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Abstract

This study explored the diagnostic utility of the composite scores of Immediate Post-Concussion Assessment and Cognitive
Testing (IMPACT) and Post Concussion Symptom Scale scores (PCSS). Recently concussed high schooNatfi2xesefe
tested within 72 h of sustaining a concussion, and data were compared to non-concussed high school athletes with no histor
of concussion N =66). Between-groups MANOVA revealed a significant multivariate effect of concussion on test performance
(p<.001); univariate ANOVAS revealed all six measures contributed to the between-groups differences. A discriminant function
analyses was conducted to measure the ability of the five INPACT composite scores, as well as the PCSS to classify concussio
status. One discriminant function was identified that consisted of the Visual Memory, Processing Speed, and Impulse Control
composite scores PCSS, which correctly classified 85.5% of the cases. Approximately 82% of participants in the concussion grouy
and 89% of participants in the control group were correctly classified. Using these data, the sensitivity of ImMPACT was 81.9%, and
the specificity was 89.4%. As part of a formal concussion management program, IMPACT is a useful tool for the assessment of the
neurocognitive and neurobehavioral sequelae of concussion, and can also provide post-injury cognitive and symptom data that ca
assist a practitioner in making safer return to play decisions.
© 2005 National Academy of Neuropsychology. Published by Elsevier Ltd. All rights reserved.

Keywords: Processing Speed; Impulse Control; IMPACT; Concussion

The diagnosis, treatment, and management of sports related concussion has gained widespread attention, in rece
years, in the fields of neuropsychology and sports medicine. This increase in interest is not spurious, given that
approximately 300,000 sports-related mild traumatic brain injuries (MTBIS) occur each year; at the high school level
alone, approximately 62,816 sports-related concussions occur yearly, with high school football players acquiring 60%
of recorded concussionBd@well & Barber-Foss, 1999Despite the vast number of concussions suffered on a yearly
basis, data to aid in the diagnosis and management of sports concussion have only begun to emerge. Such clinic
data may assist in the development of empirically-based concussion management guidelines, and can surely contribu
to athletes’ return-to-play decisions. Athletes with a history of concussion have been shown to have cumulative
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cognitive effects, as well as decreased cognitive performance relative to non-concussed and fully-recovered peers,
well as athletes with a history of only one previous concussituilins, Grindel, et al., 1999Collins et al., 2002

Moser & Schatz, 2002 Further, as sustaining a cerebral concussion has been shown to increase the likelihood o
sustaining another concussiday(skiewicz et al., 2003 prevention of premature return-to-play following concussion
may decrease the likelihood of sustaining subsequent concussions during athletic competition and participation.

In the early phases of concussion management, grading scales were utilized to classify the severity of injury an
make return to play decisions. At least 1@d{lins, Lovell, & McKeag, 1999 different return-to-play scales and
25 (@ohnston, McCrory, Mohtadi, & Meeuwisse, 2Q0ifferent injury-grading systems exist, each offering often
differing recommendations for the diagnosis and management of concussion, including guidelines for making return
to-play decisions. These scales, though perhaps beneficial in classifying concussive injuries on a grand scale, we
not empirically based, and the management and return-to-play strategies recommended were based on subject
clinical experience rather the empirical outcome-base research. In addition, these scales were unable to account:
inter-individual variations in injury features and recovery couf3ell{ns, Lovell, et al.,199p Overall, the traditional
grading-scale approach typically provided a predetermined recovery period following concussion based upon th
concussion grade (though the requisite rest period often varied from one grading or return-to-play system to the nex
Also, in this model, an athlete was not allowed to return to play unless they reported being asymptomatic. Because
the dependence on self-report of symptoms and the lack of individualized cognitive assessment tools and return-to-pl:
guidelines, it was impossible to ensure that an individual injured athlete had regained cognitive functioning consister
with pre-injury levels (the defining factor in the recovery from a MTBI), regardless of symptom stallis§, Stump,

& Lovell, 2004).

