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Chronic Traumatic Encephalopathy (CTE) and Alzheimer’s disease (AD) are progressive neurodegenerative disorders that share
abnormal tau accumulation but differ in their underlying causes. CTE is associated with repetitive head impacts, commonly
observed in contact-sport athletes and military personnel, while AD is primarily associated with aging, amyloid-beta (Af3)
accumulation, and tau pathology. Both disorders produce cognitive impairment and affect brain regions involved in memory
and executive function, including the hippocampus and frontal cortex. This focused review analyzed 33 studies investigating
tau and amyloid-beta pathology through postmortem immunohistochemistry, molecular profiling, cerebrospinal fluid analysis,
tau PET imaging, and structural analysis of hippocampal and frontal brain regions. Of these studies, 28 were included in
the final synthesis based on relevance and available data. A single PubMed search was performed using predefined Boolean
search strategies, including literature published through October 1, 2025. A major limitation of this review is the use of a
single database, which may have excluded relevant studies. Findings indicate that CTE is characterized by perivascular tau
accumulation at cortical sulcal depths with involvement of frontal and medial temporal regions. In the hippocampus, CTE
demonstrates greater involvement of the CA2, CA3, and CA4 subfields, whereas AD shows greater tau accumulation in the CA1
region and subiculum. Differences in tau isoform composition have also been observed, with CTE containing both 3R and 4R
tau while AD is primarily associated with paired helical filament tau. Additional pathological features in CTE include vascular
alterations, blood-brain barrier disruption, astrocytic changes involving markers such as AQP4 and GFAP, and frequent TDP-43
accumulation. These findings suggest that regional tau distribution, molecular characteristics, and associated pathologies may
help distinguish CTE from AD. Further research into region-specific biomarkers and noninvasive diagnostic methods may
improve early detection and understanding of trauma-related neurodegeneration.
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ers.? This classification has had profound impacts in the
sports medicine and military (specifically veterans exposed
to large blasts) communities with ongoing investigations into
pathophysiology, diagnostic criteria, and potential therapeutic
approaches.?

Introduction

Chronic Traumatic Encephalopathy (CTE) is a progressive
neurodegenerative brain disorder mostly caused by repetitive
brain injuries. Often seen publicly through post-NFL ca-
reer American football players or military personnel, CTE

is distinct from other brain injuries as even multiple non- CTE has been notoriously difficult to diagnose in living

concussive hits to the head over time lead to the develop-
ment of CTE. Modern day CTE was originally called “punch
drunk syndrome” and later “dementia pugilistica” in box-
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patients. Current symptoms include a series of cognitive al-
terations (Lack or deficiency of episodic memory, executive
function, and attention), behavioral (Enhanced verbal out-
bursts or physical aggression), and severe mood swings.* Dif-
ferent research groups have identified distinct diagnostic crite-
ria but a distinctive treatment does not currently exist. Current
diagnostic studies are based on historic neutral studies involv-
ing an investigation into a patient’s history of head impacts,
symptomatology present for at least 12 months, and exclusion
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of other clinical disorders.>~” Repeated head injury is the only
known common symptom in around 97.4% of patients among
the more than 645 CTE cases reported throughout the litera-
ture; which has expanded to Musk oxen, bighorn sheep and
computational models.” Associations have been observed be-
tween cognitive decline, demographic variables (younger age
at first exposure), and cumulative head impact index. An es-
tablished dose—response relationship links the cumulative du-
ration of participation in contact sports. Additionally, carriers
of the APOEeg-4 allele exhibit a heightened vulnerability to
cognitive decline after repeated head impacts. !

Traumatic encephalopathy syndrome (TES) is a disorder
classification to represent the clinical manifestation of CTE.
While this represents improvements in awareness for CTE, the
false positive rate for CTE remains high currently at around
54% of cognitively normal individuals receiving a TES diag-
nosis®. CTE continues to only be formally diagnosed through
post mortem autopsy9.

