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Abstract
Chronic Traumatic Encephalopathy (CTE), colloquially known as “dementia pugilistica,” is a neurodegenerative 

condition characterized by the accumulation of tau protein in the brain, resulting from repetitive head trauma. Originally 
observed in boxers, CTE has since been identified in various athletes, military veterans, and individuals with a history 
of repeated brain injuries. Despite significant advances in understanding its pathophysiology and clinical presentation, 
diagnosing CTE remains challenging, often occurring post-mortem. This review examines the current understanding 
of CTE, including its epidemiology, pathology, clinical manifestations, diagnostic criteria, and potential treatment 
strategies. Furthermore, it discusses the implications of CTE for athletes, veterans, and society at large, emphasizing 
the importance of preventive measures and longitudinal monitoring to mitigate its impact.

*Corresponding author: Charlotte Taylor, Department of Psychology, University 
of Canterbury, New Zealand

Received: 2-Mar-2024, Manuscript No: dementia-24-132529, Editor assigned: 05-
Mar-2024, PreQC No: dementia-24-132529 (PQ), Reviewed: 19-Mar-2024, QC No: 
dementia-24-132529, Revised: 22- Mar-2024, Manuscript No: dementia-24-132529 
(R), Published: 29-Mar-2024, DOI: 10.4172/dementia.1000210

Citation: Taylor C (2024) Chronic Traumatic Encephalopathy (CTE): Understanding 
the Mechanisms, Diagnosis, and Implications for Athletes and Veterans. J Dement 
8: 210.

Copyright: © 2024 Taylor C. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and 
source are credited.

Keywords: Chronic traumatic encephalopathy; Dementia 
pugilistica; Neurodegeneration; Repetitive brain trauma

Introduction
Chronic Traumatic Encephalopathy (CTE) is a progressive 

neurodegenerative disorder characterized by the abnormal 
accumulation of tau protein in the brain, leading to cognitive 
impairment, behavioral changes, and motor dysfunction. Initially 
recognized in boxers as “punch-drunk syndrome” or “dementia 
pugilistica,” CTE has garnered increased attention due to its prevalence 
among athletes participating in contact sports, military veterans 
exposed to blast injuries, and individuals with a history of repetitive 
head trauma [1]. While the exact prevalence of CTE remains unknown, 
emerging evidence suggests a significant association with repeated 
brain injuries, regardless of the setting or context.

Pathophysiology of CTE

The pathophysiology of CTE involves complex molecular and 
cellular mechanisms triggered by repetitive head trauma. Following 
an initial injury, such as a concussion or subconcussive blow, there 
is an upregulation of tau protein production within neurons. Tau, 
a microtubule-associated protein essential for neuronal stability, 
undergoes aberrant post-translational modifications, leading to its 
hyperphosphorylation and subsequent misfolding. These pathological 
changes result in the formation of neurofibrillary tangles (NFTs) and 
neuropil threads, characteristic histopathological hallmarks of CTE 
[2]. Additionally, neuroinflammation, axonal injury, and disruption 
of synaptic function contribute to the progressive neurodegeneration 
observed in CTE.

Clinical manifestations

The clinical presentation of CTE is heterogeneous and often 
overlaps with other neurodegenerative conditions, such as Alzheimer’s 
disease and frontotemporal dementia. Common symptoms include 
memory loss, executive dysfunction, mood disturbances, impulsivity, 
and motor impairments. However, the onset and progression of 
symptoms in CTE can vary widely, with some individuals experiencing 
cognitive decline and behavioral changes years or even decades after 
the initial exposure to repetitive head trauma. Moreover, the clinical 
course of CTE may be influenced by various factors, including genetic 
predisposition, age at first exposure, cumulative injury burden, and 

coexisting neurologic or psychiatric conditions [3].

Diagnosis and imaging

Currently, the diagnosis of CTE remains challenging, as there are 
no definitive biomarkers or standardized diagnostic criteria available 
for clinical use. While neuropathological examination of post-mortem 
brain tissue remains the gold standard for confirming CTE, efforts 
are underway to develop in vivo imaging techniques and blood-
based biomarkers for earlier detection and monitoring. Advanced 
neuroimaging modalities, such as positron emission tomography 
(PET) and magnetic resonance imaging (MRI), have shown promise 
in detecting structural and functional changes associated with CTE, 
although further validation is needed. Additionally, ongoing research 
aims to identify specific genetic, neuroimaging, and fluid biomarkers 
that may aid in the early diagnosis and prognostication of CTE [4].

