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Context: Athletes are at an inherent risk for sustaining
concussions. Research examining the long-term consequences
of sport-related concussion has been inconsistent in demon-
strating lingering neurocognitive decrements that may be
associated with a previous history of concussion.

Objective: To determine the relationship between concus-
sion history and postconcussion neurocognitive performance
and symptoms in collegiate athletes.

Design: Repeated-measures design.
Setting: Multi-center analysis of collegiate athletes.
Patients or Other Participants: Fifty-seven concussed

collegiate athletes (36 without concussion history, 21 with a
history of 2 or more concussions).

Intervention(s): All subjects were administered an Immedi-
ate Post-Concussion Assessment and Cognitive Testing (Im-
PACT) neurocognitive test battery, which measures verbal
memory, visual memory, reaction time, and visual processing
speed and 22 concussion symptoms.

Main Outcome Measure(s): Subjects who sustained a
concussion were administered 2 follow-up tests at days 1 and

5 postinjury. Independent variables were history of concussion
(no history of concussion, 2 or more concussions) and time
(baseline, day 1 postconcussion, or day 5 postconcussion).

Results: A within-subjects effect (time) on ImPACT perfor-
mance (P , .001), a between-subjects multivariate effect of
group (P , .001), and a group-by-time interaction (P 5 .034)
were noted. Athletes with a concussion history performed
significantly worse on verbal memory (P 5 .01) and reaction
time (P 5 .023) at day 5 postconcussion compared with athletes
who did not report a previous concussion. No significant group
differences were seen at day 5 postinjury on visual memory (P
5 .167), processing speed (P 5 .179), or total concussion
symptoms (P 5 .87).

Conclusions: Concussed collegiate athletes with a history
of 2 or more concussions took longer to recover verbal
memory and reaction time than athletes without a history of
concussion.

Key Words: mild traumatic brain injury, ImPACT, memory,
reaction time

Key Points

N Compared with collegiate athletes having no history of concussion, those with a history of concussion took longer to
recover after concussion on neurocognitive measures of verbal memory and reaction time.

N After concussion, collegiate athletes with a history of concussion were impaired in verbal memory and reaction time,
demonstrating at least 1 reliable decline in each measure, at day 5 compared with baseline.

S
port-related concussion continues to warrant atten-
tion from sports medicine professionals. Approxi-
mately 300 000 sport-related concussions are report-

ed in the United States each year.1 An athlete who has
suffered 1 concussion is at 3 to 6 times greater risk for
suffering a second concussion.2–5 Long-term neurocogni-
tive impairments are rarely associated with a single
concussion; however, multiple concussions have had
detrimental effects on athletes participating in boxing,6

men’s ice hockey,7 and men’s soccer.8 With respect to
significant lingering effects after injury, findings on the
cumulative effect of multiple concussions are equivocal.
Furthermore, most research on multiple concussions has
been retrospective, using only posttest designs.

Several researchers5,9–13 have suggested that the cumu-
lative effects of repeated concussions can have long-term
consequences. Specifically, Guskiewicz et al9 found that
dementia-related symptoms may be a result of repetitive
concussions in professional football players. Guskiewicz

et al5 also noted that collegiate football players with a
history of 3 or more concussions were at 3 times greater
risk for suffering another concussion compared with
athletes without a history of concussion. Lingering or
lasting effects from concussion have also been found in
high school populations. Iverson et al13 reported that high
school athletes with a history of 3 or more concussions
presented more symptoms and poorer memory perfor-
mance on neurocognitive testing at baseline than athletes
with no history of concussion. In addition, Moser et al12

found that high school athletes with a history of 2 or more
concussions demonstrated similar cognitive performance as
high school athletes who had sustained a concussion in the
past week. These results suggest that a history of
concussion may be associated with a prolonged recovery
after subsequent concussions. Furthermore, these findings
are consistent with previous research suggesting that
athletes with a history of 3 or more concussions showed
decreased memory performance,2 a greater number of
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postconcussion symptoms during baseline testing,14 and 3
or 4 on-field markers.15

Several investigators5,12,13 have examined the possible
lingering effects of multiple concussions on participants of
different ages (high school and college) with 1, 2, or 3
previous concussions. Wall et al16 compared the cognitive
performance of jockeys with or without a history of
concussion. After a 3-month recovery period, jockeys with
a history of concussions performed worse on neurocognitive
testing than their counterparts with no history of concussion.
In addition, younger jockeys with a history of concussion
exhibited poorer neurocognitive performance than older
jockeys with a history of concussion. These findings suggest
that a history of concussion may place an athlete at risk for
developing long-term sequelae associated with postconcus-
sion syndrome and that younger athletes may be more
vulnerable to long-term effects than older athletes.

