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Abstract Sport-related concussion continues to be a centerpiece of attention in the field of sports medicine. The
benefit to using neurocognitive testing when managing concussion will be documented in this review. In addition to
providing critical objective information on the neurocognitive status of the concussed athlete, research data will be
provided on the pre- and post-concussion neurocognitive
profiles of concussed male and female athletes. Specifically,
an overview of research will be presented on the epidemiology of male and female concussion rates, as well as
concussion outcomes including symptoms and cognitive
function post-injury. Finally, a clinician’s perspective on
managing sports-related concussion will be presented focusing on three factors regarding sex differences: risk factors,
clinical presentation, and management.
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Sport-related concussion continues to be a centerpiece of
attention in the field of sports medicine. In particular, the
assessment and management of this injury has evolved from
“outdated” grading scales to the currently recommended multifaceted approach that includes symptom, cognitive, and
balance/vestibular assessment tools. Of the varying number
of clinical assessments and tools endorsed for the management
T. Covassin (*) : B. Crutcher
Michigan State University, East Lansing, MI, USA
e-mail: covassin@msu.edu
R. J. Elbin : S. Burkhart
UPMC Sports Medicine Concussion Program,
Department of Orthopaedic Surgery,
University of Pittsburgh - School of Medicine,
3200 South Water Street,
Pittsburgh, PA 15203, USA

of concussion, neurocognitive testing has been reported to add
increased objectivity [1] to the inherent subjective reports of
concussion symptoms, which are often minimized and underreported [1]. Thus current consensus statements recommend
neurocognitive testing as a cornerstone of the multifaceted
approach to managing concussion [2].
Researchers and practitioners have highlighted the importance and value of baseline testing, as this approach provides a
benchmark for comparing post-concussion neurocognitive performance to athletes’ “normal” preinjury scores (e.g., prospective design methodology) [3]. One of the advantages of
employing baseline testing is the increased ability to control
certain demographic factors (e.g., age and sex) that may confound post-injury test interpretation when only relying on normative data. In addition, employing baseline testing allows the
sports medicine professionals to take an individual’s cognitive
strength and weakness into account so that post-injury deficits
can be differentiated from pre-morbid weakness that is already
existent [4]. Finally, baseline testing is believed to aid the sports
medicine staff in weighing concussion severity, in addition to
guiding a more informed return-to-play decision process [5].
Barth et al. [6] were among the first researchers to document the neurocognitive effects of concussion in a sample of
collegiate football players using prospective methodology.
Serial assessments used by Barth and colleagues [6] included
the Trail Making Test, Gronwall’s Paced Auditory Serial
Addition Test, and the Symbol Digit Test. These paper-andpencil tests were administered at 2 h, 48 h, 1 week, and
1 month post-injury. Barth and colleagues [6] documented
increased post-concussion symptom reports, relative to baseline levels, for concussed athletes. These increases were
significantly higher than symptom reports of a group of noninjured controls and a group of athletes with orthopedic
injuries not including concussion. These researchers [6] concluded that neurocognitive changes do occur as a result of
sport-related concussion and that symptoms specific to head
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injuries (i.e., dizziness, nausea, memory impairment) are
unique to concussive injuries and not to general trauma
(i.e., orthopedic injury) or the noninjured athlete population.
The prospective approach implemented by Barth and
colleagues [6] was an important first step in estimating a
timeframe in which concussion symptoms resolved, which
was documented to occur between 5 and 10 days post-injury
[7]. This study was the first to document the importance of
using a prospective approach to utilizing neurocognitive
testing for the management of sport-related concussion.
These results have been supported by recent research that
concludes that without the use of prospective neurocognitive testing, sports medicine professionals may be unclear as
to when exactly a concussed athlete is the most cognitively
fit to return to competition safely.
Given the benefit of prospective, serial neurocognitive
testing, computerized forms of these batteries have become
increasingly popular due to their time-saving nature, accurate assessment protocol (i.e., reaction time recorded in
milliseconds), and sensitive ability to identify residual neurocognitive impairment [8]. Among the numerous forms of
computerized testing, the Immediate Post-Concussion Assessment and Cognitive Testing (ImPACT) is one of the
most widely used and studied computerized neurocognitive
tests currently in use [9–12].
