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Abstract

Traumatic brain injury (TBI) is a leading cause of long-term dis-
ability worldwide, contributing to significant neurological, psycho-
logical, and social impairments. Beyond the physical and cognitive
consequences, TBI profoundly affects personality and behavior, in-
fluencing emotional regulation, social functioning, and overall qual-
ity of life. This narrative review synthesizes current evidence on the
epidemiology, pathophysiology, and neuropsychiatric consequences
of TBI, with a particular focus on the mechanisms and clinical im-
plications of personality and behavioral changes following injury.
A comprehensive literature search was conducted using PubMed,
Cochrane Library, and Scopus databases up to December 31, 2024.
Relevant studies, including randomized controlled trials, cohort stud-
ies, and reviews, were analyzed to summarize key findings related to
TBI-induced neurobiological mechanisms, behavioral outcomes, and
rehabilitation approaches. TBI severity and lesion localization, espe-
cially within the frontal and temporal lobes, were found to critically
determine the nature of post-injury personality alterations, including
impulsivity, aggression, apathy, and emotional dysregulation. These
manifestations are mediated by disruptions in dopaminergic and
GABAergic neurotransmission and by secondary injury mechanisms
such as oxidative stress, excitotoxicity, and neuroinflammation. Be-
havioral sequelae frequently co-occur with psychiatric disorders such
as depression, anxiety, and substance use, complicating recovery.
Rehabilitation outcomes are optimized through interdisciplinary in-
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terventions integrating cognitive-behavioral therapy, pharmacologic
modulation, and family-centered care. Personality and behavioral
changes after TBI represent a major determinant of social reintegra-
tion and quality of life. A deeper understanding of the neurobiological
underpinnings and psychosocial moderators is essential for person-
alizing rehabilitation strategies. Future research should emphasize
longitudinal, multicenter studies and ethical frameworks that support
comprehensive, person-centered neurorehabilitation.

Keywords: Traumatic brain injury; Personality changes; Behavioral
changes; Neurobiological mechanism

Introduction

Traumatic brain injury (TBI) is a serious public health issue that
occurs when an external force acts on the brain and inhibits its
normal function [1]. TBI can range from mild concussion to se-
vere TBI and coma or death, depending on the injury site and
extent of damage to the brain. Common causes of TBI include
falls, motor vehicle accidents, assaults, and sport-related inju-
ries, although military personnel are still vulnerable to TBI from
explosive blasts [2]. Diagnosis is based on clinical evaluation
and imaging techniques (e.g., computed tomography (CT) for
acute screening, magnetic resonance imaging (MRI) for detect-
ing subtle lesions). TBI will also result in both acute and chronic
sensorimotor, psychological, and cognitive deficits [3]. Recent-
ly, epidemiological evidence has indicated that TBI is a signifi-
cant risk factor for neurodegenerative diseases. Meta-analyses
have estimated an approximately 70% increased risk of demen-
tia after TBI [4], and some more recent reviews suggest that the
risk may be as high as four times in certain populations [5].
TBI severity is conventionally classified with several pa-
rameters. The Glasgow Coma Scale (GCS) is the standard meas-
ure, with mild TBI defined as GCS score of 14—15, moderate
TBI as GCS 9-13, and severe TBI as GCS 3-8 [6]. Of course,
GCS may not always be available or accurate, which can intro-
duce an element of confusion when evaluating a person who is
sedated or intoxicated. To fill this gap, the Mayo Classification
System includes other parameters, such as neuroimaging ab-
normalities, time of loss of consciousness, and post-concussion
symptoms, in formulating a more complete approach for sever-
ity assessment [7]. Additionally, newly defined mild TBI meas-
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ure altered mental status, amnesia, and neurologic deficits that
would support parallel diagnosis and comparisons of research
[8]. These classifications are essential to clinical practice and,
more importantly, address research design.

TBI represents a significant burden worldwide, and its
epidemiology differs by age, sex and region. According to the
Global Burden of Disease (GBD) 2021, there were an estimated
20.8 million new cases of TBI around the world, with an age-
standardized incidence of 259 per 100,000. Males consistent-
ly have higher incidence rates, and falls are the leading cause
worldwide, particularly in older populations. Regionally, Eastern
Europe and some regions in the Middle East appear to have the
highest burden [9]. In 2019, GBD estimated that there were 27.2
million incident cases and 48.9 million prevalent cases of TBI
and 7.1 million years lived with disability (YLDs) attributable
to TBI worldwide [10]. Not only do these figures demonstrate
acute harmful effects of TBI on individuals, but collectively TBI
has chronic impacts on individuals and health systems.

