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What is Chronic Traumatic Encephalopathy?

ñPunch Drunkò 

ñDementia Pugilisticaò

1928

First reported by Harrison Martland in 1928 in boxers

Punch drunk. JAMA 91:1103ï1107, 1928

"nearly one half of the fighters who have stayed in the game long enoughò 

ñChronic Traumatic Encephalopathyñ
Critchley M (1949) Punch-drunk syndromes: 

the chronic traumatic encephalopathy of boxers. 

In: Hommage à Clovis Vincent. Paris. 



Chronic Traumatic Encephalopathy 1957

Clinical symptoms typically present years - decades after the 

trauma, but not always

Diverse clinical symptoms:

Emotional liability, slowness of thought & speech, memory 

problems and dementia. 

Other symptoms: mood swings, irritability, violent behavior, 

depression & paranoia. 

Common motor features: tremor & dysarthria 

(Critchley M. Medical aspects of boxing, particularly from a 

neurological standpoint. Br Med J 1957; 1: 357



Chronic Traumatic Encephalopathy 2009

2009: 51 cases in the worlds literature

3 at BU/ VA Boston

39 boxers (76%)

5  Am football players (10%) 



WORLD BU  BU 

2009 2009 2015

Boxing 37 2 12

American Football 4 1 113

Ice Hockey 0 5

Wrestling 1 2

Rugby 0 2

Military Veterans* 0 23

Soccer 1 1
Other: physical abuse, poorly 

controlled epilepsy, head 

banging
5 3

TOTAL 48 3 143
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Clinical Presentations of CTE

36 athletes with pathologically confirmed pure CTE:

Behavioral and/or mood Cognitive

Younger age at onset Older age at onset 

(m 35 yrs) (m 59 yrs)

Indistinguishable from AD

Most subjects (86%) who present with behavioral/ mood symptoms 

progress to have cognitive symptoms (m age death: 51 yrs)

Behavioral or mood symptoms  less likely to develop (46%) in subjects 

who present initially as cognitive impairment (m age death: 69 yrs) 

Stern et al. Neurology 2013



Systematic review of the clinical features 

in 83 confirmed CTE cases: 

An additional subtype, the ñmixed subtypeòwas identified 

Mixed subtype cases presented with a combination of behavioral, 

mood and cognitive features without dementia

68% cases were found to have a progressive clinical course

Younger subjects were found to have a higher degree of stability

Montenigro et al. Alzheimers Res Ther 2014



Most common clinical features 
(>70% of CTE cases )

COGNITIVE BEHAVIORAL MOOD MOTOR

Memory
Physical 

violence
Depression Ataxia

Executive 

dysfunction
Verbal violence Hopelessness Dysarthria

Impaired 

attention
Explosivity Suicidality Gait impairment

Dementia Loss of control Anxiety Tremor

Cognitive 

impairment
Short fuse Irritability Masked facies

Impulsivity Apathy Rigidity

Paranoia Loss of interest

Rage Fearfulness

Montenigro et al. Alzheimers Res Ther 2014



Aggregation of Abnormal Proteins

Pathology of CTE
P- Tau Brain Atrophy

CTE

Normal

P-TDP-43 

Axonal injury & loss Neuroinflammation



Cavum septum pellucidum



Abnormalities of posterior septum pellucidum



Brain weight: 1560 grams

Severe II and III ventricular dilatation

Gross Characteristics:    Cerebral Atrophy



Marked medial temporal atrophy



pallor of the substantia nigra
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Staining

Substantia Nigra Locus coeruleus

Medulla

CTE



PHF-tau neuronal & glial pathology

No Tau, no Aß

Tau, no Aß

Tau and Aß

Hallmarks of CTE Pathology

2. Perivascular

depths of sulcus

1. Focal epicenters in neocortex at depth of sulci

CTE



Cloots et al Annals of Biomedical Engineering, Vol. 36, No. 7, July 2008
Cloots et al.J Mechanical Behavioral Biomedical Materials 2012 (41-52)

Depth of sulcus  and perivascular area are regions of physical 

stress concentration

Why is tau protein deposited in those brain regions?