Although most research findings have demonstrated
detrimental outcomes in athletes who have a history of
concussion, other authors have shown the opposite. Iverson
et al17 observed that high school athletes with a history of 2
or more concussions and recently concussed athletes (within
1 week of injury) displayed similar performance on tests of
processing speed and attention. No effects were noted for
either group in verbal memory, visual memory, reaction
time, processing speed, and postconcussion symptom totals.
Broglio et al18 examined baseline computerized neurocog-
nitive performance of collegiate athletes with a history of 0,
1, 2, or 3 previous concussions. In contrast with previous
research,5,9–13,19 there were no between-group differences to
suggest lingering cognitive deficits from previous concus-
sion. However, they did not assess the influence of
concussion history on neurocognitive performance immedi-
ately after a concussion.

Considerable debate exists among sports medicine
professionals regarding diagnosis of, and safe return-to-
play guidelines after, a concussion. To support on-field
diagnoses, computerized neurocognitive testing has be-
come a widely used objective method for determining
subtle cognitive changes in postconcussion athletes.20,21

Although normative data exist for neurocognitive testing
without a baseline, baseline testing is strongly recommend-
ed so athletes can serve as their own controls.20

Most researchers examining the effect of history on
concussion have limited their scope to football players,2,3 high
school athletes,2,13 or both. Furthermore, few authors have
examined neurocognitive deficits in athletes with a history of 2
or more concussions or collegiate athletes in a variety of sports.
Therefore, our purpose was to investigate whether concussed
collegiate athletes with a history of 2 or more concussions
demonstrated neurocognitive impairments when compared
with concussed athletes with no history of concussion.

METHODS

We used a repeated-measures design to compare baseline
and postconcussion neurocognitive scores and symptoms.
The independent variables were history of concussion (no
history of concussion, 2 or more concussions) and time
(baseline, day 1 postconcussion, or day 5 postconcussion).
The dependent variables were verbal memory, visual
memory, reaction time, visual processing speed, and
individual and total concussion-related symptoms.

Participants

Participants were collegiate athletes from 5 northeastern
universities active in men’s and women’s basketball, soccer,
and lacrosse; men’s baseball, football, and wrestling; and
women’s gymnastics, softball, volleyball, and cheerleading.
The athletes selected for this study were practicing and
competing during the 2002–2003 and 2003–2004 academic
seasons. A total of 57 athletes sustained concussions during
the 2-year study (Table 1) for a cohort of 36 controls (age
5 20.55 6 1.54 years, height 5 167.41 6 7.49 cm, mass 5
76.8 6 16.17 kg) and 21 subjects with a history of 2 or
more concussions (age 5 21.10 6 1.69 years, height 5
169.19 6 8.10 cm, mass 5 75.43 6 11.02 kg). Athletes with
a history of 1 concussion were excluded from this study
because the small sample size provided inadequate data.

Instrumentation

The Quality Standards Subcommittee of the American
Academy of Neurology22 described a cerebral concussion
as an altered mental state that may or may not include loss
of consciousness. In our study, the American Academy of
Neurology grading scale criteria were used by physicians
and certified athletic trainers to assess athletes who
suffered a concussion.

The Immediate Post-Concussion Assessment Cognitive
Testing (ImPACT) (version 2.0; NeuroHealth System,
LLC, Pittsburgh, PA) computer software program was
used to assess neurocognitive function and concussion
symptoms. The program consists of 6 neurocognitive tests
that evaluate attention, verbal recognition memory, visual
working memory, visual processing speed, reaction time,
numerical sequencing ability, and learning. These 6
neurocognitive tests yield 4 composite scores in verbal
memory, visual memory, reaction time, and visual
processing speed. Using reliable change indices, we found
that repeated administrations over a 2-week period
produced no practice effects.23 Iverson et al24 reported
1-week test-retest reliability coefficients of 0.70 for verbal
memory, 0.67 for visual memory, 0.79 for reaction time,
and 0.86 for processing speed. Within-subjects compari-
sons revealed test-retest differences only for processing
speed composite scores. Schatz et al25 documented a
combined sensitivity of 81.9% for ImPACT indices and
total symptom score and specificity of 89.4%; positive

