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Abstract: The adolescent brain is an open window on the environment, which is vulnerable to
perturbations and the traumatic experiences occurring before or during this period have an increased
saliency in affecting cognitive, emotional, and social levels. During adolescence, trauma-related
effects causing significant impairment or suffering could be manifest in internalizing and externalizing
behaviors. The present mini review aimed to clarify trauma effects on adolescence by examining the
neurobiological correlates associated with an increased risk of externalizing/internalizing conducts,
as well as the transformative effects of multiple and multimodal therapeutic interventions.
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1. Introduction

Trauma occurs more often than we think in youths. By age 16, two-thirds of children
reported at least one traumatic event [1]. Among traumatic events, it is possible to include
psychological, physical, or sexual abuse; community or school violence; witnessing or expe-
riencing domestic violence; national disasters or terrorism; commercial sexual exploitation;
sudden or violent loss of a loved one; refugee or war experiences; family-related military
stressors; physical or sexual assault; neglect; serious accidents or life-threatening illness.

The developmental period is especially crucial when examining the effects of trauma
at both neurobiological and behavioral levels. Coping with a history of chronic trauma or
experiencing exposure to acute trauma during the development may have different, and
sometimes even more significant, bio-psycho-social effects than trauma exposure occurring
in adulthood [2]. In particular, changes occurring during adolescence are strictly associated
with a prolonged period of brain and behavioral adaptations to prepare the individual for
independence. Very briefly, adolescent humans, nonhuman primates, and rodents develop
similar behaviors, including separation from parents, enhanced social interactions, in-
creased risk-taking and sensation-seeking behaviors, modified food intake, and postponed
sleep cycles [3]. In addition, the transition to adolescence gathers attention because some
neuropsychiatric disorders, including schizophrenia, manifest at this period of life [4–6],
and the transition is especially risky for children who are growing up in traumatic environ-
ments [7,8], partially due to the heightened trauma reactivity that characterizes the onset of
puberty [9–11]. In fact, the variety of drastic (progressive as well as regressive) alterations in
the brain renders the adolescent system highly vulnerable to the effects of trauma exposure.
A history of trauma can be preadolescence-limited (i.e., early childhood and childhood)
or adolescence-limited (i.e., early adolescence, adolescence, and late adolescence), with
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trauma-related behavioral and brain effects measured in adolescence or in adulthood (the
specific ages for each developmental period are shown in Figure 1).
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olescents are urged to co-construct a relationship with traumatized adolescents to favor 
the plastic potential of the brain and the Self, enlarging the therapeutic level to counteract 
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Figure 1. Specific ages for each developmental period (i.e., early childhood, childhood, early adoles-
cence, adolescence, late adolescence, and adulthood) are reported.

During adolescence, affective, cognitive, and behavioral symptoms related to trauma
causing significant impairment or suffering could be classified within the internalizing and
externalizing domains [12–14]. Internalizing problems are those having mood or emotion
as their primary feature and include symptoms such as anxiety, depression, anhedonia, and
withdrawal, while externalizing problems are those such as aggression, delinquency, oppo-
sitional defiant disorder, and conduct disorder [15,16]. Thus, it is important to recognize the
signs of trauma and its short- and long-term consequences and, faced with the complexity
of trauma-related consequences, psychoanalysts who work with adolescents are urged to
co-construct a relationship with traumatized adolescents to favor the plastic potential of
the brain and the Self, enlarging the therapeutic level to counteract the internalizing or
externalizing behaviors.

The present mini review adds to the current literature on trauma effects on adoles-
cence and summarizes recent knowledge by examining the reorganization of neurobio-
logical systems associated with an increased risk of externalizing/internalizing behaviors
(Section 2: Diagnostic Aspects and Neurobiological Correlates in Traumatized Adolescents:
A Scenario on Externalizing/Internalizing Behaviors), as well as the transformative effects
of multiple and multimodal interventions in traumatized adolescents, locating the thera-
peutic interventions in the theoretical framework of neuro-psychoanalysis and affective
neuroscience (Section 3: Therapeutic Aspects in Traumatized Adolescents: An Enlargement
of the Psychoanalytic Setting in Multiple and Multimodal Treatments). Finally, consistent
with the conceptual model on resilience proposed by Feldman [17,18], it is discussed how
an enlarged therapeutic plan may influence brain plasticity, promote cognitive, emotional,
and social skills, and restore a more resilient Self (Section 4: Discussion).

