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Sport concussion is commonly assessed using a battery of tests that evaluateAbstract
neurocognitive functioning, postural control and self-report symptoms. The
degree to which concussion affects each of these measures is unclear. Thus, the
purpose of this meta-analysis is to systematically review and quantify the effect of
sport concussion on each assessment measure when administered immediately
post-injury and in the 2 weeks following injury. PubMed and PsychINFO
databases were searched from January 1970 to June 2006, from which 39 were
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included for review. Studies were selected for review if they included concussed
athletes who were evaluated using one of the three assessment measures. One
post-morbid assessment must have been completed within 14 days of injury and
compared with a baseline measure or control group. Study design, type of
neurocognitive assessment, timing of assessment following injury and number of
post-concussion assessments were extracted as potential moderators. Sport-relat-
ed concussion had a large negative effect (mean ∆; 95% confidence interval) on
neurocognitive functioning (–0.81; –1.01, –0.60), self-report symptoms (–3.31;
–6.35, –0.27) and postural control (–2.56; –6.44, 1.32) in the initial assessment
following injury. A reduced, but large effect, was also seen in the 14 days
following the initial assessment for neurocognitive functioning (–0.26; –0.46,
–0.06), self-report symptoms (–1.09; –2.07, –0.11) and postural control (–1.16;
–2.59, 0.27). Our findings demonstrated large effects for each aspect of the
assessment battery. These findings support the use of the multifaceted concussion
evaluation.

Between 1.6 and 3.8 million sport-related con- additional information on the status of the concussed
cussions occur in the US annually,[1] with an esti- athlete by independently evaluating differing as-
mated 250 000 in high-school football alone.[2] The pects of cerebral functioning.
cumulative cost of concussive injuries is nearly The neurocognitive evaluation is suggested to
$US17 billion (1999 values) in both direct and indi- provide the greatest amount of information to the
rect costs.[3] Injury rates in American football are clinician following injury and is commonly used as
well documented with investigations of high-school the cornerstone of the assessment.[9,11,12] Tradition-
football reporting that 3.6–5.6% of players will sus- ally, extensive pencil and paper assessments were
tain a concussion in a single season.[4,5] Collegiate administered to evaluate multiple domains (e.g. in-
concussion incidence is similar and reported to formation processing, planning and memory) and
range from 4.0% to 5.0%,[5,6] although the rate of have proven effective in detecting cognitive decre-
game day concussions has steadily increased from ments following concussion.[13-15] With improve-
1987 through 2003.[6] At the professional level, a ments in computer technology and availability,
6-year study found the rate of concussion to be 0.41 computerized neurocognitive tests are now common
injuries per game.[7] in sports medicine settings.[10] At least three com-

puterized concussion assessment programs are com-Certified athletic trainers working with sports
mercially available and each has shown sensitivityteams are commonly the first to assess a suspected
to the effects of concussion.[16-18] Computerizedconcussive injury. The National Athletic Trainers’
tests are purported to offer many advantages overAssociation position statement on concussion[8] and
pencil and paper tests,[12] but both assessment tech-the International Symposium on Concussion in
niques are limited to the athletic training room orSport summary and agreement statement[9] recom-
other controlled environments. To remedy thismend a battery of tests that included evaluations of
shortcoming, the Standardized Assessment of Con-neurocognitive functioning, self-report concussion-
cussion (SAC) was developed as a brief concussionrelated symptoms and postural stability. Baseline
screening tool for sideline administration and hastesting of individual athletes on all facets of the
proven effective in the assessment of acutely con-battery during the preseason is recommended for
cussed athletes.[19]direct comparison to post-morbid evaluations. The

objective test results may be appraised by the team Self-report concussion-related symptoms are the
or primary-care physician to support the physical most commonly used tool for concussion assess-
examination when making a diagnosis and return- ment employed by athletic trainers,[10] but consider-
to-play decision.[10] Each assessment measure adds able variation exists in the specific content of the

© 2008 Adis Data Information BV. All rights reserved. Sports Med 2008; 38 (1)
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symptom list.[20-22] Recent research showing nine tive functioning, self-report symptoms and postural
items divided equally into three latent constructs control. We also sought to directly compare effects
(somatic, cognitive, neuropsychological) may best between different aspects of the assessment battery
describe concussion and remove the potential of in studies where multiple techniques were em-
other symptoms confounding the assessment.[23] Use ployed. Finally, we evaluated how study design,
of self-report symptoms, however, relies on the ac- type of neurocognitive assessment technique, the
curate reporting of symptoms by the concussed ath- time of assessment following concussion, and the
lete. In some instances, athletes may under-report number of post-concussion assessments may moder-
symptoms to accelerate their return to play or may ate the effects of sport concussion.
not be aware their symptom is related to concus-
sion.[24,25] 1. Methods