Researchers have documented the sensitivity and specificity of neurocognitive testing for the use of predicting recovery time following a sport-related concussion. Lau et al. [13]
used ImPACT, post-concussion symptom clusters (i.e.., cognitive, physical, emotional, sleep), and total symptom scores
to assist in determining prognostic ability used to predict
recovery length following a concussive injury. Results
revealed that using computerized neurocognitive testing
along with symptom clusters results in improved sensitivity,
specificity, positive predictive value (73.2 %), and negative
predictive value (73.8 %) of recovery. Moreover, increased
sensitivity of 24.4 % was also shown when using neurocognitive testing and symptom clusters together in comparison to using the total symptom scores on the Post-Concussion
Symptom Scale alone. Lau and colleagues concluded that
results from this study lend support to using neurocognitive
tests and symptom clusters in tandem to aid the sports medicine team in more accurately predicting whether a concussed
athlete may require a protracted recovery or not.
A similar study by Meehan et al. [14] examined the importance of computerized neurocognitive testing when assessing concussed high school athletes and described associations
between using computerized neurocognitive tests, timing of
return-to-play, and medical provider managing the athlete.
These researchers reported that approximately 40 % of high
schools in the USA used a computerized neurocognitive test
when managing sport-related concussions. In addition, athletic trainers and physicians, but not neuropsychologists, most
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often interpret the neurocognitive test results. Moreover, computerized neurocognitive tests were significantly associated
with the return-to-play guidelines that are implemented with
each concussed athlete individually.
The benefit to using neurocognitive testing when managing concussion is well documented. In addition to providing
critical objective information on the neurocognitive status of
the concussed athlete, these data have also provided an
opportunity for researchers to examine differences in neurocognitive outcomes across various demographic subgroups
of injured athletes. More specifically, examining the preand post-concussion neurocognitive profiles of concussed
male and female athletes has recently been documented.

Sex Differences in the Incidence of Sport-Related
Concussion
Title IX as part of the Equality in Education Act of 1972
triggered significant increase for women to participate in
sports, and its rise in participation has steadily increased
over the past few decades. The National Collegiate Athletic
Association (NCAA) reported women’s sport participation
increased 80 % between 1988 and 2004, while men’s sport
participation increased by only 20 % [15]. During the 2010–
2011 academic year, 191,131 and 3,173,549 female athletes
participated in NCAA and high school sports [16, 17].
Considering these record-setting participation rates for high
school and collegiate athletes [18, 19], it is expected that the
annual incidence of sport-related concussion will continue
to rise relative to these increases in sport participation [20].
Epidemiological studies have been conducted in order to
understand sex differences between female and male athletes with respect to sport injury incidence and prevalence.
General trends have shown that female athletes at both the
collegiate and high school levels are at a greater risk for
incurring a concussion compared to male athletes [15,
21–24]. In a recent study by Marar et al. [23] that compared
injury trends among male and female high school sports
(e.g., soccer, basketball, softball, swimming and diving,
and track and field) revealed that girls had a higher incidence of concussions than boys. A similar trend was
reported by Lincoln et al. that examined injury rates in a
sample of 25 high schools over an 11-year period (1997–
2008) [24]. Lincoln and colleagues [24] reported that girls
had a higher ratio rate of concussion in soccer (6.0), basketball (2.8), and softball (1.8) compared to boys soccer (3.1),
basketball (1.8), and baseball (1.0). These data suggest that
there are differences for the risk of concussion between
males and females at the high school level, with female
athletes having a higher risk of incurring a concussion.
Sex differences in risk of concussion have also been
explored in collegiate populations. In one of the first studies
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reported on the NCAA Injury Surveillance System (ISS)
data, Covassin and colleagues [22] compare sex differences
in the prevalence of concussions among collegiate athletes
during the 1997–2000 academic years. Similar to high
school concussion data, female collegiate athletes reported
a higher prevalence of concussions compared to male collegiate athletes. Specifically, concussions represented a
greater portion of total injuries for women’s lacrosse (13.9
vs. 10.1 %), soccer (11.4 vs. 7.0 %), and basketball (8.5 vs.
5.0 %) compared to comparable male sports [22]. Recently,
Hootman and colleagues [15] summarized 16 years (1988–
2004) of NCAA ISS date in 15 NCAA sports. The researchers reported a greater prevalence of concussions in women’s
sports compared with their male counterpart: lacrosse (6.3
vs. 5.6 %), soccer (5.3 vs. 3.9 %), basketball (4.7 vs. 3.2 %),
and softball/baseball (4.3 vs. 2.5 %). The data clearly suggest that female athletes have a higher risk of incurring a
concussion compared to male athletes.
There are several possible reasons why female athletes
may be at a greater risk for sustaining a concussion compared
to male athletes. Female athletes tend to have weaker neck
muscles and smaller neck girth which may also predispose
them to an increased risk of concussion [25]. Tierney and
colleagues [25] found that sex differences exist in head–neck
segment dynamic stabilization during head angular acceleration (similar to concussive acceleration/deceleration forces).
