114-x

30. Arnett PA, Howland EW, Smith SS, Newman JP. Autonomic responsivity during
passive avoidance in incarcerated psychopaths. Pers Individ Dif. (1993) 14:173–84.
doi: 10.1016/0191-8869(93)90187-8

31. Baker LL. Neuropsychological and power spectral EEG characteristics of
exhibitionists: a cerebral model of sexual deviation. Edmonton, Canada: University of
Alberta (1985).

32. Barratt ES, Stanford MS, Kent TA, Felthous A. Neuropsychological and cognitive
psychophysiological substrates of impulsive aggression. Biol Psychiatry. (1997)
41:1045–61. doi: 10.1016/s0006-3223(96)00175-8

33. Baskin-Sommers A, Curtin JJ, Li W, Newman JP. Psychopathy-related
differences in selective attention are captured by an early event-related potential. Pers
Disord. (2012) 3:370–8. doi: 10.1037/a0025593

34. Baskin-Sommers AR, Curtin JJ, Newman JP. Emotion-modulated startle in
psychopathy: clarifying familiar effects. J Abnorm Psychol. (2013) 122:458–68.
doi: 10.1037/a0030958

35. Baskin-Sommers AR, Curtin JJ, Newman JP. Specifying the attentional selection
that moderates the fearlessness of psychopathic offenders. Psychol Sci. (2011) 22:226–
34. doi: 10.1177/0956797610396227

36. Baskin-Sommers AR, Newman JP, Sathasivam N, Curtin JJ. Evaluating the
generalizability of a fear deficit in psychopathic African American offenders. J Abnorm
Psychol. (2011) 120:71–8. doi: 10.1037/a0021225

37. Becker JV, Hunter JA, Goodwin D, Kaplan MS, Martinez D. Test-retest
reliability of audio-taped phallometric stimuli with adolescent sexual offenders. Ann
Sex Res. (1992) 5:45–51. doi: 10.1177/107906329200500103

38. Becker JV, Kaplan MS, Kavoussi R. Measuring the effectiveness of treatment for
the aggressive adolescent sexual offender. Ann N Y Acad Sci. (1988) 528:215–22.
doi: 10.1111/j.1749-6632.1988.tb50865.x

39. Becker JV, Kaplan MS, Tenke CE. The relationship of abuse history, denial and
erectile response profiles of adolescent sexual perpetrators. Behav Ther. (1992) 23:87–
97. doi: 10.1016/S0005-7894(05)80310-7

40. Becker JV, Stein RM, Kaplan MS, Cunningham-Rathner J. Erection response
characteristics of adolescent sex offenders. Ann Sex Res. (1992) 5:81–6. doi: 10.1007/
BF00849733

41. Birbaumer N, Veit R, Lotze M, ErbM, Hermann C, GroddW, et al. Deficient fear
conditioning in psychopathy: a functional magnetic resonance imaging study. Arch Gen
Psychiatry. (2005) 62:799–805. doi: 10.1001/archpsyc.62.7.799

42. Blackburn R. Aggression and the EEG: a quantitative analysis. J Abnorm Psychol.
(1975) 84:358–65. doi: 10.1037//0021-843x.84.4.358

43. Blackburn R. Cortical and autonomic arousal in primary and secondary psychopaths.
Psychophysiology. (1979) 16:143–50. doi: 10.1111/j.1469-8986.1979.tb01460.x

44. Blair RJ, Jones L, Clark F, Smith M. The psychopathic individual: a lack of
responsiveness to distress cues? Psychophysiology. (1997) 34:192–8. doi: 10.1111/j.1469-
8986.1997.tb02131.x

45. Blanchard R, Barbaree HE. The strength of sexual arousal as a function of the age
of the sex offender: comparisons among pedophiles, hebephiles, and teleiophiles. Sex
Abuse. (2005) 17:441–56. doi: 10.1177/107906320501700407

46. Blanchard R, Christensen BK, Strong SM, Cantor JM, Kuban ME, Klassen P,
et al. Retrospective self-reports of childhood accidents causing unconsciousness in
phallometrically diagnosed pedophiles. Arch Sex Beh. (2002) 31:511–26. doi: 10.1023/
a:1020659331965

47. Blanchard R, Klassen P, Dickey R, Kuban ME, Blak T. Sensitivity and specificity
of the phallometric test for pedophilia in nonadmitting sex offenders. Psychol Assess.
(2001) 13:118–26. doi: 10.1037//1040-3590.13.1.118

