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Recent estimates from the Centers for Disease Control and Prevention indicate that
sport and recreational traumatic brain injuries (TBIs) have increased from 300,000
per year1 to approximately 1.6 million to 3 million per year in the United States.2

This trend suggests that concussions are a growing problem that affects athletes at
both the high school and collegiate level. An increase in female participation in sport
shows that there are currently more than 178,000 women participating on National
Collegiate Athletic Association (NCAA) teams3 and approximately 3 million women
playing organized high school sports.4 These trends have provided an impetus for
researchers to examine differences between the genders, which might affect the
assessment and management of sport-related concussion. Therefore, this article
addresses the role of gender in the assessment and management of sport-related
concussion.
GENDER DIFFERENCES IN THE EPIDEMIOLOGY OF SPORT-RELATED CONCUSSIONS

Several researchers have identified differences in the incidence of sport-related
concussion among collegiate athletes of different genders. Covassin and colleagues5

examined NCAA injury data from 1997 to 2000 and found collegiate female athletes to
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be at a higher risk of concussions occurring in games than collegiate male athletes.
Specifically, women’s soccer (2.09/1000 athlete exposure [AE]) and basketball
(0.74/1000AE) had a higher injury rate than men’s soccer (1.36/1000AE) and basket-
ball (0.48/1000AE).5 Hootman and colleagues6 recently summarized 16 years (1988–
2004) of NCAA injury data and reported concussions accounted for a higher injury
rate in women’s ice hockey (0.91/1000AE), soccer (0.41/1000AE), and basketball
(0.22/1000AE) than men’s ice hockey (0.41/1000AE), soccer (0.28/1000AE), and
basketball (0.16/1000AE). Women’s ice hockey may be misleading because data
were collected only for 3 years (2000–2003) for this sport versus 16 years for the other
sports.6 According to these data, it appears that female collegiate athletes are at
a higher risk for concussion than male collegiate athletes.
There are only a few studies published that have examined gender differences on

incidence rates for sport-related concussion in high school athletes. One of the first
studies to examine concussion at the high school level was conducted in the 1990s
by Powell and Barber-Foss.7 Similar to the epidemiologic trends observed at the colle-
giate level, in high school sports played by both sexes, girls had a slightly higher game
injury rate than boys. Specifically, girl’s soccer (0.71/1000AE), basketball (0.42/
1000AE), and softball (0.13/1000AE) had a higher game injury rate for concussions
than boy’s soccer (0.57/1000AE), basketball (0.28/1000AE), and baseball (0.12/
1000AE). A more recent investigation by Gessel and colleagues8 reported that
concussions accounted for a higher game injury rate in high school girls’ sports
(soccer, 0.97/1000AE; basketball, 0.60/1000AE) than in high school boys’ sports
(soccer, 0.59/1000AE; basketball, 0.11/1000AE). It appears that the incidence rates
of concussion differ by gender at both the collegiate and high school levels.
Numerous explanations have been proposed to account for female athletes being

more at risk for concussion than male athletes. Studies have found that women
have a decreased head-neck segment mass compared with male athletes, which
could result in greater angular acceleration to the head after a concussive impact.9–13

College-age women have been found to have approximately 43% less head-neck
segment mass compared with college-age men.10 Researchers have also suggested
that female soccer players have a larger ball-to-head size ratio thanmen, possibly pre-
disposing them to concussion.13,14 Moreover, female athletes have decreased neck
strength and neck girth compared with male athletes.10,11,15 Tierney and colleagues10

reported that female collegiate students showed 49% less neck strength and 30%
less neck girth compared with male collegiate students. Similarly, Garces and col-
legues15 reported that male collegiate students had 30% to 40% more strength in
cervical extensors and flexors than female collegiate students. Mansell and
colleagues16 investigated an 8-week cervical resistance training program on neck
girth, cervical strength, and head-neck segment dynamic stabilization in collegiate
soccer players. Although the neck girth and strength were increased in female soccer
players, there were no gender-related differences in head-neck segment dynamic
stabilization during a force application (ie, weight) in collegiate soccer players.
It is currently debated whether estrogen, the primary female sex hormone, has

