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This exploratory study was designed to examine the neuropsychological effects of
sports-related head trauma—specifically, repetitive subconcussive impacts or head
blows that do not result in a diagnosable concussion. The researchers compared the
Immediate Post-Concussion Assessment and Cognitive Testing (ImPACT) neurocogni-
tive test scores of 2 groups of nonconcussed youth athletes (n =282), grouped according
to the frequency of concussions in their respective sports, with the assumption that more
subconcussive impacts occur in sports in which there are more reported concussions.
The results indicated that high-contact-sport (football) athletes had significantly poorer
performance in processing speed and reaction time compared with athletes in
low-contact sports (wrestling, soccer, baseball, judo, and basketball). This study into
the effects of repetitive subconcussive head trauma tentatively raises concern that par-
ticipation in high-contact sports, even without evidence of a diagnosable concussion,
could result in lowered neuropsychological functioning among high school athletes.
Limitations of this exploratory research effort are discussed.
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INTRODUCTION

The panel at the Fourth International Conference on
Concussion in Sport in 2012 defined concussion as “‘a
complex pathophysiological process affecting the brain,
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induced by biomechanical forces” (McCrory et al., 2013,
p. 250), associated with headaches, cognitive impair-
ment, irritability, sleep disturbance, amnesia, and in a
minority of individuals, loss of consciousness. While
understandable concern is raised about brain injury
caused by concussions, there is growing interest that
head trauma that falls short of a diagnosis of concussion
may also affect neurological functioning (Bailes,
Petraglia, Omalu, Nauman, & Talavage, 2013; Baugh
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et al., 2012; Broglio, Eckner, Paulson, & Kutcher, 2012;
Graham, Rivara, Ford, & Spicer, 2014). Evidence is
mounting that these nonconcussive impacts can result
in neuropathological changes, as observed early in clas-
sic studies of laboratory animals subjected to mild head
trauma (Denny-Brown & Russell, 1941) and currently
documented in advanced neuroimaging findings (Baugh
et al,, 2012; Lipton et al., 2013; McAllister et al., 2014).
Subconcussive head injury has emerged as a serious con-
cern in sports medicine as its repetitive occurrences may
increase the risk for chronic traumatic encephalopathy
(CTE) in athletes, especially participants in contact
sports such as football (Baugh et al, 2012; Harmon
et al,, 2013). Repetitive head trauma in professional
football was the target of a recent critical look at the
alleged denial of concussive brain damage by the
National Football League, with apprehensions about
the implications for high school and college players
(Fainaru-Wada & Fainaru, 2013).

Head injuries are observed in all youth sport activi-
ties, but the highest volume of concussion occurs in
football (Datalys Center for Sports Injury Research
and Prevention, 2013; Rosenthal, Foraker, Collins, &
Comstock, 2014). In football, it may be impossible to
avoid repetitive subconcussive injury that could occur
in nearly every play (Gavett, Stern, & McKee, 2011).
A high school or college football team may experience
thousands of subconcussive impacts during the course
of a single season (Duma et al.,, 2005; Greenwald, Gwin,
Chu, & Crisco, 2008). A study employing in-helmet
accelerometers with 449 high school football players
revealed more than 7,000 nonconcussive impacts per
team per season (Greenwald et al., 2008), while another
study utilizing similar biomechanical measures showed
that the average high school football player sustained
652 subconcussive impacts per season (Broglio et al.,
2011).

Studies on the effects of repetitive subconcussive
impacts have had mixed results, with some showing a
relation between such impacts on neurological function-
ing and others not. A recent investigation employing
head-impact telemetry placed in helmets of 46 collegiate
football players showed no clinically meaningful effect
of subconcussive impacts on neuropsychological test
scores and other clinical measures of neurologic func-
tions (Gysland et al., 2012). Additionally, a study of col-
legiate football players revealed that neurocognitive test
scores were not altered by a season of repetitive contact
in athletes who had not sustained a concussion (Miller,
Adamson, Pink, & Sweet, 2007). In contrast, researchers
who used head-impact telemetry placed in the helmets of
24 high school football players reported that a substan-
tial proportion of the players who did not sustain a con-
cussion showed significant functional magnetic
resonance imaging (fMRI) changes; the researchers also

