
4/11/24

1

What Every Athletic Trainer Needs to Know 
About CTE-Related Symptoms & Behaviors

Uzma Samadani MD PhD FACS FAANS
President, US Neurosurgery Associates

Neurosurgeon, Minneapolis VAMC
Associate Prof Univ of MN BICB

TWITTER:      @DrSamadani

1

Disclosures

� Intellectual Property 
related to concussion 
and brain injury 
assessment

� Intellectual Property 
related to assessment of 
dementia after brain 
injury

� Intellectual Property 
related to treatment of 
intracranial hemorrhage

Grant funding, salary/employment, 
consulting fee, honorarium or equity
Abbott Diagnostic Laboratories
Continuing Legal Education in MN, NY
Hennepin County Medical Center
Hennepin Health Foundation
Integra Corporation
Islamic Medical Association of North America
Medtronic Corp
Minnesota Brain Injury Alliance
Minnesota, Texas, Louisiana, Wisconsin, Wyoming High
 School Coaches Association
National Football League
National Neurotrauma Society
North American Brain Injury Society
Oculogica Inc
OssDsign
Steven and Alexandra Cohen Foundation for Veteran Post 
Traumatic Stress and Traumatic Brain Injury
United States Veterans Administration and Office of 
Research and Development
USA Football

2



4/11/24

2

>109,000 Swedes under age 25 with TBI compared to their siblings
Increased risk: pension disability, psychiatric hospitalization and 
premature death
Severity and number of injuries correlates with outcome
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Do sports cause death?

Riding in a car: 25 deaths per million population
Suicide: 25 deaths per million population 

Equestrian: 20 deaths per million participants
Biking, snowboarding, skateboarding, skiing: all 
about 15 deaths per million participants
Playground: about 10 deaths per million 
participants
Football: fewer than 6 deaths per million 
participants
Swimming:  140 pediatric deaths per year 
(confounded denominator)

4
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Suicide Risk Is Increased After Concussion 
235000 pts followed for 9 years: 31/100,000

5

3439 NFL players from 1959-1988 
seasons were studied (minimum of 5 
seasons per player)
Followed for 28.9 years after 
retirement

Players retired-since 1987
6.1/100,000 

Players retired- since 2005
12.5/100,000

Average American man- since 2014
20.1/100,000 

Since 2005, NFL players are 48% less likely to commit suicide than the general population

Since 1987, NFL players are 70% less likely to commit suicide than general population! 

Lehman et al 2016
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Drugs are assessed by standardized mortality ratio (the 
increase or decrease in mortality of a study cohort with 
respect to the general population

If playing in the NFL (for a mimimum of 5 seasons) was 
treated like taking a drug:

It reduces standardized mortality 
(measured 30 years later) by half!

Saving 296 lives at the cost of 17 deaths 

Take daily
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Suicide in the general population and 
NCAA athletes

General Population 12.6 per 100,000

18-22 year old non-college 12 per 100,000  

College students 7.5 per 100,000 

NCAA Athlete 0.93/100,000 

NCAA Football (male only)  2.25/100,000

Published Oct 2015

9 year study
3,773,309  participant seasons

8



4/11/24

5

Decrease in Youth Athletics 
Compared to Youth Suicide Rate
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NUMBER OF ATHLETIC PARTICPANTS (AGE 6-17) COMPARED 
TO NUMBER OF SUICIDES IN TOTAL US POPULATION 

Number of Suicides Athletic Participants Linear (Athletic Participants )
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�An increase in sports participation (grades 7-12) leads to a 
decrease in depression by 25%

�Suicidal ideation decreases by 12% with an increase in sports 
participation 

10
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What is the Relationship Between 
Concussion and Dementia?

�1/3 of Americans have had a concussion in their lifetime, 

        2/3 of these concussions are in males
�Dementia occurs about 63.5 per 1000 persons in the US32  

�Alzheimer’s twice as common in women vs men
�5 Million have Alzheimer’s – no reliable diagnostic, unknown 

cause

�Other common types: vascular dementia, frontotemporal 
dementia, normal pressure hydrocephalus
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What are the risk factors for dementia?

