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ABSTRACT 

 

There is conflicting information about the safety of heading by soccer players because of 

the potential deleterious effects of accumulated subconcussive blows. The purpose of this 

study is to examine whether there are short-term or longer-term cognitive effects of 

repeated subconcussive impacts in collegiate female soccer players. The relationship 

between number of headers and cognitive processing was examined in collegiate female 

soccer players over the course of a typical soccer season. Analyses revealed no 

significant changes in cognitive function across the soccer season for the athletes as 

individuals or as a group. Results suggest that frequency of headers do not have a 

measurable impact on cognitive performance. 
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INTRODUCTION 

Soccer & concussion 

Head injuries occur in a variety of contact sports. A number of factors are 

considered when describing sports-related head injuries, including the use of helmets, the 

type of helmet contact (helmet-to-helmet, impact on the ground, etc.), acceleration and 

deceleration forces, impact location, and history of previous head injury (Crisco et al., 

2011). The Centers for Disease Control and Prevention collects information about injury 

rates and types in children over 19 years of age in their National Electronic Injury 

Surveillance System–All Injury Program (NEISS-AIP). For the years 2001-2009, there 

was a 62% increase in the number of sports- and recreation-related emergency room 

visits for non-fatal traumatic brain injury (Gilchrist, 2011). For 15-19 year olds, such 

injuries resulting from participation in soccer accounted for 6.7% of reported injuries in 

males and 16.0% in females.  

Soccer is one of the most popular contact sports in the world, and participation 

continues to increase. The number of players registered with the Fédération Internationale 

de Football Association (FIFA) has increased by 10% since 2000, with women’s 

registration increasing more than 50% to 4.1 million, with 2.9 million female youth 

players (FIFA, 2006). In a study of a group of men’s and women’s collegiate soccer 

teams, the overall incidence of concussion was reported to be .96 per team, per season, 

with incidence being .49 concussions for every 1000 athlete exposures, calculated using 

number of games, practices, and players in a season (Boden, Kirkenfall & Garrett, 1998). 

Along with football, ice hockey, wrestling, and men’s and women’s lacrosse, both male 

and female soccer players were found to have high risk for concussion (Covassin, Swanik 
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& Sachs, 2003). In addition to the increased risk for sustaining subsequent concussions, a 

history of such mild traumatic brain injuries is associated with poorer performance on 

neurocognitive tests, specifically for women (Colvin et al., 2009).  

Cumulative Effects of Sports-Related Concussion 

There is a growing, though still inconclusive, body of evidence suggesting that the 

effect of multiple concussions on cognitive performance in an athlete is cumulative. This 

effect has been documented in athletes participating in helmeted contact sports (e.g., 

American football, hockey, rugby) and non-contact sports like horse-racing, where 

researchers have found (using both neurocognitive and electrophysiological testing) that 

an athlete who has had multiple concussions is at an increased risk of subsequent 

concussions, with prolonged recovery time (Belanger, Spiegel & Vanderploeg, 2010; 

Gaetz, Goodman & Weinberg, 2000; Guskiewicz et al., 2003; Thornton, Cox, Whitfield 

& Fouladi, 2008; Wall et al., 2006). Athletes with previous concussions participating in 

both helmeted and un-helmeted sports also reported more symptoms during baseline 

testing, specifically headache, memory problems, and an overall “slowness”, and they 

experienced more severe symptoms in the acute stage of a concussion (Iverson, Gaetz, 

Lovell & Collins, 2004). Additionally, recent research suggests potentially severe long-

term effects of multiple concussions, including increased risk of developing 

neurodegenerative diseases (e.g., Alzheimer’s disease, Parkinsonism) especially with loss 

of consciousness accompanying concussion (Bazarian, Cernak, Noble-Haeusslein, 

Potolicchio & Temkin, 2009; Chen, Richard, Sandler, Umbach & Kamel, 2007).  

While athletes with a history of one concussion perform similarly on 

neurocognitive testing to those with two concussions, athletes with a history of three or 
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more concussions demonstrate significantly decreased neurocognitive function, 

specifically in memory tasks (Gaetz et al., 2000; Iverson, Echemendia, Lamarre, Brooks 

& Gaetz, 2012; Iverson, Brooks, Lovell & Collins, 2006; Macciocchi, Barth, Littlefield & 

Cantu, 2001; Theriault, De Beaumont, Tremblay, Lassonde & Jolicoeur, 2011).  

