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Every year, about 700,000 youth arrests occur in the United States, creating
significant neurodevelopmental strain; this is especially concerning as most
of these youth have early life adversity exposures that may alter brain
development. Males, Black, and Latinx youth, and individuals from low
socioeconomic status households have disproportionate contact with the
juvenile justice system (JJS). Youth confined in the JJS are frequently exposed
to threat and abuse, in addition to separation from family and other social
supports. Youths' educational and exploratory behaviors and activities are
substantially restricted, and youth are confined to sterile environments that
often lack sufficient enrichment resources. In addition to their demonstrated
ineffectiveness in preventing future delinquent behaviors, high recidivism
rates, and costs, juvenile conditions of confinement likely exacerbate
youths’ adversity burden and neurodevelopmentally harm youth during the
temporally sensitive window of adolescence. Developmentally appropriate
methods that capitalize on adolescents’ unique rehabilitative potential should
be instated through interventions that minimize confinement. Such changes
would require joint advocacy from the pediatric and behavioral health
care communities. “The distinct nature of children, their initial dependent,
and developmental state, their unique human potential as well as their
vulnerability, all demand the need for more, rather than less, legal and other
protection from all forms of violence (United Nations Committee on the
Rights of the Child, 2007)."

neurodevelopment, adversity, trauma, stress, juvenile justice, adolescence,
incarceration

Abbreviations: JJS, Juvenile Justice System; UN, United Nations; US, United States; LGBTQ,
lesbian, gay, bisexual, transgender, and questioning; PTSD, post-traumatic stress disorder; HPA,
hypothalamic-pituitary-adrenal; TBI, traumatic brain injury; SES, socioeconomic status.
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Introduction

When the United Nation’s minimum age of legal culpability,
competence to stand trial, and capacity to intentionally perform
wrongful behavior was defined, neurodevelopmental research
was nascent. Now, neurodevelopmental research is taking an
essential seat not only in the discussion of culpability, but
in the treatment of delinquent behavior. In our discussion,
we—a team of neuroscientists and pediatricians—advise that
the current conditions of juvenile confinement can serve
as a form of adversity, which can further contribute to
negative neurodevelopmental and quality of life outcomes.
Adversity is defined as exposure to abuse, neglect, and pervasive
threat; exposure occurring before the age of 18 years is
termed early life adversity. An individual’s adversity burden
is their cumulative lifetime exposure. Oftentimes, terms such
as chronic stress and trauma are used interchangeably with
adversity exposure.

The United States’ Juvenile Justice System (JJS) derives
much of its structure from the adult criminal justice system
and operates in a similarly punitive manner (McCarthy et al.,
2016), with confinement serving as both incapacitation and
deterrence from crime. Males, racial and ethnic minorities, and
youth from socioeconomically disadvantaged households are
disproportionately impacted (Spinney et al., 2018; Padgaonkar
et al., 2020).

As the majority of JJS-involved youth enter the system with
prior adversity exposure, experiencing adversity while confined
can further exacerbate the detrimental neurodevelopmental
outcomes associated with such exposures (Lansing et al., 2016),
creating a cumulative disadvantage (Chapman et al, 2006;
Logan-Greene et al., 2016). Developmental science suggests that
the current JJS is often developmentally inappropriate and may
culminate in additional adversity burden for some of our most
disadvantaged and vulnerable youth.

Defining the reach of the justice
system on young children

The United Nations (UN) Convention on the Rights of
the Child of 1989 defined any and every human being below
the age of eighteen a child—unless majority is attained earlier
under law. In 2019, the UN Committee on the Rights of the
Child recommended fourteen as the absolute minimum age at
which children can be held legally responsible for their actions,
raising the international standard for a minimum age of juvenile
confinement from twelve. The United States (US) is the only
country to not have ratified the Convention, and most US states
have not adopted a minimum age of legal responsibility. Among
states that have, fourteen states have established 10 years as the
minimum age, and North Carolina has set it at six.
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The juvenile carceral continuum

The

individuals per capita—including its youth—than any other

US criminal justice system incarcerates more
country in the world. Despite declining arrest rates, about
700,000 youth arrests still occur every year, with the most
common offenses being: larceny-theft, drug abuse violations,
disorderly conduct, and vandalism (Lansing et al., 2016; Office
of Juvenile Justice and Delinquency Juvenile Arrests, 2021).
Youth arrest rates for violent crimes (e.g., robbery and assault)
comprise only about 6% of all juvenile arrests and are near
their lowest in over 40 years (Office of Juvenile Justice and
Delinquency Juvenile Arrests, 2021). Aggression, conduct
problems, and psychopathy typically desist with age (Bos et al,,
2018), with 90% of juvenile offenders desisting from crime by
their mid-20’s (Steinberg, 2013).