Table 1. Sport and Sex by History of Concussion (n = 57)

Sport

No Previous

Concussion

2 or More Previous

Concussions

Women’s basketball 4 2

Men’s basketball 2 2

Women’s soccer 4 2

Men’s soccer 3 3

Women’s lacrosse 2 0

Men’s lacrosse 3 2

Men’s baseball 1 1

Men’s football 5 4

Men’s wrestling 3 2

Women’s gymnastics 3 2

Women’s softball 2 0

Women’s volleyball 1 1

Women’s cheerleading 3 0
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likelihood ratio was approximately 8:1 and negative
likelihood ratio was 2:1.

Testing Procedures

Approval for the study and use of human subjects was
granted from each participating university’s institutional
review board. Similarly, permission was obtained from all
team physicians, athletic directors, certified athletic trainers,
and athletes at each participating institution. All test
procedures were explained to each athlete, who then
completed the ImPACT neurocognitive test battery in a
computer laboratory at his or her university during the
preseason for baseline and at day 1 and day 5 postconcussion.

Data Analysis

The ImPACT yielded composite scores for verbal
memory, visual memory, reaction time, and visual process-
ing speed. A high score indicated better performance for all
measures except reaction time. Verbal and visual memory
scores were presented as percentages of 100. The ImPACT
also yielded individual scores for concussion symptoms.
Athletes indicated if they were experiencing any of the 22
concussion symptoms during postconcussion testing. Con-
cussion symptoms were rated on a 6-point Likert scale, with
zero indicating not experiencing and 5 indicating severe.
Scores were summed to reflect a total symptom score.

A x2 using the Fisher exact test was performed on
concussion severity by history of concussion. A 3 3 2
mixed-factors design multiple analysis of variance was
conducted with time (baseline, day 1 postconcussion, day 5
postconcussion) and group (no history of concussion, 2 or
more concussions) as the factors and the ImPACT indices
as the dependent variables. A multiple analysis of variance
was conducted on all concussion symptoms across days
and groups. The statistical significance level was set at .05.
We conducted all analyses using SPSS software (version
15.1; SPSS Inc, Chicago, IL).

RESULTS

A total of 57 athletes sustained a concussion during the 2-
year study. On average, athletes were posttested 1.2 and
5.1 days after sustaining a concussion. Of the 36 concussed
athletes who reported no concussion history, 29 had grade I,
4 had grade II, and 3 had grade III concussions. The group of
previously concussed athletes consisted of 15 athletes with
grade I, 1 athlete with grade II, and 5 athletes with grade III
concussions. A x2 using the Fisher exact test revealed that
athletes with a history of concussion did not have a greater
likelihood of sustaining a more severe concussion (grade II or
III concussion) compared with a grade I concussion (x2

2 5
5.02, P 5 .10). In terms of on-field markers, 5 athletes with a
history of 2 or more concussions (23.8%) and 3 athletes with
no history of concussion (8.3%) suffered loss of conscious-
ness. Six athletes with a history of 2 or more concussions
(28.6%) and 4 athletes with no history of concussion (11.1%)
reported both retrograde and anterograde amnesia after
injury.

The assumption of covariance matrix homogeneity in the
data was not violated (M 5 96.47, F78,5675.08 5 .911, P 5
.698). Wilks L revealed a multivariate within-subjects effect
(time) on ImPACT performance (L 5 .559, F2,54 5 4.73, P ,

.001), a between-subjects multivariate effect of group (L 5

.709, F1,55 5 5.35, P , .001), and a group-by-time interaction
(L 5 .720, F2,54 5 2.33, P 5 .034).

Univariate post hoc analyses were conducted for days 1
and 5 postconcussion to determine between-groups differ-
ences in neurocognitive function. No differences were seen
between the groups 1 day after incurring a concussion (P 5
.34). However, differences were noted at day 5 postconcus-
sion. Athletes with a history of 2 or more concussions
demonstrated a lower verbal memory score (P 5 .01) and
slower reaction time (P 5 .023) than athletes without a
history of concussion (Table 2). No group differences were
found on day 5 postinjury for visual memory (P 5 .167) or
visual processing speed (P 5 .179).