a detrimental or a neuroprotective effect with regard to concussion. Animal models
have shown that estrogen treatment before experimentally induced brain injury (eg,
fluid percussion brain injury) has protective effects for male rats but detrimental effects
for female rats.17 One reason may be that estrogen acts as a neuroprotector because
of the hormone’s lipid antioxidant properties.18 There is limited research published on
the role that estrogen may have on the risk of concussion.
Studies have also found that female athletes tend to report more concussion symp-

toms than male athletes.19 This disparity in self-reporting of concussion symptoms
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could be because of the nature of the male sport environment, especially in contact
and collision sports (eg, football, wrestling, hockey) in which the incidence of concus-
sion is highest. Male athletes are under constant pressure to play through pain, to
show their masculinity and their toughness. They are oftentimes praised for their
courage and rewarded when playing through pain and injury. In contrast, studies
have found that female athletes are more concerned about their future health than
male athletes.20 These interesting differences between the male and female sport
environments may explain the observed differences in the self-reporting of concussion
symptoms between genders.
DIFFERENCES IN SPORT-RELATED CONCUSSION OUTCOMES BETWEEN GENDERS

Gender differences in cognitive function have been well documented. Specifically,
women perform better on tasks involving verbal memory and perceptual motor speed,
whereas men perform better on tasks of visuospatial ability.21 These differences have
also been documented by neurocognitive measures commonly used for managing
concussion.22–24 Covassin and colleagues24 reported that at the college level, women
performed higher on verbal memory than men, whereas men showed higher visual
memory scores than women. These results warrant consideration of differences
between genders in cognitive performance after concussion.
Several researchers have suggested that female athletes present more concussion

symptoms acutely and take a longer period to recover from concussions19,25,26 than
male athletes.19 Broshek and colleagues19 found that, in high school and college
athletes, concussed women displayed slower reaction times and greater total symp-
toms than concussed males. When excluding sports that require the use of a helmet
(football), women were twice as likely as men to exhibit cognitive impairments.19

These findings were among the first to suggest that sport-related concussion may
affect athletes differently based on gender. However, athletes in this study represent
significantly fewer women (28%) than men (72%), which may limit the generalizability
of these findings. Nonetheless, more recent studies have also highlighted gender
differences in sport-related concussion outcomes.
Covassin and colleagues26 found gender differences in neurocognitive performance

in concussed collegiate athletes. Specifically, female concussed athletes showed
significantly lower scores on visual memory than male concussed athletes. In
a more recent study, Colvin and colleagues25 found that concussed collegiate female
soccer players showed significantly slower reaction times and higher total symptom
scores than concussed male soccer players.
Differences based on gender have also been found in the reporting of postconcus-

sion symptoms. Female athletes tend to have a greater number of andmore prolonged
symptoms than male athletes.19,27,28 Preiss-Farzanegan and colleagues28 reported
that women who incurred a sport-related mild TBI reported increased symptoms,
particularly with regard to headache, dizziness, fatigue, and poor concentration,
when compared with men. In a meta-analysis by Farace and Alves,27 women who
incurred a TBI had a worse outcome on 85% of measured variables, primarily symp-
toms, including headache, dizziness, anxiety, fatigue, and poor memory and concen-
tration, than men.
Differences in the reporting of postconcussion symptoms between concussed male

and female athletes have been attributed to neuroanatomical factors, organizational
(cerebral) variability, hormonal discrepancies, and sports environment/social differ-
ences.19 de Courten-Myers29 reported that men had a greater number of cortical
neuronal densities, whereas women had a greater area of neuropil (ie, containing
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unmyelinated neuronal processes). Esposito and colleagues30 found that women have
a greater cerebral blood flow rate coupled with a higher basal rate of glucose metab-
olism. These 2 differences could yield a more exacerbated neurometabolic cascade
(ionic fluxes followed by hypoglycolysis) after concussion.31 In addition, the decrease
in cerebral blood flow and increase in metabolic demands caused by brain injury may
interact with the already increased metabolic demands in women.19