Barth et al. (1989)nitiated the first prospective study of sport-related concussion, which established the use of an
athlete’s pre-season baseline levels of performance for comparison to post-concussion levels. This approach addres
the problem of subjectivity inherent in the many concussion grading and guideline scales, as well as accounted fc
individual variation in premorbid functioning and recovery trajectory. In the decades following Barth et al.’s study,
research and attention to sports-related concussion have grown considerably, and many schools and universities n
provide or require formal clinical assessment of athletes who had sustained concussions. Athletes receiving pos
concussion neurocognitive evaluations have typically completed traditional “paper and pencil” tests. While this testing
approach was quite effective in diagnosis and management, it has not been without its share of problems. Tradition
neuropsychological tests required a neuropsychologist or psychometrist to administer, score, and interpret each batte
This has been inconvenient and expensive for team organizations, where baseline testing could take days and e\
weeks to complete. Also, researchers have found that various “paper and pencil” tests did not have adequate nort
or specificity and sensitivity, and also were vulnerable to significant practice effects in some athletes, with test score
returning to baseline before their concussion symptoms had amelioCxttie (Darby, & Maruff, 2001 Hinton-Bayre,

Geffen, Geffen, McFarland, & Friis, 1998chatz & Zillmer, 2003

The 1st International Symposium on Concussion in Sport was held in 2001 in Vignbey(et al., 2002to discuss
the concerns of concussion diagnosis and management. The symposium reaffirmed the notion that neuropsychologi
testing should serve as the cornerstone of concussion management. The committee was also highly supportive of nev
computerized neuropsychological test batteries, in that they were able to utilize infinitely variable test paradigms, whicl
lessened the likelihood of a practice effect, and can be administered in larger groups and supervised by team phy
cians and athletic training staffs. However, the Vienna committee was concerned with the reliability and sensitivity of
such testing batteries, and called for research into these aspects of the new test batteries. This endorsement of n
ropsychological testing as a key component in concussion management was been reaffirmed by a second internatio
conference in Prague in 200M1¢Crory et al., 200h

In an attempt to increase the availability of neuropsychological testing within the athletic environment, Lovell
et al. developed the ImMPACT§vell, Collins, Podell, Powell, & Maroon, 2000Jaroon et al., 2000Test Battery.
Immediate Post-Concussion Assessment and Cognitive Testing (IMPACT) consists of three main parts: demograpf
data, neuropsychological tests, and the Post-Concussion Symptom Scale (PCSS), and these three sections combir
provide data to assist in accurately assessing and managing concussive injuries. The demographic data section supp
all relevant sport, medical, and concussion history information. The test modules and symptom checklist sections al
described in detail below.

ImPACT (version 2.0) consists of six neuropsychological tests, each designed to target different aspects of cognitiv
functioning including attention, memory, Processing Speed, and reaction time. From these six tests, four separa
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Table 1
The ImMPACT Neuropsychological Test Battery
Test name Neurocognitive domain measured
Word Memory Verbal recognition memory (learning and retention)
Design Memory Spatial recognition memory (learning and retention)
X'sand O’s Visual working memory and cognitive speed
Symbol Match Memory and visual-motor speed
Color Match Impulse inhibition and visual-motor speed
Three Letter Memory Verbal working memory and cognitive speed
Symptom Scale Rating of individual self-reported symptoms
Composite scores Contributing scores
Verbal Memory Word Memory (learning and delayed), Symbol Match memory score

Three Letters Memory score

Visual Memory Design Memory (learning and delayed)
X's and O’s percent correct

Reaction time X’s and O’s (average counted correct reaction time), Symbol Match (average weighted reaction
time for correct responses), Color Match (average reaction time for correct response)

Visual Motor Processing Speed X’s and O’s (average correct distracters), Symbol Match (average correct responses)
Three letters (number of correct numbers correctly counted)

Impulse Control X’s and O’s (number of incorrect distracters)
Color Match (number of errors)

composite scores are generated: Verbal Memory, Visual Memory, visuomotor speed, and reactidaltienglists
the individual neuropsychological tests that make up the IMPACT Neuropsychological Test Battery, as well as the
neuropsychological domains measured by each subtest. For a more thorough descriptionghext al. (2003)
Iverson, Gaetz, Lovell, and Collins (2004 Podell (2004) The Post-Concussion Symptom Scale (PAS®&ell &
Collins, 1998 is also utilized in the IMPACT Test battery. The scale is used by many sports organizations to document
and track concussion symptomsogell, 1999 Lovell & Burke, 2002. The 21-symptom checklist asks the injured
athlete to rate each symptom on a seven-point scale, with zero indicating no experience of a symptom and six indicatin
a severe symptom. This particular scale is quite useful because it presents “common” terms to describe symptoms ar
avoided jargon and less familiar medical terminology (e.g., sensitivity to light was used instead of photophobia).

