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Is TBI An Important Health Issue In The 

United States?

• Every 15 seconds in the USA someone suffers a TBI.

• TBI causes more deaths in men under 35 than all other diseases 
combined.

• TBI can lead to long-term deficits in cognitive, memory, sensory and 
motor functions.

• Costs for long term care estimated at $40-50 billion each year.



Head Injury In Daily Life:

A Close to Home Example

Each year there are approximately 

1,000,000 cases of sports-related 

injuries  in the United States





Bicycling: Does Wearing A Helmet Make A 

Difference?

• An analysis in the International Journal of Epidemiology reviewed 40 separate 

studies and found helmet use significantly reduced the odds of head injury. 

They also found the odds of a fatal head injury to be lower when cyclists wore 

a helmet.

• The New York Times reported that cycling had the highest concussion rate 

among all sports, including American football.

• A report by the National Highway Traffic Safety Administration found that 70 

percent of cyclist deaths occurred in urban areas. Only 3 percent of those 

fatalities took place in a bike lane. 

• If you really want to make your road rides safer, joining your local advocacy 

group, or organizing one to push your city and state for better bike networks, is 

a great place to start. Simply donning a helmet is no substitute for safer streets.

https://academic.oup.com/ije/article/46/1/278/2617198
https://well.blogs.nytimes.com/2013/06/03/really-the-claim-cycling-is-the-top-sport-for-head-injuries/
https://well.blogs.nytimes.com/2013/06/03/really-the-claim-cycling-is-the-top-sport-for-head-injuries/
https://crashstats.nhtsa.dot.gov/Api/Public/Publication/812382


Are “Mild” Repetitive Head  

Injuries Dangerous?

Much Is At Stake For School and 

Professional Sports



Competitive Sports and Head 

Injuries

These Are Not Just Games For Adults



% Injured Players With 

Symptoms Of Brain Injury



“A football player’s real issue isn’t simply with repetitive 

concussive trauma. It is, as the concussion specialist 

Robert Cantu argues, with repetitive subconcussive 

trauma. It’s not just the handful of big hits that matter. 

It’s lots of little hits, too.”





Symptoms of  ‘Mild’  Concussion

• 40% of athletes return to their sport too 

soon after injury (should remain out 2 mo?)

• Persistent Headaches

• Loss of balance and slowed reflexes

• Depression

• Disrupted memory and attention

• Brain swelling and secondary neuronal loss

• Early onset dementia



“Heading In Soccer”



Can ‘Heading” Cause A Brain 

Injury?
• Head to head contact can generate enough of the forces 

required to cause brain injury as in any conventional head 

injury. 

• Recent biomechanical research has found that 

commercially available soft helmets fail to reduce even 

this degree of head trauma to a safe level, which implies 

that these helmets have only a limited protective role in 

this setting.5”



New Concussion Guidelines Stress Individual Treatment 

• The American Academy of Neurology has revised its guidelines for 

handling concussions to emphasize treating athletes case by case rather 

than according to a predetermined scale (article appears in Neurology).

• Report  essentially acknowledges that concussions are too 

idiosyncratic to be categorized neatly.

• Now recommending concussion and return to play be assessed in each 

athlete individually.”

• More than a million American athletes experience concussions each 

year.

• Guidelines recommend that athletes suspected of having a concussion 

should be immediately removed from play.



The Initial Injury



Chronic Traumatic Encephalopathy



Common Contrecoup Injury



Contrecoup Injury



Contrecoup Injury On Purpose





Early Diagnosis of TBI

In  The Field and In The Clinic



Early Diagnosis Is Critical

• Many athletic organizations now recommend establishing a baseline picture of an athlete's brain 

function at the beginning of each season, ideally before any head injuries occur. Baseline testing 

should begin as soon as a child begins a competitive sport.  [Anyone see a problem with this?]

• Baseline screening tools for coaches and athletic trainers can help to identify the most concerning 

concussions for further medical evaluation.