During autopsies, the confirmation of CTE is confirmed
through an accumulation of phosphorylated tau entangle-
ments %! the primary symptom of Alzheimer’s disease!?
Additionally, there is reported regression of the neocortex
in CTE patients identified in postmortem examinations. Re-
cent advances in extracellular vesicles, diagnostic imaging and
fluid biomarkers for Alzheimer’s can provide valuable insight
into cross-compatible biomarkers for CTE. Advances in radio-
tracers for Alzheimer’s including flortaucipir F-18 fluorinated
positron-emission tomography (PET) could potentially serve
as a diagnostic tool, although cross disorder specificity is re-
ported as remaining poor'3. With multiple tracers, regional
patterns and volume differences between disorders have not
been clarified®.

Alzheimer’s disease (AD) is a progressive neurodegen-
erative disorder characterized by the accumulation of beta-
amyloid plaques and tau protein tangles, which disrupt neu-
ronal communication, impair microtubule function, and ulti-
mately lead to cell death. Pathological changes typically be-
gin in the hippocampus, a brain region critical for memory en-
coding and consolidation, and gradually spread to other cor-
tical areas, including the frontal lobes, which govern execu-
tive functions such as planning, decision-making, attention,
and working memory. Clinically, AD manifests as memory
loss, confusion, impaired judgment, mood disturbances, and
difficulties performing daily activities. Established risk fac-
tors include advanced age, genetic susceptibility, vascular or
metabolic conditions, and a history of head injury, highlight-
ing partial overlap with risk factors observed in chronic trau-
matic encephalopathy (CTE) 4.

Focusing on the hippocampal and frontal lobes provides in-
sight into how neurodegenerative processes compromise cog-
nitive function. These regions are highly interconnected, al-
lowing for coordinated memory storage, retrieval, and higher-

order cognitive control. Studying patterns of protein accu-
mulation, neuronal atrophy, and functional connectivity in
these areas not only informs the progression of AD but also
helps in identifying potential biomarkers and therapeutic tar-
gets. Moreover, understanding regional vulnerability helps
distinguish AD from other tau-related disorders, such as CTE,
where pathological changes may follow different regional pat-
terns within the brain.

Although CTE and AD arise from distinct etiologies and
exhibit different patterns of neuropathology, both disorders
share hallmark features, including tau related neuronal degen-
eration and progressive declines in cognition, behavior, and
daily function. Investigating the mechanisms by which beta-
amyloid and tau proteins affect neural circuits is essential for
improving early detection strategies and developing targeted
therapeutic approaches. Recent advances in diagnostic imag-
ing, fluid biomarkers, and cellular vesicle research in AD offer
potential translational insights for CTE, particularly for iden-
tifying cross-disorder biomarkers and further clarifying over-

lapping pathophysiological processes '3.

Methodology

A systematic review was performed according to the guide-
lines outlined in the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses Protocols (PRISMA 2020
[https://www.prisma-statement.org/]). Our
research exclusively utilized anonymized data, with no col-
lection of personal information or involvement of human sub-
jects. The study protocol was not registered. Standard proto-
col approvals, registration, and patient consents are not appli-
cable to this review.

Data sources and search strategy

A systematic search was conducted using PubMed on
November 3, 2025, covering all indexed literature up to
October 1, 2025, with no language restrictions. Two
Boolean search strategies were used to identify region-
specific studies: (“Chronic traumatic encephalopathy”) AND
(“Alzheimer’s” OR “Alzheimer”) AND (“Frontal Lobe”) for
frontal lobe—focused studies,and (“Chronic traumatic en-
cephalopathy”) AND (“Alzheimer’s” OR “Alzheimer”) AND
(“Hippocampus”) for hippocampal studies. Duplicates were
removed manually, and gray literature, conference abstracts,
and preprints were excluded. Study selection followed prede-
fined inclusion criteria, with disagreements resolved through
discussion. The selection process is shown in the PRISMA ta-
ble (Table 3). Included studies were organized by search strat-
egy into two tables: Table 1 (Frontal lobe focus) and Table 2
(Hippocampus focus) (Tables 1-2). Extracted data included
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study design, sample size, population, brain region, tau out-
comes, and other biomarkers when available.