Recently, instrumented and non-instrumented
postural control assessments have been used to eval- 1.1 Study Selection
uate concussed athletes. The Balance Error Scoring
System (BESS) is a brief, non-instrumented assess- PubMed and PsychINFO databases from January
ment of balance.[26] The test can be completed on the 1970 to June 2006 were searched using the follow-
sideline or in the athletic training room. Following ing keywords: ‘concussion’, ‘mild traumatic brain
injury, concussed athletes commonly commit more injury’, ‘sport’, ‘athlete’, ‘football’, ‘soccer’, ‘hock-
errors on the BESS test compared with a baseline ey’, ‘boxing’, ‘cognition’, ‘cognitive impairment’,
evaluation and control subjects, indicating a de- ‘balance’, ‘postural control’ and ‘symptoms’. The
crease in postural control.[27] The more sophisticat- search was limited to English-language publica-
ed, instrumented NeuroCom Sensory Organisation tions. Searches were supplemented by reference lists
Test (SOT) has also been used for concussion as- from retrieved articles and related reviews. Col-
sessment.[13,14,17] An evaluation of concussed ath- leagues familiar with the topic area also were con-
letes on the SOT has shown sensory integration sulted in a further effort to locate published studies.
decrements that lead to an overall decrease in postu- Studies were included if they met the following
ral control.[14] This assessment technique, however, criteria: (i) the sample included athletes concussed
is cost prohibitive in most settings. during a sporting event; (ii) the dependent variable

Assessment of sport concussion is difficult as no was a measure of neurocognitive function, self-
two injuries result in the same changes to cerebral report concussion-related symptoms, and/or postu-
functioning. The multifaceted assessment battery ral control; (iii) post-concussion assessments were
was developed to evaluate distinct aspects of cogni- compared with pre-season baseline measures or a
tive functioning, but post-injury tests may yield control group; (iv) at least one post-concussion as-
conflicting results.[14] This problem is magnified sessment was completed within 14 days of injury;
with variability in the test battery, including differ- and (v) enough information was provided by the
ing neurocognitive tests or symptom lists. A pre- authors to calculate effect sizes. Review articles,
vious systematic review elucidated the neurocogni- abstracts, case studies and editorials were excluded
tive response to concussive injury.[28] This analysis from the analysis. Studies or data within studies
focused on the effect of concussion on various cog- providing post-concussion assessment information
nitive domains when evaluated by pencil and paper beyond 14 days post-injury were excluded from the
tests, computerized assessments or the SAC. The analysis. The 14-day post-concussion window was
results suggested the greatest impact of concussion selected as the suggested time for neurometabolic
was on memory acquisition and global cognitive recovery in humans following concussion.[29,30]

ability. To what degree concussion affects postural Studies involving imaging techniques were not in-
control and self-report symptoms was not complet- cluded in the analysis because sport concussion has
ed. Therefore, the main purpose of this article was to been described as a functional change to the brain,
ascertain the degree of change in each distinct aspect rather than a structural change, resulting in normal
of the concussion assessment battery: neurocogni- imaging studies.[31] Included studies were separated

© 2008 Adis Data Information BV. All rights reserved. Sports Med 2008; 38 (1)
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into three categories based on the type of outcome computer test or the SAC. Although other moderator
measure used to assess sport concussion, namely variables were considered, these variables were se-
neurocognitive function, self-report symptoms and lected based on theoretical grounds as likely inde-
postural control. When possible, these main out- pendent moderators and on the distribution of data
come categories were further broken down based on in that adequate information was available to make
the time of the assessment of the sport concussion; meaningful interpretations. Furthermore, with the
that is, whether it was the initial or a follow-up relatively small number of effects, the inclusion of
assessment. too many variables could severely reduce the statis-

tical power of the analysis limiting valid interpreta-
1.2 Data Extraction tions of moderating effects.[42,43] Information con-

cerning subject demographics, the sport played, se-Data were extracted from reports by one of the
verity of injury, incidence of loss of consciousnessauthors (SPB), checked by the second (TWP) and
and when post-concussion assessments were madediscrepancies resolved by consensus. Sample sizes
were also extracted for descriptive purposes.as well as baseline and post-concussion means and

standard deviations for the concussed and control
1.3 Assessment of Study Qualitygroups were extracted from the investigations in

order to calculate effect sizes. Effect sizes (Hedge’s The methodological quality of each study was
g) were calculated by subtracting the mean change assessed using a 15-item scale (1 point per item for a
(i.e. follow-up minus baseline) for a control group maximum of 15) as described elsewhere.[44] The
from the mean change for a concussed group and scale addressed the fundamental aspects of the
dividing this difference by the pooled standard methods and reporting of clinical trials such as
deviation of baseline scores.[32] In those studies that randomization, sample selection, outcome measures
did not include a separate control group (i.e. one and statistical analysis. Quality assessment scoring
group baseline-follow-up design), the effect sizes was performed independently by the two authors
were calculated by subtracting the baseline score (SPB and TWP) and showed high concordance be-
from the post-concussion score and dividing the tween the two raters (intraclass correlation co-
difference by the baseline standard deviation. All efficient [3,2] = 0.91, 95% CI 0.83, 0.95).[45] Fur-
effects sizes were adjusted using Hedge’s small thermore, using the Bland and Altman limits-of-
sample size bias correction before being entered into agreement procedure, the average disagreement
the analysis.[32] Effect sizes were calculated so that (mean; 95% CI) was close to zero (0.04; –0.14, 0.22)
decreases in neurocognitive function and postural thus suggesting no evidence for a systematic disa-
control and increases in self-reported symptoms re- greement bias between the two reviewers.[46,47]

sulted in negative effect sizes. In studies with multi- Quality scores were reported for each study for
ple assessment points, in which multiple effects descriptive purposes (table I). Quality scores were
could be obtained, effects were averaged so that not used as weights or moderators in the analysis
only one value contributed to the analysis.[33] When because of the potential disparity that can exist in
precise mean data were not reported, effect sizes results depending on the specific quality scale em-
were estimated[34] from F-tests,[35] p-values[36] or ployed.[48]

figures.[13,14,23,26,27,37-41]