Females exhibited significantly greater head–neck segment
peak acceleration and displacement than males. These
authors concluded that females’ heads are susceptible to
higher speeds of acceleration and greater displacement following an externally applied force [25]. Finally, female soccer athletes have a larger ball-to-head size ratio than male
athletes possibly predisposing them to concussions [26, 27].

Sex Differences in Concussion Symptoms
and Neurocognitive Function
The male and female brain differs in structure and function.
In relation to cognitive function, females have been found to
perform better than males on verbal memory and perceptual
motor speed [28–30], while males perform better in visual–
spatial task, mental rotation, and quantitative problem solving
compared to females [30–32]. These disparities in cognitive
function may contribute to differences in concussion symptoms and neurocognitive performance following a concussion. These inherent differences in cognitive ability among
males and females have prompted the empirical investigation
of post-concussion outcomes in males and females.
One of the first studies to examine sex differences in
concussion outcomes was published by Broskek and colleagues
[33] in 2005. The authors administered 2,350 baseline Concussion Resolution Index tests (computerized neurocognitive test
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battery) to male and female athletes at both the high school and
collegiate levels. One hundred and seventeen males and 38
female athletes incurred a concussion during the study period.
Results revealed female concussed athletes reported more
concussion symptoms compared to male athletes and more
severe declines in simple and choice reaction time compared
to their baseline measures. Moreover, female concussed athletes were 1.7 times more cognitively impaired than male
concussed athletes.
In a similar study by Covassin and colleagues [16], another computerized neurocognitive test battery (ImPACT) was
administered to 41 male and 39 female concussed athletes.
Female concussed athletes were found to take longer to
recover on visual memory compared to male concussed
athletes. When considering the role of sex and recovery from
a soccer-related concussion, Colvin and colleagues [34]
found that female concussed soccer athletes (n0141) had
slower reaction time and more total concussion symptoms
compared to male concussed soccer athletes.
Finally, in a recent study published in 2012 by Covassin
and colleagues [35], a larger cohort of concussed high
school and collegiate athletes (209 males, 93 females) were
administered the ImPACT, Balance Error Scoring System
(BESS), and concussion symptoms scale. Again, females
were found to be impaired on visual memory and selfreported more concussion symptoms compared to male
athletes. In addition to cognitive impairments, male high
school concussed athletes scored more balance errors on
the BESS compared to male collegiate concussed athletes.
The reverse findings were found in female athletes with
female collegiate concussed athletes scoring more balance
errors than female high school concussed athletes.
There are several possible reasons why females may
report more symptoms and have cognitive impairments following a concussion. Specifically, sex differences have been
attributed to neuroanatomical cerebral blood flow, sex hormonal estrogen, and sport environment/social differences
between males and females [33]. Considering differences
in neuroanatomy, females have a greater area of unmyelinated neuronal processes, while males have a greater number
of cortical neuronal densities [36]. In regards to cerebrovascular differences, researchers have suggested that females
have a higher cerebral blood flow rate, coupled with a
higher basal rate of glucose metabolism which may exacerbate the neurometabolic cascade [37]. Finally, researchers
have differing conclusions regarding the potential protective
or detrimental effect of estrogen on concussion outcome
[38]. Nonetheless, continued research in this area is warranted. Despite the growing body of research on sex differences in concussion among athletes, the clinical management
of concussion has been slow to recognize differences among
males and females when sex differences are taken into
account.
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Clinical Management of Female and Male Concussed
Athletes
The clinical evaluation and management of sports-related
concussion consists of three parts: a detailed clinical interview (that identifies the mechanism of injury, acute/subacute
symptoms, current symptoms, and relevant history), neurocognitive assessment, and a vestibular/balance screening.
Based on the clinical experience of one of the co-authors
of this paper (S.B.) and a search of evidence-based research,
sex differences have not been observed or documented on
vestibular screening measures. Regarding symptom reporting, Frommer et al. [39] reported that males traditionally
endorse more symptoms related to cognitive difficulties,
while females tend to focus more on neurobehavioral and
somatic symptoms. Females also reported greater symptom severity and intensity [39]. Despite empirical evidence for sex differences among athletes in self-reported
symptoms, the clinical care and management of concussion focuses on treatment of the direct symptoms reported
by the individual athlete during a clinical evaluation.
While differences in symptom typology and severity exist, clinicians treating concussion should tailor treatment
to the specific symptoms reported by the injured athlete,
despite the empirically supported differences among
sexes.