Within-groups comparisons for athletes with a history of
2 or more concussions revealed worse verbal memory (P 5
.002), visual memory (P , .001), visual processing speed (P
5 .001), and reaction time (P , .001) 1 day postinjury
compared with baseline scores. Similarly, within-groups
comparisons for athletes who did not report a history of
concussion revealed lower scores for verbal memory (P 5
.01), visual memory (P , .001), visual processing speed (P
, .001), and reaction time (P , .001) at day 1
postconcussion compared with baseline scores. All athletes
with a history of concussion improved by day 5 postinjury
compared with day 1 postinjury on verbal memory (P 5
.001), visual memory (P , .001), visual processing speed
(P , .001), and reaction time (P , .001). All athletes
without a concussion history improved by day 5 postinjury
compared with day 1 postinjury for verbal memory (P 5
.002), visual memory (P , .001), visual processing speed
(P , .001), and reaction time (P , .001). In addition, all
athletes in both groups made progress toward regaining
their baseline scores by day 5 postconcussion for all
ImPACT measures and total concussion symptoms.

Ratings for 22 concussion symptoms are shown at
baseline and day 1 and day 5 postconcussion (Table 3).
Multivariate assessment of symptoms across days and
groups revealed no differences between groups (L 5 .636,

Table 2. ImPACT Index at Baseline and 1 and 5 Days Postcon-

cussion by History of Concussion (Mean 6 SD) (n = 57)

ImPACT Index

No Previous

Concussion

2 or More Previous

Concussions P

Verbal memory

Baseline 0.87 6 0.10 0.89 6 0.10

Day 1 0.80 6 0.11 0.81 6 0.09

Day 5 0.88 6 0.08 0.81 6 0.09 .01
a

Reaction time

Baseline 0.53 6 0.06 0.53 6 0.07

Day 1 0.60 6 0.05 0.63 6 0.08

Day 5 0.52 6 0.06 0.60 6 0.07 .023
a

Visual memory

Baseline 0.78 6 0.12 0.74 6 0.13

Day 1 0.64 6 0.11 0.71 6 0.12

Day 5 0.74 6 0.13 0.72 6 0.11 .167

Processing speed

Baseline 39.86 6 5.82 39.50 6 6.97

Day 1 32.37 6 7.96 33.29 6 6.32

Day 5 37.64 6 7.03 37.26 6 7.00 .179

a Significant at the .05 level between groups at 5 days postconcussion.
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F1,55 5 .886, P 5 .622), within-subjects effect (time) (L 5
.157, F2,54 5 1.63, P 5 .171), or group-by-time interaction
(L 5 .224, F2,54 5 1.046, P 5 .493).

Reliable change indices were calculated to determine
clinically significant decreases at days 1 and 5. The use of
reliable change indices is well documented; a discussion of
their application and implementation using ImPACT was
recently published by Iverson et al.23 At day 1 postinjury,
81% of subjects with a concussion history demonstrated at
least 1 reliable decline for reaction time (n 5 17), 57% for
visual processing speed (n 5 12), 52% for verbal memory
(n 5 11), and 48% for visual memory (n 5 10). At day 1
postinjury in athletes without a concussion history, at least
1 reliable decline was seen in 56% of subjects for visual
processing speed (n 5 20), 50% for reaction time (n 5 18),
44% for visual memory (n 5 16), and 39% for verbal
memory (n 5 14).

At day 5 postinjury, 57% of athletes with a concussion
history demonstrated at least 1 reliable decline for both
reaction time and verbal memory (n 5 12), 48% for visual
processing speed (n 5 10), and 29% for visual memory
(n 5 6). At day 5 postinjury in athletes with no history of
concussion, at least 1 reliable decline was found in 31% of
subjects for processing speed (n 5 11), 22% for visual
memory (n 5 8), 14% for reaction time (n 5 5), and 11%
for verbal memory (n 5 4).