Another area of research involves the effects of subconcussive impacts. These are 

impacts to the body or head that do not result in a concussion. Researchers have found 

evidence that high school football players experience a significant number of 

subconcussive impacts in which the force exceeds the estimated magnitude necessary to 

cause concussion. It is hypothesized that these accumulated impacts decrease an 

individual’s ability to withstand subsequent subconcussive blows (Broglio, Eckner, 

Martin, Sosnoff, Kutcher & Randolph, 2011). This means that after repeated 

subconcussive blows, an athlete may incur a concussion from an additional blow that is 

below the magnitude necessary to cause a concussion. In another study of high school 

football players, researchers used functional magnetic resonance imaging to determine 

the effect of subconcussive impacts and found considerable neurophysiological 

alterations related to frequency and number of impacts (Breedlove et al., 2012). Players 

who experience concussion during contact sports exhibit negative effects on 

neuropsychological testing, and the longer a player is active in the sport (i.e., increased 

exposure) the more likely he or she will experience more mild traumatic brain injuries. 

These repeated impacts are associated with poorer performance on neuropsychological 

tests (Belanger et al., 2010).  

The overall conclusions that can be drawn from this literature are attenuated by 

quite a few methodological factors, including: variability in subject selection criteria 
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(sport type, age, gender, etc.); generally small sample size; timing and frequency of 

injury, initial and follow-up testing, and return to play post-injury; heavy reliance on self-

report for concussion history; and the variety of testing methods and batteries used to 

assess concussion and cognitive function.   

  Heading and Brain Injury 

As noted above, soccer is becoming more popular, and players may be at risk for 

concussion due to a key maneuver, heading. In heading, the player uses his or her head to 

redirect the ball. The mechanics of heading involve a complex interaction between the 

player and ball, complicated by whether the player is on the ground, jumping, or in the air 

and by the presence of other players (Kirkendall & Garrett, 2001). In collegiate soccer, 

many head injuries are the result of head-to-head contact between players (28%), 

followed by non-heading contact with the ball and head (24%), and also contact with the 

ground following loss of balance (Boden et al., 1998). While no concussions were 

reported to be the result of routine heading, there was conflicting information about the 

safety of the practice because of the potential deleterious effects of accumulated 

subconcussive blows. However, this has not been well-documented, and many studies 

dispute the assertion. 

Using paper and pencil neurologic tests, electroencephalography, and computer 

tomography, early studies of heading found evidence for both acute and long-term 

negative effects of heading. In a series of studies, researchers concluded that the practice 

of heading resulted in significant cognitive deficits in some players, with some data 

indicating the likelihood of a cumulative effect of concussion and heading frequency 

(Sortland & Tysvaer, 1989; Tysvaer & Lochen, 1991; Tysvaer & Storli, 1981, 1989). 
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However, many changes have taken place in the game, and the development of new 

technology and diagnostic techniques has increased our understanding and identification 

of mild traumatic brain injury. Of particular significance is the current use of a soccer ball 

that does not retain water, unlike the leather ball used during the careers of many players 

in the initial heading studies (Kirkendall & Garrett, 2001). 

While some evidence indicated that soccer participation poses no greater risk for 

neurocognitive impairment than participation in other contact or non-contact sports at the 

youth level, research comparing soccer players to control groups suggested that negative 

changes do occur (Guskiewicz, Marshall, Broglio, Cantu & Kirkendall, 2002). Research 

at the collegiate level comparing soccer players to non-contact and contact controls also 

indicated a relationship between increased exposure to heading and poorer performance 

on neuropsychological tests (Matser, Kessels, Lezak, Jordan & Troost, 1999; Rutherford, 

Stephens, Potter & Fernie, 2005). When compared with non-athlete controls and players 

who self-identified as infrequent headers, soccer players who self-identified as frequent 

headers performed significantly worse on neuropsychological tests (Witol & Webbe, 

2003). 

