
Understanding the Sports Brain Injury Epidemic 
Risks, Challenges, and New Approaches

In recent years, the epidemic of sports related brain injury has surged into the public’s awareness. 
According to The Centers for Disease Control and Prevention (CDC), at least 300,000 sports-
related concussions occur annually in the United States1. Among people aged 15 to 24 years, 
participation in sport is a leading cause of traumatic brain injury – second only to motor vehicle 
accidents2. The high incidence of sports brain injury (SBI) in American football has been well 
documented, with the estimated 3200-4200 collegiate and 67000 high school players sustaining 
concussions annually3, 4, but the rate of concussion is also high in other contact sports such as 
ice hockey, soccer, lacrosse, and basketball5, 6. Furthermore, recent studies addressing the 
incidence of concussion in high school sports found that the majority of injuries are not reported, 
dramatically increasing the actual number of SBIs sustained annually7. For example, these 
studies suggest that approximately 15% of high-school football players sustain a concussion in a 
given season. An overwhelming majority of SBIs go unreported for a variety of reasons, most 
frequently due to lack of awareness of the potential seriousness of these injuries. Considering the 
approximately 7.5 million high school and college athletes participating in contact sports 
annually, as well as those playing in youth and recreational leagues, the actual number of SBIs 
sustained every year is likely much higher than the CDC suggests. A recent report estimates the 
number of sport and recreation related brain injuries occurring in the United States to be between 
1.6 and 3.8 million, or nearly 1 in every 100 people.

Although the symptoms of SBI are often discounted by players as minor, this type of injury 
poses significant health risks9, 10. Immediate symptoms of concussion range from confusion and 
headache to amnesia and loss of consciousness. Longer lasting effects of SBI may include 
reduced cognitive performance and mood disorders. Undetected concussions and repeat SBI can 
pose even greater health risks than single traumatic events. These can include reduction in brain 
injury threshold, slowed recovery of neurological function, depression, and neurodegenerative 
disease11-15.

Studies have also shown that the risks of SBI are higher in younger athletes, in part, because 
their less developed cranial bones and musculature lacks the strength that helps absorb the 
impact and reduce the forces affecting the brain16. Additionally, it has been suggested that the 
immature brain is more susceptible to disregulation of the metabolic processes, and takes longer 
to recover from concussion17, 18. One of the most severe manifestations of repeated SBI occurs 
predominantly in players under 19 years old. Called Second Impact Syndrome, it is thought to be 
caused by the loss of autoregulation of the brain’s blood supply leading to acute increase in 
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intracranial pressure and possible brain herniation. Second Impact Syndrome can rapidly lead to 
loss of consciousness, paralysis, and death19. Alarmingly, prior history of concussion tends to 
correlate with a higher risk of future SBI, increasing the risk of long-term damage if left 
undetected and unmanaged3, 11.

In order to understand the types of impacts that cause SBI, several studies have addressed the 
biomechanics of concussion. Several studies used video recordings to reconstruct selected head 
impacts after the game20-23. Approximately 80 total concussive impacts recorded during 
different contact sports were recreated using

mechanical and computational reconstructions. The biomechanical parameters measured during 
the reconstruction varied widely with each impact. For example, peak linear acceleration for 
concussive impacts ranged from 48G to 180G.

Other studies have directly measured head impacts in American football using the Head Impact 
Telemetry (HIT) system 24-28. This approach not only allowed direct measurement of the 
impact parameters of SBI events, but also permitted a survey of the magnitude and frequency of 
impacts regularly received by football players during the season. Prior to April of 2010, of the 
over 150,000 impacts recorded, players sustained a diagnosed concussion in only 20 cases. The 
magnitudes of over 90 % of impacts were below the level of those from the 20 recorded SBIs, as 
well as below those measured using reconstruction. The remaining less than 10 % of impacts fell 
into the ranges capable of inflicting SBI, but as mentioned only 20 of those resulted in a 
diagnosed injury. The probability of SBI with each impact can depend on the level of collision 
awareness of the struck player, location of the impact, differences in musculature between 
players, and other possible factors 29. However, while no perfect threshold for SBI could be 
established, the impacts causing concussion correlated with higher linear and rotational 
acceleration and other measures of impact strength30. Since then, a large number of new studies 
using HITS to study head impacts in sports has been released, expanding the research to include 
sports of soccer31 and hockey32, 33, and capturing additional concussive events. However, 
while more data has become available, the threshold for concussive injury has not been identified 
(for review see Guskiewicz and Mihalik, 2011)34.