48. Blanchard R, Kolla NJ, Cantor JM, Klassen PE, Dickey R, Kuban ME, et al. IQ,
handedness, and pedophilia in adult male patients stratified by referral source. Sex
Abuse. (2007) 19:285–309. doi: 10.1177/107906320701900307

49. Blanchard R, Kuban ME, Blak T, Cantor JM, Klassen P, Dickey R. Phallometric
comparison of pedophilic interest in nonadmitting sexual offenders against
stepdaughters, biological daughters, other biologically related girls, and unrelated
girls. Sex Abuse. (2006) 18:1–14. doi: 10.1177/107906320601800101

50. Blanchard R, Kuban ME, Blak T, Cantor JM, Klassen PE, Dickey R. Absolute
versus relative ascertainment of pedophilia in men. Sex Abuse. (2009) 21:431–41.
doi: 10.1177/1079063209347906

51. Bochkarev VK, Vasiliev NG, Kirenskaya AV, Tkachenko AA. Neirofiziologicheskie
korrelyaty pedofilii: issledovanie vyzvannykh ritmov EEG [Neurophysiological correlates of
pedophilia: a study of EEG evoked oscillations. Zh Nevrol Psikhiatr Im S S Korsakova. (2021)
121:52–8. doi: 10.17116/jnevro202112106152

52. Bontemps AP, Batky BD, Houser RA, Salekin RT. Psychopathic traits, conduct
problems, and the examination of self-referential processing using EEG in incarcerated
adolescents. J Psychopathol Behav Assess. (2022) 44:81–97. doi: 10.1007/s10862-021-09945-5

53. Bosch R, Chakhssi F, Noordzij ML. Acceptance and potential clinical added
value of biocueing in forensic psychiatric patients with autism spectrum disorder and/
Frontiers in Psychiatry 12
or intellectual disability. Psychiatry Res. (2022) 313:114645. doi: 10.1016/
j.psychres.2022.114645

54. Brazil IA, de Bruijn ER, Bulten BH, von Borries AK, van Lankveld JJ, Buitelaar
JK, et al. Early and late components of error monitoring in violent offenders with
psychopathy. Biol Psychiatry. (2009) 65:137–43. doi: 10.1016/j.biopsych.2008.08.011

55. Brazil IA, Mars RB, Bulten BH, Buitelaar JK, Verkes RJ, De Bruijn ER. A
neurophysiological dissociation between monitoring one’s own and others’ actions in
psychopathy. Biol Psychiatry. (2011) 69:693–9. doi: 10.1016/j.biopsych.2010.11.013

56. Brazil IA, Verkes RJ, Brouns BH, Buitelaar JK, Bulten BH, de Bruijn ER.
Differentiating psychopathy from general antisociality using the P3 as a
psychophysiological correlate of attentional allocation. PloS One. (2012) 7:e50339.
doi: 10.1371/journal.pone.0050339

57. Bresin K, Finy MS, Sprague J, Verona E. Response monitoring and adjustment:
differential relations with psychopathic traits. J Abnorm Psychol. (2014) 123:634–49.
doi: 10.1037/a0037229

58. Broom I. The relationship between psychopathy and performance on a modified
version of the Iowa Gambling Task in offender and undergraduate student samples.
Ottawa, Ontario: Carleton University (2011).

59. Buschman J, Bogaerts S, Foulger S, Wilcox D, Sosnowski D, Cushman B. Sexual
history disclosure polygraph examinations with cybercrime offences: a first Dutch
explorative study. Int J Offender Ther Comp Criminol. (2010) 54:395–411. doi: 10.1177/
0306624X09334942

60. Caldwell BM, Harenski CL, Harenski KA, Fede SJ, Steele VR, Koenigs MR, et al.
Abnormal frontostriatal activity in recently abstinent cocaine users during implicit
moral processing. Front Hum Neurosci. (2015) 9:565. doi: 10.3389/fnhum.2015.00565

61. Calzada-Reyes A, Alvarez-Amador A, Galán-Garcia L, Valdés-Sosa M.
Electroencephalographic and morphometric abnormalities in psychopath offenders.
Behav Sci Law. (2021) 39:597–610. doi: 10.1002/bsl.2548

62. Calzada-Reyes A, Alvarez-Amador A, Galán-Garcı ́a L, Valdés-Sosa M.
Electroencephalographic abnormalities in antisocial personality disorder. J Forensic
Leg Med. (2012) 19:29–34. doi: 10.1016/j.jflm.2011.10.002

63. Calzada-Reyes A, Alvarez-Amador A, Galán-Garcıá L, Valdés-Sosa M. EEG
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