While the early studies brought attention to the possible dangers of heading, some 

more recent findings are less conclusive and researchers have more available methods to 

measure brain injury, including computerized neuropsychological and neurochemical 

tests. When pre- and post-neuropsychological test performance was compared over the 

course of a female youth soccer season and following a short heading practice, 

researchers found no evidence of acute brain damage (Kaminski, Cousino & Glutting, 

2008; Rieder & Jansen, 2011). 



 

 

6 

 

Using computerized neuropsychological testing at the end of a season, researchers 

also found no significant negative effects in low, moderate, or high frequency heading 

groups in youth soccer players (Kontos, Dolese, Elbin, Covassin & Warren, 2011). 

Another study looked for neurochemical evidence of acute brain damage following a 

short heading practice by measuring biomarkers of damage to brain tissue in 

cerebrospinal fluid and serum. The researchers found no indication of brain damage as 

measured by changes in metabolic function within the brain (Zetterberg et al., 2007). 

Other research did not show a significant relationship between heading and neurological 

damage, but it did not rule out the possibility that heading may still intensify previous 

damage or accumulate with acute brain injuries (Jordan, Green, Galanty, Mandelbaum, & 

Jabour, 1996). 

Contributing to the conflicting evidence of heading risk are methodological issues 

and an incomplete understanding of damage thresholds and recovery rates (Bazarian, 

Zhu, Blyth, Borrino & Zhong, 2012). One critical component is determining the 

appropriate length of a recovery period following concussive injury before including a 

player in a heading study. Complicating this issue is the question as to whether diagnostic 

measures will indicate recovery when brain damage actually persists (Schatz, Pardini, 

Lovell, Collins & Podell, 2006). Factors that may affect recovery time include type of 

impact (head-to-head, head-to-ball, head-to-ground); the combination of acceleration, 

linear, and rotational forces that caused the injury; and an individual player’s history of 

concussion. In particular, a history of previous concussion can confound the results of 

studying heading alone because of the cumulative effect of multiple concussions (Gaetz 

et al., 2000). Another important issue to consider is the method of data collection. A basic 
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component of this research is calculating heading frequency, but the reliance on player 

estimates for data collection reduces the accuracy and validity of the research 

conclusions. As longitudinal studies may be needed to establish the relationship between 

heading and neuropsychological damage, accurate heading frequency data may be 

difficult to collect.  

Sex Differences in Soccer-Related Head Injuries  

Most of the research on heading in soccer is conducted on male participants, but 

females are participating in soccer in growing numbers, with increased incidence of 

concussion compared to male players (Boden et al., 1998; FIFA, 2006). The history and 

incidence of concussion in male and female soccer players varies by report, but the trend 

is toward an increase in overall incidence, specifically in the female population. 

Concussions represented 6.2 percent of all injuries reported to the National Collegiate 

Athletic Association Injury Surveillance System (ISS) in a study of 15 intercollegiate 

sports conducted over three years (Covassin et al;, 2003). It was also reported that 11.4% 

of injuries to female soccer players were concussions experienced during game play 

(second only to women’s lacrosse players at 13.9%), and concussion accounted for 2.4% 

of injuries sustained during practice. 

In a study of soccer players competing in an Olympic soccer festival, 89% of men 

and 43% of women reported a history of concussion (Barnes et al., 1998). However, the 

report excluded mild injuries, defined as those which (a) did not result in loss of 

consciousness or concussion sequelae, (b) did not require attention from a physician or 

trainer, and (c) did not limit participation in subsequent practices and games. In a study of 

seven men’s and eight women’s Division I varsity soccer teams conducted over two 
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seasons, overall incidence of concussion was 0.96 per 1000 athlete exposures for each 

team each season (Boden et al., 1998). The ratio of concussion incidence between male 

and female players decreased from the first to second seasons (1.6 to 1.3) due to an 

increase in concussion in the female players. 