There has long been a debate in the literature as to whether estrogen has a detri-
mental or a protective effect on concussion outcome. If estrogen has a deleterious
effect, it may be because of receptor-mediated alterations in energy metabolism17

or estrogen-potentiating neuronal response to excitatory amino acid.32 Emerson
and colleagues17 found that estrogen improves neurologic outcome after a TBI in
male rats but shows detrimental effects in female rats. In contrast, Kupina and
colleagues33 found that estrogen had a neuroprotective effect because female mice
demonstrated a better outcome thanmale mice after experimental brain injury. Specif-
ically, male mice had a 20% mortality rate, whereas no deaths were recorded among
female mice. Most research exploring the protective or deleterious effects that
hormones may have on brain injury outcome has been conducted using animal
models. Continued research in this area in humans is warranted.
CONSIDERING GENDER DIFFERENCES IN THE ASSESSMENT AND MANAGEMENT
OF SPORT-RELATED CONCUSSION

The assessment and management of sport-related concussion has seen vast
improvement over the past decade. Results from empirical studies have increased
the knowledge and awareness of sport-related concussion. As a result, management
strategies for this injury have been refined, benefiting both sports-medicine profes-
sionals and injured athletes. More specifically, this progress has seen the suggested
abolishment of historically used concussion grading scales, improved diagnostic
methods, individual case management recommendations, and the use of computer-
ized neurocognitive test batteries.34,35

The management of sport-related concussion continues to be a germane issue for
clinicians and researchers alike. Until recently, determining the status of a concussed
athlete was primarily a subjective decision made by sports medicine professionals. It
is now recommended that the assessment and management of sport-related concus-
sion take on a multifaceted approach that consists of various measures that may
include a sideline mental status examination, a postural stability assessment, and
a neurocognitive test battery.36 These measures, used in conjunction with symptom
inventories, offer clinicians a wide variety of information on the status of recovery of
the concussed athlete. When implemented with the recommended pre- and posttest
methodology, these measures add objectivity to concussion assessment and
management.37

Gender differences in the risk, symptoms, and recovery should be considered when
assessing and managing a concussed athlete. The incidence of sport-related concus-
sion in high school and collegiate populations may be higher for female athletes in
basketball, ice hockey, and soccer.5,6 Therefore, health care professionals, coaches,
athletes, and parents need to pay close attention to female athletes who incur a direct
or indirect blow to the head, especially in the aforementioned sports. Moreover, sports
medicine professionals need to pursue concussion evaluation with the same due dili-
gence for female athletes as for male athletes.
Disparities in the reporting of concussion symptoms between male and female

athletes should be a consideration when managing a concussion. Female concussed
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athletes report more symptoms of dizziness, fatigue, concentration, and lightheaded-
ness than male concussed athletes.19,28 Female soccer players who report headache
symptoms 1 week postconcussion have greater cognitive impairments than athletes
who do not report headache symptoms. In the general population, women have
a higher incidence of headaches than men.38 Moreover, women have almost double
the prevalence of migraine headaches compared with men.25,39–41 Recently,
researchers have found that concussed athletes who display migraine headache
symptoms take longer periods to recovery postinjury.42,43 This predilection toward
migraines may translate to a longer recovery time for female athletes.
Preliminary studies suggest that female athletes take longer periods to recover from

a concussion than male athletes,19,25,26 including on measures of reaction time25 and
visual memory.26 More specifically, female concussed athletes may take up to 7 days
longer to recover from a concussion than male concussed athletes. As a result of
these preliminary studies, clinicians should be aware of varying recovery time from
concussion between male and female athletes.
SUMMARY

The detection and management of concussion in sport continue to be an important
issue for sports medicine professionals. Advancements in the knowledge of this injury
continue to reshape concussion management to ensure the well-being and safety of
athletes. Recent studies suggest that the risk and recovery from sport-related concus-
sion may vary between male and female athletes, with women having a higher risk of
sustaining a concussion and taking a longer time to recover than men. Therefore,
sports medicine professionals should not assume that the recovery from concussion
is uniform in both male and female athletes. However, more research is warranted on
concussed female athletes, particularly studies examining mechanism, symptoms,
and recovery time.
REFERENCES

1. Thurman D, Guerrero J. Trends in hospitalization associated with traumatic brain
injury. JAMA 1999;282:954–7.

2. CDC. Nonfatal traumatic brain injuries from sports and recreation activities—
United States, 2001–2005. MMWR Morb Mortal Wkly Rep 2007;56:733–7.