2. Diagnostic Aspects and Neurobiological Correlates in Traumatized Adolescents: A
Scenario on Externalizing/Internalizing Behaviors

One of the adaptive values of long adolescence is a prolonged period of synapto-
genesis, neuroplasticity, and neuronal connectivity, all processes that sustain behavioral
changes, mainly in the social domain, needed for the passage to adulthood [19,20]. The
adolescent brain is vulnerable to environmental perturbations and traumatic experiences
occurring before or during this period have an increased saliency in affecting cognitive,
emotional, and social levels. Given these bio-psycho-social changes occurring in this part
of life, diagnosing trauma-related disorders in adolescence is quite complex. In this life
period, besides a categorical approach, a dimensional approach should be used in the
diagnostic process as a tool to capture the elements of continuity in physiological and
psychopathological trajectories of development [21]. According to the fifth edition of the
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Diagnostic and Statistical Manual (DSM-5) of mental disorders, trauma-related disorders
during adolescence imply exposure to overwhelming, aversive, threatening, or fearful
experiences [22]. Affective, cognitive, and behavioral symptoms related to trauma causing
significant impairment or suffering can be accompanied by dissociative symptomatology
(depersonalization and derealization on the positive pole, as well as dissociative amnesia
on the negative pole). As mentioned above, trauma-related symptoms in adolescence can
be classified within the externalizing and internalizing domains, along with a dimension
ranging from hyper- to hypoarousal, and may also lead to a Reactive Attachment Disorder
or an Uninhibited Social Engagement Disorder [12–14]. As regards externalizing behaviors,
extroverted symptoms mainly occur such as: hypervigilance, impulsivity, hyperactivity,
disinhibition, aggression, mood enhancement, intrusive thoughts, disorganized cognitive
processing on the paranoid side, substance abuse, difficulty in attention and concentration,
hyperactivity, and hyperexcitability, accompanied by depersonalization and derealization.
Conversely, introverted symptoms mainly occur in the presence of internalizing behaviors,
such as: freezing, social withdrawal, mood deflection, cognitive inhibition, depressive
ideation, numbing, reduced psychomotor skills, avoidance behaviors, and feelings of
impotence, accompanied by dissociative amnesia.

The externalizing/internalizing conducts are grounded in a neurobiological basis,
which undergo crucial changes during adolescence, especially in the presence of trauma.
In fact, brain structure, function and connectivity, neurotransmitter levels, stress response,
homeostasis maintenance, immune system, genetics/epigenetics, and gut microbiome
undergo marked changes due to trauma exposure [23–25]. To improve understanding of
how the effects of traumatic experiences on the brain involve changes at nearly every level
of analysis, there is a need to comprehend the adolescent physiological conditions. During
adolescence, brain remodeling is characterized by changes in associative and limbic circuits
(such as the medial prefrontal cortex, amygdala, and hippocampus) subserving high-order
processes (e.g., executive function, mentalizing, emotion regulation, and social cognition),
along with dramatic changes in endocrine, immune, and biochemical systems [20,26]. The
initiation of puberty represents a period of dynamic synaptogenesis and dendritic/synaptic
pruning, with experience-dependent remodeling of brain circuits underlying complex
behaviors [27,28]. Specifically, during this time there is substantial pruning of excitatory
synapses in the cortex and in particular in the prefrontal cortex, supporting the hypothesis
that overproduction and subsequent pruning of synapses is a computationally advanta-
geous approach to building a competent brain [29]. A correct balance of activity of the
GABA and glutamate systems is vital for optimal neurodevelopment and general central
nervous system function, and the dysregulation of this balance has been implicated in a
number of neurological conditions that range from mild to severe, including schizophrenia
and epilepsy, and has been shown to increase the incidence of anxiety disorders [30,31].