Data Extraction and Organization

Data extraction was performed by a single reviewer (DW) us-
ing a standardized approach across all included studies and
evaluated by a second reviewer (AB). Relevant study charac-
teristics and findings were systematically recorded, including
study type (e.g., postmortem histopathology, molecular analy-
sis, PET imaging, cerebrospinal fluid (CSF) biomarker study,
or case report), examined brain regions, tau pathology charac-
teristics when reported, imaging or molecular findings, clin-
ical characteristics, and major conclusions relevant to the re-
lationship between CTE and Alzheimer’s disease. Extracted
findings were organized by evidence type and summarized in
Supplementary Table 1 and 2 to facilitate comparison across
studies and identify recurring pathological patterns. To main-
tain consistency, the same extraction criteria were applied to
all included studies.

Eligibility criteria
Risk of bias assessment

The quality and risk of bias of all eligible studies were eval-
vated individually by DW, with any disagreements resolved
through discussion with AB until consensus was reached.
Given the heterogeneous study designs included in this re-
view encompassing postmortem pathology, molecular studies,
neuroimaging, and case reports, a strictly diagnostic accuracy
framework was not fully applicable. Therefore, limitations
are presented narratively to allow for a more transparent and
design-appropriate appraisal.

Several methodological vulnerabilities were identified
across the included literature. First, ascertainment bias was a
consistent concern, as brain-bank donor samples are largely
self-selected through family donation, which may overrep-
resent individuals with severe or symptomatic disease and
limit generalizability. Second, exposure misclassification was
present in many CTE studies, where head impact histories
were predominantly self-reported or obtained from next-of-
kin, introducing potential recall and reporting bias. Third,
survivor bias may affect findings, as individuals who sur-
vive long enough to be diagnosed or to donate tissue may
not be representative of the broader CTE population. Fi-
nally, co-pathology confounding was a recurring limitation,
as many CTE cases presented with concurrent neurodegener-
ative pathologies, complicating the attribution of tau-related
findings to CTE alone. These limitations were considered col-
lectively when interpreting the findings of this review.

Results

Tau Pathology in the Frontal Lobe

Severity and Molecular Characteristics of Frontal Lobe Tau

Studies using postmortem brain tissue have repeatedly iden-
tified substantial tau accumulation in the frontal cortex of in-
dividuals exposed to repetitive head impacts. A large-scale
study of 180 male brain donors, primarily former American
football players, demonstrated moderate-to-severe neurofibril-
lary tau tangle burden in the dorsolateral frontal cortex. !> Ad-
ditional molecular analysis in a cohort of 207 former contact-
sport athletes examined specific tau phosphorylation patterns,
where a specific phosphorylated tau epitope, p-tau202, was
found to be significantly increased by approximately 3.2-fold
in the dorsolateral frontal cortex of high-stage Chronic Trau-
matic Encephalopathy (CTE) cases compared to controls. No-
tably, this study also found that amyloid-f3 levels were a sig-
nificant predictor of a different tau isoform, p-tau396, which
was increased in Alzheimer’s disease. '® This CTE-specific tau
forms a unique C-shaped protofilament structure with a dis-
tinctive $-helix and hydrophobic cavity, which differentiates
it from the tau folds observed in Alzheimer’s disease.!” Fur-
thermore, early tau conformations and specific phosphoryla-
tion sites are detected perivascularly, providing a biochemical
signature that distinguishes CTE from other tauopathies. '3

Distinct Spatial Distribution and Vascular Association

One defining feature of CTE pathology is the characteris-
tic distribution of tau within the frontal cortex. The pathog-
nomonic lesion is characterized by abnormal hyperphosphory-
lated tau in neurons and astroglia accumulating around small
blood vessels at the depths of cortical sulci. ! This perivascu-
lar tau is predominantly found in cortical layers II and IIT.2°
The relationship between vasculature and tau pathology is re-
inforced by a study of 41 male brain donors, which used 3D
imaging to reveal that increased microvascular branching and
coverage in the sulci of the dorsolateral frontal cortex were
directly correlated with p-tau pathology.?! This perivascular
tau accumulation is linked to vascular injury and inflamma-
tion, with markers such as ICAM1, VCAMI1, and CRP being
elevated and co-localizing with p-tau. >

Clinical and Pathological Progression

The accumulation of tau in the frontal lobe is progressive and
correlates with clinical severity. In a comprehensive study
of 364 brain donors, p-tau burden was quantified across 11
brain regions and was found to increase with CTE stage, with
the highest levels seen in Stage IV, which correlated strongly
with the presence of dementia. This study also reported that
Alzheimer’s pathology and Lewy bodies were present in sub-
sets of cases, indicating that co-morbid pathologies are com-
mon.?? This progressive tau accumulation, in the context of
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Table 1 Supplemental table of results and data extraction (Frontal lobe focus).