Clinicians using ImPACT for the evaluation, management, and treatment of sports-related concussion in the
clinical setting should be performing assessment of neurocognitive function on the basis of sex-corrected normative
data. While other measures exist in the assessment of neurocognitive performance in athletes following concussion,
using an assessment measure that takes sex differences into
account reduces the risk of misinterpreting neurocognitive
data on the basis of sex bias norms within the clinical
setting. Sex differences have been reported in athletes on
the basis of neurocognitive test performance [33, 35] and
symptom endorsement [39]; however, clinical observation
suggests that greater differences may exist.
The empirical findings on sex differences in sport-related
concussion warrant clinical considerations when assessing
concussion among male and female athletes. Clinicians
managing sports-related concussion should consider three
factors regarding sex differences: risk factors, clinical presentation, and management. Male and female athletes differ
significantly in terms of concussion-related risk factors [40].
For example, female athletes are at a higher risk for migraine headaches [40], which may relate to worse postconcussion outcomes. A previous research has shown that
the prevalence for personal or family history of migraine
headaches may be as high as five times more likely in
female athletes as opposed to male athletes [40]. Given this
information, clinicians should consider that headache

423

presentation may be more prevalent in female athletes than
in male athletes which in turn will impact management of
symptoms. In addition, course of treatment for concussion
in female athletes may eventually require behavioral interventions regarding regulation of diet, sleep, hydration, exercise, and reducing stress when headache symptoms
present as lingering sequelae of concussion.
Clinical observations and experiences have shown that
female athletes may present with higher rates of anxiety and
may take longer to recover from concussion when compared
to males, which may in turn impact presentation and management of sports-related concussion. However, further research is needed to determine the extent or likeliness that
these differences exist. Conversely, male athletes often present with higher rates of previous concussions or suspected
prior events and may be less likely to report concussive
injuries [41]. It is not surprising that, based on clinical
anecdote, male athletes may underreport symptoms as well
as symptom severity possibly in an effort to return to the
desired sport. Implications in turn exist for presentation and
management, as male athletes may attempt to present as less
symptomatic or even asymptomatic in order to expedite
return-to-play. Therefore, clinicians must consider this information when making concussion management as well as
return-to-play decisions. Given that this information is
based on clinical observation and experience, further research is necessary to develop tools and rating measures
beyond self-report scales and neurocognitive data as a
means of identifying the presentation of concussion.
While a significant amount of empirical literature exists
regarding sex differences on risk and outcome following
sports-related concussion, further research is needed to determine the extent to which sex differences have on the
clinical presentation, management, and recovery from concussion. Finally, future clinical research is needed to close
the gap between clinical and nonclinical studies on the
differences between male and female concussed athletes.

References
1. McCrea M, et al. Unreported concussion in high school football
players: implications for prevention. Clin J Sport Med. 2004;14
(1):13–7.
2. Guskiewicz K, Ross S, Marshall S. Postural stability and neuropsychological deficits after concussion in collegiate athletes. J Athl
Train. 2001;36(3):263–73.
3. Guskiewicz KM, et al. National Athletic Trainers' Association
Position Statement: management of sports-related concussion. J
Athl Train. 2004;39(3):280–97.
4. Bernhardt D. Football: a case-based approach to mild traumatic
brain injury. Pediat Annal. 2000;29:172–6.
5. Schatz P. Long-term test-retest reliability of baseline cognitive
assessments using ImPACT. Am J Sports Med. 2010;38(1):47–53.

424
6. Barth, J.T., et al., eds. Mild head injury in sports: neuropsychological sequelae and recovery of function. Mild Head Injury, ed. H.
Levin, H. Eisenberg, and A. Benton. 1989, Oxford University
Press: New York, NY. 257-275.
7. Macciocchi SN, et al. Neuropsychological functioning and recovery after mild head injury in collegiate athletes. Neurosurg.
1996;39(3):510–4.
8. Schatz P, Zillmer EA. Computer-based assessment of sportsrelated concussion. Appl Neuropsychol. 2003;10(1):42–7.
9. Iverson GL, Lovell MR, Collins MW. Validity of ImPACT for
measuring attention, processing speed following sports-related
concussion. J Clin Exp Neuropsychol. 2005;27:683–9.
10. Iverson GL, et al. Construct validity of computerized neuropsychological screening in athletes with concussion. Arch Clin Neuropsychol. 2004;19:961–2.
11. Schatz P, et al. Sensitivity and specificity of the ImPACT test battery
for concussion in athletes. Arch Clin Neuropsychol. 2006;21:91–9.
12. Covassin T, et al. Immediate post-concussion assessment and
cognitive testing (ImPACT) practices of sports medicine professionals. J Athl Train. 2009;44(6):639–44.