Use of Headgear  

Headgear (i.e., helmet, protective headband) is not routinely used in practice or 

game play, but some research has found headgear to be effective in reducing the risk of 

concussion resulting from head-to-head and head-to-ground collisions, although not 

head-to-ball collisions. Comparing adolescent soccer players wearing headgear versus 

no-headgear, the players who wore headgear experienced fewer concussions (Delaney, 

Kashmiri, Drummond & Corea, 2007). However, the effects of acceleration/deceleration 

forces are different for men and women. Women have been found to experience 

increased head acceleration during heading with headgear, while headgear had a 

protective effect for men (Tierney et al., 2008). While these finding suggest an increased 

risk for concussion in female soccer players, it is also hypothesized that athletes may 

strike the ball harder while wearing headgear. Combined with the lower neck strength in 

women, this may account for the apparent increased risk.  

ImPACT Reliability and Validity 

 The ImPACT, Immediate Post-Concussion Assessment and Cognitive Testing 

(“About ImPACT,” 2012), is a computerized neurocognitive test designed to provide 

both baseline levels of cognitive functioning and an evaluation of neurocognitive 

functioning following a suspected concussion. Additionally, the test includes a symptom 

severity rating scale. The test purports to assess the following areas: attention span, 
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working memory, sustained and selective attention time, response variability, non-verbal 

problem solving, and reaction time. Scores from the ImPACT include symptom score, 

subtest scores and four composite scores: Verbal Memory, Visual Memory, Visual 

Motor, and Reaction Time (“About ImPACT,” 2012). Composite scores are derived from 

a combination of scores on different tasks. Examples of subtest tasks include word 

discrimination, symbol and color matching, and three letter memory. The Verbal Memory 

Composite score is comprised of the average of the total memory percent correct, symbol 

matching, and three-letter memory scores. The test was designed by Mark Lovell and 

Joseph Maroon, and much of the work evaluating reliability and validity was conducted 

by Lovell and another co-founder of ImPACT Applications, Inc., Michael Collins.  

In terms of construct and concurrent validity, Iverson, Lovell, and Collins (2005) 

tested athletes who sustained a concussion and found that the Speed/Reaction Time and 

Memory Composite scores on the ImPACT measured similar constructs to those assessed 

by a traditional neuropsychological battery, the Symbol Digit Modalities Test. In 

contrast, results from a factor analysis examining construct and concurrent validity 

indicated that the test components did not exactly match the composite structure designed 

by the authors (Allen & Gfeller, 2011). For example, separate verbal and visual memory 

composites are computed; however visual and verbal memory tasks both loaded on a 

single “memory” factor.  These findings suggest that composite scores should be 

interpreted with caution.  

The ImPACT has been found to have both reasonably valid baseline results and 

test-retest reliability. In recent years, the ImPACT has transitioned from a desktop 

software format to an online format. In a study of composite scores and total symptom 
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scores on baseline tests in high school and college athletes, researchers found the online 

version of the ImPACT had fewer invalid indicators than the desktop version, with 95.9% 

of composite scores and subtests with no invalid indicators reported (Schatz, Moser, 

Solomon, Ott & Karpf, 2012). In addition, the rate of invalid test results on the online 

version was only 1.3% for female collegiate athletes. The ImPACT baseline composite 

scores were also found to be relatively stable over a one to two year period, with some 

data indicating the online version is more reliable than the desktop version (Elbin, Schatz, 

& Covassin, 2011; Schatz, 2009).   

The ImPACT has also been found to be generally sensitive and specific enough to 

identify concussions in athletes when compared to uninjured controls (Schatz, Pardini, 

Lovell, Collins & Podell, 2006). In a study of healthy male and female adolescent and 

young adult athletes, the Post-Concussion Scale (a subjective self-report of symptom 

severity in the ImPACT battery) was found to have high consistency reliability (Lovell et 

al., 2006). While women reported more symptoms at baseline, this difference was not 

considered significant post-injury. 

In addition to issues of reliability and validity of the test itself, one must consider 

factors related to how the test is administered. Due to the fact that the ImPACT is often 

administered to large groups for baseline testing (e.g., entire sports teams), group 

administration is common. However, some data indicate group administration may affect 

performance on computerized neurocognitive tests; therefore testing conditions post-

injury should be similar to baseline conditions (Moser, Schatz, Neidzwski & Ott, 2011). 
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Research Questions and Hypotheses 

The purpose of this study was to examine whether there are short-term or longer-

term cognitive effects of repeated subconcussive impacts in collegiate female soccer 

players. Given evidence of the effects of heading on cognitive function and women’s 

increased susceptibility to concussion, it is hypothesized that (1) an increased number of 

headers will result in decreased cognitive function and increased symptoms scores, and 

(2) negative change in cognitive and symptom score across the season will be greater 

with a greater number of headers. 