Author/Year]Design Sample |Population Brain Region Method Major Tau Finding Other Biomarkers |Limitations
Size
Falcon et al.,| Postmortem 3 Retired football player|Cortical sulci, | Neuropathology Hyperphosphorylated tau|C-shaped tau protofil-| Very small sample
2019 case series + 2 former boxers with|cortical layers in neurons, astrocytes, and|aments with B-helix|size
stage IV CTE II-I1T perivascular  regions in|structure distinguish-
cortical layers II-IIT ing CTE from AD
Fowler et al.,|Case-control 50  (32|Blast-related mTBI vet-|Gray-white matter| MRI, molecu-| AQP4 upregulation at gray-| GFAP elevation, | Indirect relation
2025 study veterans, |erans and civilian con-|junction,  sulci,|lar/astrocytic markers  |white matter boundaries|perivascular  space|to tau pathology
18  con-|trols white matter and sulci associated with|enlargement, glym-
trols) injury patterns phatic dysfunction
Falcon et al.,|Postmortem co-|364 Brain donors (mostly|11 brain regions |Histopathology,  p-tau|p-tau increases with CTE|Alzheimer pathology,|Postmortem
2023 hort former athletes with quantification stage; highest in Stage IV|Lewy bodies, APOE|cross-sectional
CTE) and correlates with demen-|&4 association design
tia
Zivanov et|Postmortem co-|41 CTE low-stage, high-|Dorsolateral Histopathology, vascular|p-tau density highest in|Microvascular Moderate sample
al., 2023 hort stage, and controls frontal cortex |analysis sulci and correlates with|branching and vessel|size
sulci disease stage remodeling
Falcon et al.,|Postmortem co-|16 Confirmed CTE cases |Cortical sulci Immunohistochemistry |Neuronal p-tau forms neu-|N/A Small sample size
2022 hort rofibrillary tangles; astro-
cytic tau minor
Zivanov et|Postmortem co-|156 RHI-exposed Cortical sulci Histopathology, vascular|Perivascular p-tau in sulci|]ICAM1, = VCAMLI,|Observational
al., 2020 hort sports/military in- markers linked to RHI severity and|CRP elevation; BBB |postmortem study
dividuals duration leakage
Masiulis  et|Postmortem 1 Former Australian foot-|Cortical sulci, | Neuropathology Extensive perivascular p-|TDP-43 inclusions,|Single case
al., 2019 case study ball player with CTE +|hippocampus tau in neurons and astro-|amyloid-B plaques
AD pathology cytes; mixed tau isoforms
Falcon et al.,|Postmortem co-|9-11  +|CTE vs AD vs controls |Cortical sulci Immunohistochemistry |Early tau conformations|N/A Small sample size
2019 (early|hort controls (PAD, TOCI, pS422) in
tau study) perivascular lesions
Falcon et al.,|Clinical imag-|11 Former athletes with|Cortical sulci, | Tau PET, MRI, |Perivascular tau tangles|TDP-43 (> 85%),|Small imaging co-
2018 ing + neu- TES symptoms hippocampus, histopathology in cortical layers II-1II;Jamyloid-B (up to|hort
ropathology brainstem spread across brain regions |43%)
cohort
Cherry et al.,|Postmortem co-|17 Contact sports/military |Frontal + tempo-|Neuropathology Perivascular p-tau in corti-|N/A Postmortem  de-
2016 hort exposure ral cortex cal layers II-III; spreads to sign
limbic regions
Zhang et al.,|Structural neu-|3 Corticobasal degenera-|Frontal + subcor-|Cryo-EM structural [4R tau forms unique four-|No Af or TDP-43|Small sample size
2020 ropathology tion cases tical regions analysis layered filament fold dis-|pathology
study tinct from CTE/AD
Gu et al.,|Postmortem co-|180 Former athletes with|Dorsolateral Histopathology Widespread p-tau in sulci|Gliosis, neuroinflam-|Cross-sectional
2017 hort RHI exposure frontal cortex and perivascular regions  |mation; no major Af} |postmortem
difference
De Simoni|Postmortem 8 Former  professional|Cortical sulci Neuropathology Widespread p-tau in neu-|Gliosis,  microglial|{Small cohort
etal., 2018 |case series boxers rons, astrocytes, neurites injactivation;  minimal
sulci amyloid-f8
McKee et|Consensus 25 Mixed tauopathy cases |Cortical sulci,|Neuropathology consen-|Defines CTE hallmark:|TDP-43 inclusions  |Descriptive con-
al., 2016 pathology study perivascular  re-|sus perivascular p-tau at sulcal sensus paper
gions depths
repetitive head-impact exposure, is associated with the cogni- region, which was present in approximately 29.9% of cases. >*
tive, behavioral, and motor decline observed in CTE. This pattern differs from the distribution typically observed in