13. Lau B, Collins M, Lovell M. Sensitivity and specificity of subacute
computerized neurocognitive testing and symptom evaluation in
predicting outcomes after sports-related concussion. Am J Sports
Med. 2011;39(6):1209–16.
14. Meehan, W., et al., Computerized neurocognitive testing for the
management of sport-related concussion. Pediatr. 129(1): p. 38-44.
15. 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(2):311–9.
16. Participation in high school sports increases again; confirms the
NFHS commitment to stronger leadership. National Federation of
State High School Associations. [cited 2008 April 22]; Available
from: http://www.nfhs.org/web2006/09/participation_in_high_
school_sports_increases_again_confirms_nf.aspx.
17. NCAA. NCAA participation rates going up. At least 444,000
student-athletes playing on 18,000 teams 2011 January 11, 2012.
18. DeHaas DM. 1981–82–2007–08 NCAA sports sponsorship and
participation rates report. Indianapolis: National Collegiate Athletic Association; 2009.
19. NFHSA. Participation in high school sports increases again; confirms NFHS commitment to stronger leadership. National Federation of State High School Associations 2008 February 28, 2007;
Available from: http://www.nfhs.org/web/2006/09/participation_
in_high_school_sports_increases_again_confirms_nf.aspx.
20. Lovell MR. The neurophysiology and assessment of sports-related
head injuries. Neurol Clin. 2008;26:45–62.
21. Gessel LM, et al. Concussions among United States high school
and collegiate athletes. J Athl Train. 2007;42:495–503.
22. Covassin T, Swanik C, Sachs M. Sex differences and the incidence
of concussions among collegiate athletes. J Athl Train. 2003;38
(3):238–44.

Transl. Stroke Res. (2013) 4:420–424
23. Marar M, et al. Epidemiology of concussions among United States
high school athletes in 20 sports. Am J Sports Med. 2012;40
(4):747–55.
24. Lincoln A, et al. The American journal of sports medicine trends in
concussion incidence in high school sports: a prospective 11-year
study. Am J Sports Med. 2011;39(5):958–63.
25. Tierney RT, et al. Gender differences in head-neck segment dynamic stabilization during head acceleration. Med Science in Sport
Exer. 2005;37:272–9.
26. Schneider K, Zernicke RF. Computer simulation of head impact:
estimation of head-injury risk during soccer heading. Int J Sport
Biomech. 1988;4:358–71.
27. Barnes B, et al. Concussion history in elite male and female
soccer players. American Journal of Sports Medicine. 1998;26
(3):433–8.
28. Weiss E, et al. Sex differences in cognitive functions. Personality
and Individual Differences. 2003;35:863–75.
29. Kimura D, Clarke P. Women's advantage on verbal memory is not
restricted to concrete words. Psychol Report. 2002;91:1137–42.
30. Covassin T, et al. Sex differences in baseline neuropsychological
function and concussion symptoms of collegiate athletes. Br J
Sports Med. 2006;40(11):923–7. discussion 927.
31. Lewis R, Kamptner N. Sex differences in spatial task performance
of patients with and without unilateral cerebral lesions. Brain
Cogn. 1987;6(2):142–52.
32. Halpern, D., ed. Sex differences and cognitive abilities 3rd ed., ed.
N. Mahwah. 2000, Lawrence Erlbaum Associates Inc.
33. Broshek DK, et al. Sex differences in outcome following sportsrelated concussion. J Neurosurg. 2005;102(5):856–63.
34. Colvin A, et al. The role of concussion history and gender in
recovery from soccer-related concussion. Am J Sports Med.
2009;37(9):1699–704.
35. Covassin, T., et al., Sex and age differences in depression and
baseline sport-related concussion neurocognitive performance
and symptoms. Clin J Sport Med, 2012.
36. de Courten-Myers GM. The human cerebral cortex: gender differences in structure and function. J Neuropathol Exper Neurol.
1999;58:217–26.
37. Esposito G, et al. Gender differences with cerebral blood flow as a
function of cognitive state with PET. J Neurologic Med.
1996;37:559–64.
38. Emerson CS, Headrick JP, Vink R. Estrogen improves biochemical
and neurologic outcome following traumatic brain injury in male
rats, but not females. Brain Res. 1993;608:95–100.
39. Frommer L, et al. Sex differences in concussion symptoms of high
school athletes. J Athl Train. 2011;46(1):76–84.
40. Ebell M. Diagnosis of migraine headache. American Family Physician. 2006;74(12):2087–8.
41. Guskiewicz KM, et al. Epidemiology of concussion in collegiate
and high school football players. Am J Sports Med. 2000;28
(5):643–50.

