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Slide title goes here

• A 30 second clip of NFL hits that I will try 

to get from Mac at the Steelers
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Joint Chiefs chairman seeks 

brain-injury limit

9/28/2009

New CDC Report Urges 

Athletes to Report 

Concussions

9-22-15

Family donates former 

NHLer Todd Ewen's brain 

to concussion study
SEPT. 28, 2015

N.F.L. Acknowledges Long-Term 

Concussion Effects

By ALAN SCHWARZ, December 21, 2009

As Worries Rise and Players Flee, a 

Missouri School Board Cuts Football

By KEN BELSON SEPT. 28, 2015

87 Deceased NFL Players 

Test Positive for Brain Disease
September 18, 2015, 10:27 am ET by Jason M.

http://www.usatoday.com/
http://www.usatoday.com/
http://www.time.com/time/magazine/0,9263,7601100208,00.html
http://www.time.com/time/magazine/0,9263,7601100208,00.html
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TBI – Statistics

Estimated Concussions Worldwide 51 Million/Year 

U.S.

A
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”……. that war-zone concussions are much 

different from concussions than happen 

playing football or hockey. Most athletes 

quickly recover brain function. Most 

soldiers and Marines do not, according to 

a study in Brain: A Journal of Neurology.”

March 5, 2015
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Comparison of MTBI (Concussions) 

NFL* NHL* High 

School*

#of 

Participant

s

1,69
6

690
1,050,00

0

Ave 

Concussion

s per year
144 71 63,750

Annual % per 

year
8.5% 10.3% 5.75%

Ref: Pellman, EJ, Concussion in Football, Neurosurg Focus:21 (4) E12, 2006, Wennberg, RA, Concussion 

Incidence and Time Lost from Play in the NHL during the Past 10 years, Can J Neurol Sci, (35) 2008, Collins, M, 

Examining Concussion Rates and RTP in HS Football Players Wearing Newer Helmet Technology: A 3-yr Study, 

Neurosurgery, (58) No 2 Feb 2006

1 RAND Corporation April 17, 2008 Invisible Wounds of War Psychological and Cognitive Injuries, Their 

Consequences, and Services to Assist Recovery

* Approximation 1RAND Corp, 2008

US Military1

Total # 

Deployed up 

until Oct 2007

1.61

million

Estimated # of 

Concussions 304,000

Post 

Deployment 

Survey Results
19%1

SPORTS
MILITARY 



DoD Blast Injury Research Program Coordinating Office (EDITABLE TEXT ON MASTER)



DoD Blast Injury Research Program Coordinating Office (EDITABLE TEXT ON MASTER)



DoD Blast Injury Research Program Coordinating Office (EDITABLE TEXT ON MASTER) 10

• Dr. Harrison Stanford 
Martland first described 
Dementia Pugilistica in 
1928

• Symptoms only for 
diagnosis (no pathologic 

diagnosis performed)

– Tremors

– Slowed movement

– Confusion

– Speech problems
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Neurosurgery 57:128-134, 2005

Mike Webster 

Steelers Center

1974-88
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Mike Webster

Terry long
Junior Seau

Dave Duerson
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CTE Questions

• What are the Risk Factors?
– Prior “Priming” of Microglia Cells?

– Severity and Frequency of Trauma?

– Age?

– Genetics (ApoE4)?

• How to Diagnosis?

• How to Treat?

• How to Prevent?

• What is the True Incidence?
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PATHOGENESIS of Concussion, PTSD 

and CTE

• Metabolic

• Excitotoxic

• Immunologic
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18

Concussion Metabolic “Mismatch”
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UCLA Brain Injury Research Center

(Giza & Hovda, 2001)
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James I Ausman, MD, PhD 
Editor-in-Chief 
Surgical Neurology International

“This paper will change the course of Neurology and 

Neurosurgery.  After an extensive review of the 

literature and personal experience in war and sports 

injuries, Russell Blaylock and Joe Maroon have 

develop a hypothesis for the development of Chronic 

Traumatic Encephalopathy from concussion.”
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Concussion - Acute Cellular Inflammation
Transient Release of high 

levels of 
•ROS/RNS

•lipid peroxidation products

•Prostaglandins

•nitric oxide 

All can then activate microglia 

Activation of Microglia 

Macrophage will stimulate
•Immune mediated Inflammation

•Genetic upregulation of 

chemokines

•↑ tumor necrosis factor alpha 

(TNFα)

•↑ NFK-B

Typically Acute Inflammation response will abate and healing will occur

Blaylock  & Maroon – Surgical Neurology International – Accepted April 2011
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Immunologic (Inflammatory Response)
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Nature Reviews 

Neuroscience 8, 

57–69 (January 

2007)

“Microglia overactivated cause neurotoxicity through two mechanisms. 