Moderators extracted from the studies included 1.4 Statistical Methods
the study design, type of neurocognitive technique
used for assessment, time the post-concussion as- Statistical analyses were performed separately
sessment was administered following injury and for those investigations assessing sport concussion
number of follow-up assessments post-concussion. based on (i) neurocognitive function; (ii) postural
The study design was categorized as those studies control; and (iii) self-reported symptoms. When
with control groups and those studies without con- possible, these categories were further broken down
trol groups. The type of neurocognitive assessment and analysed based on the initial assessment and any
technique was categorized as a pencil and paper test, follow-up assessments. Analyses were performed

© 2008 Adis Data Information BV. All rights reserved. Sports Med 2008; 38 (1)
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with Meta-analysis with Interactive eXplanations ance. Each effect was weighted by the inverse of its
variance and then recalculated with the random-(MIX) version 1.3 (Sagamihara city, Kanagawa,
effects variance component added. Significant mod-Japan) and SPSS macros (SPSS version 13.0, SPSS
erators in the regression analysis were decomposedInc., Chicago, IL, USA). MIX version 1.3 was used
using a random-effects model to compute effectto calculate the aggregated mean effect size, the
sizes and 95% CIs.[75]associated 95% CI and the sampling error variance

Sport-related concussion studies that concurrent-using a fixed-effects model. Heterogeneity and con-
ly measured neurocognitive function and self-re-sistency were evaluated with the Q statistic and the
ported symptoms were selected from the examinedI2 statistic (i.e. estimates the percentage of variation
literature in order to directly compare the magnitudeacross studies that cannot be attributed to chance or
of the effects between the two most common typessampling error), respectively. Because of the liberal
of post-concussion outcome measures.[10] Effectestimate of heterogeneity associated with the Q sta-
sizes were calculated as previously described.tistic, heterogeneity was further examined in terms
Neurocognitive function and self-reported symptomof the percentage of observed variance accounted
effect sizes were then dummy coded. A macrofor by sampling error. Heterogeneity was indicated
(SPSS version 13.0) was used to compute aggregat-if the sampling error accounted for <75% of the
ed effect sizes adjusted for sample size, calculatedobserved variance.[32] When significant hetero-
the 95% CI and tested the significance of codedgeneity was found, the analysis was redone with a
effect-size variables.[75] Differences between the ef-random-effects model. Publication bias was subjec-
fects for neurocognitive function and self-reportedtively addressed by inspection of the funnel plot[72]

symptoms were determined using the QB statis-
on the outcome measure and quantified with the

tic.[32] The analysis employed a random-effects
trim-and-fill method.[73,74]

model in which the effects were weighted by the
Moderator variables were entered into weighted inverse of their variance and recalculated with the

least squares multiple linear regression analyses to random-effects variance component added. Con-
determine their independent effects (p < 0.05) on trasts were tested at p < 0.05.
variation in effect size.[32] Three variables (i.e. study
design, the type of neurocognitive assessment tech- 2. Results
nique, time of assessment post-concussion) and two
variables (i.e. study design, time of assessment post-
concussion) were examined in the analysis of the 2.1 Search Findings
initial assessment of neurocognitive function and
self-reported symptoms post-injury, respectively. The search strategy yielded 3364 citations, from
Three variables (i.e. study design, neurocognitive which 89 studies examining sport-related concus-
assessment technique, number of assessments post- sion were targeted for detailed review. The most
concussion) and two variables (i.e. study design, common reasons for exclusion were (i) lack of ade-
number of assessments post-concussion) were quate information to calculate effect sizes; (ii) the
examined in the analysis of the follow-up assess- first post-concussion assessment was completed lat-
ments for neurocognitive function and self-report er than 14 days following injury; and/or (iii) the
symptoms post-injury, respectively. The limited study design did not include a baseline assessment
number of studies (6 of 39) examining postural or control group (figure 1). Of the 89 trials examined
control post-concussion provided a sub-optimal in detail, 39 trials met the inclusion criteria for the
dataset for testing moderators of the effect; thus, meta-analysis, with some reporting more than one
such analyses were not conducted. A macro (SPSS assessment technique of concussed athletes (table I);
version 13.0)[75] was used for the analyses, which 34 used a post-concussion assessment of neurocog-
employed a random-effects model to account for nitive function, 14 used post-concussion assessment
between-study heterogeneity associated with both of self-reported symptoms, and six used post-con-
study-level sampling error and random effects vari- cussion assessment of postural control.