METHODOLOGY 

Participants 

There were 14 participants from the Rice women’s soccer team. All were between 

age 18 and 23, female, and enrolled at Rice University. Only females were included to 

create a homogeneous group for this relatively small study because previous research 

suggests headers affect females more than males (Tierney et al., 2008). Collegiate 

athletes were selected because they have access to concussion specialists, and there is a 

standard return-to-play protocol reportedly implemented for athletes with concussions.  

Potential participants with recent concussions were excluded to minimize the chance of 

lingering cognitive effects, as well as the chance that a sub-concussive blow would result 

in dramatic changes in cognitive function.  Participants were all concussion-free for at 

least six months, with only three participants reporting a history of concussion one year 

or more prior to baseline testing. Demographic information for the participants is 

presented in Table 1. 
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Table 1   

Demographic Data 

 Mean (S.D)   Range 

Age 19.07 (1.328) 18-22 

Years of education 13.00 (1.177) 11-15 

Number of years playing collegiate 

soccer 

1.08 (1.256) 0-3 

Number of diagnosed concussions 0.36 (0.845) 0-3 

Number of headers 

   Entire team 

   High header group 

   Moderate header group 

   No header group 

 

28.71 (22.56) 

59.25 (5.80) 

23.57 (4.65) 

0.00 

 

0-67 

53-67 

17-28 

0-0 

 

Methods 

Participants completed the ImPACT (Iverson et al., 2005; Lovell, et al., 2006) 

four times during the 2012-2013 season (baseline, mid-season, immediate post-season, 

delayed post-season). The online version of the ImPACT was administered alone and in 

small groups by the Rice University athletics trainer who also administers the baseline 

and post-injury ImPACT tests used if an athlete sustains a concussion. The ImPACT was 

administered in a computer lab on the Rice campus per standard procedures set by Rice 

Athletics. As reported by the athletic trainer, none of the athletes completed the ImPACT 

testing following practice or games.  

A subset of practices and approximately 30% of games were observed and 

videotaped to count the number of headers for each participant to determine header group 
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assignment. The videos were reviewed and the time and number of headers per player 

was recorded. Game footage chosen for review was selected based on quality of the video 

to ensure header counts were accurate. Reliability of header counts was assessed by 

reviewing game and practice footage a second time and found to be approximately 75% 

accurate. After headers were counted, participants were divided into groups based on the 

number of headers. Upon visual inspection, the participants fell into three, non-

overlapping  groups: No header group (0 observed), Moderate header group (17-28 

observed), High header group (53-67 observed).  

RESULTS 

The independent variable was the number of headers. The dependent variables were 

ImPACT scores (composite and symptom scores). Average ImPACT Composite Scores 

are presented in Table 2, and Total Symptom Scores are presented in Table 3. Individual 

scores are presented in Appendix A. 

T-Test 

To assess change in cognitive function over the course of the season, a series of 2-

tailed paired sample t-tests were conducted on the four baselines and end-of-season 

ImPACT composite scores. No significant difference was obtained on the Verbal 

Memory Composite score t(13) = 1.265, p = .228, the Visual Memory Composite score 

t(13) = 1.438, p = .174, the Reaction Time Composite score t(13) = 1.750, p = .104, or 

the Total Symptom Score t(13) = 1.310, p = .213. While there was a significant increase 

from baseline to end-of-season on the Visual-Motor Composite score t(13) = 3.294, p = 

.006, the amount of change falls within the range of acceptable variation (Iverson et al., 

2003). 
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Table 2 

ImPACT Composite Scores 

ImPACT scores Mean (S.D) Range 

Verbal Memory  

 

   Baseline 

   Mid-Season 

   End-of-Season 

   Follow-Up 

88.93 (8.398) 