� High blood pressure 
� Diabetes
� Sedentary lifestyle
� High fat diet / obesity
� Frequent alcohol use
� Female gender 
� Low socioeconomic status (women)
� Sleep apnea
� Hearing loss
� Depression

� Smoking

� Atrial fibrillation

� Genetics
� Decreased level of education 

(women)
� Mild brain injury if over 65 years 

of age (men)
� Moderate or severe brain injury 

if over 55 (men)
� Decreased social contact

12
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4265 older adults followed 
for 45190 years

No association between a 
single brain injury
and mild cognitive 
impairment, Alzheimers
or other types of dementia 

13

True in 
those who 
do not 
have LOC 
and males 
only

14
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What is Chronic Traumatic 
Encephalopathy (CTE)

� First discovered in 1928 in NJ boxers published in JAMA
� Found in 17% of living professional boxers in England, named CTE in 1969
�Motor deficits, Dementia
�Pathology described in 1960’s and 1970’s at Queen’s Square, England

� ,

15

Omalu et al and McKee et al. presented 
new definitions for CTE in the 2000s:

16
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“CTE, as defined in America, is not a neurological entity, but 
is a culture-specific social phenomenon.” Jim 
Andrikopoulos, British Medical Journal

17

Current Sports Medicine Reports:
January/February 2014 - Volume 13 - Issue 1 - p 33–37

18
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February 2015: 
The feds step in to help define CTE: decide on 4 types
but the condition may be clinically asymptomatic

20
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“the pathognomic 
lesion consists of 
p-tau aggregates 
in neurons, 
astrocytes and 
cell processes 
around small 
vessels in an 
irregular pattern 
at the depths of 
the cortical sulci”

21

“only a subset of 
subjects with 
neurodegenerative 
changes early in 
life ..progress to a 
symptomatic 
disease with 
ageing…yet 
unknown modifying 
factors influence 
the progression”

22
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No neuropathology

Different 
neuropathological 
changes found in 
38 former athletes 
with a history of TBI

23

CTE is equally common in people with and 
without clinical neurodegenerative symptoms

� CTE prevalence in people with 
neurodegenerative diseases (11.8%) 
was the same as in controls (12.8%).

� Patients with CTE died at a mean age 
of 81 years and that “most positive 
cases [were] likely to be clinically 
asymptomatic.”

� CTE is found under the microscope in 
equal proportions of healthy normal 
asymptomatic people as it is in 
people with dementia and other 
diseases.
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“The results of applying the McKee staging 
system to the cases in this consensus 
evaluation proved to be inconsistent..”

November 15, 16 
2016

8 neuropathologists
27 cases

25

“The combined history of head 
injury and alcohol and/or drug 
abuse was a significant 
predictor of any CTE-like 
changes. Age was also a 
significant predictor; most with 
any CTE-like changes were >40 
years old. CTE-like changes 
were not identified at sites of 
contusion”         n=111 subjects
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Contact sport athletes, regardless of injury, are 
at increased risk for “symptomless” CTE

� CTE pathology in 21/66 former 
athletes; 3 had prior concussions.

� CTE not seen in 198 non-athletes, 
of whom 33 had documented 
head trauma.  

� There was no association 
between clinical symptoms and 
CTE

27

-CTE is not the problem

-deposition of tau may 
be a response to injury 
or opioids that is 
reparative or normal 
aging

71% NFL players have 
abused opioids

28
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N=298 cases

TES=diagnosis of 
exclusion

29

TES criteria were applied to all 85 athletes, and frequencies of diagnoses were compared. Fourteen predictors of TES 
diagnosis were evaluated using binary logistic regressions, and included demographic, neuropsychological, depression 
symptoms, and head-injury exposure variables. A high frequency (56%) of TES was observed among this cohort of 
retired athletes, but 54% of those meeting criteria for TES were diagnosed as cognitively normal via consensus 
diagnosis. Games played in the National Football League (OR = 0.993, p = 0.087), number of concussions (OR = 
1.020, p = 0.532), number of concussions with loss of consciousness (OR = 1.141 p = 0.188), and years playing 
professionally (OR = 0.976, p = 0.627) were not associated with TES diagnosis. Degree of depressive symptomatology, 
as measured by the total score on the Beck Depression Inventory-II, was the only predictor of TES diagnosis (OR = 
1.297, p < 0.001). Our results add to previous findings underscoring the risk for false positive diagnosis, highlight the 
limitations of the TES criteria in clinical and research settings, and question the relationship between TES and head-
injury exposure. Future research is needed to examine depression in retired professional athletes.

30
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Maybe not everyone who 
plays contact sports is 
condemned to a 
neurodegenerative fate? 

31

Does football increase risk of dementia?

438 Football Players 
followed for 50 years

Same risk for 
dementia as 
members of chorus, 
glee club or band

32
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Rochester Epidemiology 
Project

From 1956-70

296 varsity football 
vs 196 wrestling, swimming, 
and basketball athletes

Football players more likely 
to have had a concussion

No difference in likelihood 
of dementia, Parkinsonism 
or ALS
>50 years after injury

33

men who graduated from a Wisconsin
 high school in 1957:
834 played football
1858 did not

At ages 54, 65, 72 – no difference in 
Cognition 
Depression
Behavior/Anger/Anxiety/Alcohol abuse
Kids who did high school football more likely to play sports at age 35

34
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52 players; 29 controls 
Averaged 22 years of professional 
international rugby play
14 concussions on average
Average age of 54 years at assessment

Controls: higher CV disease
No differences in cognitive testing, general 
or mental health

35

So then why does this article about 
dementia feature a kid in a  sports helmet?