IMPACT has been shown to be an effective tool for concussion management, and is not subject to the large practic
effects sometimes seen on pencil and paper tesig(l et al., 2003. In theLovell et al. (2003)study, concussed high
school athletes were followed for 1-week post-injury, and were compared to age-matched control participants. Control
group scores on the neuropsychological indicator examined (memory composite) did not increase with multiple testing
opportunities, thus indicating that the INMPACT memory composite was not hindered by a practice effect. Concussec
athletes also performed much lower on the Verbal Memory Test at 36 h, 4 and 7 days post-concussion compared t
their individual baselines. When examining sub-groups of concussed athletes on the basis of severity of initial on-field
symptoms, the more severe group (retrograde amnesia, anterograde amnesia, or disorientation for >5 min) demonstrat
larger decreases from baseline scores, and also took longer to rebound to baseline than did the concussed athletes
the less severe group. A follow-up study of concussed high school athletes supported the above findings that Verbe
Memory and symptom indicators on the IMPACT evaluation are indicative of the concussion injury and its severity
(Lovell, Collins, Iverson, Johnston, & Bradley, 2004

Iverson, Lovell & Collins (2002)examined several validity measurements of ImMPACT using 120 high school
and college athletes. Concurrent validity was established by examining the composite scores and their sensitivity tc
the acute effects of concussion. Concussed athletes reported significantly more symptoms, and performed worse c
Memory and Reaction Time Indices. Decreased performance on the Symbol Digit Modalities Test was significantly
correlated with ImMPACT Processing Speed and Reaction Time Indises¢n, Gaetz, Lovell, & Collins, 200%nd
post-concussive symptoms were significantly related to decreased performance on IMPACT Reaction Time, Verba
Memory, and Processing Speed Indidesi(son, Gaetz, Lovell, & Collins, 20Q4suggesting that ImMPACT is sensitive
to the acute effects of concussion. Divergent validity was examined through an inter-correlation matrix of composite
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scores at preseason and post concussion. The non-significant correlations found between different test compone
(at preseason baseline testing) indicate they do not have much shared variance, and therefore appear to be measu
different constructs.

Research to date has empirically demonstrated that the neuropsychological test indices and Post-Concussion Syr
tom Scale on IMPACT reflect changes occurring as a result of concussion, and that these deficits resolve, or return
baseline, upon concussion recovery. The aim of this study was to further explore the diagnostic utility of ImPACT.
We compared concussed athletes with non-concussed controls using MANOVA to establish group differences on tt
dependent measures, the five composite scores and symptom scale score. We then conducted a discriminant funci
analysis to identify those measures that contributed to identifying group membership.

1. Methods
1.1. Participants

The University of Pittsburgh and Saint Joseph’s University Institutional Review Boards conducted appropriate
reviews of our research with human participants and approved our study. The study extracted available data of 12
participants (72 concussed athletes, 66 non-concussed athletes with no history of concussion) from a much larg
data set of approximately 1500 individuals. Criteria for inclusion in the concussion group required that participants
were concussed high school athletes who were tested within 72 h of sustaining a concussion. Athletes in the contr
group were high school athletes with no history of concussion who completed baseline assessments. All athletes
the study participated in the Sports Medicine Concussion Program at the University of Pittsburgh Medical Center (ir
accordance witlfrield, Collins, Lovell, & Maroon, 2008 Athletes within the sample were included from high schools
within the states of Pennsylvania, Michigan, lllinois, Oregon, and Maine, as part of an ongoing clinical program
implementing baseline and post-injury neuropsychological testing to assist team sports-medicine personnel in makir
return-to-play decisions after the occurrence of sports-related concussions. Concussed athletes participated primat
in football (73%) while controls participated primarily in non-contact sports (79%) such as track and Texinésg.
Participants in the concussion group were significantly more likely to be male, and younger Tablge3. Of note,
age did not emerge as a significant contributor when included as a covariate in between-groups analyses, as discus
in the results section below.