First, microglia can initiate neuron damage by recognizing pro-

inflammatory stimuli, such as lipopolysaccharide (LPS), becoming 

activated and producing neurotoxic proinflammatory factors. 

Second, microglia can become overactivated in response to

neuronal damage (reactive microgliosis), which is then toxic to 

neighbouring neurons, resulting in a perpetuating cycle of neuron 

death. Reactive microgliosis could be an underlying mechanism of 

progressive neuron damage across numerous neurodegenerative 

diseases, regardless of the instigating stimuli.”
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Microglia

• Resident Macrophages of CNS

• Primary Active Immune Defense CNS

• 20% of Total Glial Cells

• Pro-inflammatory → Neuro-
inflammation
– Cytokines – IL-1a, IL-1B, IL-6, TNF-a

– Chemokines – MCP-1

– Proteases – Cathepsins, MMP

– Amyloid Precursor  Protein –APP

– Inflammatory Prostaglandins – PG-1, PG-
6
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“Levels of TNF-a and of IL-1b were higher in 

(PTSD) patients than in controls.”
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CTE 

Pathological 

Changes
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Excitotoxicity
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mTBI

Inflammatory 

Immuno-excitotoxicity

Concussion

Chronic Traumatic 

Encephalopathy (CTE)

Post-Traumatic Stress 

Disorder (PTSD)
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↑ Depression

Hypothalamic-Pituitary-

Adrenal Axis

↑ Corticoids and 

Inflammatory 

Prostaglandins

↓ T&B Lymph

↓ NK Cell Activity

↓ SIRT1

↓ Energy, ↓ Metabolism 

to Stress &DNA Repair

↑ Microglia, ↓ Astrocytes (BDNF)

↑ Pro-Inflammatory Cytokine

(IL-1B, IL-2, IL-6, TNF-a, Interferon)

↑ COX 1&3↑ NFk-B

Excitotoxic  & Anti-neurogenic

↑ Kynurenic Acid & 

Quinolinic Acid

NMDA Receptor

Damage

Immunoexcitotoxicity & PTSD

Increased Cytokines in PTSD

↑ Stress

↑ Inflammation & Impaired Immune Sys
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Spectrum of Immunoexcitotoxcity

Degree of 

Microglia 

Activation

mTBI

Concussion

Post-

Concussion 

Syndrome

PTSD CTE
Time
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Risk Factors for 

Chronic Traumatic 

Encephalopathy

Joseph Maroon MD, FACS 
Jeffrey Bost PAC
Robert Winkelman
Austin Amos BS
Christina Mathyssek MS

Published: February 11, 2015

DOI: 10.1371/journal.pone.0117338
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1954-2012 Demographic Breakdown of 

Neuropathologically Confirmed Cases
Neuropathologically Confirmed 

Cases of CTE (n = 153)
Primary TBI 

Exposure
Boxing Football Hockey Wrestling Military Misc. 1

Professional 43 47 
2

4 3 - -
Amateur 11 16 

3
1 - - -

Other/Not 

Specified 15 - - - 6 7

Total 69 63 5 3 6 7

Percentage 45.1% 41.2% 3.3% 2.0% 3.9% 4.6%

1 The miscellaneuous category includes one victim of physical abuse, three individuals of self -injury behaviors, a circus clow n, and an amateur soccer player

2 Professional football category includes 41 former National Football League player (NFL), 4 Canadian Football League players, 1 Semi-Pro Football player

3 The amateur football category includes 9 collegiate football and 7 high school football players
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ConclusionsResults

Total 153

Athletes 143
Football 63
Deaths Natural 74   (70.3%)

Accidental
18 (17.1%)

Suicide 14 (12.6%)

Age at death 17 to 91 yrs,

Co-morbid 

neurodegen

erative 

disease

25 cases (16.7%)

Substance 

Abuse
37 cases (25% )

ApoE

Genotype
79 cases (52%)

Same as General 

Population

Football 

position

Offense lineman 

and Defensive 

linebacker

• All 153 are case reports 

• No randomized studies 

• No relationship 

between CTE and age 

of death 

• No significant 

association of CTE and 

abnormal ApoE allele

• Suicide and 

premorbid dementia 

not strongly associated 

with CTE.  