In the context of trauma, the amygdala, the medial prefrontal cortex, and the hip-
pocampus have been extensively investigated with respect to fear learning and extinction,
threat reactivity, and emotion regulation [32–34], and they have been identified as criti-
cal loci of dysfunction following trauma [35,36]. Notably, acute exposure to threatening
adversity promotes the secretion of hormones (e.g., cortisol) and pro-inflammatory cy-
tokines, which drive changes in the structural plasticity of the amygdala and hippocampus
to enhance fear learning in the occurrence of similar events [37]. Chronic exposure to
traumatic events acts through these same hormonal and immune mediators to create gluta-
matergic excitotoxicity and atrophy in the amygdala and hippocampus linked to impaired
memory and other behavioral and cognitive symptoms, commonly found in internalizing
behaviors, such as depression [38]. Furthermore, deficits in the synthesis of GABAergic
neurosteroids—produced from progesterone in the brain, adrenal gland, ovaries, and
testes [39], clearly more active during puberty—have been implicated in the pathophysiol-
ogy and recovery from trauma-related disorders [40]. For individuals raised in environ-
ments where multiple sources of threat are present and/or long-term survival is uncertain,
the “developmental reprioritization” is often marked by an accelerated maturation, charac-
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terized by the early emergence of adult-like phenotypes [41,42]. Specifically, traumatized
children showed adult-like neural phenotype in the functional connectivity between the
amygdala and medial prefrontal cortex during threat processing [43–46], in parallel with
experimental reports indicating that early adversity leads to accelerated myelination of
axons in the amygdala [47].

Overall, across various types of traumatic experiences, an altered structure, function,
and connectivity of the amygdala, medial prefrontal cortex, and hippocampus correspond
to an increased fear reactivity, attentional biases towards threat, and difficulty with affective
regulation [48–50], contributing to a risk of externalizing/internalizing behaviors.

3. Therapeutic Aspects in Traumatized Adolescents: An Enlargement of the
Psychoanalytic Setting in Multiple and Multimodal Treatments

The dialogue between psychodynamic psychotherapy and neuroscience started with
the studies of McKenna et al. [51] and Kandel [52,53], supporting the hypothesis that the
former may change the brain. It was documented how psychodynamic psychotherapy was
able to modify synaptic connections, resulting in long-term behavioral modifications for
the remodeling of cortical and limbic connections [51]. Subsequent studies documented
the changes produced by psychodynamic psychotherapy on neuronal cytoarchitecture
during the lifetime [54], on brain circuits [55], and on neurotransmission systems [56]. Such
significant changes would be activated by the “unconscious communication” between the
individual and psychoanalyst, a process considered embodied simulation [57,58]. Accord-
ingly, the intersubjective approach postulated the therapeutic change in the framework of
the non-verbal dimension of the dialogue between psychoanalyst and patient, in which
the non-declarative memory (associated with procedural learning) is the main process of
change following psychoanalysis treatment [59–61]. Conversely, Piovano [62] disagreed
with the exclusively procedural and unconscious approach to change. In her opinion, new
implicit memories would be produced through the introduction of new ways of being,
which weaken the old procedures.

Extended analytical listening includes empathic listening, attention to body language,
and preverbal and presymbolic levels, which are enacted in the therapeutic relationship,
as well as countertransferentially communicated in meaningful verbal forms [63]. All
these aspects are needed for traumatized adolescents in order to experience a “rescue
environment” [64,65]. The awareness of damage produced by trauma in brain tissue
has forced a profound reworking of therapeutic models: it is necessary to extend the
treatment both within a dual setting, as proposed by Piovano [63], and within multiple
settings [64,65]. Thanks to this enlargement of the techniques, the psychoanalytic experience
may become an opportunity for the psychoanalyst and patient characterized by affective
signification or, on the contrary, by somatic incorporation of psychic experiences [63,66].
In psychoanalytic psychotherapy of traumatized adolescents, it is inevitably necessary to
realize an enlargement of classical methods, given the multilayered levels of trauma-related
suffering [67].