Data were collected regarding athletes’ concussion status (independent variable) and IMPACT was the methc
by which baseline and post-concussion presentation of symptoms and constellation of cognitive abilities (dependel
variables) were documented. As part of the Sports Medicine Concussion Program at the University of Pittsburgh Medic:
Center, all athletes in this study underwent a baseline or pre-injury evaluation, and were administered ImMPACT befor
the 2000, 2001, or 2002 athletic seasons. Eleven individuals were excluded from the study, having achieved a sco
of 20 or higher on the Impulse Control, which raised questions regarding the general testing approach taken by tho:
participants iCovell, 2009.

Table 2
Participants’ sport by concussion group
Sport Group

ConcussedN=72) Control N=66)
Football 52 (72.7%) 0(0%)
Soccer 5 (6.5%) 12 (18.2%)
Ice Hockey 4 (5.6%) 0(0%)
Field Hockey 3 (4.2%) 0(0%)
Basketball 3(3.9%) 0(0%)
Other contact 5 (6.5%) 2 (3.0%)
Non-contact 0(0%) 52 (78.8%)

@ Other contact sports: softball, volleyball, and gymnastics.
b Non-contact sports: track and tennis.
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Table 3
Demographic data for concussed and non-concussed groups
Variable Concussion group
Concussed Control Flyx? Significance ES
Age 16.5(2.3) 17.3(1.7) 5.35 .022 d=.19
Education 10.4 (2.0) 10.8 (1.8) 21 149 d=.10
Gende?
Male 79.2% 43.9%
Female 20.8% 56.1%
Special education 3% 2% 0.23 .60 ¢$=.04
Learning disability 3% 1% 0.28 .60 ¢$=.04

a ES = Effect Sizep for x2 analysesd for ANOVA.
b ¥2=18.2, significance =.001, E®:=.38.

1.2. Materials/procedures

All baseline data were collected during the off-season (i.e., before preseason contact drills). ImMPACT is inclusive

of a standardized demographic questionnaire that requires the athlete to document relevant educational, sports pe
ticipation, and personal medical history. Test administrators were trained to define concussion as a “traumatically
induced alteration in mental status that may or may not be accompanied by a loss of consciousness”, based on tt
standard American Academy of Neurology nomenclatdelN, 1997). High school athletes in our study population
who experienced a cerebral concussion were referred for and received post-injury IMPACT evaluation within 72 h of
injury. In-season concussions were diagnosed on the basis of the following criteria (in accordariéelait al.,
2003: (1) any observable alteration in mental status or consciousness on following a blow to the head or body during
sport participation, and/or (2) the presence of LOC and/or anterograde or retrograde amnesia identified in an on-fielc
examination, and/or (3) any self-reported symptoms such as cognitive “fogginess”, headache, nausea and/or vomiting
dizziness, balance problems, and visual changes after a collision involving the head or body. Certified athletic trainers
or team physicians who were present on the sideline at the time of injury made the initial diagnosis of concussion.

1.3. Analyses

One-way analyses of variance were conducted to identify between-group differences on age and education, an
chi-square analyses were conducted to identify between-group differences on gender, handedness, diagnosis of learni
disability, and history of special education. MANOVA was conducted to establish between-group differences on the
dependent measures. Stepwise discriminant analysis was performed to identify variables that discriminated betwee
concussion groups, with total score on the Symptom Scale, and performance on the five IMPACT Composite scores &
the independent variables. All analyses were conducted with an alpha lgv€l.05 using SPSS statistical software
(SPSS, 2008 Effect Size was reported as either a correlation coefficient for the discriminant analysis, Gbfogn’s
ANOVA, or Partial Et& for MANOVA.