93.36 (8.025) 

92.36 (8.130) 

91.71 (12.388) 

73-100 

71-100 

72-100 

54-100 

Visual Memory  

 

   Baseline 

   Mid-Season 

   End-of-Season 

   Follow-Up  

75.71 (17.407) 

83.71 (16.578) 

82.07 (12.976) 

82.79 (12.951) 

45-100 

33-100 

55-100 

58-100 

Visual Motor  

 

   Baseline 

   Mid-Season 

   End-of-Season 

   Follow-Up 

43.97 (5.80) 

44.45 (7.10) 

46.52 (5.71) 

46.36 (5.37) 

27.83-50.95 

28.85-51.68 

32.75-52.47 

30.88-52.40 

Reaction Time  

 

Baseline 

   Mid-Season 

   End-of-Season        

   Follow-Up 

0.56 (0.06) 

0.55 (0.05) 

0.53 (0.07) 

0.55 (0.08) 

0.48-0.66 

0.48-0.61  

0.41-0.63  

0.43-0.71  

 

Table 3 

Total Symptom Scores 

Total Symptom Scores Mean (S.D) Range 

Baseline 

Mid-Season 

End-of-Season 

Follow-Up 

6.14 (7.430) 

4.14 (8.874) 

4.00 (7.686) 

3.36 (5.555) 

0-27 

0-33 

0-29 

0-17 
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Nonparametric Independent Samples Median Tests 

Analyses were conducted to assess potential group differences related to the 

number of headers. Difference scores for the ImPACT composites were calculated by 

subtracting the end-of-season scores from the baseline scores. Due to the small number of 

participants in each subgroup, nonparametric independent sample median tests were 

conducted to examine group differences. No significant differences were observed on the 

Verbal Memory Composite score (p = 1.000), Visual Memory Composite score (p = 

.097), the Visual Motor Composite score (p = .368), or the Total Symptom score (p = 

.788). See Table 4. Although high variability across test administrations was noted in the 

high header group for both Visual Memory and Visual-Motor Speed Composite scores, 

these scores fall within the range of acceptable variation (Iverson, Lovell, & Collins, 

2003). 

  

Table 4 

 Nonparametric Independent Samples Median Test 

Composite Score df F 
Sig. 

Verbal Memory 2 0.000 1.000 

Visual Memory 2 4.667 .097 

Visual Motor 2 2.000 .368 

Total Symptom 2 0.476 .788 
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Repeated Measures ANOVA 

Repeated measures ANOVAs were conducted to examine change over time on 

composite score and symptom score variables in header groups. The between subject 

variable (number of headers) had three levels (no headers, mid-headers, high-headers).  

The results indicate no significant difference across ImPACT test administrations for the 

Verbal Memory Composite scores, Visual Memory Composite scores, Reaction Time 

Composite scores (all p>.10), and for Total Symptom scores (p = .55). See Table 5. 

As the dependent variable had three levels, Mauchly’s test of sphericity was used 

to validate the assumption of equal variance between all combinations of the groups and 

ensure an accurate F-ratio. Mauchly’s test indicated that the assumption of sphericity had 

been violated for the Visual-Motor Speed Composite score, 2 (5) = 11.16, p = .049; 

however, the results showed that there was no significant difference between mean 

Visual-Motor Speed Composite scores across ImPACT test administrations Greenhouse-

Geisser F(1.91, 3.82) = 3.29, p = .06). See Table 5. 

 

Table 5 

 Repeated Measures ANOVA Results 

Composite Score df F Sig. Greenhouse-

Geisser 

Verbal Memory (3,6) 4.34 .730 ---- 

Visual Memory (3,6) 1.09 .367 ---- 

Visual Motor (1.91, 3.82) 3.29 .059 .06 

Reaction Time (3,6) 1.862 .155 ---- 

Total Symptom (3,6) .721 .546 ---- 
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DISCUSSION 

It was hypothesized that (1) an increased number of headers would result in 

decreased cognitive function and increased symptoms scores, and (2) negative change in 

cognitive and symptom score across the season would be greater with a greater number of 

headers. The results did not support these hypotheses. There were no significant negative 

changes in cognitive function across the soccer season for the individual athletes or for 

header groups. Iverson et al. (2003) found that there was a large range of normal 

variation across test administrations (ranging from -3 to +14 points, depending on 

composite score), and the variation in individual participants’ scores in the present study 

fell within the ranges of normal variation for each composite. Additionally, there was no 

significant difference in symptom scores across test administration.   

