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Sports-related brain injuries rapidly are reaching epidemic levels, with an estimated
incidence range of 1.6 to 3.8 million in the United States per year (7,17). These values likely
underestimate the true incidence because of under-reporting by athletes (18), and the
limitations of current national injury databases (7,17) have prompted Congress to mandate
the U.S. Centers for Disease Control and Prevention (CDC) to determine how best to
measure the rate of new cases (7). Concussion rates in 15 sports at the collegiate level have
increased at an estimated rate of 7% per year over the last two decades (14). Men’s football
consistently has one of the highest concussion rates per athletic-exposure (AE) (5)
(0.37·1000−1AE during fall and 0.54·1000−1 AE in spring). Men’s ice hockey poses a
similar risk of concussion injury (0.41·1000−1 AE), whereas data from women’s ice hockey,
collected over a much shorter time period, reported rates more than twice these, at
0.91·1000−1 AE (14). At the youth level, the incidence of concussion injury is not as well
established, but existing data from emergency department and hospital admissions indicate
that the injury rate may be several times higher among children than in the general adult
population (15). New technology capable of measuring head impacts during practices and
games allows head impact exposure to be defined more fully by recording the severity of
each head impact, the location of the impact on the helmet, and the number of head impacts
individual players receive over the course of a season, and potentially throughout their
career (4).

There also is a growing concern that repetitive impacts to the head, which are clinically
subconcussive and not associated with acute symptoms, may result in long-term
neurological injury (9,10,12). Additionally, a study on a cohort of collegiate football players
found that approximately 50% of asymptomatic athletes demonstrated a clinically relevant
cognitive impairment 24 to 48 h after their last head impact exposure. These cognitive
impairments typically return to baseline levels in both clinically diagnosed and
asymptomatic athletes 7 to 10 d after the cessation of head impacts (1). The extent of this
finding in a broader population of athletes currently is under investigation, but it raises the
potential of short-term impairment in athletes who are continuing to play with these deficits
and the specter of more significant intermediate and long-term consequences of repeated
head impacts. Collectively, these findings and observations lead us to conclude that a
practical approach for reducing brain injuries is to reduce the exposure to head impacts.
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In the late 1960s and early 1970s, more than 30 deaths per year occurred in American
football from severe brain injury, primarily subdural hematomas (19). Shortly thereafter, the
National Operating Committee on Standards for Athletic Equipment (NOCSAE) was
formed. Working in conjunction with manufacturers and governing bodies, NOCSAE
developed standards to evaluate the ability of a helmet to absorb the energy of an impact to
the head to prevent skull fractures and subdural hematomas using well-defined laboratory
testing methods (13,20) for football, and later for lacrosse and baseball. Concurrently, the
American Society for Testing and Materials (ASTM) developed similar laboratory tests for
other types of sports helmets, including hockey, equestrian, and numerous other helmeted
sports. At present, many governing bodies for sports require that all helmets worn by
athletes meet NOCSAE or ASTM standards. With the implementation of these standards, as
well as rules prohibiting “spearing” (tackling techniques using the top of the helmet), there
was a significant reduction in deaths and severe head and neck injuries in helmeted contact
sports (19). It is important to appreciate that all existing standards for sports helmets are
formulated specifically to reduce the severe and sometimes fatal injuries associated with
skull fractures and subdural hematoma. In contrast, there are no current standards or
laboratory tests that assess a helmet’s ability to prevent concussion injury. The lack of a
helmet standard for concussion injury is a direct result of the lack of sufficient data
surrounding the biomechanical variables that cause a concussion injury, although substantial
efforts toward this goal are currently in progress (2,8,11).

What can be done now to prevent concussions? We propose further rule changes and
targeted educational training to reduce the number of impacts to the head that athletes
receive. Recent data on the number of head impacts players at the high school (3) and
college level (4) receive demonstrate that the number of head impacts can exceed 1,400 each
season. More importantly, both impact exposure and impact severity are correlated
positively with neurocognitive deficits based on preliminary research (1). When taken
together, we hypothesize that reducing or limiting the number and severity of head impacts
would result in a decrease in the incidence and severity of clinically relevant cognitive
deficits and in the incidence of clinical diagnosis of concussion. The extent of the reduction
in head impacts that is required to reduce injury rates is unknown and must be evaluated in
well-designed, population-based outcomes studies of athletes.