DISCUSSION

While researchers continue to examine how a history of
concussion relates to lasting neurocognitive effects, the
current study suggests areas of concern regarding recovery
and neurocognitive performance. Our purpose was to
examine the effects of a concussion history on recovery in

Table 3. All Concussion Symptoms by History of Concussion at Baseline and Day 1 and Day 5 Postconcussion (Mean 6 SD) (n = 57)

Symptom History of Concussion Baseline Day 1 Day 5

Headache No 0.67 6 1.06 1.86 6 1.6 1.25 6 0.72

$2 0.62 6 0.87 2.56 6 1.4 1.73 6 1.01

Nausea No 0.31 6 0.82 0.71 6 0.85 0.03 6 0.67

$2 0.00 6 0.00 1.11 6 1.2 0.05 6 0.78

Vomiting No 0.00 6 0.00 0.05 6 0.21 0.25 6 0.84

$2 0.00 6 0.00 0.28 6 0.66 0.83 6 1.04

Balance problems No 0.00 6 0.00 0.85 6 1.25 0.25 6 0.55

$2 0.11 6 0.40 1.28 6 1.5 0.10 6 0.43

Dizziness No 0.14 6 0.35 1.19 6 1.40 0.29 6 0.72

$2 0.25 6 0.64 1.75 6 1.46 0.39 6 0.80

Fatigue No 1.14 6 1.5 1.75 6 1.79 0.65 6 0.90

$2 0.81 6 1.25 2.19 6 1.78 0.95 6 0.71

Trouble falling asleep No 0.72 6 1.1 0.97 6 1.6 0.15 6 0.62

$2 0.43 6 1.03 0.57 6 1.3 0.56 6 0.74

Sleeping more than usual No 0.28 6 0.74 0.91 6 1.6 0.61 6 0.59

$2 0.38 6 0.86 0.57 6 1.03 0.47 6 0.32

Sleeping less than usual No 0.05 6 0.21 0.81 6 1.6 0.10 6 0.41

$2 0.56 6 0.97 0.57 6 1.39 0.16 6 0.32

Drowsiness No 0.69 6 1.14 1.94 6 1.7 0.63 6 0.81

$2 0.71 6 1.10 2.19 6 2.1 0.93 6 0.67

Sensitive to light No 0.44 6 0.87 0.67 6 0.85 0.25 6 0.54

$2 0.33 6 0.97 1.78 6 1.8 0.10 6 0.42

Sensitive to noise No 0.19 6 0.75 0.86 6 1.4 0.52 6 0.76

$2 0.10 6 0.31 1.31 6 1.83 0.78 6 0.65

Irritability No 0.44 6 0.88 1.08 6 1.66 0.68 6 0.64

$2 0.71 6 1.3 1.05 6 1.68 0.85 6 0.50

Sadness No 0.14 6 1.02 0.50 6 0.87 0.15 6 0.60

$2 0.39 6 1.05 0.43 6 1.16 0.33 6 0.69

Nervousness No 0.14 6 0.35 0.75 6 1.2 0.09 6 0.91

$2 0.72 6 1.34 0.33 6 0.79 0.12 6 1.04

Feeling more emotional No 0.53 6 0.97 0.56 6 1.13 0.51 6 0.84

$2 0.19 6 0.60 0.52 6 1.12 0.72 6 0.75

Numbness No 0.25 6 0.94 0.44 6 1.05 0.05 6 0.15

$2 0.00 6 0.00 0.10 6 0.30 0.07 6 0.21

Feeling slowed down No 0.53 6 0.88 2.03 6 1.89 0.41 6 0.34

$2 0.38 6 0.97 1.95 6 1.94 0.45 6 0.41

Feeling mentally foggy No 0.56 6 0.97 2.06 6 1.85 0.39 6 0.80

$2 0.29 6 0.90 1.95 6 1.66 0.29 6 0.72

Difficulty concentrating No 0.24 6 0.70 1.67 6 1.56 0.44 6 0.82

$2 0.83 6 1.2 1.97 6 1.89 0.51 6 1.03

Difficulty remembering No 0.50 6 1.02 1.29 6 1.48 0.35 6 0.59

$2 0.24 6 0.77 1.08 6 1.42 0.48 6 0.66

Visual problems No 0.25 6 0.65 1.11 6 1.58 0.09 6 0.26

$2 0.00 6 0.00 0.67 6 0.97 0.18 6 0.35

Total symptoms No 10.38 6 9.49 22.08 6 17.8 6.40 6 6.8

$2 5.9 6 7.67 25.91 6 21.05 5.30 6 7.0
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concussed collegiate athletes. We found that concussed
collegiate athletes reporting a history of concussion may
take longer to recover on neurocognitive measures of
verbal memory and reaction time than athletes without a
concussion history. Specifically, athletes with a concussion
history were impaired in verbal memory and reaction time
at day 5 postconcussion when compared with baseline. In
addition, reliable change indices were calculated to
determine the clinical interpretation of change in neuro-
cognitive performance. A larger percentage of previously
concussed athletes was found to have at least 1 reliable
decline in reaction time and verbal memory than athletes
without a concussion history at day 5 postinjury.

These findings suggest neurocognitive deficits in athletes
who report a history of concussion.13 In collegiate football
players, Guskiewicz et al5 indicated that a history of 3 of
more concussions may place an athlete at a higher risk of
incurring a concussion in the same season. Furthermore,
Guskiewicz et al5 proposed that athletes with multiple