observed significant relationships between the number
of blows sustained by an athlete and subsequent neuro-
physiological impairment (Breedlove et al., 2012). Fur-
thermore, an investigation on 11 high school football
players, ages 15 to 19 years old, revealed that 4 players
with no clinically observed symptoms associated with
concussion demonstrated measurable neurocognitive
and fMRI abnormalities (Talavage et al., 2013). The
authors suspected that repeated subconcussive collisions
in football produced subclinical impacts on the brain,
and they were concerned that the players’ continued
participation in practice and games could result in an
increased risk for CTE. Another recent investigation
applying a wild bootstrap permutation test showed that
15 high school athletes (football and hockey) with mul-
tiple subconcussive head blows had significant changes
in brain white matter that were more than 3 times more
than those of controls (Bazarian, Zhu, Blyth, Borrino, &
Zhong, 2012). Unfortunately, the small sample size
employed in these studies seriously limited the signifi-
cance of their results. The conflicting findings of these
few studies raise concerns that high school football
players compared with collegiate football players may
be at greater risk for neurologic injury from repeated
subconcussive hits, perhaps due to their stage of devel-
opmental maturation.

Efforts to investigate the neuropsychological per-
formance of athletes participating in sports that vary
in terms of head trauma occurrences have yielded
inconsistent findings. Barr (2003) obtained the base-
line scores of high school athletes on a brief battery
of neuropsychological tests and found no differences
in test scores among those playing football, soccer,
or field hockey. While there is a higher incidence of
concussion in rugby compared with lootball (Datalys
Center for Sports Injury Research and Prevention,
2013; Gardner et al., 2014), South African rugby
players and U.S. football players, ages 11 to 21 years
old, obtained equivalent neurocognitive measures on
the Immediate Post-Concussion Assessment and Cog-
nitive Testing (ImPACT; Shuttleworth-Edwards,
Whitefield-Alexander, Radloff, Taylor, & Lovell,
2009). In another study of repetitive head impacts,
the hypothesis that soccer players’ neuropsychological
performance would be poorer than that of rugby and
non-contact-sport players (e.g., basketball, tennis,
swimming) due to the cumulative subconcussive tra-
uma from regular soccer heading was not supported
(Stephens, Rutherford, Potter, & Fernie, 2010). On
the other hand, soccer players with the highest esti-
mate of heading had poorer scores on tests measuring
attention, concentration, cognitive flexibility, and gen-
eral intellectual functioning (Witol & Webbe, 2003).
Recently, McAllister et al. (2014) compared a cohort
of collegiate contact-sport athletes (football and ice
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hockey) with a non-contact-sport cohort (track, crew,
and skiing) employing diffusion tensor imaging
and varied neuropsychological tests. Although the re-
searchers found no difference between sport groups on
the ImPACT, they noted that a higher percentage of
contact-sport athletes performed more than 1.5 stan-
dard deviations below their predicted score on the
California Verbal Learning Test-Second Edition, sug-
gesting that repetitive head impacts affected the neu-
ropsychological condition of contact-sport athletes.

With the increased popularity of sports among youths, a
large number of young athletes are exposed to repetitive
head trauma and are at risk for brain injury in a wide var-
iety of contact sports, such as football, soccer, wrestling, ice
hockey, rugby, skiing, and lacrosse (McKee et al., 2009).
The present study was designed to explore the possible
neuropsychological effects of subconcussive head trauma
in varied sports among high school athletes with no prior
history of concussion. In lieu of standard nomenclature,
these undiagnosed head traumas have been referred to as
subconcussive blows (Denny-Brown & Russell, 1941),
multiple minor impacts (Boden, Kirkendall, & Garrett,
1998), repetitive low-impact forces (Green & Jordan,
1998), low-energy blows (Rabadi & Jordan, 2001), asymp-
tomatic (raumatic brain injury (Gavett et al,, 2011), and
subclinical concussions (Chamard et al, 2012). Webbe
(2006, p. 64) defined a subconcussive impact as “an appar-
ent brain insult with insufficient force to cause hallmark
symploms of concussion,” but the term “‘subconcussion”
remains ambiguous and without definite signs, symptoms,
or criteria.