• All suspected TBIs require immediate assessment by a professional who has experience evaluating 

head injuries. 

• A full neurological exam should  judge motor and sensory skills and test hearing and speech, 

coordination and balance, mental status, and changes in mood or behavior, among other abilities.

• Neuropsychological tests to gauge brain functioning should be used along with imaging in people 

who have suffered TBI.  

• Tests involve performing specific cognitive tasks that help assess memory, concentration, 

information processing, executive functioning, reaction time, and problem solving. 

 

• When necessary, medical providers will use brain scans to evaluate the extent of the primary brain 

injuries and determine if surgery will be needed to help repair any damage to the brain. 
– Quotes are from the latest NINDS Health Information Guide on TBI



The Glasgow Coma Scale

Mild:  13-15

Moderate:  9-12

Severe:  ≤8



Epidural hematoma Contusion/Hematoma

Subdural hematoma Subarachnoid hemorrhage

Diffuse axonal injury

Diffuse swelling

26

A Problem: TBI Is a Heterogenous Disease 

All These Patients Have The Same GCS Score



Battlefield TBI 



TBI:  The Signature Injury Of The Iraq War But 

Not Much Available For Immediate Treatment

http://content.nejm.org/content/vol352/issue20/images/large/02f2.jpeg




IEDs Caused 60% Of Casualties In Iraq



BLAST-RELATED TBI





Repetitive Small Blast Waves



Mild Traumatic Brain Injury in U.S. Soldiers Returning from Iraq
Charles W. Hoge, M.D., Dennis McGurk, Ph.D., Jeffrey L. Thomas, Ph.D., Anthony L. Cox, M.S.W., 

Charles C. Engel, M.D., M.P.H., and Carl A. Castro, Ph.D. 

NEJM 358:453-463 2008 Number 5

• Surveyed 2525 U.S. Army infantry soldiers 3 to 4 months after their return 
from a year-long deployment to Iraq. 

• 43.9% met criteria for post-traumatic stress disorder (PTSD), compared with 
27.3% reporting altered mental status, 16.2% with other injuries, and 9.1% 
with no injury. 

• Conclusions Mild traumatic brain injury (i.e., concussion) occurring among 
soldiers deployed in Iraq is strongly associated with PTSD and physical 
health problems 3 to 4 months after the soldiers return home. 

• PTSD and depression are important mediators of the relationship between 
mild traumatic brain injury and physical health problems. 

http://content.nejm.org/content/vol358/issue5/index.shtml


Repetitive Use Of Civilian Firearms On A Firing Range Can 

Be Just As Dangerous –NYT, Nov 3rd 2025

• NYT did its own testing with popular civilian guns at an indoor range 

using the same sensors as the military.

• Results showed that large caliber civilian rifles ”delivered a blast wave 

that exceeds what the military says is safe for the brain”.

• Firing small-caliber guns repeatedly add up to potentially harmful 

disclosure.

• Indoor shooting ranges designed to be safe actually can make blast 

exposure more severe-doubling and tripling the amplitude of the blast.



Shooter’s Brain Damage

• Card had traumatic brain injury that resembled the brain damage seen in 

veterans exposed to blasts. Despite that he never saw combat.  

• Card's role as a grenade instructor would have exposed him to thousands of 

blasts over the eight years he served.

• The findings, released by the Card family, showed profound brain damage, 

including missing white matter; white matter with "moderately severe" 

damage; "disorganized clumps" of myelin (fatty sheaths surrounding axons); 

damage to axons; and scarring and inflammation throughout the brain.  