2. Results

Demographic variables were analyzed to establish between-group homogeneity, with no differences noted betwee
concussion history groups on age, education, handedness, history of special education, or diagnosis of learning disab
ity. Males were significantly more likely®(1) = 18.2,p=.001,¢ = .36] to be in the concussion group (79%) than the
control group (44%), although this is consistent with the available literature, in that many sports traditionally played by
males (especially football) have significantly higher rates of concussion per athletic exgeswes! & Barber-Foss,

1999. Athletes in the concussion group were significantly younger than athletes in the control group (16.5 versus
17.3) [F(1,136) =5.35p=.022;d=.38] While none of the controls had a history of concussion, 83% of those in the
concussed group had a history of one previous concussion, and 17% had a history of two or more concussions. Betwee
groups analyses of demographic data are providdalnte 3
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Table 4
Univariate comparisons for variables in the MANOVA/discriminant analysis
Variable Concussion group

Concussed Control F(1,136) Significance Partial Eta
Symptom checklist total 26.5(22.1) 7.2 (12.0) 39.6 .0001 .23
Verbal Memory index 79.1 (12.3) 89.3(8.2) 32.4 .0001 .19
Visual Memory index 65.9 (14.8) 79.6 (12.2) 34.9 .0001 .20
Reaction Time Index .665 (.15) .536 (.06) 43.6 .0001 .24
Processing Speed Index 32.7 (7.5) 42.2 (6.6) 61.2 .0001 .31
Impulse Control index 6.8 (5.0) 6.7 (4.2) 0.26 .87 .00

MANOVA (Hotteling’s Trace): F(6,131) = 16.6p=.001].

Table 5
Classification table for concussion status based on Post-Concussion Symptom Scale, and the ImMPACT Impulse Control, Processing Speed, :
Visual Memory composite scores

Actual Predicted group membership concussion group Total
Concussed Control

Positive (N) 59 13 72

None 7 59 66

Concussed (%) 81.9 18.1 100

Not concussed 10.6 89.4 100

Note 85.5% of original grouped cases correctly classified.

A multivariate analysis of variance (MANOVA) was performed with concussion group as the independent vari-
able and the five IMPACT composite scores and the symptom scale score as the dependent variables. Hotelling’s Tre
revealed a significant multivariate effect of concussion group on cognitive perfornfgecedl) = 16.6p=.001]. Uni-
variate ANOVAs revealed significant effects of concussion group on Verbal Mery1[36) = 32.4p=.001], Visual
Memory [F(1, 136) =34.9p=.001], reaction timeH(1, 136) =43.6p=.001], Processing SpeeHB([L, 136)=61.1;
p=.001], and symptom scale scor€$], 136) =39.6p=.001], but no effect of concussion group on Impulse Control
scores F(1,136) =0.3;p=.87] (seeTable 4for Effect Size). Age did not emerge as a covariate, and did not account
for a significant amount of between-group varian€g[131) = 1.58p=.16; Partial Et4=.07].

A stepwise discriminant analysis was conducted with the total score on the post-concussion symptom checklist ar
the five IMPACT composite scores. One discriminant function identified post-concussion checklist scores, Processir
Speed composite, Visual Memory composite, and Impulse Control composite as significant fatiéys 74.4,
p=.0001], with 85.5% of cases correctly classified. Eighty-two percent of participants in the concussed group anc
89.4% of participants in the non-concussed group were correctly classified. Means and standard deviations for tf
variables in the equation are providedrable 4and the classification matrix is providedliable 5 The Eigenvalue for
these data (.742) suggested that the discriminating power of the function was quite high, with a canonical correlation c
.653. The significance of the discriminant function and the indices of power are shdahlés 5 and Gespectively.
Standardized and canonical correlation coefficients are providéahie 7

Using the classification results of the DFA, the combined sensitivity of IMPACT and the symptom score (or the
probability that a test result will be positive when a concussion is present) is 81.9%, and the specificity (the probability

Table 6

Significance of the discriminant function predicting concussion history, and discriminating power of the discriminant function

Function Wilks’ lambda x° d.f. Significance

1 574 74.4 4 .0001
Discriminant function Eigenvalue Percentage of variance Canonical correlation

1 742 100 .653
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Table 7
Standardized canonical discriminant function coefficients and pooled within-groups correlations for Post-Concussion Symptom Scale, and the
ImPACT Impulse Control, Processing Speed, and Visual Memory composite scores