Racial disparities in incarceration rates are evident,
particularly with Black (40%) and Latino (23%) male youth
disproportionately represented (Barnert et al., 2019). Youth
with cognitive, physical, and mental disabilities and youth
who identify as lesbian, gay, bisexual, transgender, and
questioning (LGBTQ)
involved with the justice system (Society for Adolescent Health
and Medicine, 2016). Among JJS-involved youth, two-thirds

of males and three-quarters of females present with at least

(20%) are also disproportionately

one psychiatric diagnosis, such as substance abuse, depression,
or post-traumatic stress disorder (PTSD) (Barnert et al,
2016).

Youth held in the JJS are confined to shared living
quarters or isolation; receive limited and supervised contact
with sources of support outside the facility; and often have
minimal access to enrichment and educational opportunities
(Mendel, 2015; McCarthy et al, 2016). Confined youth are
also often without access to quality healthcare, sanitary living
conditions, adequate sleep, and other basic needs (Barnert
et al,, 2016; Anderson et al, 2019). Furthermore, allegations
of abuse (physical, sexual, and emotional) are routinely
reported in the JJS and have induced staff relocations,
resignations, and facility closures (Mendel, 2015; McCarthy
et al,, 2016). Psychosocial and neuroimaging research has
demonstrated the detrimental impacts of abuse and neglect
on adolescent neurodevelopment and behaviors (Teicher and
Samson, 2016; McLaughlin et al., 2019) even in the presence of
redeeming resources like education and life skills trainings (Fritz
et al, 2018). Environmental onslaughts experienced during
adolescents’ temporally sensitive window of neurodevelopment
can leave a lifelong imprint on neural structure and functioning
(Nettle et al.,, 2017). While variability exists among individual
juvenile detention facilities, the JJS in practice often operates
in a manner akin to the adult criminal justice system (Feld,
1997).
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Neurodevelopment

Sensitive windows of development are periods of both
increased vulnerability to stressors and enhanced malleability
in response to interventions, both of which can yield a lasting
impact on brain structure and function (Lupien et al., 2009).
Adolescence, defined roughly as the onset of puberty to the
mid-20s, is one such window.

Contrary to childhood, which is characterized by global
and regional neural outgrowth, adolescence is marked
by refinement in neuronal processing, attributable to synaptic
pruning that facilitates responding to anticipated environmental
conditions. Declines in gray matter volume are attributed to
neuronal firing efficiency, while white matter volumetric
increases support whole brain connectivity and axonal
myelination. The age of pubertal onset and the length of

pubertal maturation influence the neurodevelopmental
trajectory and behavior of youth (Blakemore et al, 2010;
Herting and Sowell, 2017); however, neuroplasticity

diminishes with age causing adolescent experiences to have
a tremendous impact not only on this critical period but on
adulthood.

Compared to other ages, the period of adolescence contains
a disproportionate amount of both “offenders” and victims
of crime (Society for Adolescent Health and Medicine,
2016). Adolescence is uniquely characterized by enhanced
emotional reactivity and responding, increased impulsivity
and risk taking, heightened peer influence, and continued
maturation of regulatory control, in comparison with adults.
Adversity exposure can amplify these normative adolescent
behaviors (Lansing et al., 2016). Around 90% of JJ-involved
youth have a history of adversity exposure (Baglivio and
Epps, 2014), and one-third of JJ-involved youth have been
exposed to five or more adverse childhood experiences (Barnert
et al., 2019). Early life adversity refers to instances of abuse
(physical, verbal, or sexual), neglect, or deprivation that
occur during childhood and adolescence. Similar to neural
refinement processes during adolescence that lead to stronger
and more specialized connections, neural circuitry that is
repeatedly engaged as a result of adversity exposure (Teicher
and Samson, 2016; McLaughlin et al., 2019) is subsequently
strengthened and therefore primed for recruitment with
further onslaughts (Tottenham and Galvan, 2016). Thus, youth
with altered neurodevelopment due to adversity exposure are
more vulnerable to the detrimental imprint of high stress
environments, like detention facilities and prisons (Lansing
et al, 2016; Barnert et al., 2019). We hypothesize that
youth’s neurodevelopmental vulnerability to the conditions of
confinement propels them toward trauma exacerbation and
engagement in ineffective and harmful cognitive processing,
behaviors and relationships. Engagement in these behaviors
may yield future justice system involvement, as depicted in
Figure 1.
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Stress and the brain