TBI can result in clinical sequelae beyond physical injury.
It can profoundly change how survivors behave, think socially,
and function personally and emotionally [11]. These changes
may lead to significant disability and, in some cases, may persist
longer than physical injury itself. Some of these changes are re-
lated to organic brain damage, whereas others depend on patient’s
emotional and psychological adaptation to their disabilities [12].
These changes can be better understood if viewed through a
neuroanatomical framework, which helps educate patients and
families by associating identity and selfhood to neurophysiol-
ogy, as opposed to a more abstract philosophical construct [13].
Typical cognitive deficits associated with TBI include a slowing
process of information, memory deficits, attention deficits, and
executive dysfunction [14]. Rehabilitation is multidisciplinary in
scope, encompassing daily living retraining, cognitive and be-
havioral intervention, and family systems approaches.

Even mild TBI can produce persistent symptoms described
as post-concussion syndrome. There is still a gap in knowledge
regarding TBI, especially related to pathophysiological differ-
ences between children and adults with TBI. The developing
brain has different pathways for injury, such as increased vul-
nerability to axonal injury and excitotoxicity that is more dif-
fuse in nature, which speaks to the need for dedicated pediat-
ric research and pediatric clinical trials [15]. There is also an
increased incidence of, and poor outcomes from TBI among
Indigenous populations, with culturally specific rehabilitative
methods yet to be researched, which further diminishes equi-
table outreach for care. In low- and middle-income countries
(LMICs), TBI carries a high burden and poor outcomes, large-
ly due to limited structures to prevent TBI [16].

Overall treatment paradigms for TBI remain incomplete,
as a standard of effective pharmacologic neuroprotective treat-
ments remain unfulfilled despite great investment in TBI re-
search. The aim of this narrative review was to provide a synthe-
sis of existing knowledge of TBI’s epidemiology, classification
of TBI, and the complex relationship with personality and be-
havioral pathology. This review stresses the need for personal-
ized treatments that utilize both psychological intervention and
medical therapy. To effectively personalize treatment of TBI,
we argue that a comprehensive neuropsychological assessment
is needed in order to assess the remaining and impaired capa-

bilities, which is paramount for prognostics, treatment planning,
and improving long-term patient outcomes [17].

Methodology

We conducted a narrative literature review using PubMed,
Cochrane Library, and Scopus databases from inception to
December 31, 2024, with the following keywords: “traumatic
brain injury,” “mild traumatic brain injury,” “diffuse axonal
injury,” “neurocognitive outcomes after TBL,” “psychiatric se-
quelae of TBI,” “rehabilitation after TBL,” and “global burden
of TBI.” The literature search included cross-sectional studies,
randomized controlled trials, cohort studies, case reports, and
review articles published in English. Emphasis was placed on
publications from the last decade; however, earlier articles of
significant scientific or clinical relevance were not excluded.

To ensure comprehensive coverage, we manually reviewed
the reference lists of all included studies, reviews, and relevant
book chapters to identify additional eligible publications. The
inclusion criteria were studies involving participants aged 18
years and above with diagnosed TBI. Studies exclusively ad-
dressing pediatric populations or unrelated neurological condi-
tions were excluded unless they specifically addressed mecha-
nisms or outcomes relevant to TBI.

This narrative review sought to synthesize current evi-
dence regarding epidemiology, pathophysiology, clinical out-
comes, neuropsychiatric consequences, and management strat-
egies associated with TBI.

Mechanism of TBI
Primary injury

Primary injury occurs during a traumatic event and is caused
by direct mechanical forces, such as blow, acceleration/decel-
eration, penetration.

Focal brain injury

It is caused by collision forces applied to the skull and subse-
quently compressing the tissue below the cranial vault from
the impact location (coup) or of the tissue opposite of the site
of impact (contrecoup) [18].

Diffuse brain injury

It is caused mainly by rapid acceleration—deceleration or ro-
tational forces, leading to widespread brain involvement such
as diffuse axonal injury (DAI) and cerebral swelling [19, 20].

Secondary injury

Secondary injury occurs within minutes to days following pri-
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Figure 1. Secondary brain injury.

mary trauma and consists of metabolic and cellular changes
that worsen injury [21]: 1) ischemia and hypoxia (lack of
blood and oxygen to the brain); 2) excitotoxicity (excess glu-
tamate release leading to neuronal injury [22]); 3) mitochon-
drial dysfunction (decreased ATP generation and cell death);
4) oxidative stress (damage to cells from free radicals [23]);
5) neuroinflammation (activation of microglia and the release
of cytokines [24]); 6) cerebral edema (swelling increasing in-
tracranial pressure (ICP) which can lead to herniation); and 7)
blood-brain barrier (BBB) breakdown allowing harmful sub-
stances to enter, worsening injury [25] (Fig. 1).