© 2008 Adis Data Information BV. All rights reserved. Sports Med 2008; 38 (1)
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3364 potential abstracts identified and
screened

3275 abstracts excluded as irrelevant
(e.g. review articles, abstracts, case
studies and editorials)

89 articles reviewed for relevancy

 

 

 
 39 articles included in the meta-analysis:

     34 = neurocognitive
     14 = self-report symptoms
       6 = postural control

50 articles excluded:
     22 = insufficient data
     17 = data exceeded 14 days post-
             injury
       9 = no baseline assessment or
            control group
       2 = subject data reported in more
            than one study

Fig. 1. Selection of sport concussion manuscripts. Some articles included in the analysis reported more than one assessment technique of
the concussed athletes.

2.2 Characteristics of Included Studies and 271.53, p < 0.001). Sampling error accounted for
Quality Assessment 17.8% of the observed variance. The effect also was

not consistent across studies (I2 = 87.9%; 95% CIParticipant characteristics of the studies included
84.1, 90.7).in the initial and follow-up assessments of

Moderator analysis: the regression model con-neurocognitive function, self-report symptoms, and
taining study design, the type of neurocognitivepostural control are presented in table II. A total of
technique used at assessment and time of assessment4145 concussed and control participants were evalu-

ated in the 39 studies included for analysis. These post-concussion was significantly related to effect
individuals were primarily male (92.9%), American size (QR(3) = 28.71, p < 0.001, R2 = 0.52 and QE(29)
football athletes (72.0%) with a mean age of 19.0 ± = 26.36, p = 0.61). Study design (β = 0.53, z = 3.31,
0.40 years. p = 0.001) and the neurocognitive assessment tech-

nique (β = 0.45, z = 4.02, p < 0.001), but not time of
2.3 Neurocognitive Function: assessment post-concussion (β = 0.03, z = 0.72, p =
Post-Concussion Outcomes and Moderators 0.47), were independently related to the effect. De-
of the Effect

composition of the study-design variable showed
that there was a larger effect (∆; 95% CI) for studies2.3.1 Initial Assessment
that used a control group (–0.92; –1.18, –0.66) thanPost-concussion outcomes: the distribution of the
studies without a control group (–0.63; –0.95,34 effects was negatively skewed (g1 = –0.99) and
–0.32). Decomposition of the neurocognitive assess-leptokurtic (g2 = 2.04). Thirty-three of the 34 effects
ment technique variable showed that there was a(97.1%) were less than zero. The mean effect size ∆
larger effect for studies that used the SAC (–1.49;was –0.81 (95% CI –1.01, –0.60). The evidence
–1.85, –1.12) than studies that used either pencil andshowed a significant decrease in cognitive function
paper (–0.61; –0.85, –0.36) or computer (–0.70;in the initial assessment post-concussion (z = 7.73, p

< 0.001). The effect was heterogeneous (QT(33) = –0.96, –0.43) tests.

© 2008 Adis Data Information BV. All rights reserved. Sports Med 2008; 38 (1)
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2.3.2 Follow-Up Assessment
Post-concussion outcomes: the distribution of the

15 effects was negatively skewed (g1 = –0.31) and
leptokurtic (g2 = 0.60). Twelve of the 15 effects
(80.0%) were less than zero. The mean effect size ∆
was –0.26 (95% CI –0.46, –0.06). The evidence
showed a significant decrease in cognitive function
in the follow-up assessments post-concussion (z =
2.59, p = 0.001). The effect was heterogeneous
(QT(14) = 54.68, p < 0.001). Sampling error account-
ed for 28.7% of the observed variance. The effect
also was not consistent across studies (I2 = 74.4%;
95% CI 57.5, 84.6).

Moderator analysis: the regression model con-
taining study design, the type of neurocognitive
technique used at assessment and the number of
assessments taken post-concussion was not signifi-
cantly related to effect size (QR(3) = 3.83, p = 0.22,
R2 = 0.25 and QE(11) = 11.12, p = 0.43). Neither the
study design (β = 0.03, z = 0.13, p = 0.90) nor the
number of assessments taken post-concussion (β =
0.06, z = 0.67, p = 0.50) were independently related
to the effect; however, the type of neurocognitive
assessment technique neared significance (β = 0.24,
z = 1.84, p = 0.08). Decomposition of the type of
neurocognitive assessment technique showed that
there was a larger effect (∆; 95% CI) for studies that
used a pencil and paper test (–0.50; –0.83, –0.16)
than studies that used either computer (–0.19; –0.55,
0.14) or the SAC (–0.04, –0.41, 0.33) tests.

2.4 Self-Reported Symptoms:
Post-Concussion Outcomes and Moderators
of the Effect

2.4.1 Initial Assessment
Post-concussion outcomes: the distribution of the

14 effects was negatively skewed (g1 = –2.13) and
leptokurtic (g2 = 3.44). All 14 effects (100.0%) were
less than zero. The mean effect size ∆ was –3.31
(95% CI –6.35, –0.27). The evidence showed a
significant increase in self-reported symptoms in the
initial assessment post-concussion (z = 2.13, p =
0.03). The effect was heterogeneous (QT(13) =
17 463.68, p < 0.001). Sampling error accounted for
0.1% of the observed variance. The effect also was
not consistent across studies (I2 = 99.9%; 95% CI
99.8, 99.9).
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Moderator analysis: the regression model con- not consistent across studies (I2 = 99.8%; 95% CI
taining study design and the time of assessment 99.7, 99.9).
post-concussion was not significantly related to ef- 2.5.2 Follow-Up Assessment
fect size (QR(2) = 2.03, p = 0.36, R2 = 0.17 and Post-concussion outcomes: the distribution of the
QE(11) = 10.17, p = 0.52). Neither study design nor effects was negatively skewed (g1 = –2.35) and
the time of assessment post-concussion were inde- leptokurtic (g2 = 5.60). All six effects (100.0%)
pendently related to the effect. were less than zero. The mean effect size ∆ was