Prolonged and frequent activation of the body’s sympathetic
nervous system [i.e., hypothalamic-pituitary-adrenal (HPA)
axis] and circulation of stress hormones are detrimental to
homeostatic maintenance and overall health (Lupien et al,
2009). Glucocorticoids permeate the blood-brain barrier and act
on receptors in the frontal lobe, insula, amygdala, hippocampus,
and cerebellum resulting in impaired functioning and structural
alterations (Teicher and Samson, 2016). Neural regions
impacted by stress typically contain a high concentration of
glucocorticoid receptors, with early life adversity and stress
hormone exposure resulting in decreased cell proliferation and
neurogenesis, increased apoptosis, and diminished synaptic
spine density (Bath et al., 2016). Given that the developing brain
contains a greater proportion of stress hormone receptors than
adults (Avishai-Eliner et al., 1996), youth are more vulnerable to
the impacts of stress and adversity.

Extensive research has explored the impact of early life
adversity on prominent neural circuitry, endocrine functioning,
psychopathology, and behavior (Cowan et al., 2016; Teicher and
Samson, 2016)—exposure akin to chronic stressors faced during
juvenile confinement (Lansing et al., 2016). Different forms of
early life adversity, such as abuse, neglect and deprivation—all
present at a higher rate in JJS-involved youth—are suggested to
uniquely impact the brain contingent upon the characteristics
of the stressor, e.g., age of onset, duration, and frequency
of exposure (Callaghan et al., 2014; Teicher and Samson,
2016). Physical abuse is the most widespread form of abuse
early in life, particularly among males (Felitti et al, 1998;
Teicher et al, 2012). Associated with a history of physical
abuse is traumatic brain injury (TBI) (Ewing-Cobbs et al,
1999), the immediate effect being axonal injury resulting in
cellular transport disruption, inflammation, and eventual white
matter degeneration. Systematically, TBI negatively impacts
cognitive control, intellectual function, attention, memory,
social functioning, psychiatric symptomology, and is associated
with delinquency (McKinlay, 2014). Youth are particularly
vulnerable to the neural effects of TBI given the prevalence of
developing fiber bundles and unmyelinated axons. A 2013 meta-
analysis noted that juvenile offenders were over 3 times as likely
to report a history of TBI than controls, with high rates among
juvenile offenders both pre- and post-confinement (Farrer et al.,
2013).

National survey data indicate that adolescent exposure to
community violence is on par with adversity exposure within the
home (Fagan et al., 2014). JJS-involved youth often present with
a history of neighborhood violence exposure (Chapman et al,,
2006) and originate from impoverished or low SES households
(Wilson et al., 2009); these households are disproportionality
Black and Latinx (Williams and Collins, 2001). Irrespective
of direct harm, community violence exposure constitutes a
pervasive threat that accelerates biological aging and contributes
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FIGURE 1
Conceptual representation of youth adversity exacerbation in the juvenile justice system (JJS).

to detrimental quality of life outcomes (Motley et al.,, 2017;
Sumner et al,, 2019). Youth from low SES households have
higher basal cortisol levels (Kuhlman et al., 2018), neural
alterations similar to those associated with early life adversity
exposure (Hanson et al, 2015) and present with advanced
pubertal development. Many Black and Latinx youth undergo
pubertal maturation earlier than White youth (Ramnitz and
Lodish, 2013) and thus may outwardly physically appear older.
Youth who appear more pubertally advanced are more often
treated as adults and stigmatized in school and throughout
the community (Mendle et al., 2019), despite their developing
biology. This stigmatization based oft outward appearances
may in part explain prosecutorial attempts to erroneously place
justice-involved youth in adult correctional facilities.