Pathophysiology of TBI

The pathophysiology of TBI follows a sequential progression.
Trauma initially results in a primary brain injury and triggers
an inflammatory response. This is followed by cerebral swell-
ing (edema) and increased ICP, which may ultimately lead to
secondary brain injury.

Areas of the brain typically affected by TBI

Figure 2 illustrates the major brain regions and their functions
that are commonly affected by traumatic brain injury.

Impact of TBI on Personality Changes

A person’s emotional and social functioning may be impact-

ed by the substantial behavioral and personality changes that
can result from TBI. These alterations, which result from the
injury’s physiological disturbances of brain function, are fre-
quently intricate and multidimensional [26].

There are many things that can make your personality
change after a TBI. These may be pre-injury, injury-related, or
post-injury elements. Individuals at greater risk are those who
had an abnormal personality prior to the injury. People with
abnormal personalities, such as mood disorder, anxiety and
depression, or antisocial personality disorder characterized by
impulsivity, aggression and sensation seeking, are more sus-
ceptible. Lower educational attainment is also associated with
increased risk and may be considered a measure of cognitive
function [27]. A history of substance uses disorders, including
alcohol and drug use, is a significant risk factor for both TBI
and subsequent personality changes [28].

The severity of the brain injury and where it is located will
matter. A more severe TBI is more likely to impair personality
if it includes damage to the frontal lobe or temporal lobes. The
frontal lobe plays an important role in emotional control [29].

Following injury, the post-injury factors such as poor psy-
chosocial support, disconnection from family, difficulties at
work, lack of vocational rehabilitation and limited access to
recovery services may further increase the likelihood of per-
sonality change [28]. Furthermore, having other problems like
secondary attention-deficit/hyperactivity disorder (ADHD)
can contribute to persistent personality changes, especially in
kids with severe TBI [30].

TBI can cause a variety of personality changes by harm-
ing certain brain regions in charge of emotions, behavior, and
social interactions. The degree and type of these alterations are
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Figure 2. Major brain regions and their functions commonly affected by traumatic brain injury.

largely determined by the location and severity of the dam-
age. For example, impulsivity and emotional dysregulation
are often linked to frontal lobe lesions [31], although social
cognition and empathy may be impacted by injury to other re-
gions, such as the orbitofrontal cortex (OFC). This area con-
tributes to empathy and helps regulate impulsive behavior. If
it is destroyed, the person may find it difficult to sympathize
with others and may act more recklessly. However, changes in
neuroticism are linked to lesions in the frontal and temporal re-

gions. Higher executive activities, such as planning, thinking,
problem solving, and emotional control, typically take place
in the frontal lobe. Additionally, the temporal lobes are crucial
for language and affect/emotion processing [32]. For example,
59.1% of patients with brain injury had personality changes,
primarily in neuroticism, extraversion, and conscientious-
ness. Neuroticism changes were specifically linked to frontal
or temporal lobe lesions, and changes in patient agreeableness
were linked to lower emotional role limitations, personality
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changes in patients did not correlate with increased distress or
decreased health-related quality of life [33].

In a study investigating personality changes 6 to 24 months
after TBI, approximately 13% of participants experienced per-
sonality changes between 6 and 12 months post-TBI, and 12%
in the second year. The personality changes were consistently
predicted by the severity of the injury, and that frontal lobe
white matter lesions were significantly associated with person-
ality changes in the second year following the injury, while
lesions of the superior frontal gyrus were linked to personality
changes between 6 and 12 months after the injury [30].

The first case was reported in 1848, when 25-year-old rail-
road foreman Phineas Gage had a brain injury when a tamping
iron was forced through his skull and into his frontal lobes.
Before the accident, Gage was described as responsible and
well-adjusted. But after his injury, he became a different man.
After his injury, he became impulsive, irreverent, and socially
inappropriate, showing a marked inability to plan, and a lack of
respect for social conventions. This very dramatic personality
change, first reported by his physician Dr. John Harlow, gave
the first clear evidence that the frontal lobes—particularly the
prefrontal cortex—are related to personality, social behavior,
and executive functions. Gage’s case remains a landmark in
neuroscience, providing evidence that the frontal lobes—par-
ticularly the prefrontal cortex—are related to personality, so-
cial behavior, and executive functions [34].