Although it remains difficult to track sports-related
concussive events, the identifying of a subconcussive
blow in sports is markedly more challenging. This inves-
tigation, utilizing a differential prevalence design, oper-
ationally defined subconcussion by focusing on six
sporis—football, wrestling, soccer, baseball, judo, and
basketball—that vary in the frequency of concussions
reported in each sport. According to the Datalys Center
for Sports Injury Research and Prevention (2013),
among the various high school sports, football had, by
far, the highest rate of concussions, with 11.2 concus-
sions per 10,000 athlete exposures, while wrestling had
6.2, soccer had 4.2, basketball had 2.8, and baseball
had 1.2 concussions per 10,000 athlete exposures. Simi-
lar concussion rates for high school sports have been
reported (Daneshvar, Nowinski, McKee, & Cantu,
2011; Lincoln et al., 2011; Rosenthal et al., 2014). The
degree of subconcussive contact in this study was pre-
sumed to vary according to the known prevalence rates
of concussion in the different sports. For the purpose of
this research, based on the aforementioned epidemiolo-
gic reports, football was considered a high-contact
sport, while wrestling, soccer, baseball, judo, and
baseball, with relatively lower rates of concussions, were
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collectively considered low-contact sports. This research
paradigm was similar to prior investigations of repetitive
head impacts and subconcussive trauma that have com-
pared athletes in contact sports (e.g., football, soccer)
versus those in non-contact sports (e.g., tennis, track;
MecAllister et al., 2014; Stephens et al., 2010). With the
lack of prior relevant research findings, the hypothesis
was that the differences in the neuropsychological test
performances of athletes in the high- and low-contact
sports would be insignificant.

MATERIALS AND METHODS

This retrospective archival study was examined by the
Hawaii Pacific Health Institutional Review Board and
was deemed to be exempt from institutional review
board review.

Participants

The research data were obtained from a pool of 282 non-
concussed male high school athletes from four public high
schools, Grades 8 through 12, in Honolulu, HI, who met
the following study inclusion criteria: no history of
concussion, primary language of English, and valid test
results (i.e., Impulse Control Composite score <30).
The study participants were composed of athletes in the
following sports: 182 in football, 35 in wrestling, 25 in
soccer, 22 in baseball, 10 in judo, and 8 in basketball.

Test Instrument

This study utilized the InPACT battery, which has been
employed in numerous studies of concussions among
high school athletes (Lovell, 2006). The ImPACT is a
20-min to 30-min computerized neuropsychological test
instrument that measures verbal and visual memory,
processing speed, reaction time, impulse control, and
posiconcussion symptoms (Maroon et al., 2000). A large
body of research in the past decade has established the
ImPACT’s usefulness in the neuropsychological assess-
ment of mild traumatic brain injury in high school, col-
legiate, and professional athletes (Lovell et al., 2003;
Schatz, Pardini, Lovell, Collins, & Podell, 2006). This
study used data obtained from ImPACT Version 4.5.
The study examined five endpoints. The following
ImPACT composite scores were used for this study: Ver-
bal Memory, Visual Memory, Processing Speed, and
Reaction Time. In addition, postconcussion symptoms
were examined using ImPACT’s Total Symptom score
based on the Postconcussion Symptom Scale consisting
of 22 commonly reported symptoms (e.g., headache,
dizziness). The ImPACT database also provided biopsy-
chosocial data, including age, years of education,
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k TABLE 1
Characteristics of the Two Contact Groups

High-Contact-Sport Group

Low-Contact-Sport Group

n=/82 n=100

M (SD) M (SD) t(df=2) p Cohen’s d
Age (years) 15.65 (1.20) 16.40 (1.00) 421 < .001 -0.68
Years ol sports experience 1.20 (1.24) 2.27 (2.81) 4.02 < .001 —0.49
Years ol education 9.40 (1.32) 9.91 (1.11) 2.60 .01 -0.42

Note. The high-contact-sport group consisted of football players; the low-contact-sport group consisted of wrestling, soccer, baseball, judo, and

baseball players.
p values are based on t lests (two-tailed).

primary spoken language, sport played, prior concussion,
and history of learning disability, attention-deficit hyper-
activity disorder, seizures, and psychiatric illness.