IMPERFECT SCIENCE
1.) no controls (normal children 
change as they develop)
2.) ascertainment bias
3.) outcome measures assess 
risk of brain injury but not 
risk/benefit of sports

-------------------------------------
$$$$ MOTIVATIONS
Researchers are dependent on 
positive results and “real life 
application” for their livelihood!

Lots of people want to profit from 
“the worried well” and kids 
playing sports

36
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25 boys aged 8-13 studied
with accelerometers

Change in FA plotted vs
risk-weighted cumulative 
exposure

1. There are no controls in this 
study

2. One outlier creates 
“significance”

3. We have no idea what the 
kids were doing with their 
accelerometers (?throwing 
them around)

4. We don’t know what the 
kids were doing outside of 
football

38
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“This study had several limitations. First, a major limitation is ascertainment bias 
associated with participation in this brain donation program. Although the criteria 
for participation were based on exposure to repetitive head trauma rather than 
on clinical signs of brain trauma, public awareness of a possible link between 
repetitive head trauma and CTE may have motivated players and their families 
with symptoms and signs of brain injury to participate in this research. Therefore, 
caution must be used in interpreting the high frequency of CTE in this sample, and 
estimates of prevalence cannot be concluded or implied from this sample.

39

93 former football players studied
 --problems: ascertainment bias - no controls

40
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45 former NFL players studied -
Ascertainment bias can be used 
to demonstrate either side!

41

Study of 42 former 
NFL players:

No controls
Ascertainment 
bias

42
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Age at first 
exposure to 
tackling does not 
result in 
increased risk of 
neurocognitive 
deficits

American Journal 
of Sports 
Medicine
February 2016

43

The best available evidence to date suggests that earlier AFE 
to contact or collision sports is not associated with worse 
cognitive functioning or mental health in (i) current high 
school athletes, (ii) current collegiate athletes (84, 87, 88, 90, 
111, 123, 124), or (iii) middle-aged men who played high 
school football (85, 86).
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Neurologic decline is complex, 
with multiple causes (not just 
brain injury) and 
pathophysiologies and 
treatment of a “single 
pathology” especially one with 
dubious connection to 
symptoms is unlikely to be 
successful.

When you can’t accurately 
measure and classify a 
problem, don’t count on being 
able to treat it!

DON’T START BANNING STUFF WHEN YOU DON’T UNDERSTAND IT!

46
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Twitter:

$BIIB

47

“…scores on the CDR-SB 
were also higher (signifying 
more impairment of 
cognition and daily 
functioning) in the 40-mg 
group than in the placebo 
group at 13, 26, and 52 
weeks, with the lower limit 
of unadjusted confidence 
intervals greater than 0, 
suggesting but not 
confirming the possibility of 
worse performance at 
these earlier time points in 
the high-dose verubecestat 
group”48
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9x and 28x more 
likely than college 
peers to have 
played football!
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76% orthopedic chairs
86% neurosurgery chairs
90% TBI experts
allowed their own children 
to play contact sports 

suggesting that the more 
one understands brain 
injury the more likely they 
are to allow children to 
play contact sports

>70% pediatricians 
surveyed want to ban 
tackle football

Only 5.4% feel comfortable 
treating a child with PCS
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Franklin D. Roosevelt Dwight D. Eisenhower John F. Kennedy Richard Nixon Gerald Ford

Ronald Reagan

Jimmy Carter

George H. W. Bush Bill Clinton George W. Bush Barack Obama Donald Trump

What Do These Men Have In Common?

54
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Franklin D. Roosevelt in Groton 
School’s 1899 football team, sitting 
second from left, first row.

Dwight D. Eisenhower 
kicking a football at West 
Point. 1912.

John F. Kennedy enjoyed playing 
touch football with family and 
friends. He also played football at 
the Dexter School in Brookline, 
Mass. and at the Choate Hall prep 
school in Wallingford.

Nixon (top center) seen 
here as a member of the 
Whittier (California) squad, 
also played college football

Gerald Ford played on two national 
championship football teams at 
Michigan. He played center for the 
University of Michigan Wolverines.

Jimmy Carter played under-
140 lb. football at 
Annapolis.He was a sprint 
football played for the Navy 
Midshipmen. 

Reagan poses as Notre Dame 
football star George Gipp, whom 
Reagan played in the 1940 film 
Knute Rockne All American.

George H. W. Bush pictured 
above, playing football in 1980. 
He also captained the football 
team at Yale from 1964-68).