other tauopathies, including AD. A direct comparison of 9 in-
dividuals with CTE and 6 with Alzheimer’s disease (AD) con-
firmed this pattern, revealing that CTE cases exhibited higher
Regional Susceptibility and Subfield Vulnerability tau densities in the CA2/3 and CA4 hippocampal subfields,
whereas AD was associated with higher tau in the CA1 sub-
field and subiculum. This study also noted that amyloid-f3
pathology was measured but did not contribute significantly
to the tau isoform levels observed.?’

Tau Pathology in the Hippocampus

Tau pathology in the hippocampus of CTE patients shows a
distinct and selective pattern of involvement. A key finding
from a study of 171 older adult men was a preferential accu-
mulation of hyperphosphorylated tau in the hippocampal CA2
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Table 2 Supplemental table of results and data extraction (Hippocampus focus).

Author/Year |Design Sample |Population Brain Region Method Major Tau Finding Other Biomarkers |Limitations
Size
Falcon et al.,|Postmortem case|3 Former football | Cortical sulci, | Cryo-EM, neuropathology |C-shaped tau protofilaments; perivas-|Structural tau differ-|Very small sam-
2019 series player and boxers|cortical layers cular hyperphosphorylated tau in neu-|ences vs AD ple size
with stage IV CTE 1111 rons and astrocytes
Fowler et al.,|Case-control co-|50 (32 vet-|Blast-related mTBI|Gray-white mat-|MRI, immunohistochem-|AQP4 dysregulation linked to glym-|GFAP elevation, | Indirect link to
2025 hort erans, 18]veterans and civilians |ter junction, sulci, |istry, molecular assays phatic dysfunction and regions vulner- |perivascular  space|tau pathology
controls) white matter able in tauopathies increase
Falcon et al.,|Large post-|364 Former athletes with|11 brain regions |Histopathology, p-tau|p-tau burden increases with CTE stage | APOE €4, coexisting|Postmortem
2023 mortem cohort CTE quantification and correlates with dementia AD/Lewy pathology |cross-sectional
design
Zivanov et al.,|Postmortem  co-|41 CTE (low/high stage) | Dorsolateral Histopathology, ~ vascular|p-tau highest in sulcal regions and cor- |Increased microvas-|Moderate sample
2023 hort and controls frontal cortex | analysis relates with severity cular branching size
sulci
Falcon et al.,|Postmortem co-|16 Confirmed CTE cases | Cortical sulci Immunohistochemistry Neuronal p-tau increases with disease |Minimal astro- | Small cohort
2022 hort stage; minor glial tau cytic/oligodendrocytic}
tau
Cherry et al.,|Postmortem com-|15 (9 CTE,|CTE vs AD donors  |Hippocampal Tau isoform mapping CTE shows more tau in CA2/3 & CA4;|Amyloid-B  present|Small sample size
2021 parative study 6 AD) subfields AD in CAl/subiculum but not driving tau
pattern
Namsaraeva |Proteomic  post-|20 ADNC, PART, CTE|Hippocampus, Proteomics Region-specific p-tau epitope differ-|Inflammation,  pro-|No absolute tau
etal., 2024 |mortem study donors entorhinal cortex ences across tauopathies teostasis, synaptic |quantification
proteins altered
Farrell et al.,|Postmortem co-|107 PART vs CTE cases |Hippocampus Digital pathology CTE shows higher hippocampal p-tau|No major additional |Limited
2022 hort than PART biomarkers biomarker scope
McKee et al.,|Consensus  neu-|25 Mixed tauopathy | Cortical sulci, |Histopathology consensus|Defines CTE hallmark: perivascular p-|TDP-43 inclusions  |Descriptive /con-
2016 ropathology cases perivascular  re-|definition tau in sulcal depths sensus study
study gions