Procedure

In this study, two contact-sport groups were identified
based on known rates of concussion among the various
sports (Daneshvar et al, 2011; Datalys Center for
Sports Injury Research and Prevention, 2013; Lincoln
et al., 2011; Rosenthal et al., 2014). The high-contact-
sport group, composed of football players, was formed
based on the high rate of concussion in that sport.
The low-contact-sport group consisted of athletes from
wrestling, soccer, baseball, judo, and basketball. The
two contact groups were compared in terms of their
four ImPACT composite scores and Total Symptom
scores.

Protocol

The research utilized the ImPACT bascline test scores
obtained prior to the athletes’ respective seasons. Testing
was conducted in small groups of about 20, monitored
by an athletic trainer who was trained in the standard
administration of this computerized neuropsychological
test battery. Although the baseline testing was conducted

before season play, it was assumed that the athletes
participated in their respective sports in the past, which
involved varying degrees of contact and head trauma.

Data Analysis

Descriptive statistics (means, standard deviations) were
computed for the two comparison groups for all vari-
ables of interest. Analyses using t tests were conducted
to compare the two groups in terms of their ages, years
of sports experience, years of education, and five
ImPACT scores (Verbal Memory, Visual Memory, Pro-
cessing Speed, Reaction Time, and Total Symptom).
Cohen’s d values were computed as measures of the
effect size. Statistical tests reported were two-tailed, with
an a-priori statistical significance set with Bonferroni
correction at p < .01 for all analyses.

RESULTS

The data pertaining to age, education, and years of sport
experience appear in Table 1. Group differences in age
were statistically significant, #(280)=3.78, p <.001, but
were small (on average, 0.5 years) and clinically insignifi-
cant. The two contact-sport groups did not differ in
terms of education and years of sport experience. The

TABLE 2
Comparison of IMPACT Scores for the Two Contact Groups

High-Contact-Sport Group Low-Contact-Sport Group

n=1/182 n==100 t

M (SD) M (SD) (dlr=280) p Cohen's d
Verbal Memory 0.82 (0.10) 0.84 (0.09) 1.66 .10 -0.21
Visual Memory 0.84 (0.09) 0.75 (0.14) 2.30 .02 ~0.29
Reaction Time 0.71 (0.14) 0.54 (0.05) 4.57 < 001 0.61
Processing Speed 34.04 0.75 (0.14) 39.41 (6.54) 5.66 < .001 -0.71
Total Symptom 8.23 (12.15) 6.88 (9.20) 0.40 .69 0.05

Note. The high-contact-sport group consisted of football players; the low-contact-sport group consisted of wrestling, soccer, baseball, judo, and
baseball players.
p values are based on 7 tests (two-lailed).
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means and standard deviations of the four ImPACT
composite scores and the Total Symptom scores are
presented in Table 2. Analyses using 7 tests comparing
the two groups showed significant differences in Proces-
sing Speed, #(280) = 5.66, p <.001, and Reaction Time,
1(280) =4.57, p <.001, with large effect sizes. No group
differences were seen in Verbal Memory, Visual
Memory, or Total Symptom scores.

DISCUSSION

This exploratory research focused on the neuro-
cognitive functioning of nonconcussed youth athletes
exposed to two levels of contact sports, determined
by the epidemiologic frequency of concussions
(Daneshvar et al., 2011; Datalys Center for Sports
Injury Research and Prevention, 2013; Lincoln et al.,
2011; Rosenthal et al., 2014), with the assumption that
more subconcussive head traumas occur in sports in
which more concussions are reported. High-contact
(football) athletes performed significantly more poorly
than low-contact (wrestling, soccer, baseball, judo,
and basketball) athletes in Processing Speed and
Reaction Time, with large effect sizes, while no signifi-
cant group differences were found between sport
groups on Verbal Memory, Visual Memory, or Total
Symptoms. The findings tentatively suggest that par-
ticipation in a high-contact sport may affect neuropsy-
chological functioning in young athletes due to
repetitive subconcussive head trauma.