–1.16 (95% CI –2.59, 0.27). The evidence showed a2.4.2 Follow-Up Assessment
non-significant decrease in postural control in thePost-concussion outcomes: the distribution of the
follow-up assessments post-concussion (z = 1.59, pnine effects was negatively skewed (g1 = –1.02) and
= 0.11). The effect was heterogeneous (QT(5) =platykurtic (g2 = –0.43). Eight of the nine effects
230.31, p < 0.001). Sampling error accounted for(88.9%) were less than zero. The mean effect size ∆
1.6% of the observed variance. The effect also waswas –1.09 (95% CI –2.07, –0.11). The evidence
not consistent across studies (I2 = 97.8%; 95% CIshowed a significant increase in self-reported symp-
96.7, 98.6).toms in the follow-up assessments post-concussion

(z = 2.17, p = 0.03). The effect was heterogeneous 2.6 Direct Comparison of Effects
(QT(8) = 600.66, p < 0.001). Sampling error account-

A total of ten sport-related concussion studiesed for 2.1% of the observed variance. The effect also
(subjects = 913) concurrently measured neurocogni-was not consistent across studies (I2 = 98.7%; 95%
tive function and self-reported concussion symp-CI 98.2, 99.0).
toms at the initial assessment post-concus-Moderator analysis: the regression model con-
sion.[16,26,51-54,57,58,62,70] The ten studies had an aver-taining study design and the number of assessments
age sample size of 71 (range = 30–156). There was ataken post-concussion was significantly related to
significant difference in effect sizes between theeffect size (QR(2) = 10.34, p = 0.01, R2 = 0.57 and
measures (QB(1) = 5.28, p = 0.02). The effect (meanQE(6) = 7.74, p = 0.26). The number of assessments
∆; 95% CI) associated with increases in self-report-taken post-concussion (β = –0.43, z = 2.92, p =
ed symptoms at the initial assessment post-concus-0.004) was independently related to the effect with
sion (–1.21; –1.36, –1.05) was significantly greateran increased number of post-concussion assess-
than the effect associated with decrements inments being associated with a decreased number of
neurocognitive function at the initial assessmentself-reported symptoms. The study design (β = 0.39,
post-concussion (–0.95; –1.10, –0.79).z = 1.02, p = 0.31) was not independently related to

the effect.
2.7 Assessment of Publication Bias

2.5 Postural Control: Post-Concussion The funnel plots for all six meta-analyses (i.e.
Outcomes and Moderators of the Effect initial and follow-up assessment analyses for

neurocognitive function, self-reported symptoms
and postural control) were inspected and found to be2.5.1 Initial Assessment
approximately symmetric, suggesting absence ofPost-concussion outcomes: the distribution of the
publication bias. The trim-and-fill analyses also sug-six effects was negatively skewed (g1 = –2.37) and
gested that all six meta-analyses were free of publi-leptokurtic (g2 = 5.68). All six of the effects (100%)
cation bias in that zero studies were imputed in orderwere less than zero. The mean effect size ∆ was
to reach symmetry. Thus, the resulting effect out-–2.56 (95% CI –6.44, 1.32). The evidence showed a
comes were not changed in any of the analyses.non-significant decrease in postural control in the

initial assessment post-concussion (z = 1.29, p = 3. Discussion
0.19). The effect was heterogeneous (QT(5) =
2902.17, p < 0.001). Sampling error accounted for This meta-analysis sought to elucidate the effects
0.4% of the observed variance. The effect also was of sport concussion as measured by three common
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clinical assessment measures. Studies investigating included in the analysis. We included more post-
changes to neurocognitive functioning, self-report injury days (i.e. 14 days) in our analysis to account
symptoms and postural control both immediately for complete neurometabolic recovery following
following and within the first 14 days of injury were concussion.[29,30] Similar to Belander and Vander-
included in the analyses. In addition, we directly ploeg,[28] our analysis found the addition of a control
compared the magnitude of the effect between group had a moderating effect on outcomes. This
neurocognitive and self-report symptom measures finding would suggest that future investigations
and evaluated the moderating effects of study de- should include control participants within the study
sign, type of neurocognitive assessment technique, design to better clarify the effects of concussion.
the time from concussion to the first assessment, and Control subjects evaluated at identical timepoints to
the number of post-concussion assessments. Our the concussed athletes allows investigators to ac-
analyses indicated sport concussion had a large neg- count for practice effects reported to occur in some
ative effect on neurocognitive functioning (∆ = tests when administered multiple times.[13,56,76]