• Prior mTBI only risk 

factor significantly 

associated with CTE.  
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Given the potential for referral and recall bias in available 

studies, it remains unclear whether or not the pathologic 

findings made postmortem cause the presumed 

neurobehavioral sequela and whether the presumed risk

factors, such as sports activity, cerebral concussions, and 

subconcussive blows, are solely causative of the clinical 

signs and symptoms
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Robust diagnostic criteria permitting confident differentiation from other, 

better-characterized neurodegenerative syndromes remain elusive. 

Indeed, owing to the lack of large-scale controlled studies, our 

understanding of the pathology of CTE has advanced little since the 

landmark study by Corsellis et al. in 1973.

Furthermore, at least some pathological features are common to 

survival from single and repetitive TBI, raising the possibility that they 

represent manifestations along a spectrum of common pathology, 

perhaps with a phenotype influenced by severity and frequency of 

exposure Smith, D. H. et al. Nat. Rev. Neurol. 9, 211–221 (2013); 
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The association between the history of concussion and findings
of p-tau at autopsy is unclear. Concussions and subconcussive

head trauma exposure are poorly defined in available cases, and the
clinical features reported in chronic traumatic encephalopathy are not at
present distinguishable from other disorders. Much additional

research in chronic traumatic encephalopathy is needed to determine if
it has unique neuropathology and clinical features, the extent to which
the neuropathologic alterations cause the clinical features, and whether

it can be identified accurately in a living person.
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The article also reviews pathological changes identified with normal

aging, and reviews the pathological findings of CTE in light of all 

these factors. While many of these athletes have a history of 

exposure to head impacts as a part of contact sport, there is 

insufficient evidence to establish causation between sports 

concussion and CTE. It is likely that many of the cases with 

neuropathological findings represent the normal aging process, the 

effects of opiate abuse, or a variant of frontotemporal lobar

degeneration.

Neurosurgery 76:643–656, 2015 DOI: 10.1227/NEU.0000000000000722
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Survey conducted online 

within the by Harris Poll on 

behalf of UPMC

April 16-23, 2015, 

2,012 U.S. adults age 18 or 

older 

• 89% believe concussions are a 

moderate or serious health concern 

• 2% say it is not a health concern at all 

• 41% feel that getting a concussion is 

living a nightmare 

• 24% scared it would change their life 

forever will get a concussion 

• 25% of parents do not let their kids play 

some contact sports because of fear of 

concussions 
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Survey conducted online 

within the by Harris Poll on 

behalf of UPMC

April 16-23, 2015, 

2,012 U.S. adults age 18 or 

older 

22% anxious that they wouldn’t be able to live 

their life the way they want to.

• 18% feel that concussions aren’t as bad as 

people think they are. 

• 83% feel that people generally do not take 

concussions seriously enough 

• 32% of parents live in fear that their child 

will get a concussion 
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Survey conducted online 

within the by Harris Poll on 

behalf of UPMC

April 16-23, 2015, 

2,012 U.S. adults age 18 or 

older 

Many Overstate the Long-term Impact and 

Understate the Treatability

• 79% believe that there is no real way to 

cure a concussion; the symptoms can 

only be lessened 

• Only 29% of Americans believe that all 

concussions are treatable. 

• 32% believe that most concussions are 

life- threatening 

• 22% feel anxious that they wouldn’t be 

able to live their life the way they wanted 

to if they sustained a concussion 
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Conclusion

CTE Neuropathology– no comprehensively 

determined unique factors

– Head injury– single versus multiple?

– Impact versus non-impact?

– Severity?

– Time between injuries?

– Incidence?

– Clinical symptoms overlap with other 

neurodegenerative diseases
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Existing Data

• Observational (Case-reports and small 

series)

• Major selection bias

• Methodological concerns 

• No firm agreement on pathologic findings
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Required

• Population based studies– athletes 

compared to demographic controls

• Standardized pathological protocols

• Agreed upon clinical diagnostic criteria

• Further biomarker development– PET 

scans, blood, etc. 
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• The current state of the science does not allow for a 

conclusive determination of whether exposure to head injury 

is associated with the development of CTE pathology or 

clinical symptoms. 

• Existing clinical data are limited, observational in nature, 

and subject to several methodological concerns, leading 

some researchers to question whether CTE is a unique 

neurodegenerative disease. 

• CTE has drawn significant public and media attention given 

the large at-risk population (e.g., military service members, 

contact sport athletes). 

• Experts have noted concern over the potential clinical and 

legal consequences of widespread misunderstanding of 

CTE. 

• In light of these factors, the need for additional research is 

clear, particularly population-based studies, the use of 

standardized pathology protocols, and the development of 

clinical diagnostic criteria.
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Thank you