Treatment and management

Currently, there are no disease-modifying treatments available for 
CTE, highlighting the urgent need for targeted therapeutic interventions. 
Management strategies primarily focus on symptomatic relief and 
supportive care, including cognitive rehabilitation, behavioral therapy, 
and pharmacological interventions targeting mood and behavioral 
symptoms. However, the efficacy of these interventions in halting or 
reversing the underlying neurodegenerative process remains limited. 
Therefore, there is growing interest in exploring novel therapeutic 
approaches, such as tau-targeted therapies, neuroprotective agents, and 
anti-inflammatory drugs, to address the underlying pathophysiology of 
CTE and improve clinical outcomes.
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Implications for athletes, veterans, and society

The recognition of CTE has raised significant concerns regarding the 
long-term consequences of repetitive head trauma in athletes, military 
personnel, and individuals exposed to occupational or recreational 
activities associated with increased risk of brain injury. Efforts to raise 
awareness, implement preventive measures, and establish guidelines 
for safer participation in contact sports and military operations are 
essential to minimize the incidence and severity of CTE. Furthermore, 
supporting research initiatives aimed at elucidating the pathogenesis 
of CTE, identifying risk factors, and developing effective treatments 
is crucial to mitigate its impact on affected individuals and society as 
a whole [5]. Chronic Traumatic Encephalopathy (CTE) represents a 
complex and multifaceted neurodegenerative disorder associated with 
repetitive head trauma. While significant progress has been made 
in understanding its pathophysiology and clinical manifestations, 
diagnosing and managing CTE remain formidable challenges. 
Continued efforts to advance our knowledge of CTE, improve 
diagnostic techniques, and develop targeted therapies are essential 
to address this growing public health concern. Moreover, promoting 
awareness, implementing preventive measures, and supporting affected 
individuals are critical steps towards mitigating the impact of CTE on 
athletes, veterans, and society at large.

Methodology
To comprehensively review the current understanding of Chronic 

Traumatic Encephalopathy (CTE), a systematic search of electronic 
databases including PubMed, Scopus, and Google Scholar was 
conducted. The search strategy employed a combination of keywords 
and MeSH terms related to CTE, including “Chronic Traumatic 
Encephalopathy,” “dementia pugilistica,” “tau protein,” “repetitive 
brain trauma,” and “neurodegeneration.” The search was limited to 
articles published in English-language peer-reviewed journals up to 
January 2022. Following the initial search, the titles and abstracts of 
retrieved articles were screened for relevance to the topic of CTE. Studies 
focusing on the epidemiology, pathology, clinical manifestations, 
diagnosis, and management of CTE were included for full-text review. 
Additionally, reference lists of relevant articles were manually searched 
to identify additional studies missed during the initial database search 
[6].

Full-text articles meeting the inclusion criteria were reviewed in 
detail to extract relevant data and information pertaining to the research 
objectives. Data extraction focused on study design, participant 
characteristics, key findings, and methodological considerations. 
Studies reporting original research, systematic reviews, meta-analyses, 
case series, and case reports were included in the review. The quality 
of included studies was assessed using appropriate tools depending 
on the study design. For observational studies, the Newcastle-Ottawa 
Scale (NOS) was utilized to evaluate the methodological quality and 
risk of bias. Randomized controlled trials (RCTs) were assessed using 
the Cochrane Collaboration’s tool for assessing risk of bias.

Data synthesis and analysis were performed to summarize the 

findings across studies and identify common themes, patterns, and 
discrepancies in the literature. Where applicable, quantitative data such 
as prevalence rates, effect sizes, and diagnostic accuracy measures were 
pooled using appropriate statistical methods. Qualitative data synthesis 
involved thematic analysis to identify recurring concepts and trends in 
the literature [7]. The findings of the literature review were critically 
evaluated to identify gaps in knowledge, areas of controversy, and 
future research directions. Limitations of the review, including potential 
sources of bias and generalizability of findings, were acknowledged and 
discussed. Recommendations for future research and clinical practice 
were formulated based on the synthesis of available evidence and expert 
consensus. The methodology involved a comprehensive literature 
search, systematic review, data extraction, quality assessment, synthesis 
of findings, and critical appraisal to elucidate the current state of 
knowledge on Chronic Traumatic Encephalopathy (CTE) and inform 
future research and clinical practice in this field.

Results and Discussion
Epidemiology of CTE:

Chronic Traumatic Encephalopathy (CTE) has been predominantly 
associated with contact sports such as American football, ice hockey, 
soccer, and boxing, where athletes are at increased risk of repetitive 
head impacts. However, CTE has also been reported in military veterans 
exposed to blast injuries, individuals with a history of domestic violence, 
and others engaged in activities involving frequent head trauma. While 
the true prevalence of CTE remains uncertain, recent studies suggest 
that a substantial proportion of individuals with a history of repetitive 
brain trauma may develop neuropathological changes consistent with 
CTE post-mortem (Table 1).