The concept of limiting overuse or overexposure is not new to sports. Studies have shown
that the number of baseball pitches correlates with the incidence of elbow pain, injury, and
surgery (6,16). To address this, governing bodies of youth baseball in the United States
adopted a pitch count rule to prevent overuse injuries, with specific guidelines on pitches per
game, per week, per season, and per year for different ages. A similar approach to reducing
head impacts certainly should be considered and is practical, as the technology for
monitoring head impact exposure is available.

We propose the adoption of rules — or in some sports, we champion the enforcement of
existing rules — that eliminate intentional head contact in helmeted sports. When coupled
with education that leads to modified tackling, blocking, or checking techniques, these rules
will reduce head impact exposure and have the potential to reduce the incidence and severity
of brain injury in these sports, without the need to change existing practices and games
schedules. The National Football League (NFL) has enforced rules that address the more
flagrant use of the helmet, where intentional contact to the helmet of quarterbacks or other
vulnerable players, such as wide receivers, is illegal and carries substantial financial
penalties. The National Hockey League (NHL) recently adopted a new rule, effective
immediately for the rest of the 2010 season, that bans intentional blows to the head. In the
2009 to 2010 rule book for collegiate football players, the National Collegiate Athletic
Association (NCAA) emphasized rule Article 3.a: “No player shall initiate contact and target
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an opponent with the crown (top) of his helmet.” Similar but less direct wording can be
found in the National Federation of State High School Association rule book. It is interesting
to note that in 1981, the NCAA rules had a broader rule: “No player shall deliberately use
his helmet to butt or ram an opponent.”

These recently implemented rules are an important and appropriate step, but they do not go
far enough, in our opinion, to reduce significantly, potentially injurious and intentional head
impacts. Certainly, head impacts will occur in all sports, helmeted or unhelmeted, and a
certain percentage of these head impacts are unavoidable. However, the intentional use of
the helmet to contact another player is not and never has been inherent to any sport. Our
observations indicate that a significant number of head impacts in helmeted team sports
appear to be intentional. Many of the impacts occur to helmet locations other than the top,
and impacts to other locations are known to cause concussion injuries (21). Further, the
intentional use of the helmet by offensive or defensive players generally is considered poor
technique. The governing bodies, together with researchers, leagues, coaches, and parents
should work towards the development of educational programs and techniques for
communicating to players the importance of reducing all impacts to the head.

This proposal is relatively simple to implement and is not intended to alter the competitive
elements of the various sports. Current rules in the helmeted sports of football, lacrosse, and
ice hockey should be modified so that intentional use of the helmet to contact another player
is illegal and enforced rigorously. As our understanding of the clinical consequences of
repeated head impacts improves, further modifications to the rules can be examined and
implemented. While such a rule change will not eliminate unintentional head impacts or all
brain injuries, the goal of the proposed rule change is to reduce the number of intentional
head impacts, the number of diagnosed concussions, and the potential deleterious effects
over time associated with repetitive head impacts in contact sports.

Acknowledgments
This research is supported by award R01HD048638 from the National Center for Medical Rehabilitation Research
at the National Institute of Child Health and Human Development at the National Institutes of Health and award
RO1NS055020 from The National Institute for Neurological Disorders and Stroke. In addition, a grant from the
National Operating Committee on Standards for Athletic Equipment (NOCSAE) has helped form the opinions
presented here. These opinions are solely those of the authors.

Joseph J. Crisco, Richard M. Greenwald, and Simbex have a financial interest in the technology (HIT System,
Sideline Response System, Riddell, Inc.) for monitoring head impacts described in this article.

References
1. Beckwith, JG.; Chu, JJ.; McAllister, TW., et al. Neurocognitive function and the severity of head

impacts sustained in athletic competition. Proceedings of the World Congress on Brain Injury
2010.; Washington, DC. 2010.