Confinement as adversity

Instances of abuse—including physical, sexual and
emotional—within the JJS are not uncommon. Evidence of
youth maltreatment within the JJS has been documented in
most states (Mendel, 2015), with maltreatment including
violence, sexual abuse, and frequent or prolonged use of
restraints. Punitive tactics such as physical force, group
punishment, and solitary confinement are routinely employed
at all levels of criminal justice involvement (Mendel, 2015;
Owen and Wallace, 2020). Neuroscientific research on
solitary confinement documents its damaging impact on
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mental and physical health, socioemotional learning, and
overall quality of life. The acute and chronic repercussions
of isolation include prominent behavioral and social deficits
and a propensity for psychopathology, particularly mood
disorders and psychosis; these effects have been observed
across developmental periods and among numerous species,
including rodents, non-human primates, adolescents, and
adults (Champagne and Meaney, 2007; Sinclair et al., 2014). The
most recent data indicate that over a third of youth in custody
experienced solitary confinement (American Civil Liberties
Union, 2013; Department of Justice, 2017). In 2016, the Obama
administration banned the use of solitary confinement for
juveniles held in federal prisons and tightened restrictions on
its use for adult inmates. While the majority of youth are held
under state jurisdiction, the federal isolation ban for juveniles
has been a powerful catalyst for state and local reform.

It is well-established that enriched environments support
optimal brain development through greater learning
opportunities and enhanced neuroplasticity (Bailoo et al,
2018). The sterile environments youth are confined to in
the JJS restrict behaviors and activities that are educational,
exploratory, or creative (McCarthy et al, 2016). Despite
supportive conditions in place—such as primary and secondary
education, behavioral management, and skill building—the
prevalence of physical violence, constant threat, absence of
a stable support system, and seclusion is still detrimental to
neurodevelopment and overall functioning (Mota et al., 2016).
A proportional hazards model from an aggregated exposure of
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386,709 person-years positively correlated the degree of justice
involvement (i.e., arrest, detainment, confinement, or transfer
to an adult facility) with mortality risk (i.e., homicide), such that
youth transferred to an adult facility were more likely to die than
detained youth (Aalsma et al, 2016). Evidence indicates that
current conditions of juvenile confinement are developmentally
harmful for confined youth and serve as a source of adversity
exposure and possible exacerbation.

The COVID-19 pandemic has intensified the challenging
living conditions and health risks faced by confined youth
2020).
confined youth are ill-equipped to meet their educational and

(Barnert, Online-learning resources available for
rehabilitative needs; youth are further distanced from sources of
support as visitations have been suspended or reduced (Barnert,
2020). The unique neurodevelopmental need of social support
during adolescence is no less for these youth and of particular
importance given the demonstrated impact of social support
on decreasing the occurrence of problematic and delinquent

behaviors (Fritz et al., 2018).

Neuroscience applied to juvenile
justice reform

Neurocognitive, psychosocial, and behavioral research
has informed much of our understanding of criminal
behavior, culpability, and the ensuing legal consequences.
Recent neuroscientific research that underscores adolescents’
developmentally diminished culpability has been referenced
in court cases and has impacted legal proceedings. The 2005
Supreme Court case of Roper v. Simmons eliminated the
death penalty for individuals under age 18 by referencing
scientific findings upholding the developmental immaturity
of adolescents in terms of impulsivity, recklessness and
irresponsibility, as well as heightened peer influence.

In 2010, the Supreme Court ruled in the case of Graham
v. Florida that life sentences without the possibility of parole
for juveniles convicted of non-homicidal crimes were cruel
and unusual and thus unconstitutional. Building upon Graham
v. Florida, the 2012 Miller v. Alabama Supreme Court case
ruled mandatory sentencing of juvenile life without parole
was in violation of the Eighth Amendments ban on cruel
and unusual punishment. Youths” inherent vulnerability to and
dependence on their environment provided the impetus for the
court’s decision.

Unlike the previous court cases predominately addressing
youth sentencing, the 2011 Supreme Court case of J.D.B.
v. North Carolina utilized neurodevelopmental research to
inform our understanding of cognitive capacity. This case
determined that age must be accounted for when conducting the
Miranda police custody analysis. As youth’s cognitive faculties
are still developing, their ability to reason, make long-term
projections, and understand the legal gravity of any past actions
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and criminal involvement are not yet sufficiently within their
developmental purview.