–0.81) when evaluated immediately following inju- Significant independent moderating effects were
ry. In the 14 days following injury, the effect was found for time from the injury to the initial assess-
reduced (∆ = –0.26). Large negative effects for self- ment and the neurocognitive assessment technique
report symptoms also were seen in both the immedi- used (i.e. pencil and paper, computer or SAC tests).
ate post-concussion assessment (∆ = –3.31) and This would suggest that comparing individuals or
those administered during the 14 days post-injury groups that have not been evaluated at identical
(∆ = –1.09). Finally, the effect on postural control timepoints post-injury may influence outcomes.
was large immediately following injury (∆ = –2.56) Previous works have shown a rapid recovery from
and in the 14 days following the initial assessment sport concussion in the first 10–14 days following
(∆ = –1.16). injury,[26,60,77] and comparing groups at different

A detailed description of each component of the timepoints may make the valid interpretation of
assessment battery follows. The neurocognitive, results within and across studies more difficult. In
self-report symptoms and postural control assess- addition, decomposition of the assessment tech-
ments were included for analysis as clinical tools nique found the largest effect associated with the
that are easily administered and interpreted by sports SAC in the immediate post-concussion assessment.
medicine clinicians. Each evaluative technique has This finding is supported by a previous work in
been recommended by the National Athletic Train- which the SAC demonstrated high sensitivity to
ers’ Association[8] and a summary agreement from concussion immediately following injury when used
the International Conference on Concussion in as part of a brief battery of concussion assessment
Sport.[9] The clinician’s understanding of the advan- tests.[19] When contrasted with the other assessment
tages and disadvantages of each component of the techniques, the effects demonstrated by the SAC
post-concussion assessment battery can lead to a may be related to administration time subsequent to
more accurate diagnosis and safe return to play. injury. In many instances, pencil and paper tests and

computerized assessments were administered in the
3.1 Neurocognitve Assessment following days and not on the sideline after injury

(table I). In studies where several days passed beforeA neurocognitive assessment following sport
the initial assessment of more traditional neurocog-concussion is suggested to provide the greatest
nitive assessment techniques occurred, injury recov-amount of information to the clinician[11] and is
ery may have reduced effect sizes when comparedrecommended as the cornerstone of the concussion
with SAC administration immediately following in-evaluation.[31] The effects of sport concussion we
jury.witnessed were large, but slightly smaller than those

previously reported both immediately following When evaluating the effects seen in the 14 days
concussion and within the first 10 days of injury.[28] following injury, the neurocognitive assessment
Discrepancies in effect sizes may have been related showed the smallest effects compared with the other
to differences in the number of post-injury days evaluation techniques. Assessments taken at this
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timepoint were not influenced by any moderating The effect of concussion on self-report symptoms
variable. The neurocognitive assessment technique during the first 14 days following injury found the
approached significance (p = 0.08), with the pencil number of assessments following injury to be a
and paper test battery showing the largest effect. significant moderator. This would indicate that as
Such a trend has been supported by a previous work more post-concussion assessments were adminis-
that found an increasing sensitivity of a pencil and tered, the number of symptoms decreased. This phe-
paper assessment battery during the first 7 days nomenon has been reported previously and was not
post-injury.[19] unexpected.[39] Neurocognitive functioning, how-

ever, was not moderated by the number of assess-These results would suggest that the SAC may
ments, suggesting a disconnect between symptomprovide the sports medicine clinician with the great-
resolution and neurocognitive recovery. One groupest amount of information pertaining to neurocogni-
has suggested that self-report concussion-relatedtive status immediately following injury. In the days
symptom resolution can be used as the sole return-following concussion, as the sensitivity of the SAC
to-play decision in some instances.[9] Based on ourdeclines, a pencil and paper assessment battery
findings, this clinical protocol is not warranted. Theshould be considered. Since each of these tests re-
tracking of self-report symptoms following concus-quire a separate baseline assessment for proper clin-
sion should continue as it is inexpensive, easy toical interpretation, the clinician must balance time
administer, and can be used in all clinical settings.spent versus the information gained by using both
However, symptom findings should be used in con-assessment techniques. In addition, one’s clinical
junction with a concussion assessment battery thatpractice may not necessitate the use of a sideline test
evaluates multiple aspects of cerebral functioning.or permit access to an individual trained to interpret

pencil and paper tests. Further research is needed to
3.3 Postural Controlexamine the sensitivity of post-concussion assess-

ment techniques over time and the associated cost- The postural control measures also garnered
benefit analysis of each of these techniques. large effects immediately following injury and

during the 14 days following the initial assessment.3.2 Self-Reported Symptoms
Clinical inferences from this analysis, however, are