Factor Standardized coefficients Correlations
Visual Memory composite .347 .588
Processing Speed composite .648 778
Impulse Control composite .361 —.016
Post-Concussion Symptom Scale —.475 —.626

that a test result will be negative when a concussion is not present) is 89.4%. The positive likelihood ratio (PLR—ratio
between the probability of a positive test result given the presence of a concussion and the probability of a positive tes
result given the absence of a concussion) is 7.73:1. The negative likelihood ratio (NLR—ratio between the probability
of a negative test result given the presence of a concussion and the probability of a negative test result given the absen
of concussion is .20:1. The positive predictive value (PPV—probability that a concussion is present when the test is
positive) is 89.4% and the negative predictive value (NPV—probability that a concussion is not present when the test
is negative) is 81.9%.

3. Discussion

Athletic participation is a daily activity for many youth, adolescents, and young adults, placing them at risk for
sports-related concussion. Multiple sports-related concussions have been shown to result in impaired neurocognitiv
functioning post-injuryCollins, Lovell, etal., 1998 decreased performance on baseline tesitagér & Schatz, 2002
Moser, Schatz, & Jordan, 200%&nd place the athlete at increased risk for more severe on-field markers of concussion,
such as loss of consciousness, anterograde amnesia, and configims et al., 200p Neuropsychological baseline
assessment paradigms facilitate the detection and management of mild neurocognitive changes in athletes who ha
sustained a concussioBdhatz & Zillmer, 2003 and computerized assessment of sports-related concussion offers
unique advantages to the athlete, athletic trainer, team physician, consulting neuropsychologist, coach, and the athlete
family (McKeever & Schatz, 2003

The current study demonstrates that the INPACT computerized test battery is both a sensitive and specific instrumer
for the assessment of the neurocognitive and neurobehavioral sequelae of concussion. More importantly, as a whol
IMPACT’s PPV/NPV and PLR/NLR are very high, so poor performance on the composite score (either relative to
baseline or compared to normative sample) yields a very strong likelihood of reflecting concussion. This can only
serve to improve our ability to diagnose and subsequently treat sports concussion.

The difficult part of sports-concussion has always been having highly sensitive but accurate techniques to detec
the presence of concussion, given that standard techniques of a neurological examination, neuroimaging, and electrt
physiological techniques are notoriously poor at detecting concussions. It appears that ImMPACT is clearly sensitive anc
specific in detecting sports concussions, at least relative to healthy controls.

It is not perfectly clear what the relatively weaker specificity in this study reflects. Not all concussed athletes show
symptoms or cognitive deficits after a concussion, especially given that some were tested up to 72 h after the concussiol
It is conceivable that some of the concussed athletes had “recovered” enough at the time of testing that they truly were
back to baseline. This plausible scenario would artificially lower the sensitivity.

Our results show that IMPACT provides post-injury cognitive and symptom data that can assist a practitioner in
making safer return to play decisions. Using the neuropsychological data provided by INPACT alone, 85% of cases were
correctly classified. In this study, cognitive impairments in Visual Memory, Processing Speed, and Impulse Control
along with symptom status effectively classified most of the concussed and control athletes. When used appropriately
by a trained neuropsychologist and in conjunction with a thorough clinical interview, the utility of this instrument
is likely to be further enhanced. Therefore, INPACT can serve as an effective tool in the concussion managemen
process. While our results are very strong at the group level, our findings do not directly address decision making at the
individual level. For example, what combination of post-concussion symptom scores and ImMPACT composite score
changes are needed to identify a concussion? This will be the focus of future research using ImMPACT.