Marquie  et|Pilot imaging|33 (23 ath-|Living former athletes | Cortical regions | Tau PET (Flortaucipir) Mild/inconsistent increased tau PET|Amyloid PET nega-|Small  sample;
al., 2019 study letes, 10 uptake in athletes tive differences variability
controls)
Bieniek et al.,|Postmortem  co-|14 Former athletes Cortex, hip-|Neuropathology Majority show CTE-like tau pathology | Amyloid plaques in|Small cohort
2021 hort pocampus, minority
brainstem
Farrell et al.,|Cohort imaging|124 ADNI participants Whole brain PET, MRIL, FDG-PET Study focuses on neurodegeneration; | Amyloid, glucose|No  tau-specific
2021 study tau not quantified metabolism, atrophy |data
Cheng et al.,|Animal ~ model|Not speci-|Tau transgenic mice |Hippocampus, Molecular/biochemical as-|p-tau associated with synaptic mito-|Synaptic loss markers|Animal ~ model
2024 study fied cortex says chondria dysfunction limits translation
Iverson et al.,|Postmortem co-|171 Older adult men|Hippocampus Histopathology CA2 p-tau accumulation in subset of|Age association noted | Observational
2025 hort (football vs  non-|(CA2) cases postmortem  de-
contact) sign
Mann et al.,| Animal model Not speci-|Tau transgenic mice +|Hippocampus TBI model + immunohis-|Persistent AT8-positive tau after injury |Gliosis, synaptic loss | Animal model
2021 fied CCI injury tochemistry
Moszczynski |Postmortem  co-|207 Contact sport athletes | Frontal cortex Biochemical assay p-tau increases with CTE stage and ex-|Amyloid-f  associa- | Cross-sectional
etal., 2018 |hort posure tions design
van Ameron-|Case report + re-|1 (+13 re-|Former soccer player |Frontal  cortex,|Neuropathology Severe CTE tau pathology with as-|TDP-43 inclusions Single case report
gen et al,|view viewed) hippocampus troglial involvement
2023
Craven et al.,| Animal model Not speci-|Tau transgenic mice |Hippocampus Western blot, staining Increased tau tangles with zinc modu-|Zinc  depletion  in|Animal model
2018 fied lation brain
Alosco et al.,|PET-autopsy cor-|3 Former American |Cortex, limbic|PET + postmortem histol-|Strong correlation between tau PET|Amyloid PET in-|Extremely small
2023 relation study football players system, thalamus |ogy and postmortem p-tau cluded sample size
Lepreux  et|Case report 1 Former boxer with|Cortex, hip-|Neuropathology Extensive tau pathology resembling|TDP-43 inclusions Single case
al., 2015 dementia pocampus, AD/CTE overlap
brainstem
Kochanek et|Animal study 11 rats TBI-exposed rats Hippocampus, Blast injury model Neuroinflammatory response similar to|Cytokines, oxidative | Animal model
al,, 2013 cortex AD pathways stress markers
Gyoneva  et| Animal model Not speci-| CCR2 knockout mice |Brain-wide TBI + molecular analysis |Increased tau phosphorylation after|Reduced lesion size |Animal model
al,, 2015 fied CCR2 deletion
Yu et al,|Cellular model |Not speci-|Neuron cultures In  vitro  hip-|Cell transfection Mutant tau disrupts synaptic function |Synaptic dysfunction|In vitro model
2024 fied pocampal  neu- markers
rons
Tagge et al.,|Animal + post-]1 human +|Teen athletes + mouse |Cortex, hip-|Histology + injury model |Early p-tau after injury spreads over|BBB disruption, glio-|Mixed model de-
2018 mortem study mice model pocampus time sis sign
Johnson et al.,| Animal model Not speci-|Rats with TBI Axonal regions  |Histopathology Increased tau phosphorylation after in-|APP  accumulation, | Preclinical model
2011 fied jury mitochondrial ~ dys-
function

© The National High School Journal of Science 2026

NHSJS Reports | 5




Table 3 PRISMA 2020 table for inclusion of selected studies.