Sport concussion showed the largest effect on limited by an insufficient number of published stud-
self-report symptoms at the immediate post-concus- ies in this area. Nevertheless, the large effects seen
sion assessment. This effect was significantly great- in this analysis suggest further research is war-
er than the effect on neurocognitive performance in ranted. Postural control assessments such as the
the ten studies that concurrently measured self-re- SOT or the BESS are now supported by the National
port symptoms and neurocognitive performance im- Athletic Trainers’ Association[8] as part of the con-
mediately following injury. In addition, the effect on cussion assessment battery. Postural control decre-
self-report symptoms occurred without study design ments following concussion are documented and are
or time of initial assessment post-injury significant- reported to result from a sensory integration deficit
ly moderating the effect. While it would appear self- in the balance mechanism.[14,27,78] When used soon
report symptoms would clearly indicate the pres- after injury, one author reports a postural control test
ence of concussion, caution is warranted in its use. to be more sensitive to concussion than some pencil
Unlike other assessment techniques in the assess- and paper tests.[14] Balance decrements typically
ment battery, concussion-related symptoms are sub- resolve 3–5 days post-injury,[26,27] but resolution
jectively reported by the athlete. One study suggest- time may be dependent on the measurement device.
ed that over one-third of unreported concussions Instrumented measures of postural control, such as
may result from the athlete not being aware of the the NeuroCom SOT, are likely more sensitive than
injury’s signs and symptoms.[25] In addition, it has uninstrumented measures; however, the cost of the
been proposed that some athletes may deliberately device makes its use prohibitive and it cannot be
under-report concussion-related symptoms in an ef- used for sideline assessments. A less expensive pos-
fort to return to play sooner.[24] tural control assessment (BESS) has also been re-
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ported.[26,27] Use of either postural control assess- exclusion of the others. When evaluating concussion
ment technique is warranted as demonstrated by immediately post-injury, the largest effects were
large post-concussion effects and the additional seen using the SAC assessment for cognitive status.
clinical information may provide a better under- These effects lessened as more assessments were
standing of the injury. administered within the first 14 days of the injury.

During the 2-week follow-up period, the largest
3.4 Strengths and Limitations neurocognitive effects were seen using the pencil

and paper assessment battery. While computer-
Despite a large increase in the number of sport based assessments are now more commonly utilized

concussion publications in the previous decade, for concussion assessment,[10] they did not yield the
evaluation of the injury remains difficult. This meta- same effect as their pencil and paper counterparts.
analysis sought to clarify the effects concussion has Computer-based evaluations are a novel addition to
on various aspects of the concussion battery and is the concussion assessment protocol and are still
the first to evaluate all aspects of a standard assess- undergoing development. The evolution of these
ment battery both immediately following concus- instruments will require a thorough examination of
sion and in the subsequent days. Some limitations their validity and reliability before they become an
were present in this study that restricted the thor- equivalent assessment tool.[80]

oughness of the analyses. Inconsistent reporting of The largest effects in the immediate post-concus-
demographic information such as concussion severi- sion assessment were demonstrated with self-report
ty was common and the majority of the studies we symptoms. While this would appear to be the obvi-
included used high-school and collegiate American ous choice for concussion assessment, their use pre-
football athletes. Future research should focus on supposes accurate reporting by the concussed ath-
the adolescent athlete, as well as females and other lete.[24,25] Symptom reporting is also influenced by
sports. Youth athletes have been shown to take the number of post-concussion assessments, sug-
longer to recover from injury than their older coun- gesting that this tool is best suited only as a guide for
terparts[54] and one author has suggested that female recovery and not a definitive tool. Although not
athletes experience greater declines in neurocogni- investigated here, the potential for practice/learning
tive performance and report more concussion-relat- effects exists with multiple administrations of
ed symptoms following injury than their male coun- neurocognitive[56,76] and postural control tests.[13,81]

terparts.[79] Too few studies were available to inves- Sports medicine personnel can reduce the number of
tigate the effects of either of these variables. Finally, test administrations by using a daily assessment of
we were only able to include six studies evaluating symptoms until the athlete reports symptom free.
postural control following sport concussion. Based Once asymptomatic, the postural control and
on our findings, the use of postural control as an neurocognitive assessment can be administered to
assessment measure is warranted, but additional evaluate for complete recovery from injury.[8] Only
studies are needed to better clarify these changes once the athlete performs at or above the baseline
following injury. level of functioning and is symptom-free at rest and

during exertion should a full return to play be con-
4. Conclusion sidered.[82]

This meta-analysis clearly supports the use of an Acknowledgementsassessment battery in the evaluation of sport concus-
sion. The clinical examination remains the gold No sources of funding were used to assist in the prepara-

tion of this review. The authors have no conflicts of intereststandard for concussion evaluation[11] with each as-
that are directly relevant to the content of this review.pect of the battery providing supporting informa-
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Referencessessment of neurocognitive functioning, self-report

1. Langlois JA, Rutland-Brown W, Wald MM. The epidemiologysymptoms, and postural control all warrant inclusion and impact of traumatic brain injury: a brief overview. J Head
and no single test should be used or interpreted in Trauma Rehabil 2006; 21 (5): 375-8

© 2008 Adis Data Information BV. All rights reserved. Sports Med 2008; 38 (1)



66 Broglio & Puetz

2. Gerberich SG, Priest JD, Boen JR, et al. Concussion incidences 22. Ferguson RJ, Mittenberg W, Barone DF, et al. Postconcussion
and severity in secondary school varsity football players. Am J syndrome following sports-related head injury: expectation as
Public Health 1983; 73 (12): 1370-5 etiology. Neuropsychology 1999; 13 (4): 582-9

3. Thurman DJ, Alverson C, Browne D. Traumatic brain injury in 23. Piland SG, Motl RW, Ferrara MS, et al. Evidence for the
the United States: a report to Congress. Atlanta (GA): Centers factorial and construct validity of a self-report concussion
for Disease Control and Prevention, 1999 symptoms scale. J Athl Train 2003; 38 (2): 104-12

4. Powell JW, Barber-Foss KD. Traumatic brain injury in high 24. Van Kampen DA, Lovell MR, Pardini JE, et al. The ‘value
school athletes. JAMA 1999 Sep 8; 282 (10): 958-63 added’ of neurocognitive testing after sports-related concus-

sion. Am J Sport Med 2006; 30: 1-65. Guskiewicz KM, Weaver NL, Padua DA, et al. Epidemiology of
concussion in collegiate and high school football players. Am J 25. McCrea M, Hammeke T, Olsen G, et al. Unreported concussion
Sports Med 2000 Sep; 28 (5): 643-50 in high school football players: implications for prevention.