The present contribution suggests that this “enlarged” orientation in the multiple
setting may offer traumatized adolescents a range of transformative experiences (not only
verbal, but also in terms of embodied expression) that exceed the dual setting [68], allowing
to reintegrate split traumatic experiences in a coherent and organized way [69]. In the
theoretical scaffolding of neuro-psychoanalysis and affective neuroscience, therapeutic
interventions (multiple and multimodal treatments) should be aimed at modulating the
restorative capacity of the brain and the reorganization of the Self [24,27]. From a thera-
peutic point of view, after a series of failures in the therapeutic relationship and verbal
communication with the traumatized adolescent patient, a more effective perspective might
be based on an intervention aimed at attuning the implicit bodily response of the patient
to trauma-related effects, by using the patient’s perception-action system. Accordingly,
Howell [70] suggested that a therapeutic approach should be followed, based on a spe-
cific direction: from the inner word of the traumatized patient to the out one, rather than
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from the outside in. The issue is to integrate emotions and achieve a balance between
the sympathetic and the parasympathetic system activation [68]. During the therapy, it
is necessary to strengthen the cooperation between the dissociated parties of the Self, to
favor present-time sensations, to evoke warmth and reassuring sensations, and to look to
the future with hope [71]. Furthermore, the development of the symbolic function may
be promoted. Specifically, a face-to-face setting mainly exposes a traumatized subject
to emotional stimuli aroused by facial expression and personal interaction, probably ac-
tivating the subcortical regions of the limbic system, primarily the amygdala, involved
in the emotional (sub-symbolic) reaction more than in the emotional (symbolic) experi-
ence [72,73]. Conversely, the couch setting mainly exposes the traumatized subject to verbal
stimuli, probably activating the cortical regions, primarily the prefrontal cortex, involved
in emotional experience more than in emotional reaction [74].

Thus, these considerations should be taken into account in the construction of a ther-
apeutic plan and in the course of the analytic process. At least in the initial stages of
therapeutic treatment for traumatized adolescents suffering from severe dissociative disor-
ders, it may be useful to start with a clinical setting characterized by a high containment
potential, allowing a good relationship with reality. In the presence of traumatized adoles-
cents, psychoanalysts are not only called upon to listen to the indistinct, painful, sensory,
and perceptive fragments which freeze the body and turn off the mind, but also to relate to
a deep anguish of disintegration, with flashbacks, intrusive and dangerous memories, and
traumatizing thoughts. When the trauma is massive, adolescents are unable to only use
a dual setting and need a continuous ordering principle capable of containing them and
counteracting the risk of post-traumatic acting. This therapeutic ordering principle can be
activated by multiple and multimodal interventions.

In the institutional framework, multimodal interventions showed significant results [75].
These interventions offered the adolescents activities based on awareness training, expressive
arts, and Eye Movement Desensitization and Reprocessing Integrative—EMDR—treatments.
These activities were useful for adolescents to help them express their emotional and cognitive
universe, by discovering the possibility of adapting their narratives to healthier directions [76].
After completing the treatment program, adolescents showed a significant reduction in
trauma-related outcomes, while attention/awareness processes were improved. These
changes remained stable two months after discharge, showing how multimodal interventions
may represent feasible and promising programs for reducing the psychological burden in
adolescents with a history of trauma. However, it should be noted that the main limitation of
this type of therapeutic intervention is the short nature of the treatment itself and the fact
that its benefits are only measured over a period of months. As Gillies [77] argued, much
more evidence is needed to demonstrate the real efficacy of different psychological therapies
on subjects exposed to trauma, particularly in the long term. Furthermore, practices based
on trauma-sensitive awareness through mindfulness [78], artistic expression [76], or group
treatment [79] have also been reported. Other findings have shown that multimodal treatment
methods provided significant long-term benefits in several domains of mental health in
children and adolescents exposed to adverse experiences [80]. The use of neurofeedback
in children and adolescents has been also investigated [81], opening good prospects for
the treatment of externalizing/internalizing symptoms. The results offered by this type
of treatment are encouraging but, according to some researchers [82], less than 50% of
substantial improvements are found in the best-performed clinical trials. It is also important
to note the importance of involving parents in the treatment of traumatized children and
adolescents. Previous research conducted by Haine-Schlagel et al. [83] suggested that such
involvement occurred more frequently when the children had high levels of behavioral
problems and when parents reported high levels of internalized tension, as well as when the
therapist was more experienced.