Individuals with TBI may experience a range of person-
ality changes, including emotional dysregulation, loss of em-
pathy, social behavior issues, aggression, apathy and loss of
interest. Explicitly, many patients have elevated emotional
reactions, including abrupt mood changes, irritation, and ag-
gression. Inappropriate emotional displays, such as laughing
when depressed, are another prominent sign of emotional la-
bility. Decreased empathy is another obvious shift. This apa-
thy, which may be more noticeable in men, might show itself
as a disregard for other people’s needs or feelings [35]. Ad-
ditionally, individuals with TBI may develop difficulties in in-
terpreting social cues. Thus, they may exhibit poor social judg-
ment and make improper remarks or behave inappropriately.
This involves impetuous actions like saying hurtful things or
acting in ways that are indecent. Additionally, a noted lack of
emotional self-control can lead to impulsive aggressiveness.
Changes in patients’ emotional states can cause them to react
excessively to small provocations. Furthermore, some people
may exhibit indifference or a lack of interest in things they
used to enjoy, which might be mistaken for an introverted per-
sonality change [31].

Diving into details, first, impaired emotional regulation
can be a serious consequence of TBI, restricting people to reg-
ulate their emotions in the right way. This situation can happen
in many different ways, but usually it is the reason for many
serious implications such as emotional difficulties in relation-
ships and overall quality of life. This emotional turmoil mainly
originates from the ruin of certain cerebral zones regulating
mood, e.g., the prefrontal cortex and the limbic system. This
issue could make the neural pathways, which aid in thinking
and leading our life, disrupted [33]. Notably, patients may ex-
perience emotional lability, characterized by rapid and intense
mood swings, often without an identifiable trigger [26]. In-

creased irritability is also common,; this is displayed by people
who find it easier to get irritated in general than by people
around them, resulting in frequent outbursts and social con-
flicts [35]. Not to forget, anxiety and depression are observed.
Exaggerated emotional response, apathy, and disengagement
are also reported at this level [32].

Second, cognitive impairment may occur after TBI. Peo-
ple who have TBI frequently struggle to maintain focus and at-
tention. This may make it difficult to follow discussions, finish
assignments, and stay focused on activities. Both anterograde
memory impairment (difficulty creating new memories) and
retrograde memory impairment (loss of pre-existing memo-
ries) are notably common memory disorders. According to
studies, episodic memory is commonly compromised, which
impacts the recall of knowledge or events that occurred before
the injury. Additionally, planning, problem-solving, language
skills, and decision-making are examples of executive activi-
ties that are frequently impaired. People may find it difficult to
efficiently manage their time, understand speech or even find
words, organize their responsibilities, and control their con-
duct in social settings [33]. These impaired social skills may
also be due to slower processing rates [36].

Impulse control is governed by the gyrus rectus and OFC.
Damage to these areas from TBI interferes with the brain’s
“braking mechanism,” which results in uncontrollable, im-
pulsive actions [35]. In rodent models, impulsive decision-
making is chronically increased by bilateral frontal injuries,
even mild ones. Furthermore, impulsive behaviors after TBI
are correlated with elevated levels of interleukin (IL)-12 in the
frontal cortex, indicating that inflammatory pathways play a
role in impulsivity [37].

Furthermore, TBI can profoundly impact an individual’s
sense of self and identity, leading to feelings of disconnec-
tion from one’s previous self and uncertainty about the future.
Survivors may have trouble remembering things, identifying
people they know, or carrying out activities that were formerly
effortless, including working, cooking, or playing sports. Gaps
in autobiographical memory can also be noted. Plus, self-
awareness issues are prevalent, especially in the early phases
of recovery, and they can lead to bad choices or impractical
objectives, which can lower motivation and jeopardize safety.
TBI patients may become unable to track their performance
and adjust their perception of their capabilities [36].

Borrowed identity syndrome can also be a consequence
of TBI. Pachalska et al reported the case of a physician who
suffered severe TBI with focal injuries to the right frontal and
temporal areas, leading to significant and evolving disturbanc-
es in personal identity. The patient experienced a loss of au-
tobiographical memory, impaired self-image, and diminished
emotional connections to family. Over time, he exhibited be-
haviors such as borrowing identities from others, Capgras syn-
drome, and delusions, highlighting the complex interplay be-
tween brain injury, memory, and the construction of self [36].