These Supreme Court decisions, along with other recent
advancements in juvenile justice reform, bring the US in
agreement with article 37(a) of the UN’s Convention on
the Rights of the Child prohibiting capital punishment
and life imprisonment without the possibility of release for
individuals under eighteen. In each of these court cases,
adolescents’ neurobiological propensity for risk taking,
impulsivity and enhanced peer influence was weighed
heavily. Examining neuroimaging scans across thousands
of individuals was ultimately how the scientific community
demonstrated that typical adolescent behaviors, which are
conserved across species, can be attributed to unique,
appropriate of the
adolescent brain. In addition to attention focused on youth’s

neurodevelopmentally characteristics
characteristics pre-confinement, the long-term detrimental
physical and mental health effects of juvenile confinement
have been documented by health professionals (Barnert
et al, 2019). Mitigating the detrimental impacts of juvenile
confinement on neurodevelopment while improving health
outcomes of previously incarcerated youth should provide
the impetus for the next wave of advancements in JJS
reform.

Discussion

The US Department of Justice reports, “Nearly one in
three Americans of working age have had an encounter
with the criminal justice system” (Department of Justice,
2017). While an encounter encompasses any level of justice
system involvement, the statistic highlights the system’s degree
of enmeshment within our society. In both the juvenile
and adult criminal justice systems, males and minoritized
groups are overrepresented, even after controlling for type
of crime, age, SES, and US geographic region (McCarthy
et al, 2016). The annual fiscal burden placed on society
from confining youth ranges from $8 to $21 billion (Justice
Policy Institute, 2015). Additionally, juvenile recidivism rates
are comparable to that of adults (Mendel, 2011) with 70-
80% of youth facing re-arrest 2-3 years post-release (McCarthy
et al,, 2016). Adults with a history of juvenile confinement face
significant disadvantages educationally, economically, socially,
emotionally, interpersonally (Abram et al., 2017), and in general
health (Barnert et al., 2016).

Alternatives to the juvenile
confinement model

Given that the current conditions can serve as a source
of traumatization and adversity exacerbation, leaving youth
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more vulnerable to adverse outcomes than when they entered,
scientists, clinicians, and advocates have called for the
instatement of a more developmentally appropriate evidence-
based continuum of services (Balsamo and Poncin, 2016;
McCarthy et al.,, 2016; Lynch et al., 2018; Guckenburg et al,,
2019). A 2009 meta-analysis of 548 studies on alternatives to
confinement and youth recidivism found that interventions
rooted in counseling, skill-building, and restoration had the
greatest impact on recidivism reductions; conversely, programs
built on deterrence and discipline were associated with higher
reoffending rates (Lipsey, 2009). Thus, programs aimed at
rehabilitation rather than punishment would capitalize upon
adolescent neuroplasticity and be more effective at deterring
adolescents from delinquent behaviors. Here, we provide a
summary of evidence-based alternatives to youth confinement
organized in three tiers based off youth’s history of involvement
with the JJS and their current charge: (1) low-level, non-
violent offenses; (2) non-violent offenses among individuals
with a history of JJ involvement; and (3) violent, repeat offenses
(Table 1).

The first-line intervention is culturally supportive and
developmentally appropriate diversion tactics implemented
within the community. These include school-based programs,
athletic associations, and peer mentorships that involve the
family (Farahmand et al, 2012). In New York City, the
Department of Probation addressed neighborhood-specific
challenges faced by youth and curbed recidivism through the
Arches Transformative Mentoring Program. By pairing youth
with paid mentors who are former inmates and from the same
neighborhood of their mentees, program graduates committed
significantly less felonies 1- and 2-years post-probation (Lynch
et al,, 2018). Environmental enrichment and social support
have neuro-protective properties in their ability to diminish
the detrimental structural and functional neurobiological
correlates of stress while enhancing neuroplasticity (Biggio et al.,
2019).