PRISMA Screening | CTE Studies (n) | AD Studies (n)
Stage

Records Identified from 19 36
PubMed

Records Screened 19 36
Reports Sought for Re- 19 36
trieval

Reports Assessed for Eli- 19 36
gibility

Excluded (Review Arti- 2 6
cles)

Excluded (Did not assess 5 14
tau pathology or other rel-

evant biomarkers of neu-

rodegeneration)

Studies Included in the 12 16
Review

Overall Hippocampal Tau Burden in CTE

The overall burden of tau pathology in the hippocampus is sig-
nificantly elevated in CTE. A large analysis of 107 individuals
demonstrated that CTE cases had a significantly higher over-
all hippocampal phosphorylated tau burden compared to those
with Primary Age-Related Tauopathy. (PART) across all hip-
pocampal sectors.? These findings suggest that individuals
with CTE may exhibit greater hippocampal tau burden than
individuals with age-related tau accumulation alone.

Isoform Composition and Co-existing Pathologies

The tau pathology in the CTE hippocampus involves both 3R
and 4R tau isoforms. The same study comparing CTE and
AD also noted that the tau isoform composition in CTE can
shift, being 4R-predominant in mild disease and becoming
3R-predominant in severe cases.’® Furthermore, hippocam-
pal pathology in CTE is often accompanied by other pro-
teinopathies. TDP-43 positive cytoplasmic inclusions are fre-
quently observed in the hippocampus and amygdala, being
present in over 85% of cases, which may contribute to clin-
ical symptoms.!%?” Several studies have reported cases in
which CTE pathology occurs alongside Alzheimer’s-related
changes. One case report of a former professional Aus-
tralian football player revealed extensive tau pathology along-
side amyloid-f plaques (CERAD C2), illustrating how these
pathologies can co-occur and complicate clinical diagnosis.
A separate study of former athletes also reported the presence
of amyloid-f in up to 43% of older CTE patients.>’ However,
in vivo imaging of former professional athletes with cogni-
tive symptoms showed no significant differences in amyloid-
B PET uptake compared to the control groups, suggesting that
tau may be the primary driver of symptoms in many cases.

Discussion

The findings of this focused review demonstrate that although
Chronic Traumatic Encephalopathy (CTE) and Alzheimer’s
disease (AD) are both tauopathies, they differ substantially in
the regional distribution of tau pathology, the biological mech-
anisms that drive disease progression, and their associated
clinical features. Across the studies included in this review,
CTE consistently showed tau deposition within the dorsolat-
eral frontal cortex, where abnormal phosphorylated tau accu-
mulates around small blood vessels at the depths of the cor-
tical sulci. This perivascular pattern distinguishes CTE from
other neurodegenerative disorders and reflects the close rela-
tionship between repetitive head trauma and the development
of tau pathology.

In contrast, Alzheimer’s disease follows a different patho-
logical pattern. Rather than beginning within the frontal cor-
tex, tau accumulation typically starts in the hippocampus, par-
ticularly within the CA1 region and subiculum, before spread-
ing throughout additional cortical areas as the disease pro-
gresses. Unlike CTE, Alzheimer’s disease is more strongly
associated with aging, amyloid-f deposition, and genetic risk
factors. These differences suggest that although both disorders
involve abnormal tau aggregation, they arise through distinct
biological processes and affect different neural networks dur-
ing the earliest stages of disease.