+ Model

8 P. Schatz et al. / Archives of Clinical Neuropsychology xxx (2005) XXX—XXX

This study is not without its limitations. While post-concussion evaluations were performed on a prospective “as
needed” basis, the current research study was retrospective in nature. This retrospective “concussed versus athle
control” design yielded groups with significantly different ages, genders, and history of concussion. The concussiol
group was comprised of a significantly greater percentage of males, and was significantly (although less than 1 yee
younger. In spite of the fact that age did not emerge as a significant predictor of between-group variance, a prospecti
truly matched-control design would be more appropriate. While all but the Impulse Control IMPACT composite score
contributed to a multivariate between-groups difference (on MANOVA), Impulse Control emerged (along with Visual
Memory, Processing Speed, and Symptom Scale scores) as variables that contributed towards discriminating betwe
groups. It appears that shared variance among correlated predictor variables may have “cancelled out” certain predic
variables (such as Verbal Memory) and thus allowing other variables (such as Impulse Control) to contribute uniqu
variance to the discriminant analysis. Concussed athletes participated exclusively in “at-risk” contact sports and had
history of concussion, while non-concussed athletes participated in low risk non-contact sports and had no history ¢
concussion. Participants in the concussion group participated primarily in football, which in part explains why there
were more males in this group.

IMPACT offers athorough assessment of changes in cognitive functioning and symptom status following concussior
which is consistent with Concussion in Sport group recommendations that neuropsychological assessment become
integral aspect of concussion diagnosis and managerabty et al., 2002; McCrory et al., 20p5and that athletes
should not return to competition until they are asymptomatic. Based on the recommendations of the Concussion i
Sport groups and the current findings, itis recommended that any athlete participating in contact sport receive a baseli
neurocognitive evaluation of some sort, whether computerized or traditional paper and pencil testing, dependent on tl
resources and preferences of the athlete’s program. This will not only improve the ability of sports medicine personne
to manage recovery and return to play decisions by providing an objective comparison with post-concussion levels c
cognitive functioning, but also make participation in organized athletic programs safer for student athletes.

References

AAN. (1997). Practice parameter: The management of concussion in sports (summary statement). Report of the Quality Standards Subcommitte
Neurology 48(3), 581-585.

Aubry, M., Cantu, R., Dvorak, J., Graf-Baumann, T., Johnston, K., Kelly, J., et al. (2002). Summary and agreement statement of the 1st internation:
symposium on concussion in sport, Vien@dinical Journal of Sport Medicingl2, 6-11.

Barth, J. T., Alves, W., Ryan, T., Macciocchi, S., Rimel, R. W., Jane, J. J., & Nelson, W. (1989). Mild head injury in sports: Neuropsychological
sequelae and recovery of function. InL. H. S., E. H. M., & B. A. L. (Ed¥li)d head injury(pp. 257—-275). New York: Oxford University Press.

Collie, A., Darby, D., & Maruff, P. (2001). Computerised cognitive assessment of athletes with sports related hed8ritigiryournal of Sports
Medicing 35(5), 297-302.

Collins, M. W., Grindel, S. H., Lovell, M. R., Dede, D. E., Moser, D. J., Phalin, B. R., et al. (1999). Relationship between concussion and
neuropsychological performance in college football play&warnal of the American Medical Associatj@8210), 964-970.

Collins, M. W.,, Lovell, M. R., Iverson, G. L., Cantu, R. C., Maroon, J. C., & Field, M. (2002). Cumulative effects of concussion in high school
athletesNeurosurgery51(5), 1175-1181.

Collins, M. W., Lovell, M. R., & Mckeag, D. B. (1999). Current issues in managing sports-related concuksiamal of the American Medical
Association28224), 2283-2285.

Collins, M., Stump, J., & Lovell, M. (2004). New developments in the management of sports conc@si@nt Opinion in Orthopaedicd5,
100-107.

Field, M., Collins, M. W., Lovell, M. R., & Maroon, J. (2003). Does age play a role in recovery from sports-related concussion? A comparison of
high school and collegiate athletdsurnal of Pediatrics142 546-553.

Guskiewicz, K. M., McCrea, M., Marshall, S. W., Cantu, R. C., Randolph, C., Barr, W., et al. (2003). Cumulative effects associated with recurrent
concussion in collegiate football players: The NCAA concussion stialynal of the American Medical Associati®90, 2549-2555.

Hinton-Bayre, A. D., Geffen, G. M., Geffen, L. B., McFarland, K. A., & Friis, P. (1999). Concussion in contact sports: Reliable change indices of
impairment and recoveryournal of Clinical and Experimental Neuropsycholpg$(1), 70-86.