3. DeHaas DM. 1981-82-2007-08 NCAA sports sponsorship and participation rates
report. Indianapolis (IN): National Collegiate Athletic Association; 2009.

4. NFHSA. Participation in high school sports increases again; confirms NFHS
commitment to stronger leadership. Indianapolis (IN): National Federation of
State High School Associations; 2008.

5. Covassin T, Swanik C, Sachs M. Sex differences and the incidence of concus-
sions among collegiate athletes. J Athl Train 2003;38:238–44.

6. Hootman J, Dick R, Agel J. Epidemiology of collegiate injuries for 15 sports:
summary and recommendations for injury prevention initiatives. J Athl Train
2007;42:311–9.

7. Powell JW, Barber-Foss KD. Traumatic brain injury in high school athletes. JAMA
1999;282:958–63.

8. Gessel LM, Fields SK, Collins CL, et al. Concussions among United States high
school and collegiate athletes. J Athl Train 2007;42:495–503.

9. Plagenhoef S, Evans F, Abdelnour T. Anatomical data for analyzing human
motion. Res Q Exerc Sport 1983;54:169–78.



Covassin & Elbin130
10. Tierney RT, Sitler MR, Swanik B, et al. Gender differences in head-neck segment
dynamic stabilization during head acceleration. Med Sci Sports Exerc 2005;37:
272–9.

11. Kreighbaum E, Barthels K. Biomechanics: a qualitative approach for studying
human movement. Needham Heights (MA): Allyn & Bacon; 1996.

12. Barth JT, Freeman JR, Broshek DK, et al. Acceleration-deceleration sport-related
concussion: the gravity of it all. J Athl Train 2001;36:253–6.

13. Schneider K, Zernicke RF. Computer simulation of head impact: Estimation of
head-injury risk during soccer heading. International Journal of Sport Biome-
chanics 1988;4:358–71.

14. Barnes B, Cooper L, Kirkendall D, et al. Concussion history in elite male and
female soccer players. Am J Sports Med 1998;26:433–8.

15. Garces G, Medina L, LMilutinovic P, et al. Normative database of isometric
cervical strength in a healthy population. Med Sci Sports Exerc 2002;33:464–70.

16. Mansell J, Tierney R, Sitler M, et al. Resistance training and head-neck segment
dynamic stabilization in male and female collegiate soccer players. J Athl Train
2005;40:310–9.

17. Emerson CS, Headrick JP, Vink R. Estrogen improves biochemical and neuro-
logic outcome following traumatic brain injury in male rats, but not females. Brain
Res 1993;608:95–100.

18. Hall E, Pazara K, Linseman K. Sex differences in postischemic neuronal necrosis
in gerbils. J Cereb Blood Flow Metab 1991;11:292–8.

19. Broshek DK, Kaushik T, Freeman JR, et al. Sex differences in outcome following
sports-related concussion. J Neurosurg 2005;102:856–63.

20. Granito VJ. Psychological aspects of athletic injury: themes and gender differ-
ences. Dissertation Abstracts International: Section B: the Sciences and Engi-
neering 2000;61:530.

21. Weiss E, Kemmler G, Eberhard A, et al. Sex differences in cognitive functions.
Pers Individ Dif 2003;35:863–75.

22. Barr W. Neuropsychological testing of high school athletes: preliminary norms
and test-retest indices. Arch Clin Neuropsychol 2003;18:91–101.