Another consistent finding across the reviewed studies was
the relationship between vascular injury, neuroinflammation,
and tau pathology in CTE. Multiple investigations identi-
fied increased expression of inflammatory markers alongside
perivascular tau deposits, supporting the hypothesis that repet-
itive head impacts disrupt the neurovascular environment and
promote pathological tau accumulation. Although the precise
mechanisms remain incompletely understood, the available
evidence indicates that vascular dysfunction may contribute
to both the initiation and progression of CTE. This association
is less prominent in Alzheimer’s disease, where tau pathology
appears to develop primarily through age-related neurodegen-
erative mechanisms rather than repeated mechanical injury.

Regional differences within the hippocampus further dis-
tinguish CTE from Alzheimer’s disease. The studies included
in this review consistently reported greater tau accumulation
within the CA2, CA3, and CA4 hippocampal subfields in
CTE, whereas Alzheimer’s disease showed more extensive in-
volvement of the CA1 region and subiculum. These findings
suggest that the two disorders selectively affect different hip-
pocampal circuits despite sharing tau as a common patholog-
ical feature. The selective vulnerability of these regions may
also help explain differences in memory impairment, execu-
tive dysfunction, and behavioral symptoms observed between
the two diseases.

The reviewed literature also demonstrates that CTE
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frequently occurs alongside additional neuropathological
changes, including TDP-43 proteinopathy and, in some in-
dividuals, amyloid-B deposition. While these coexisting
pathologies may contribute to disease severity and clinical
variability, they do not appear to explain the characteristic re-
gional distribution of tau observed in CTE. Instead, the ev-
idence suggests that repetitive head trauma initiates a dis-
ease process that remains neuropathologically distinct from
Alzheimer’s disease, even when overlapping pathological fea-
tures are present.

Further Implications and Future Research:

Early Detection and Biomarkers

A major challenge in CTE research is the lack of reliable
methods to diagnose the disease during life. Currently, con-
firmation of CTE depends on postmortem examination, mak-
ing it difficult to identify individuals who may be at risk be-
fore severe symptoms appear. Future studies should inves-
tigate whether tools such as tau PET imaging, cerebrospinal
fluid analysis, and blood-based phosphorylated tau measure-
ments can identify early pathological changes. Developing
these biomarkers could improve disease monitoring and al-
low researchers to better understand how CTE progresses over
time.

Vascular Protection and Neuroinflammation

The association between perivascular tau accumulation, vas-
cular changes, and inflammatory markers such as ICAMI,
VCAMI, and CRP suggests that blood vessel injury may con-
tribute to CTE development. Further research should examine
whether protecting the blood—brain barrier, maintaining mi-
crovascular function, or reducing chronic inflammation can
influence tau accumulation. These approaches may provide
new strategies for slowing cognitive and behavioral changes
associated with CTE.

Region-Specific Investigations

The selective involvement of hippocampal subfields, including
CA2-CA4, and the dorsolateral frontal cortex highlights the
importance of studying regional differences in CTE pathology.
Future investigations should continue examining how tau iso-
forms, additional proteinopathies, and structural changes vary
between brain regions. This information may help improve
disease classification and guide future approaches for treat-
ment and patient management.

Tracking disease progression

Because most current CTE research relies on postmortem
studies, the timeline of disease development remains unclear.
Long-term studies following individuals with repeated head

impact exposure are needed to determine how trauma con-
tributes to changes in tau accumulation, tau isoforms, and co-
pathologies such as TDP-43. These studies may help estab-
lish stronger connections between exposure history, biological
changes, and later cognitive outcomes.

Comparative Insights with Alzheimer’s Disease

Comparing CTE and Alzheimer’s disease provides insight
into how similar proteins can contribute to different patterns
of neurodegeneration. Although both disorders involve tau
pathology, differences in tau structure, distribution, and as-
sociated pathologies may reveal why their clinical presenta-
tions differ. Continued comparison between these diseases
may help identify shared biological pathways and improve the
development of disease-specific biomarkers.

Public Health and Safety Applications

Improving our understanding of CTE has important implica-
tions for individuals exposed to repetitive head impacts, in-
cluding athletes and military personnel. Research on risk fac-
tors, disease progression, and protective strategies can con-
tribute to improved safety guidelines and monitoring pro-
grams. Reducing unnecessary head trauma and identifying in-
dividuals at higher risk may help decrease the long-term neu-
rological consequences associated with repeated injury.
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