Iverson, G., Gaetz, M., Lovell, M., & Collins, M. (2004). Relation between subjective fogginess and neuropsychological testing followingtoncussi
Journal of the International Neuropsychology Socjéfy, 1-3.

Iverson, G., Gaetz, M., Lovell, M., & Collins, M. (2005). Validity of ImPACT for measuring processing speed following sports-related concussion.
Journal of Clinical and Experimental Neuropsychology, 683-689.

Iverson, G., Lovell, M., & Collins, M. (2002). Validity of IMPACT for measuring the effects of sports-related concugsithives of Clinical
Neuropsychologyl7(8), 769.

Johnston, K. M., McCrory, P., Mohtadi, N. G., & Meeuwisse, W. (2001). Evidence-Based review of sport-related concussion: Clinical science.
Clinical Journal of Sport Medicingl1(3), 150-159.



+ Model

P. Schatz et al. / Archives of Clinical Neuropsychology xxx (2005) XXX—XXX 9

Lovell, M. (1999). Evaluation of the professional athlete. In J. E. Bailes, M. Lovell, & J. Maroon (ESjj}ts-related concussigpp. 200-214).
St. Louis: Quality Medical Publishing.

Lovell, M. (2004).ImPACT Version 2.0 Clinical User's Manuaccessed 8/2/2005 &ttp://www.impacttest.com/clients.htm

Lovell, M., & Burke, C. J. (2002). The NHL concussion program. In R. Cantu (Bdelrologic athletic head and spine injufpp. 32-45).
Philadelphia: WB Saunders.

Lovell, M., Collins, M., Iverson, G., Johnston, K., & Bradley, J. (2004). Grade 1 or “ding” concussions in high school athie¢esan Journal
of Sports Medicing32, 47-54.

Lovell, M. R., & Collins, M. W. (1998). Neuropsychological assessment of the college football playenal of Head Trauma Rehabilitation
13(2), 9-26.

Lovell, M. R., Collins, M. W,, Iverson, G. L., Field, M., Maroon, J. C., Cantu, R., et al. (2003). Recovery from mild concussion in high school
athletesJournal of Neurosurgery98(2), 296—301.

Lovell, M. R., Collins, M. W., Podell, K., Powell, J., & Maroon, J. (2000pPACT: Immediate post-concussion assessment and cognitive testing
Pittsburgh, PA: NeuroHealth Systems, LLC.

Maroon, J. C., Lovell, M. R., Norwig, J., Podell, K., Powell, J. W., & Hartl, R. (2000). Cerebral concussion in athletes: Evaluation and neuropsy-
chological testingNeurosurgery47(3), 659—669 (discussion, pp. 669-672).

McCrory, P., Johnston, K., Meeuwisse, W., Aubry, M., Cantu, R., Dvorak, J., etal. (2004). Summary and agreement statement of the 2nd internationa
conference on concussion in sport, Pradg@ritish Journal of Sports Medicin@9, 196-204.

McKeever, C. K., & Schatz, P. (2003). Current issues in the identification, assessment, and management of concussions in sports-related injurie:
Applied Neuropsychologg0(1), 4-11.

Moser, R. S., & Schatz, P. (2002). Enduring effects of concussion in youth atietbs/es of Clinical Neuropsychology7(1), 91-100.

Moser, R. S., Schatz, P., & Jordan, B. (2005). Prolonged effects of concussion in high school afleletesurgery57, 300—306.

Podell, K. (2004). Computerized assessment of sports-related concussions. In M. R. Lovell, et alT(&asatic brain injury in sportgpp.
375-396). Lisse, Netherlands: Swets & Zeitlinger.

Powell, J. W., & Barber-Foss, K. D. (1999). Traumatic brain injury in high school athlé&tesnal of the American Medical Associati®&8210),
958-963.

Schatz, P., & Zillmer, E. A. (2003). Computer-based assessment of sports-related con@pgslied. Neuropsychology0(1), 42—47.

SPSS. (2003)SPSS for Macintosh, Release Chicago: SPSS, Inc.


http://www.impacttest.com/clients.htm

	Sensitivity and specificity of the ImPACT Test Battery for concussion in athletes
	Methods
	Participants
	Materials/procedures
	Analyses

	Results
	Discussion
	References