concussions may take longer to recover from subsequent
concussions. Iverson et al13 found that athletes with a
history of concussion exhibited a decrease in memory and
were more likely to demonstrate a major drop in memory
performance than athletes with no previous concussion
2 days after injury. However, at 5 days postinjury, Iverson
et al13 noted no differences in neurocognitive function
between the groups. These findings differ from our results
that indicated differences in verbal memory and reaction
time at day 5 postconcussion between athletes with and
without a concussion history.

Recently, investigators have identified an emerging
pattern of neurocognitive decrements commonly occurring
in the days after a concussion. These impairments include
visual-motor reaction time, memory, and attention.26–28

Our findings of verbal memory and reaction time
impairments in athletes with a history of concussion at
day 5 postinjury add to this emerging pattern. A possible
explanation for these verbal memory and reaction time
impairments in athletes with a history of concussion may
be increased glycolysis, which leads to increased lactate
production after a subsequent head injury.29 This increase
in lactate production after brain injury may lead to
secondary ischemic injury, which may predispose the brain
to repeat injury.30 Furthermore, animal studies have shown
decreased cerebral blood flow up to 10 days after a
concussion.31 Although only shown in animal models, this
decreased cerebral blood flow after a concussion may be a
mechanism that predisposes athletes with a history of
concussion to take longer to recover or to sustain further
injury. However, these results have not yet been tested in
human models and need further investigation.

In contrast to our findings, Macciocchi et al27 noted no
cumulative effects in athletes who sustained 2 grade I
concussions more than 2 weeks apart. However, a small
sample size (n 5 24) may have limited their ability to
identify statistical significance. Collie et al32 examined
baseline neurocognitive performance in professional ath-
letes with a history of concussion. No differences were
found in cognitive function on measures of memory, motor
function, decision making, attention, and learning. Broglio
et al18 also reported no difference in baseline neurocogni-
tive function in athletes with a history of concussion.

However, these authors did not examine neurocognitive
performance in athletes recovering from concussion.

Sports medicine professionals often rely on symptom
reporting of the concussed athlete. Gaetz et al14 reported that
junior ice hockey players who had a history of 3 or more
concussions demonstrated a greater number of postconcus-
sion symptoms than those without a history of concussion.
However, in our study, concussed athletes did not demon-
strate differences between groups on concussion symptoms,
even though they were still exhibiting neurocognitive impair-
ments in reaction time and verbal memory. Van Kampen
et al33 found that 19% of athletes who did not report con-
cussion symptoms demonstrated impairments. A possible
explanation may be athletes trying to minimize their symp-
toms, so they can continue to participate in practice or
competition. Another explanation may be that athletes are not
fully aware of their concussion symptoms and, thus, do not
report them to the certified athletic trainer or team physician.
Therefore, it is important that a concussed athlete not be
returned to practice or competition until he or she is symptom
free and neurocognitive test scores return to baseline. Fur-
thermore, these findings concur with those of Van Kampen
et al,33 who suggested that neurocognitive testing is a valuable
tool to use in conjunction with reported symptoms, increasing
the accuracy in making safe return-to-play decisions.