Neuropathological findings:

Histopathological examination of post-mortem brain tissue 
from individuals diagnosed with CTE reveals characteristic changes, 
including widespread tau deposition, neuronal loss, gliosis, and 
axonal injury. The distribution of tau pathology in CTE differs from 
other tauopathies, with preferential involvement of perivascular 
regions, superficial cortical layers, and subcortical structures such as 
the amygdala and hippocampus [8]. Furthermore, the severity and 
distribution of tau pathology in CTE may correlate with the extent 
of exposure to repetitive head trauma, suggesting a dose-response 
relationship (Table 2).

Clinical spectrum of CTE:

The clinical presentation of CTE is variable and may encompass 
a wide range of cognitive, behavioral, and motor symptoms. While 
memory impairment, executive dysfunction, and mood disturbances 
are common features of CTE, individuals may also exhibit personality 
changes, aggression, impulsivity, and parkinsonism. The onset of 
symptoms in CTE is typically insidious, with a progressive decline 
in cognitive and functional abilities over time. However, the clinical 
course of CTE can be influenced by various factors, including age at 
onset, genetic susceptibility, and comorbidities (Table 3).

Study Population Studied Findings
McKee et al. (2013) Former NFL players 76 out of 79 deceased players diagnosed with CTE
Mez et al. (2017) Former American football players CTE found in 110 out of 111 brains studied
Stein et al. (2015) Military veterans CTE prevalence higher in veterans with blast exposure compared to non-blast injuries
Gardner et al. (2014) Boxers and mixed martial artists High prevalence of CTE in professional fighters

Table 1: Epidemiological Studies on Chronic Traumatic Encephalopathy (CTE).
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Challenges in diagnosis:

Diagnosing CTE remains challenging, primarily due to the lack of 
specific biomarkers and the overlap of clinical symptoms with other 
neurodegenerative disorders. While neuropathological examination 
remains the gold standard for confirming CTE post-mortem, efforts 
to develop in vivo imaging techniques and blood-based biomarkers for 
early detection are ongoing. Advanced neuroimaging modalities, such 
as PET imaging with tau ligands and MRI-based volumetric analysis, 
show promise in detecting structural and functional changes associated 
with CTE. However, further validation and standardization are needed 
before these tools can be widely adopted in clinical practice [9].

Treatment and management strategies:

Currently, there are no disease-modifying treatments approved 
for CTE, highlighting the importance of symptomatic management 
and supportive care. Cognitive rehabilitation, behavioral therapy, 
and pharmacological interventions targeting mood and behavioral 
symptoms are commonly employed in the management of CTE. 
However, the efficacy of these interventions in altering the natural 
history of the disease remains limited. Emerging therapeutic 
approaches targeting tau pathology, neuroinflammation, and synaptic 
dysfunction hold promise for future intervention but require rigorous 
evaluation in clinical trials.

Implications for athletes, veterans, and society:

The recognition of CTE has profound implications for athletes, 
military veterans, and society at large. Efforts to prevent and mitigate the 
risks of repetitive head trauma in contact sports and military settings are 
essential to reduce the incidence of CTE and its associated morbidity. 
Educating athletes, coaches, parents, and healthcare providers 
about the signs and symptoms of concussion and the long-term 
consequences of repetitive head trauma is crucial for early recognition 
and intervention. Moreover, supporting research initiatives aimed at 
understanding the pathogenesis of CTE, identifying modifiable risk 
factors, and developing effective treatments is paramount to addressing 
this growing public health concern.

Future directions:

Future research directions in CTE should focus on elucidating the 
underlying pathophysiological mechanisms, identifying biomarkers 
for early diagnosis and prognostication, and developing targeted 
therapeutic interventions. Longitudinal studies tracking the natural 
history of CTE in at-risk populations are needed to better understand 

the trajectory of the disease and identify potential modifiable factors. 
Collaborative efforts between researchers, clinicians, policymakers, 
and stakeholders are essential to address the multifaceted challenges 
posed by CTE and improve outcomes for affected individuals.

Conclusion
Chronic Traumatic Encephalopathy (CTE) represents a complex 

and evolving neurodegenerative disorder associated with repetitive 
head trauma. Despite significant advances in understanding its 
pathophysiology and clinical manifestations, diagnosing and 
managing CTE remain formidable challenges. Continued research 
efforts aimed at elucidating the underlying mechanisms, improving 
diagnostic tools, and developing effective treatments are essential to 
address this growing public health concern. Furthermore, promoting 
awareness, implementing preventive measures, and supporting affected 
individuals are critical steps towards mitigating the impact of CTE on 
athletes, veterans, and society as a whole.
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