Test-retest reliability estimates for the ImPACT are based on intervals of 1-2 

years (Elbin et al., 2011). For the current study, repeated administrations of the test 

occurred within a four month interval; therefore it is possible that practice effects could 

have effectively reduced the test’s sensitivity to cognitive changes, specifically if changes 

from subconcussive impacts were less evident than those resulting from a concussion. It 

is possible that a different testing schedule may have resulted in different results. 

Additionally, it is possible that the cumulative effects of subconcussive blows may not 

become evident during the relatively short period of time encompassed by this study. 

While there was a trend toward an increase in performance on Visual-Motor 

composite score, many factors influence the capacity of change on this measure to 

indicate a significant change in cognitive function. Some researchers have found that 

athletes intentionally underperform on baselines cognitive assessments to reduce the 
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recovery time necessitated after a concussion, as they would be able to return to play 

before returning to true baseline function (Bailey, Echemendia, & Arnett, 2006). 

Although the increase in Visual-Motor performance may indicate that the participants in 

this study under-performed on the test during the baseline assessment, there are measures 

built into the ImPACT program to flag scores that appear to reveal inadequate effort or 

variable (Iverson et al., 2003). No participant in the current study was flagged for 

inadequate effort. Additionally, this composite score may be more susceptible to practice 

effects than the other composite scores, which may obscure any deleterious effect of 

heading.   

The lack of significant differences in cognitive performance across the header 

sub-groups was unexpected, especially given the large difference in number of headers in 

the no-header and high-header groups. However, the subgroups were small (only 3-4 

participants per group), and the high-header group evidenced highly variable 

performance on the Visual-Motor tasks. Both of these factors contribute to lowering the 

power of the analyses. Another explanation is that the blows incurred by headers did not, 

over the course of a soccer season, have a measurable impact on cognitive performance 

as measured by the ImPACT test.  

Limitations 

Some limitations of the results in this study should be noted. First, the sample size 

for this study was relatively small as it was limited to a single female collegiate-level 

soccer team, and only 14 players from the team consented to participate. Secondly, while 

the small sample size was needed to establish a relatively homogenous group to control 

for extraneous factors, the participants were all students at a university with rigorous 
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academic standards. While it is likely that the participants would have initially high 

intelligence and cognitive functioning, this was not confirmed with scores on 

achievement tests (e.g. ACT, SAT). The non-representative nature of the sample limits 

the extent to which the results can be applied to players who do not fit the profile of these 

participants.  

Additionally, researchers have found that heading is a dynamic practice resulting 

from the interaction of factors innate to the player (e.g., head mass, neck muscle strength) 

and those of each distinct game or practice scenario. These situational factors include, but 

are not limited to, whether the player is stationary or in motion, the trajectory and force of 

the ball and the intended target of the ball after heading (Spiotta, Bartsch, & Benzel, 

2011). Furthermore, studies examining the forces experienced by players wearing 

protective headgear have noted significant acceleration and deceleration forces (Tierney 

et al., 2008). The participants in this study were reported by the team trainer to have been 

trained in appropriate heading techniques during pre-season training, with feedback 

provided throughout the season. Players with less access to professional athletic trainers 

may not get thorough training in order to develop proper heading technique, and they 

may be more likely than the participants in this study to experience adverse effects from 

heading. 

Future Research 

This study expanded upon the current state of knowledge by testing cognitive 

function of female collegiate players at multiple points throughout a soccer season, and 

counting headers not only in games, but also during soccer practices. Further research 

with larger groups over longer periods of time is needed to elucidate the potential 
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deleterious effects of repeated heading on cognitive function in collegiate female athletes. 