For youth unresponsive to diversion tactics within the
community, the next line of intervention could be the home.
Monitored home placement may be less disruptive to and
more appropriate for developmental processes while youth are

10.3389/fnins.2022.1004335

undergoing redirection and rehabilitation. Evidenced-based
interventions include functional family therapy, multisystemic
therapy, and multidimensional treatment foster care (Balsamo
and Poncin, 2016). The Detention Diversion Advocacy
Program and Juvenile Detention Alternatives Initiative follow
this approach and have been recognized by governmental
agencies as national models and evidence-based alternatives
to juvenile confinement (The Annie E. Casey Foundation,
2017). Given adversity’s impact on frontolimbic circuitry,
improving emotion regulation, particularly in females,
in parallel with evidence-based interventions has been
shown to improve treatment responsivity (Winiarski et al,
2017).

For the remaining youth for whom neither community
diversion nor in-home rehabilitation is appropriate,
community-based facilities staffed by a consortium of social
service officers and health and educational professionals could
be utilized (McCarthy et al., 2016; Society for Adolescent Health
and Medicine, 2016). These facilities reflect an organizational
shift from confinement in correctional facilities to residential
treatment and rehabilitation provided by social services, as has
historically been the case for youth in Finland (Abrams et al,,
2018). In 2020, California bill SB823 shifted oversight of juvenile
cases from state corrections to county-level health departments.
The legislation aims to promote developmentally sensitive
rehabilitation, house youth closer to sources of support, and
permit youth to remain in the juvenile system until age 25,
limiting transfers to adult corrections.

As reward sensitivity peaks during adolescence, the receipt
of rewards has been shown to drive learning behaviors and
suppress inappropriate actions (Lourenco and Casey, 2013).
Rehabilitative efforts that capitalize on youth’s existing strengths
and incentivize learning through rewards vs. punishments are
neurodevelopmentally poised to succeed.

Funding more rehabilitative options for adjudicated youth
may lead to less youth entering juvenile jails, detention
centers, and adult prisons, diminishing the incidence of
confinement-related stressors. It may also lead to greater cost-
benefit outcomes. For example, multisystemic therapy provided
for serious juvenile offenders resulted in $4,643 saved per

TABLE 1 Alternatives to juvenile incarceration for all youth through the age of 25 years.

Youth characteristics Proportion of youth

Rehabilitative resource Example

Low-level, non-violent offenses 80-90%

family, including school-based, athletic associations,

Non-violent offenses among individuals 10-15%

with a history of JJ involvement

Violent, repeat offenses <5%

social services, housed in a small facility within the

Community-based diversion programs involving the

Monitored home placement incorporating

evidence-based interventions, such as FFT, MST, and

Residential treatment and rehabilitation provided by

Arches transformative mentoring
program

and peer mentorships

Juvenile detention alternatives
initiative

MTEC

Finland’s hybrid child welfare and

juvenile justice system
community

J), juvenile justice; FFT, family therapy; MST, multisystemic therapy; MTFC, multidimensional treatment foster care.
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youth in behavioral health claims (Dopp et al, 2018). While
systemic barriers attributable to funding, existing policies,
and regulations often curtail reform (Guckenburg et al., 2019),
scientific advancements in neurodevelopment have already
contributed to the improved treatment of youth. Since
the landmark Supreme Court cases over a decade ago,
further scientific advancements have been made addressing
neurodevelopment in the context of adversity exposure, making
the juvenile carceral system long overdue for the integration
of neuroscientific understandings in the treatment of youth. In
addition to improved rehabilitative outcomes and reintegration
into society, the inclusion of this information may help shift the
public’s perception of and long-term investment in these youth.

Conclusion

Due to neuroplasticity, adolescents are susceptible to lasting
neural alterations in response to environmental conditions,
especially the harsh conditions of juvenile confinement;
however, they may also be more amenable than adults
toward redirection and rehabilitation. To capitalize on
adolescents’ unique rehabilitative potential, the primary
objective of juvenile justice reform should be to strengthen
and support redirection and rehabilitative efforts that are
developmentally appropriate for youth and reinforce individual
existing strengths and contributions. Advancement toward a
developmentally appropriate response to youth who come to
the attention of law enforcement requires acknowledgment
that existing conditions may often constitute a state-
sanctioned form of adversity exposure and exacerbation, an
argument that the neuroscientific, pediatric, and behavioral
health care communities can advance in striving toward
decarceration of youth.
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