2. Broglio SP, Schnebel B, Sosnoff JJ, et al. The biomechanical properties of concussions in high
school football. Med Sci Sports Exerc. 2010; 42(11):2064–71. [PubMed: 20351593]

3. Broglio SP, Sosnoff JJ, Shin S, et al. Head impacts during high school football: a biomechanical
assessment. J Athl Train. 2009; 44(4):342–9. [PubMed: 19593415]

4. Crisco JJ, Fiore R, Beckwith JG, et al. Frequency and locations of head impact exposures in
individual collegiate football players. J Athl Train. 2010; 45(6):549–59. [PubMed: 21062178]

5. Dick R, Agel J, Marshall SW. National Collegiate Athletic Association injury surveillance system
commentaries: introduction and methods. J Athl Train. 2007; 42(2):173–82. [PubMed: 21714302]

6. Fleisig GS, Weber A, Hassell N, Andrews JR. Prevention of elbow injuries in youth baseball
pitchers. Curr Sports Med Rep. 2009; 8(5):250–4. [PubMed: 19741352]

Crisco and Greenwald Page 3

Curr Sports Med Rep. Author manuscript; available in PMC 2013 June 07.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



7. Gerbeding, JL. Report to Congress on Mild Traumatic Brain Injury in the United States: Steps to
Preventing a Serious Public Health Problem. Atlanta (GA): Center for Disease Control and
Prevention; 2003. p. 1-5.

8. Greenwald RM, Gwin JT, Chu JJ, Crisco JJ. Head impact severity measures for evaluating mild
traumatic brain injury risk exposure. Neurosurgery. 2008; 62(4):789–98. discussion 98. [PubMed:
18496184]

9. Guskiewicz KM, Marshall SW, Bailes J, et al. Association between recurrent concussion and late-
life cognitive impairment in retired professional football players. Neurosurgery. 2005; 57(4):719–
26. discussion 26. [PubMed: 16239884]

10. Guskiewicz KM, Marshall SW, Bailes J, et al. Recurrent concussion and risk of depression in
retired professional football players. Med Sci Sports Exerc. 2007; 39(6):903–9. [PubMed:
17545878]

11. Gwin JT, Chu JJ, Diamond SG, et al. An investigation of the NOCSAE linear impactor test method
based on in vivo measures of head impact acceleration in American football. J Biomech Eng.
2010; 132(1):9.

12. Heilbronner RL, Bush SS, Ravdin LD, et al. Neuropsychological consequences of boxing and
recommendations to improve safety: a National Academy of Neuropsychology education paper.
Arch Clin Neuropsychol. 2009; 24(1):11–9. [PubMed: 19395353]

13. Hodgson VR. National Operating Committee on Standards for Athletic Equipment football helmet
certification program. Med Sci Sports. 1975; 7(3):225–32. [PubMed: 1207436]

14. Hootman JM, Dick R, Agel J. Epidemiology of collegiate injuries for 15 sports: summary and
recommendations for injury prevention initiatives. J Athl Train. 2007; 42(2):311–9. [PubMed:
17710181]

15. Jennett B. Epidemiology of head injury. J Neurol Neurosurg Psychiatry. 1996; 60(4):362–9.
[PubMed: 8774396]

16. Kerut EK, Kerut DG, Fleisig GS, Andrews JR. Prevention of arm injury in youth baseball pitchers.
J LA State Med Soc. 2008; 160(2):95–8. [PubMed: 18681352]

17. Langlois JA, Rutland-Brown W, Wald MM. The epidemiology and impact of traumatic brain
injury: a brief overview. J Head Trauma Rehabil. 2006; 21(5):375–8. [PubMed: 16983222]

18. McCrea M, Hammeke T, Olsen G, Leo P, Guskiewicz K. Unreported concussion in high school
football players: implications for prevention. Clin J Sport Med. 2004; 14(1):13–7. [PubMed:
14712161]

19. Mueller FO. Fatalities from head and cervical spine injuries occurring in tackle football: 50 years’
experience. Clin Sports Med. 1998; 17(1):169–82. [PubMed: 9475981]

20. NOCSAE. Standard performance specification for newly manufactured football helmets. Overland
Park: National Operating Committee on Standards for Athletic Equipment (NOCSAE); 2009. p.
1-8.Doc (ND)002-98m09

21. Pellman EJ, Viano DC, Tucker AM, Casson IR. Concussion in professional football: location and
direction of helmet impacts, part 2. Neurosurgery. 2003; 53(6):1328–40. [PubMed: 14633299]

Crisco and Greenwald Page 4

Curr Sports Med Rep. Author manuscript; available in PMC 2013 June 07.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