The presence of lower neuropsychological scores
among the football players presumably due to subcon-
cussive impacts was consistent with the findings of Tala-
vage et al. (2013), who reported neuropsychological and
neurophysiologic impairment in high school football
players who had no apparent concussions. Neuroima-
ging findings have also shown the detrimental neurologi-
cal effects of repetitive impacts without concussion
among high school football players (Bazarian et al.,
2012; Breedlove et al., 2012). The findings of this study
were consistent with prior neuropsychological research,
neuroradiological findings, laboratory evidence, and
clinical examinations of head trauma that suggest that
subconcussive-level impacts can result in significant
neurological effects (Bailes et al.,, 2013; Baugh et al,,
2012; Gavett et al., 2011). Because this study included
only athletes who have had no history of concussion,
the role of subconcussive head trauma was assessed
more clearly than in previous studies that have
attempted to examine subconcussive blows to the head
but included athletes with prior concussions (Gysland
et al., 2012; McAllister et al., 2014; Miller et al., 2007,
Stephens et al., 2010). The present results are some of
the first to compare the neuropsychological test data

SUBCONCUSSIVE EFFECTS IN YOUTH SPORTS 5

of nonconcussed high school athletes participating in
sports that vary in terms of exposure to multiple subcon-
cussive head trauma.

The neuropsychological effects of repetitive sub-
concussive impacts upon the young athletes in this study
may be a function of their incomplete neurological
development. Animal studies and clinical research have
shown that the immature adolescent brain seems more
susceptible to head injury (Field, Collins, Lovell, &
Maroon, 2003; Giza & Hovda, 2004). High school
athletes, thus, may sustain more diffuse axonal injury
from subconcussive blows and significant impacts on
their neurocognitive functioning compared with older
athletes. There is also concern that the age at which
the brain is subjected to repetitive trauma may be a
factor in the later development of CTE (Broglio et al,,
2011; Stern et al., 2011). Thus, even when obvious
signs of concussion are not present, trauma to the ado-
lescent head should be taken seriously and managed
conservatively.

Alternative explanations for the present findings
must be considered. The differences in ImPACT neu-
rocognitive scores between the high-contact-sport
group and the low-contact-sport group could be due
to differences in general intellectual abilities, but data
regarding the academic aptitude or achievement of the
participants were not available. The two contact-sport
groups may have differed in levels of effort, as studies
have indicated that some athletes tend to “‘sandbag”
their baseline test performance so as to make postcon-
cussion return-to-play testing easier to pass (Schatz &
Glatts, 2013). However, no effort tests were adminis-
tered in this study that could have assessed test
motivation in the participants.

Limitations

Discussion of the presence of subconcussive cffects is
somewhat speculative in that there is no consensus as
to the definition or criteria for identifying a subconcus-
sive impact. The differential prevalence design in this
study provided, at best, an indirect estimate of subcon-
cussive head trauma in different sports, but, as seen in
prior research (McAllister et al., 2014; Stephens et al.,
2010), it could be a useful method to examine this rela-
tively unchartered area of sports medicine. Nonetheless,
this indirect approach is problematic in that causal infer-
ences between subconcussive hits and neurocognitive
functioning cannot be drawn. The use of head-impact
telemetry placed in football helmets represents a more
objective and precise measure of subconcussive events
(Breedlove et al., 2012; Gysland et al., 2012), although
its ability to predict concussion sequelae has been ques-
tioned (Broglio et al., 2011; Eckner, Sabin, Kutcher, &
Broglio, 2011).
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The groupings in this research—high- and
low-contact sports—were not fully mutually exclusive
entities. Although participants in this study were classi-
fied as playing only one of the six sports, high school
athletes often participate in multiple sport activities.
Thus, a basketball player could have played football
earlier in the school year, but for the purpose of this
rescarch was considered only as a basketball player.
Future comparisons of sports should utilize those
athletes who only play one particular sport.

Other drawbacks of this study included dependence
on the self-report of concussion, which was an impor-
tant study inclusion criterion; the involvement of only
male athletes, which limits the generalizability of the
results to female athletes; and the absence of external
correlates of subconcussive impacts, such as academic
performance and socioemotional functioning. Despite
the varied limitations of this exploratory effort into
the effects of repetitive subconcussive head trauma, the
findings, nonetheless, raise concern that involvement in
high-contact sports, even without evidence of a con-
cussion, could lead to decline in neuropsychological
abilities among youth athletes. A subconcussion is a
yet-to-be-defined indistinct condition with vaguely
understood pathophysiology and potentially serious
consequences that deserves further research attention.
Physicians, athletic trainers, coaches, players, and par-
ents would benefit from updated information about
the cumulative effects of multiple head impacts for the
care and safety of high school athletes.
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