A noteworthy case is a 30-year-old man, referred to as
Patient 2410 in the study, who underwent surgery for a brain
aneurysm and then demonstrated positive personality changes.
Before the injury, the man was short-tempered, quick to anger,
and generally “mopey.” He became more laid-back after his
injury and started laughing and joking more and was called

Articles © The authors | Journal compilation © | Neurol Res and Elmer Press Inc™ | = https:/jnr.elmerpub.com 13



TBI and Its Impact on Personality and Behavior

J Neurol Res. 2026;16(1):9-21

Psychodynamic
Model

Behavioral
Model

Cognitive Model

Humanistic
Model

Biological Model

*® Focus: Unconscious drives and early childhood experiences
shape personality and behavior

* Key Concepts: Id, ego, superego, defense mechanisms,
psychosexual stages

* Focus: Learning through conditioning and reinforcememt

* Key Concepts: Classical conditioning, operant conditioning,
reinforcement, punishment

* Focus: Mental processes such as thinking, memory and
problem-solving.

* Key Concepts: Schemas, cognitive distorion, information
processing

® Focus: human potential, free will, and self-actualiation

* Key Concepts: Hierarcy of needs, self-concept, unconditional
positive regard.

* Focus: The role of genetics, brain chemistry, and nervous
system in behavior and mental disorders.

* Key Concepts: Neurotransmitters, hormones, brain
structures.

Figure 3. Overview of major psychological models, highlighting their focus areas and key concepts in understanding human

behavior and mental processes [39].

“more passive.” MRI revealed that individuals showing any
personality improvements were more likely to have damage
in the most frontal regions of the brain, most specifically, the
bilateral frontal polar region, an area relevant for perspective-
taking and decision-making (Fig. 3) [38, 39].

Impact of TBI on Behavioral Changes

Cluster B personality disorders, specifically antisocial person-
ality disorder and borderline personality disorder, have been
positively associated with the history of TBI [40]. Furthermore,
a positive correlation between TBI, worse executive functions,
deteriorated emotional regulation, and higher impulsivity was
reported by Betz et al (2024) [41]. The age of TBI injury seemed
to be indispensable in determining which aspect of life is influ-
enced the most. However, when trying to understand the neu-
ropsychology behind domains affected, no changes in white
matter microstructure were detected in TBI children compared
to normal ones. This might be attributed to the fact that the chil-

dren recruited in the study developed TBI 4 years before, and
thus changes on MRI could have disappeared by the time of the
study [41]. In addition, to better understand the impact of TBI on
social behavior, adults with TBI reported that Facebook was a
tool that helped them in self-disclosing compared to face-to-face
interaction. On the contrary, this social compensation hypoth-
esis was partially proven, as TBI individuals were not able to
express support, interest, or any other maintenance social behav-
ior while using this platform [42]. Hence, although social medial
platforms assisted in combating social isolation in individuals
with TBI, many key aspects of social behavior remain impaired.
Behavioral changes, including aggressive and violent behavior
were increased in individuals with TBI [27]. Supporting the re-
lationship between aggression and TBI, a study in Denmark re-
ported a suicide rate of 21 per 100,000 between 1980 and 2014,
compared to almost double that rate (41 per 100,000) among
individuals with TBI [43].

Alterations in dopaminergic pathways after TBI have been
implicated in the development of mood and anxiety disorders,
and changes in dopamine neurotransmission after injury are
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associated with cognitive and behavioral impairments in pa-
tients [44].

There is a long-standing idea of excitatory—inhibitory dis-
ruption following TBI, and the second neurological pathway
among the most common to be affected is GABAergic neuro-
transmission. In diffuse TBI conditions, tensile forces applied
to the brain can cause DAI in both glutamatergic and GABAe-
rgic neurons. The DAI due to chronic TBI may correspond to a
long-term positive feedback loop for glutamatergic signaling.
This uncontrolled increase in glutamate release can potentially
lead to glutamate excitotoxicity, a characteristic outcome of
TBI. The alterations in GABA concentrations have been cor-
related to various neuropsychiatric disorders. This suggests
that novel methods involving spatial and temporal delivery of
GABA could help in restoring cognitive reserve and improve
behavioral outcomes in TBI survivors [45].

TBI is a challenging disease to treat as it varies according
to the site of lesion and its severity based on individualized
conditions. Therefore, its treatment requires innovative com-
pensatory methods for neurobehavioral recovery.

In a report on a 27-year-old male with TBI aimed to deci-
pher the reason of disinhibition and violent behavior, diffusion
tensor tractography (DTT) revealed impairment and decrease
in the connections between amygdala and OFC in both hemi-
spheres in addition to injuries of both anterior cingulums in
anterior cingulate cortex (ACC) [46].

