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Pathophysiology of TBI

 Primary Injury: 

Direct or indirect mechanical damage

Mechanical force, diffuse axonal injury (DAI),

hematoma, skull fracture

 Secondary Injury:

Neuronal disturbance

Metabolic cascade, neuronal cell

destruction, decreased cerebral blood flow

(excitotoxic/hypoxic), release of ions 



Chronic Traumatic Encephalopathy (CTE)
 CTE is thought to be caused by repetitive traumatic brain injuries.

 Aggregation and accumulation of hyperphosphorylated tau and TDP-43.

 This is diagnosed post mortem but newer blood studies are being developed. (not ready)

 There is a bias in the literature as most cases are self or family selected.



CTE Stages 

A. McKee

Avg age at onset 30-50 yrs

Youngest case reported 18 yrs. 



CTE
 202 deceased former football players (47-76 yrs) 

 CTE diagnosed in 177 

 Non-CTE in 25  (9 WNL and 7 macrophages and axonal injury)

 Mild CTE (stage I and II) range 29-64 yrs. MC cause of death = suicide

 Severe CTE (stage II and IV) range 64-79 yrs. MC cause of death = 
neurodegeneration

 Phosphorylated tau highest –

prefrontal cortex, amygdala, locus coeruleus (impulsive, anxiety, explosive)

hippocampus, entorhinal cortex (episodic memory)

prefrontal cortex (attention and executive function)
Mez, J, McKee, A, et al  Clinicopathological Evaluation of Chronic Traumatic Encephalopathy in Players of American Football. JAMA 2107;318(4):360-370.



• Hyperphosphorylated Tau = neurodegeneration of CTE (McKee et al., 2009; Wang et al., 2013). 

• P-Tau - less affinity for binding with MTs = abnormal accumulation. 

- induces disassembly of MTs = abnormal accumulation of Tau, causes 

axonal transport inefficiencies and neurodegeneration
(Khlistunova et al., 2006; Zilka et al., 2006; Wang et al., 2013). 

• Tau : Progressive Supranuclear Palsy, Pick's disease, Corticobasal degeneration, 

Frontotemporal dementia, and  Alzheimer's disease. 

• CTE = topographic distribution of Tau, isoform profile, and phosphorylation state is 

different (Williams, 2006) 

• Paucity of amyloid-Beta (Aβ) in CTE compared to AD (Braak and Braak, 1991). 

• There may be inc in Lewy bodies compared to other disease states between 22-

80%. (McKee et al., 2010, 2013).
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Could PET be the way to predict CTE ?
 2-(1-(6-[(2-[fluorine-18]fluoroethyl)(methyl)amino]-2-naphthyl)-

ethylidene)malononitrile (FDDNP) (2002)first PET imaging probe capable of 

targeting P-Tau. FDDNP was approved for humans (Shoghi-Jadid et al., 2002; Agdeppa et al., 

2003).

 Study :  Aβ/Tau deposition in retired NFL players with cognitive and/or mood 

symptoms and significant exposure to head trauma.

- - a small sample size

-- FDDNP binding greater for former players in subcortical structures

matching P-Tau deposition patterns observed in post-mortem examinations

of CTE.

-- FDDNP binding increase with extent of concussion history (Small et al., 2013).

Many other marker – being explored: 18F-THK523, 18F-THK5105 and 18F-THK5117, 
18F-T807 and 18F-T808, 11C-PBB3
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Zurich Statement-Consensus statement on concussion in sport: the 4th 

International Conference on Concussion in Sport held in Zurich, November 2012
Neuroimaging of Concussion 



Thank you
Any questions?