Despite the large number of publications aimed at understanding traumatic brain injury, the 
current knowledge of the biomechanics and epidemiology of SBI is limited. Reconstruction of 
the impacts from video allows for the selective examination of injury- inducing events; however 
it is labor intensive and is prone to the introduction of errors35. These errors can be caused by 
the limited video angles and frame rates, and the limitations of the modeling techniques. Direct 
measurements using the HIT system are more accurate and result in larger datasets, allowing for 
a good estimate of the overall distribution of impacts received by players during the season. 
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However the high cost of the system has constrained the number of these units used to date, 
limiting the number of recorded SBI. Additionally, due to a lack of immediate unbiased 
assessment of effects from significant impacts, many SBIs likely went unnoticed. The HIT 
system is unable to accurately measure rotational acceleration, which has been implicated as the 
main cause of diffuse axonal injury thought to underlie SBI27, 36. Another limitation of the HIT 
system studies concerns the positioning of sensors inside the helmet padding. The lack of direct 
mechanical coupling between the helmet and skull may introduce further errors in the impact 
data 35, 37.

In order to better understand the epidemiology and mechanics of SBI, a better system of mass 
data collection is needed. An impact detector that can be worn by a large number of athletes 
needs to be easy to install, inexpensive, compact, and provide immediate feedback to sideline 
staff in order to reduce underreporting. The system should track the history of impacts for 
individual players allowing for better understanding of subthreshold and repeated SBI 
complications, including Second Impact Syndrome. Detection of significant impacts would 
trigger an unbiased SBI assessment, reducing underreporting errors and providing a more 
complete

understanding of the biomechanics and epidemiology. In order to reduce impact measurement 
errors the impact sensors should be positioned in direct non-cushioned mechanical contact with a 
player’s skull. Therefore, a recent study suggested that positioning impact sensors in the mouth 
guard rather than inside the helmet would allow for more accurate impact measurements 37. 
Additionally a mouth guard can be adapted for use with any contact sport making it easier to 
compare the incidences of SBI across different sports.

X2BIOSYSTEMS has designed a simple monitoring system for SBI that can address the need 
for inexpensive and unbiased collection of large data sets. The X2BIOSYSTEMS device consists 
of impact sensors, processor, and wireless transmitter embedded in a mouth guard. The 
transmitter sends information to a centralized receiver typically controlled by an athletic trainer 
or a coach. The system allows for real-time monitoring of the head impacts received by every 
player on the team. When a significant impact occurs a report of the event is transmitted to the 
sideline receiver and recorded. If the event conforms to recognized patterns of concern, a trainer 
is advised to examine the player for symptoms of SBI. The outcome of the examination is 
recorded into the SBI management database. Since repeated impacts appear to lower the 
threshold for brain injury the receiver tracks the player’s recent impact history (RIH) and lowers 
the alert threshold accordingly. The RIH is cleared based on the previously reported timelines of 
recovery from concussion. Additionally, the person operating the X2BIOSYSTEMS system is 
provided with a software suite for tracking and management of the players’ health on and off the 
field, enabling for more efficient administration of appropriate return-to-play protocol, and 
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identification of players at risk. Scientifically, the X2BIOSYSTEMS system allows for extensive 
collection of data describing impacts received by players and their outcomes, advancing our 
knowledge of the biomechanical and etiological features of SBI. The tracking of impact history 
would improve our understanding of risks and effects of repeated brain injury.

The X2BIOSYSTEMS monitoring system will have many beneficial uses, including 1) 
providing a more efficient and effective research tool for SBI than currently exists, 2) helping to 
raise awareness of SBI, 3) helping prevent cumulative concussion and Second Impact Syndrome, 
and 4) allowing for personalized training to modify player technique to reduce the incidence of 
head impacts. As a cautionary note, the external conditions that result in SBI vary widely and the 
system is not intended to be used directly for diagnosis of SBI. Rather it should be considered an 
unbiased assessment tool that can provide real time, clear information for athletic trainers, 
coaches, physicians, researchers, athletes, and others so that they can work together to reduce the 
incidence of SBI in organized and recreational sports.
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