In a 47-year-old man with post-TBI sequelae, utilizing
progressive muscle relaxation (PMR), meditation, and mental-
based strategies made the patient better perform motor tasks,
communication, hobbies, physical and psychosocial functions
[47]. Furthermore, adopting holistic rehabilitation, rather than
just physical recovery, can lead to improvements in psycho-
logical and social quality of life. Hence, in rehabilitation, it
is indispensable to tackle the domains considered essential by
the TBI patients, such as methods of improving self-care, fam-
ily relationships and understanding, in addition to performing
spiritual practices [48]. Educational level, income, and cause
of TBI, all appeared to affect the family’s knowledge of TBI
and their attitude towards TBI patients. Thus, initiatives that
target knowledge gaps might help family members better man-
age TBI outcomes and provide sufficient care and support [49].

Psychiatric Comorbidities and TBI

TBI increases the risk of developing mental diseases such as
depression, anxiety, and post-traumatic stress disorder (PTSD).
According to studies, 14% of TBI patients have anxiety disor-
ders, 25% have depressive disorders, and 7% have comorbid
anxiety and depression [50]. It was reported that 40% of TBI
patients had two or more psychiatric conditions, meaning that
the prevalence of psychiatric problems following TBI is high-
er than those in the general population. The two most com-
mon mental health conditions—major depressive disorder and
PTSD—typically appear during the first year after an accident.
Although unusual illnesses can develop following TBI, people
who had a history of mental illness before the injury are at a
higher risk. The relationship between TBI and substance use

disorders (SUDs) is complex and reciprocal. Both substances
use and TBI may increase the chance of developing SUDs
[51]. According to recent studies, factors influencing this con-
nection include sex differences, age at injury, and injury sever-
ity [52]. TBI can cause mild cognitive and executive function
impairments that can make a person more susceptible to sub-
stance misuse. Various mechanisms have been hypothesized
to explain this link, including alterations in brain networks,
damage-associated neuroplasticity, and chronic neuroimmune
signaling changes [53]. The methods used to treat these dis-
orders include neuromodulation techniques, medication, and
cognitive-behavioral therapy [54]. Stronger empirical evi-
dence is needed to guide therapy, as the intricacy of post-TBI
psychiatric disorders makes treatment challenging [55]. To
better understand underlying mechanisms and provide person-
centered care for TBI patients with psychiatric comorbidities,
future research should focus on developing novel treatment
strategies and conducting pragmatic trials [54]. It is crucial to
provide integrated mental health care to patients with TBI who
also have concurrent illnesses. Numerous levels and types of
integrated treatment, including micro-and meso-level clini-
cal and service integration, are already available for TBI and
mental health concerns. However, issues including fragmented
treatment and ignorance of TBI-related cognitive impairments
persist. Experts say that improving outcomes can be achieved
by educating medical staff, forming interdisciplinary teams,
and providing patients with cognitive accommodation [56].

Mind-body—based rehabilitation approaches such as pro-
gressive muscle relaxation and meditation have shown poten-
tial benefit in TBI-related tremor management [47].

The neurological consequences ultimately affect the qual-
ity of life in TBI survivors. Moreover, dopamine may be im-
portant in neuroplasticity, neural sprouting, and synaptogen-
esis corresponding to the use of dopaminergic genes in the
treatment of cognitive deficits post-TBI [57]. Treble-Barna et
al reported such neurobehavioral recuperation in child survi-
vors of TBI [58].

Neuroplasticity is a process that takes place after a neu-
ronal injury, which is defined as structural and functional
changes to restore the brain’s activity in response to an exter-
nal or internal trauma to the brain [59]. Such an ability to form
new neural connections within the brain after primary diffuse
injury holds crucial importance in TBI.

There are various neuroimaging modalities used to moni-
tor neuroplasticity after TBI. The most common ones include
positron emission tomography (PET), functional magnetic res-
onance imaging (fMRI), diffusion tensor imaging (DTI) and
transcranial magnetic stimulation (TMS). These modalities
help detect the white matter changes after brain injury [60].