It would also be of interest to incorporate brain imaging techniques to look at white 

matter changes along with more comprehensive neuropsychological testing, as previously 

undetectable neuropsychological function changes may become apparent with advancing 

technologies.   
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APPENDIX A 

 

ImPACT 1(Baseline): Immediate Pre-Season Administration  

 

 

ID 

 

Verbal 

Memory 

Composite 

score 

 

Visual 

Memory 

Composite 

score 

 

Visual-

Motor 

Composite 

score 

 

Reaction 

Time 

Composite 

score 

 

Impulse 

Control 

Composite 

score 

 

 

Total 

Symptom 

Score 

 

1 78 74 48.13 .50 2 15 

2 92 71 27.83 .61 5 0 

3 90 91 47.65 .54 0 3 

4 97 61 45.05 .54 15 27 

5 86 45 48.93 .48 15 6 

6 87 83 41.68 .57 7 7 

7 91 86 40.47 .64 0 7 

8 100 96 48.20 .66 2 6 

9 98 89 44.68 .52 6 2 

10 79 69 41.33 .58 8 3 

11 73 53 41.05 .60 3 10 

12 96 88 47.85 .49 6 0 

13 96 100 50.95 .49 4 0 

14 82 54 41.72 .63 9 0 
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ImPACT 2: Mid-season Administration 

 

ID 

 

Verbal 

Memory 

Composite 

score 

 

Visual 

Memory 

Composite 

score 

 

Visual-

Motor 

Composite 

score 

 

Reaction 

Time 

Composite 

score 

 

Impulse 

Control 

Composite 

score 

 

 

Total 

Symptom 

Score 

 

1 96 89 51.15 .60 2 0 

2 71 76 28.85 .58 4 6 

3 99 85 51.68 .52 3 0 

4 96 78 50.47 .48 8 33 

5 87 88 47.00 .48 16 0 

6 99 75 45.97 .57 7 7 

7 92 92 45.05 .61 2 3 

8 96 94 49.78 .50 2 9 

9 100 95 34.58 .58 9 0 

10 95 80 40.65 .56 5 0 

11 85 33 44.03 .63 10 0 

12 100 96 49.72 .49 3 0 

13 100 100 48.22 .49 6 0 

14 91 91 35.08 .55 5 0 
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ImPACT 3: Immediate Post-Season Administration 

 

 

ID 

 

Verbal 

Memory 

Composite 

score 

 

Visual 

Memory 

Composite 

score 

 

Visual-

Motor 

Composite 

score 

 

Reaction 

Time 

Composite 

score 

 

Impulse 

Control 

Composite 

score 

 

 

Total 

Symptom 

Score 

 

1 99 93 51.93 .51 2 0 

2 86 65 32.75 .54 3 0 

3 96 89 48.78 .58 2 2 

4 81 73 48.78 .51 9 29 

5 94 86 52.50 .51 17 0 

6 98 88 43.68 .61 11 2 

7 97 70 42.40 .56 5 3 

8 100 95 52.47 .48 4 8 

9 100 77 43.75 .46 12 1 

10 98 76 43.13 .62 10 8 

11 72 55 41.45 .63 9 1 

12 89 100 46.20 .45 6 0 

13 92 93 51.70 .41 8 0 

14 91 89 51.75 .55 6 2 
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ImPACT 4: Delayed Post-Season Administration 

 

 

ID 

 

Verbal 

Memory 

Composite 

score 

 

Visual 

Memory 

Composite 

score 

 

Visual-

Motor 

Composite 

score 

 

Reaction 

Time 

Composite 

score 

 

Impulse 

Control 

Composite 

score 

 

 

Total 

Symptom 

Score 

 

1 98 100 50.33 .46 2 1 

2 79 58 30.88 .58 3 0 

3 100 75 46.63 .55 2 0 

4 85 76 48.65 .48 6 17 

5 97 70 50.90 .51 13 2 

6 95 73 46.35 .53 10 4 

7 95 81 46.10 .56 6 0 

8 100 92 52.40 .50 6 7 

9 98 94 42.47 .67 14 2 

10 93 90 45.18 .71 6 14 

11 54 69 45.40 .65 3 0 

12 100 96 43.28 .46 3 0 

13 97 99 49.97 .43 5 0 

14 93 86 50.53 .55 7 0 
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