Researchers who have examined the history of concus-
sion and its influence on concussion outcomes have largely
focused on football, soccer, and ice hockey. We examined
male and female athletes who incurred multiple concus-
sions across a variety of collegiate sports. Most of the
sports played by both males and females had a fairly equal
distribution of concussions between the sexes. Unfortu-
nately, we could not conduct a statistical analysis due to
insufficient sample size. Sex differences and concussion
history may warrant future attention, as females have
demonstrated more severe declines in measures of reaction
time and more total symptoms after concussion than
males.34 Therefore, future authors should compare neuro-
cognitive effects of multiple concussions among sports and
between sexes. Further investigation is also needed as to
time of year of previous concussion and how sports
medicine professionals manage concussions in relation to
the time the athlete suffered a concussion.

Certain limitations of the current study should be
addressed. First, concussion history data were self-reported.
It was impossible to verify medical records to establish if a
concussion was diagnosed by a physician. Second, many
concussions go unreported and unrecognized by certified
athletic trainers and physicians. Third, athletes self-reported
their concussion symptoms and may have been motivated to
minimize or underreport their symptoms to continue sport
participation. Therefore, sports medicine professionals
should continue with follow-up testing, and closely monitor
neurocognitive recovery (back to baseline) before returning
athletes to the playing field.35

REFERENCES

1. Thurman D, Guerrero J. Trends in hospitalization associated with

traumatic brain injury. JAMA. 1999;282(10):954–957.

2. Guskiewicz KM, Weaver NL, Padua DA, Garrett WE Jr. Epidemi-

ology of concussion in collegiate and high school football players.

Am J Sports Med. 2000;28(5):643–650.

Journal of Athletic Training 123



3. Gerberich SG, Priest JD, Boen JR, Straub CP, Maxwell RE.

Concussion incidences and severity in secondary school varsity

football players. Am J Public Health. 1983;73(12):1370–1375.

4. Zemper ED. Two-year prospective study of relative risk of a second

cerebral concussion. Am J Phys Med Rehabil. 2003;82(9):653–659.

5. Guskiewicz KM, McCrea M, Marshall SW, et al. Cumulative effects

associated with recurrent concussion in collegiate football players: the

NCAA Concussion Study. JAMA. 2003;290(19):2549–2555.

6. Thomassen A, Juul-Jensen P, de Fine Olivarius B, Braemer J,

Christensen A. Neurological, electroencephalographic and neurocog-

nitive examination of 53 former amateur boxers. Acta Neurol Scand.

1979;60(6):352–362.

7. Tegner Y, Lorentzon R. Concussion among Swedish elite ice hockey

players. Br J Sports Med. 1996;30(3):251–255.

8. Autti T, Spila L, Autti H, Salonen O. Brain lesions in players of

contact sports. Lancet. 1997;349(9059):1144.

9. Guskiewicz KM, Marshall SW, Bailes J, et al. Association between

recurrent concussion and late-life cognitive impairment in retired

professional football players. Neurosurgery. 2005;57(4):719–726.

10. Killam C, Cautin RL, Santucci AC. Assessing the enduring residual

neuropsychological effects of head trauma in college athletes who

participate in contact sports. Arch Clin Neuropsychol. 2005;20(5):

599–611.

11. Moser RS, Schatz P. Enduring effects of concussion in youth athletes.

Arch Clin Neuropsychol. 2002;17(1):91–100.

12. Moser RS, Schatz P, Jordan BD. Prolonged effects of concussion in

high school athletes. Neurosurgery. 2005;57(2):300–306.

13. Iverson GL, Gaetz M, Lovell MR, Collins MW. Cumulative effects of

concussion in amateur athletes. Brain Inj. 2004;18(5):433–443.

14. Gaetz M, Goodman D, Weinberg H. Electrophysiological evidence for

the cumulative effects of concussion. Brain Inj. 2000;14(12):1077–1088.

15. Collins MW, Lovell MR, Iverson GL, Cantu RC, Maroon JC, Field

M. Cumulative effects of concussion in high school athletes.

Neurosurgery. 2002;51(5):1175–1179.

16. Wall SE, Williams WH, Cartwright-Hatton S, et al. Neuropsycho-

logical dysfunction following repeat concussions in jockeys. J Neurol

Neurosurg Psychiatry. 2006;77(4):518–520.

17. Iverson GL, Brooks BL, Lovell MR, Collins MW. No cumulative

effects for one or two previous concussions. Br J Sports Med.