Rehabilitation and Interventions for Personality
and Behavioral Changes

TBI may induce extensive alterations in behavior and per-
sonality, typically manifesting in the form of aggression, ir-
ritability, apathy, impulsivity, and emotional dysregulation.
These consequences necessitate special rehabilitation inter-
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ventions involving psychological, cognitive, pharmacological,
and social domains for enhanced recovery and reintegration.
Behavior therapy is aimed at changing maladaptive behavior
via reinforcement, modeling, and environmental structuring.
Cognitive rehabilitation addresses executive functioning defi-
cits, attentional deficits, and memory deficits that are prevalent
following TBI, and facilitates enhanced emotional regulation
and social behavior [61]. Both these approaches improve self-
awareness and self-control when used together. Cognitive be-
havioral therapy (CBT) is one of the most helpful treatments
for treating post-TBI emotional and behavioral dysregulation.
It promotes emotional control, diminishes aggression, and en-
hances interpersonal relationships [62]. Other treatments com-
prise anger management training, mindfulness-based cognitive
therapy, social skills training, and acceptance and commitment
therapy (ACT), with customization to neuropsychological pro-
files [63]. Pharmacologic interventions are usually employed
adjunctively with treatment to stabilize mood and manage se-
vere behavioral symptoms. Drugs have to be selected with care
because of changed neurochemistry and heightened sensitiv-
ity following injury [64]. The classes of drugs used include
antipsychotics, antidepressants and mood stabilizers. Selec-
tive serotonin reuptake inhibitors (SSRIs), e.g., sertraline, are
useful for the treatment of depression and irritability [65]. For
anger, beta-blockers such as propranolol and mood stabiliz-
ers like valproic acid have been found helpful [66]. Atypical
antipsychotics such as quetiapine and risperidone may be used
occasionally for extreme behavioral dysregulation but need
to be monitored for possible side effects [67]. Recovery from
personality and behavioral changes is usually slow and based
on the severity and site of injury. Recovery can go on for years
after injury, especially with early treatment. Some personality
changes are chronic and require long-term management [68].
Several factors influence recovery, including age at injury, pre-
injury personality, injury severity, access to rehabilitation, and
the presence of psychiatric comorbidities [69]. Family support,
motivation, and helpful community also play effective part in
adaptive outcomes. Family support largely influences out-
comes in behavior. The education of families regarding TBI-
induced behavioral changes can improve coping and enhance
treatment adherence by the patient. Social support has been as-
sociated with increased emotional stability and functional in-
dependence [70]. Caregivers provide daily care and emotional
support. Involvement in planning for rehabilitation promotes
continuity of care. The burden on caregivers is high but needs
psychosocial intervention and respite services. Community-
based services and networks can help alleviate loneliness and
improve recovery in the long term [71]. In summary, person-
ality rehabilitation and behavioral changes after TBI need a
multimodal and patient-focused strategy. Successful manage-
ment relies on personalized therapy, proper pharmacological
intervention, and intense family and social participation.

Challenges in Clinical Research and Clinical
Practice

The post-TBI results are very variable, and more effort is

needed to determine who is bound to heal or show chronic
disability. An interaction of complex determinants such as se-
verity of injuries, demographics, social economic and socio-
economic factors, genetic and molecular signatures, comorbid
conditions and healthcare disparities facilitate such heteroge-
neity [72]. Notable among these factors that are always linked
with poor prognosis include advanced age, low GCS scores,
and high injury severity. The number and severity of cognitive,
psychic, and bodily sequelae after TBI do not decline: slightly
more than half of patients are still struggling with memory
problems, fatigue, and mood swings 6 months after their in-
jury [73]. GCS scores < 8 are related to a fatality rate of 3040
% with survivors being severely impaired, especially elderly
adults [74]. Also, older age presents a negative effect on recov-
ery patterns, probably because of underlying health problems
and reduced physiological strength [73]. Moreover, repetitive
mild TBIs, which are prevalent in the cases of athletes, have
a twofold increased risk of long-term neurological complica-
tions compared to one event [75]. Genetic influences on TBI
outcomes are also evident. The single nucleotide polymor-
phisms, other than APOE, have been found to affect patient-
oriented recovery, meaning that the genetic basis of post-injury
adaptation are heterogeneous [76]. Variants such as APOe4 in-
crease the risk of poor performance in moderate-to-severe TBI
by 20-30% [77]. Collectively, these results emphasize the vast
number of predictors that determine the outcomes of TBI and
the requirement of the personalized multidisciplinary rehabili-
tation and long-term care.

Besides genetic factors, non-biological factors such as
race or ethnicity, access to healthcare, comorbidities, and so-
cial supports also moderate TBI resilience. People from mi-
nority groups or those without full insurance often face delays
in getting care. These delays can lead to worse recovery and
health outcomes [78].

TBI is a complex issue that presents a serious challenge to
clinicians and scientists. Published literature, especially rand-
omized controlled trials and surgery research, is highly skewed
by limited-time reviews (often weeks or months), and cohort
samples are relatively small, especially in severe TBI, where
studies rarely include more than 100 participants. Moreover,
few of those trials receive the classification of being at low
risk of bias in the following areas, including randomization
method or allocation concealment [79]. At the same time, the
research of biomarkers faces certain barriers due to the patient
presentation variability. Time delay after injury, systematic in-
flammatory condition, and accelerated heredity are variables
that impact serum levels of biomarkers related to TBI [80].
The combination of these methodological, biological, and
translational limitations slows down the TBI research. They
will require international, multisite sample groups, complex
methods, and increased collaboration to combine efforts be-
tween disciplines, to practice and improve clinical features and
develop the field.