• However, because he never deployed, the military never tested him for 

symptoms of brain injury. (Such testing is standard practice for all soldiers 

deployed to war zones.)[73] 

https://en.wikipedia.org/wiki/Traumatic_brain_injury
https://en.wikipedia.org/wiki/Explosion
https://en.wikipedia.org/wiki/Grenade
https://en.wikipedia.org/wiki/White_matter
https://en.wikipedia.org/wiki/Myelin
https://en.wikipedia.org/wiki/Axon
https://en.wikipedia.org/wiki/Neuroinflammation
https://en.wikipedia.org/wiki/2023_Lewiston_shootings#cite_note-ProfoundDamage-73


Pentrating Injury





Penetrating Brain Injury



More Details On What Happens 

When A TBI Occurs 



Brain Injury Is A Complex & 

Systemic Cascade Of Events

The Molecular and Cellular Aspects 

of Traumatic Brain Injury 



The Perils of Systemic Inflammation

• Systemic inflammation occurs when the immune system is constantly 

defending the body against ‘harm’. 

• Stress, infection, or chronic diseases can put the body in a proinflammatory 

state. When this happens, the immune system becomes primed and ready to 

create an inflammatory response.

•  Immune cells increase production of proinflammatory proteins such as 

cytokines and chemokines. These agents serve as immune mediators that 

stimulate inflammatory responses throughout the body.

• The changes to the blood-brain barrier allow proinflammatory cytokines to 

gain access to the brain and interfere with its balanced environment. As a 

result, the brain’s inflammatory response may kick in, causing cognitive and 

behavioral symptoms.

•







Defining ATraumatic Brain Injury Still 

Remains A Serious Medical Challenge

• Despite recent progress in understanding what happens in the brain following 

TBI, no clinical trials have identified specific treatments that make a 

dependable and measurable difference in people with TBI.

• A key challenge facing doctors and scientists is the fact that each person with a 

TBI has a unique set of circumstances based on such multiple variables as the 

location and severity of the injury, the person’s  sex, age and overall heath, and 

the time between the injury and the initiation of treatment.

• Despite much better imaging techniques, standardized functional testing of  the 

severity of brain jury  remain a problem for the field. 

• These factors, along with differences in care across treatment centers, 

highlight the importance of coordinating research efforts so that the results of 

potential new treatments can be confidently measured.



Schema of Degeneration



Deafferentation

• Stretch

• Disconnection

• Degeneration

• Deafferentation

• Loss of inter-neuronal 

communication

• Behavioral morbidity



Is Stroke A ‘Traumatic’ Injury?

Outcomes of TBI and Stroke Can 

Often Be Very Similar









Cerebral Edema

• Increased water content of brain tissue.

• Increased intracranial pressure.

• Decreased blood flow.

• Death of nervous tissue.

• Pressure on critical brain areas, leading to 

dysfunction.



Time Course for Edema after TBI

0 1 2 3 4 5 6 7

Injury

Days Post-injury

Peak Edema Peak Immune Response

2nd Edema Peak



Axonal Transport



What Are Glia And What Do They Do

• Neuroglia, glial cells or, to their family and friends, simply glia are the 

connective tissue cells of nervous system. The term “glia” comes from the 

Greek for glue. 

• Glia maintain the ionic environment surrounding neurons.

• Control the rate of neuron signal propagation.

• Establish, maintain and repair synapses.

• Assist (or hamper!) the recovery neurons post damage.



How Are Glia Different From Neurons?

Glia can’t generate electrical impulses.

There are far more glia than neurons. In fact, 90% of 

the cells of the CNS are glia.

Even with the long tendrils that extend from glia, 

they’re generally smaller than neurons.

Glia lack axons and dendrites.







Microgliosis

Normal Injured



The Double Edge Sword



IMPORTANT TAKE HOME MESSAGE: 

Prevention Is The Best Treatment 

“IT TAKES VERY LITTLE ENERGY TO 

SCRAMBLE AN EGG, AND ALL  OUR 

SCIENCE IS INCAPABLE OF REVERSING 

THAT TRANSACTION!”  RICHARD FEYNMAN,

61



END







• A concussion is a temporary loss of 

consciousness caused by a blow to the 

head.  The brain shifts violently, 

sometimes smashing into the skull.  

Many nerves cells may break, 

producing such symptoms as 

headaches, slurred speech and loss of 

balance or memory
– Time Magazine 12/12/94
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