Pictured above, Bill Clinton 
reaching for the ball at a game 
in South Carolina. He played 
touch football when growing 
up.

George W. Bush went to the 
Phillips Academy in Andover, 
Massachusetts, where he was an 
all-around athlete, playing 
baseball, basketball and football.

Obama was a star basketball player, 
winning the state championship in 
1979. Also, in the White House 
Concussion Summit, he recounts his 
early days when he played football. 

Trump, who attended the New 
York Military Academy, was a 
member of the varsity soccer, 
baseball and football teams. 
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We think we understand the risk of contact sports….

But do we really???

And what about the benefits?

……

56
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BENEFIT        RISK

None

None

Reduces Obesity and Diabetes
Reduces Depression/SI
Reduces High Blood Pressure
Reduces Heart Disease
Reduces Stroke
Reduces Dementia
Reduces 13 Types of Cancer Risk
Complex Psychosocial Benefit ???

High blood pressure
Vascular disease
Cancer
Lung disease

Seizures
Headaches
Motor Disorders
Depression
Executive Dysfunction
Cognitive Delay

Brain or Other Injury

57

The children who choose to play football have an average BMI of 26.3 
and thus are at highest risk for complications of obesity

>1,000,000 American children play high school 
football (track 2nd, b-ball 3rd)
An additional >1,000,000 play Pop Warner or 
other league football
#1 participation sport in American high schools

If even half of those children became 
sedentary (rejected soccer, cross country and 
other fall sport options) the resultant increase in 
sedentary lifestyle/obesity risks would be 
enormous (hypertension, diabetes, 
cardiovascular disease, 13 cancers, 
osteoporosis)

BMI of 17-25 is considered healthy
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The obese 
child sees a 
greater 
cardiovascular 
risk reduction 
than the lean 
child with 
aerobic 
interval 
training

59

The kids who are most 
likely to experience 
medical benefit from 
playing football are 
those who may not 
have predilection for 
other sports
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Perhaps the children could play tennis… or maybe golf?
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I didn’t make it
Past the 3
Sponsors!!!!!

63

Sports are not one size fits all -   We need to get kids active however we can!
Focus needs to be on manipulating the risk/benefit threshold to optimize benefit!

64
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Reduce Risk by Following American Academy 
of Pediatrics Recommendations

� Follow the rules
� Reduce contact drills/practices
�Neck strengthening
� Tackle technique improvement

�WHEN AN INJURY OCCURS A KID SHOULD HAVE 
PROPER CARE

65

Manipulate the Risk/Benefit Threshold
Contract with the Child Not to Push Through the Injury! – this requires culture 
change

WHEN AN INJURY OCCURS A 
KID SHOULD HAVE PROPER 
CARE!!

The Coach-KID-AT-parent-
team relationship is critical

Parents/coaches/AT need 
to listen and care but not 
PUSH

66
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Keep the Endgame In Mind!!
Goal of Long Healthy Life (99.9%) or Playing in the Pros

�The child needs to understand that they will play their 
best game if they are healthy

�Therefore they should be incentivized to report injuries

�WHEN AN INJURY OCCURS A KID SHOULD HAVE PROPER 
CARE

67

Physiologic 
TBI

Structural TBI 

Loss of 
consciousness

In addition to making sports safer, we also need to 
focus on better diagnosis and treatment of brain injury

Inflammation/edema
Diffuse axonal injury
Endocrine dysfunction
Spreading depolarization (CSD)
Iron toxicity
Hypoxic/anoxic Injury
Astroglial scarring (blast)

68
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Mechanisms for Assessing the Central Nervous System
     
Physical and psych examination – physiology  fxl heterogeneity, skilled examiner, time, bias
Plain films (xray) – what it looks like   radiation, not much information
EEG – electrical activity      technician, interpreter, time, 
Angiography – what it looks like    radiation, not full information, $
EMG/NCS/SSEPS – assesses integrity   painful, technician, time, 
CT scan – what it looks like     radiation, technician, time, $
TCDs, orbital, transcutaneous flow – blood flow.  technician, arbitrary #
MRI scan -  what it looks like, some fx                 time, technician, claustrophobia/instability, $$
ICP /licox monitoring – pressure, brain O2   risk of devastating hemorrhage, arbitrary #, $$

Serum markers – molecular biology    time dependent; requires blood, lab
Uncalibrated eye movement tracking   patient needs to be able to open eyes
Pupillometry                    less conscious patient
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Hierarchical Approach to Classification of Problem 
    

Molecule: https://commons.wikimedia.org/wiki/File:Protein_UCHL1_PDB_2etl.png

Eye Tracking MRI

CT
Blood-based 
biomarkers

Algorithm

Genetics

70
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Thank You!!
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