23. Brown C, Guskiewicz K, Bleiberg J. Athlete characteristics and outcome scores
for computerized neuropsychological assessment: a preliminary analysis. J Athl
Train 2007;42:515–23.

24. Covassin T, Swanik C, Sachs M, et al. Sex differences in baseline neuropsycho-
logical function and concussion symptoms of collegiate athletes. Br J Sports Med
2006;40:923–7 [discussion: 927].

25. Colvin A, Mullen J, Lovell M, et al. The role of concussion history and gender
in recovery from soccer-related concussion. Am J Sports Med 2009;37:
1699–704.

26. Covassin T, Schatz P, Swanik B. Sex differences in neuropsychological function
and post-concussion symptoms of concussed collegiate athletes. Neurosurgery
2007;61:345–51.

27. Farace E, Alves W. Do woman fare worse? A meta-analysis of gender differences
in traumatic brain injury outcomes. J Neurosurg 2000;93:539–45.

28. Preiss-Farzanegan S, Chapman B, Wong T, et al. The relationship between
gender and postconcussion symptoms after sport-related mild traumatic brain
injury. Phys Med Rehabil 2009;1:245–53.

29. de Courten-Myers GM. The human cerebral cortex: gender differences in struc-
ture and function. J Neuropathol Exp Neurol 1999;58:217–26.



Management of Sport-Related Concussion 131
30. Esposito G, Van Horn JD, Weinberger DR, et al. Gender differences with cerebral
blood flow as a function of cognitive state with PET. J Neurol Med 1996;37:
559–64.

31. Giza C, Hovda D. The neurometabolic cascade of concussion. J Athl Train 2001;
36:228–35.

32. Smith S. Estrogen administration increases neuronal responses to excitatory
amino acids as a long-term effect. Brain Res 1989;503(2):354–7.

33. Kupina NC, Detloff MR, Bobrowski WF, et al. Cytoskeletal protein degradation
and neurodegeneration evolves differently in males and females following exper-
imental head injury. Exp Neurol 2003;180:55–73.

34. Aubry M, Cantu R, Dvorak J, et al. Summary and agreement statement of the 1st
international symposium on concussion in sport, Vienna 2001. Clin J Sport Med
2002;12:6–11.

35. McCrory P, Johnston K, Meeuwisse W, et al. Summary and agreement statement
of the 2nd International conference on concussion in sport, Prague 2004. Br J
Sports Med 2005;39:196–204.

36. Guskiewicz KM, Bruce SL, Cantu R, et al. National athletic trainers’ association
position statement: management of sports-related concussion. J Athl Train
2004;39:280–97.

37. Lovell MR, Collins MW, Bradley J. Return to play following sports-related concus-
sion. Clin Sports Med 2004;23:421–41, ix.

38. Silberstein S, Young W. Headache and facial pain. In: Goetz G, editor. Textbook of
clinical neurology. Philadelphia: Saunders Company; 2007. p. 1247–54.

39. Launer L, Terwindt G, Ferrari M. The prevalence and characteristics of migraine in
a population-based cohort: the GM study. Neurology 1999;53:537–42.

40. Lipton R, Diamond S, Reed M, et al. Migraine diagnosis and treatment: results
from the American migraine study II. Headache 2001;41:638–45.

41. Lipton R, Stewart W, Diamond S, et al. Prevalence and burden of migraine in the
United States: data from the American migraine study. Headache 2002;41:
646–57.

42. Lau B, Lovell MR, Collins MW, et al. Neurocognitive and symptom predictors of
recovery in high school athletes. Clin J Sport Med 2009;19:216–21.

43. Mihalik J, Stump J, Collins MW, et al. Posttraumatic migraine characteristics in
athletes following sports-related concussion. J Neurosurg 2005;102:850–5.


	The Female Athlete: The Role of Gender in the Assessment and Management of Sport-Related Concussion
	Gender differences in the epidemiology of sport-related concussions
	Differences in sport-related concussion outcomes between genders
	Considering gender differences in the assessment and management of sport-related concussion
	Summary
	References