2006;40(1):72–75.

18. Broglio SP, Ferrara MS, Piland SG, Anderson RB, Collie A.

Concussion history is not a predictor of computerised neurocognitive

performance. Br J Sports Med. 2006;40(9):802–805.

19. Gronwall D, Wrightson P. Delayed recovery of intellectual function

following minor head injury. Lancet. 1974;2(7881):605–609.

20. Guskiewicz KM, Bruce SL, Cantu R, et al. Recommendations on

management of sport-related concussion: summary of the National

Athletic Trainers’ Association position statement. Neurosurgery.

2004;55(4):891–895.

21. Notebaert AJ, Guskiewicz KM. Current trends in athletic training

practice for concussion assessment and management. J Athl Train.

2005;40(4):320–325.

22. Practice Parameter: the management of concussion in sports

(summary statement). Report of the Quality Standards Subcommit-

tee. Neurology. 1997;48(3):581–585.

23. Iverson GL, Brooks BL, Collins MW, Lovell MR. Tracking

neuropsychological recovery following concussion in sport. Brain

Inj. 2006;20(3):245–252.

24. Iverson GL, Lovell MR, Collins MW. Validity of ImPACT for

measuring attention, processing speed following sports-related

concussion. J Clin Exp Neuropsychol. 2005;27(6):683–689.

25. Schatz P, Pardini JE, Lovell MR, Collins MW, Podell K. Sensitivity

and specificity of the ImPACT test battery for concussion in athletes.

Arch Clin Neuropsychol. 2006;21(1):91–99.

26. Collie A, Makdissi M, Maruff P, Bennell K, McCrory P. Cognition in

the days following concussion: comparison of symptomatic versus

asymptomatic athletes. J Neurol Neurosurg Psychiatry. 2006;77(2):

241–245.

27. Macciocchi SN, Barth JT, Alves W, Rimel RW, Jane JA.

Neuropsychological functioning and recovery after mild head injury

in collegiate athletes. Neurosurgery. 1996;39(3):510–514.

28. Collins MW, Grindel SH, Lovell MR, et al. Relationship between

concussion and neuropsychological performance in college football

players. JAMA. 1999;282(10):964–970.

29. Giza CC, Hovda DA. The neurometabolic cascade of concussion.

J Athl Train. 2001;36(3):228–235.

30. Becker D, Jenkins L. The pathophysiology of head trauma. In: Miller

TA, & Rowlands B, eds. The Physiological Basis of Modern Surgical

Care. St. Louis, MO: Mosby; 1987:763–788.

31. Giza CC, Hovda DA. Ionic and metabolic consequences of

concussion. In: Cantu RC, ed. Neurologic Athletic Head and Spine

Injuries. Philadelphia, PA: WB Saunders; 2000:80–100.

32. Collie A, McCrory P, Makdissi M. Does history of concussion affect

current cognitive status? Br J Sports Med. 2006;40(6):550–551.

33. Van Kampen DA, Lovell MR, Pardini JE, Collins MW, Fu FH. The

‘‘value added’’ of neurocognitive testing after sports-related concus-

sion. Am J Sports Med. 2006;34(10):1630–1635.

34. Broshek DK, Kaushik T, Freeman JR, Erlanger D, Webbe F, Barth

JT. Sex differences in outcome following sports-related concussion.

J Neurosurg. 2005;102(5):856–863.

35. McCrea M, Hammeke T, Olsen G, Leo P, Guskiewicz KM.

Unreported concussion in high school football players: implications

for prevention. Clin J Sport Med. 2004;14(1):13–17.

Tracey Covassin, PhD, ATC, contributed to conception and design; acquisition and analysis and interpretation of the data; and drafting,
critical revision, and final approval of the article. David Stearne, PhD, ATC, contributed to conception and design; analysis and
interpretation of the data; and drafting, critical revision, and final approval of the article. Robert Elbin III, MA, contributed to analysis and
interpretation of the data and drafting, critical revision, and final approval of the article.

Address correspondence to Tracey Covassin, PhD, ATC, Michigan State University, Department of Kinesiology, 105 IM Sport Circle,
East Lansing MI 48824. Address e-mail to, covassin@msu.edu.

124 Volume 43 N Number 2 N April 2008