In addition to the potential cumulative benefits of combining different approaches, it
is possible that multimodal programs allow children and adolescents to benefit from
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therapists and methods best suited to them, which is not an option with individual
therapeutic interventions.

4. Discussion

Significant changes occur in a relatively short time in the adolescent brain. For such
reasons, adolescence is a “window” of susceptibility to trauma. Traumas, particularly
interpersonal, intentional, and chronic ones, are considered risk factors for the onset of
internalizing/externalizing psychopathology [84–86]. For example, emotional dysregula-
tion, impulsivity, and mood lability, associated with early life deprivation and threat, are
potent risk factors for alcohol and illicit substance abuse in the adolescent period [87–90].
Furthermore, the greater the number of traumas, the higher the probability of external-
izing and post-traumatic stress disorder symptoms among adolescents [91]. However,
adolescence may also be a period of recovery from trauma encountered during childhood.
Namely, the transition to adolescence may be a period of increased opportunities for posi-
tive growth [92], and the bio-psycho-social reorganization that takes place during that time
may enable the youth to have resilience. It has been shown that maternal warmth and
sensitive support can buffer the negative effects of trauma exposure on child outcome [93],
as well as maternal post-traumatic stress symptoms, sensitive caregiving, and child cortisol,
which shaped the trajectories of risk and resilience across the 10-year span [94,95]. Ac-
cordingly, trauma-exposed mothers whose children were diagnosed with an internalizing
disorder during adolescence showed elevated hair cortisol levels [96].

Importantly, Feldman [17] stated that resilience is the ultimate goal of human devel-
opment, especially for the overcoming of traumas. Resilience originates from primary
relationships, involves social aspects, allows for the attribution of a new meaning to trau-
matic and dissociative events supporting the integration of the Self in the presence of
trauma, and promotes neuronal plasticity at the biological level [97–99]. Consistent with
this conceptual model on resilience [17,18] that considers the orchestration of biological
and behavioral processes between parent and child as an important mechanism by which
the parent modulates the child’s psychophysiological systems and tunes them to social
life, the findings from the present mini review support that therapeutic relationship with
traumatized adolescents may promote plasticity in the neuronal regions subserving the
social functions and could thus reorganize the neural networks susceptible to trauma. In
this framework, it is advanced the necessity of multiple and multimodal therapeutic inter-
ventions, in which specific therapeutic actors may be capable of acting on bio-psycho-social
aspects of traumatized adolescents [100]. The different aspects of trauma-related suffering
require a multiple psychodynamic setting, which provides an integrated intervention of
multiple professionals and techniques (such as physiotherapy, yoga, EMDR, neurofeedback,
mindfulness, dance, listening to music) [65,68]. Thanks to this multiple orientation and
systemic work, it is possible to act on different levels of trauma-related suffering, which
affects the homeostatic functions (sleep, appetite, digestion, arousal), as well as the brain
regions involved in emotional self-regulation, perception of the Self, attention, ability to
stay focused on oneself and in tune with others, capacity to make meaningful relationships
beyond the catastrophic expectations triggered by traumatization. In other words, an
enlarged therapeutic plan may influence brain plasticity, promote cognitive, emotional,
and social skills, and restore a more resilient Self.

For the sake of clarity, it must be said that in the current state of art many limitations
are present. First of all, the interpretation of the findings on the aftermath of trauma during
adolescence needs to consider potential moderators, such as type of stressor, timing effects,
or individual and contextual determinants. Subsequent to this, there is no clear evidence
of the effectiveness of one psychological therapy compared to others [101,102], as well as
insufficient evidence to conclude that children and adolescents with particular types of
trauma are more or less likely to respond to some psychological therapies better than others.
Finally, despite the importance of the adolescent transition to well-being and adaptations
throughout life [103,104], little longitudinal research described factors that may mediate
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the continuity of risk and resilience after trauma exposure or tested specific biological and
relational factors that may augment or buffer the effects of trauma on mental health. For
this reason, future comparative and longitudinal studies should take into account these
specific limitations in the planning of research able to identify the influence of significant
factors influencing the trauma outcomes, in order to build a bridge between psychoanalysis
and neuroscience useful in the implementation of targeted interventions in adolescence.
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