There is a lack of longitudinal evidence, which limits the
knowledge of the sequelae of TBI several years after injury.
There are limited global, standardized, and strictly validated
measures for assessing long-term outcomes. For instance,
moderate-to-severe TBI in veterans more than doubles (60%)
the risks of dementia, but the nature of milder TBI is currently
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poorly understood, and only male veterans were included in
the sample [81]. Furthermore, few studies have examined mild
TBI or non-military groups with follow-up periods longer than
5 to 10 years [82, 83]. These restrictions make it hard to tell
whether results improve or worsen over decades. Less than
10% of all TBI studies investigate participants after a period
of more than 12 months, which leaves large knowledge gaps
regarding progressive brain decline [79]. Two recent markers,
neurofilament light (NfL) and glial fibrillary acidic protein
(GFAP), allow doctors to monitor the persistent brain damage
progression and inform prognosis. However, such indicators
are primarily experimental, and they are not widely used in
everyday long-term care [84, 85]. There are other sub-popula-
tions that are not adequately represented in longitudinal stud-
ies such as older adults, children and those with repeated or
mild TBI [86].

TBI raises many ethical questions, making it challenging
to manage patients and conduct clinical research. Since a large
proportion of patients lose the possibility to make treatment
choice, family members take this role, which can lead to a con-
flict situation on the most proper choice. In addition, rehabili-
tation services are extremely unequal: poorer citizens tend to
get less care than those with better-resourced health systems.
Doctors often focus on life-saving interventions, but relatives
focus on the quality of life, and descriptions of miraculous
improvement stories of patients may create false expectations
and unrealistic outcomes [87]. Although artificial intelligence
(AI) in TBI provides tools in predicting mortality, functional
outcomes, and personalized rehabilitation strategies for TBI
patients [88], it raises concerns about data privacy, algorithmic
bias, and transparency [89]. Hence, there is a need to formulate
strong ethical standards that can incorporate perspectives from
multi modalities.

Obtaining informed consent in severe TBI patients is chal-
lenging, as most cannot speak for themselves. Family usually
has the duty to cover this aspect, but the emotional stress of
attending to a critically ill family member may affect its ability
to make sound decisions. According to Van Dijck et al (2020)
[90], such contextual factors cause delays in up to 83% of cas-
es, affecting treatment efficacy. In emergencies, doctors may
need to act quickly before getting full consent. If local laws
allow, they can use deferred consent, meaning they treat the
patient first and get consent later [90, 91]. However, regula-
tory authorities—especially in Europe—do not allow informed
consent to be waived to conduct research activities, thus delay-
ing interventions compared to more liberal policies elsewhere
[90]. These issues are even more challenging in children, es-
pecially when parents are not present in time to give consent
during critical stages of treatment. That is why flexible excep-
tions to the usual informed consent rules are very important in
emergencies [92].

Conclusions

TBI is a complex clinical and societal condition with conse-
quences that extend well beyond the initial injury. The empha-
sis on initiating interventions for motor and cognitive impair-

ments has been the focus of most TBI studies. However, this
review emphasizes the equally debilitating impacts of person-
ality and behavioral changes, and recognizes that changes in
emotional regulation, impulse control, empathy, and identity
can result in negative social function and relationships and
overall quality of life. The neuropsychiatric consequences of
TBI are influenced by the location of brain damage, severity of
injury, and pre-injury vulnerabilities, along with psychosocial
context and access to after-care rehabilitation.

There has been an increasing awareness that the frontiers
of personality and behavioral outcomes of TBI have been
overlooked, both in research and clinical practice. Successful
rehabilitation is facilitated by an integrated interdisciplinary
approach, which addresses neuropsychological assessment,
planned individualized therapy, pharmacological management,
and community/family involvement. Advances in neuroimag-
ing, conceptualizations of neuroplasticity, and characteriza-
tions of biomarkers are essential to better address personal-
ized approaches to care, but research is still trying to address
methodological and evidence thresholds, socio-political care
inequities, and ethical issues surrounding consent and compre-
hensiveness of follow-ups.

Future efforts should be focused on addressing the limita-
tions identified above in a collaborative, person-centered man-
ner, which will be integral to improving outcomes and quality
of life for individuals with TBI.
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