Clin J Sport Med 2004 Jan; 14 (1): 13-76. National Collegiate Athletic Association. Injury Surveillance
System: football 2002-2003. National Collegiate Athletic As- 26. McCrea M, Guskiewicz KM, Marshall SW, et al. Acute effects
sociation 2003 [online]. Available from URL: http:// and recovery time following concussion in collegiate football
www1.ncaa.org/membership/ed_outreach/health-safety/iss/in- players: the NCAA Concussion Study. JAMA 2003 Nov 19;
dex.html [Accessed 2006 Jun 12] 290 (19): 2556-63

7. Pellman EJ, Powell JW, Viano DC, et al. Concussion in profes- 27. Guskiewicz KM, Ross SE, Marshall SW. Postural stability and
sional football: epidemiological features of game injuries and neuropsychological deficits after concussion in collegiate ath-
review of the literature -part 3. Neurosurgery 2004 Jan; 54 (1): letes. J Athl Train 2001; 36 (3): 263-73
81-94 28. Belanger HG, Vanderploeg RD. The neuropsychological impact

8. Guskiewicz KM, Bruce SL, Cantu RC, et al. National Athletic of sports-related concussion: a meta-analysis. J Int Neuropsy-
Trainers’ Association position statement: management of chol Soc 2005; 11: 345-57
sport-related concussion. J Athl Train 2004; 29 (3): 280-97 29. Giza CC, Hovda DA. The neurometabolic cascade of concus-

9. McCrory P, Johnston K, Meeuwisse W, et al. Summary and sion. J Athl Train 2001; 36 (3): 228-35
agreement statement of the second International Conference 30. Grindel SH. Epidemiology and pathophysiology of minor trau-
on Concussion in Sport, Prague 2004. Br J Sports Med 2005 matic brain injury. Curr Sports Med Rep 2003; 2: 18-23
Apr; 39 (4): 196-204 31. Aubry M, Cantu R, Dvorak J, et al. Summary and agreement

10. Notebaert AJ, Guskiewicz KM. Current trends in athletic train- statement of the first International Conference on Concussion
ing practice for concussion assessment and management. J in Sport, Vienna 2001. Br J Sports Med 2002 Feb 1; 36 (1): 6-7
Athl Train 2005; 40 (4): 320-5 32. Hedges LV, Oklin I. Statistical methods for meta-analysis. New

11. Grindel SH, Lovell MR, Collins MW. The assessment of sport- York: Academic Press, 1985
related concussion: the evidence behind neuropsychological 33. Gleser LJ, Oklin I. Stochastically dependent effect sizes. In:testing and management. Clin J Sport Med 2001; 11 (3): Cooper H, Hedges LV, editors. The handbook of research134-43 synthesis. New York: Sage, 1994: 339-55

12. Collie A, Darby D, Maruff P. Computerised cognitive assess-
34. Rosenthal R. Meta-analytic procedures for social research.ment of athletes with sports related head injury. Br J Sports

Newbury Park (CA): Sage, 1991Med 2001 Oct 1; 35 (5): 297-302
35. Iverson GL, Gaetz M, Lovell MR, et al. Cumulative effects of13. Peterson CL, Ferrara MS, Mrazik M, et al. Evaluation of

concussion in amateur athletes. Brain Inj 2004; 18 (5): 433-43neuropsychological domain scores and postural stability fol-
36. Maddocks DL, Dicker GD, Saling MM. The assessment oflowing cerebral concussion in sports. Clin J Sport Med 2003;

orientation following concussion in athletes. Clin J Sport Med13 (4): 230-7
1995; 5 (1): 32-514. Guskiewicz KM, Riemann BL, Perrin DH, et al. Alternative

37. Cremona-Meteyard SL, Geffen GM. Persistent visuospatial at-approaches to the assessment of mild head injury in athletes.
tention deficits following mild head injury in Australian ruleMed Sci Sports Exerc 1997; 29 (7 Suppl.): S213-21
football players. Neuropsychologia 1994; 32: 649-6215. Collins MW, Grindel SH, Lovell MR, et al. Relationship be-

38. Guskiewicz KM, Perrin DH, Gansneder BM. Effects of mildtween concussion and neuropsychological performance in col-
head injury on postural stability in athletes. J Athl Train 1996;lege football players. JAMA 1999; 282 (10): 964-70
31 (4): 300-616. Schatz P, Pardini JE, Lovell MR, et al. Sensitivity and specifici-

39. Guskiewicz KM, McCrea M, Marshall SW, et al. Cumulativety of the ImPACT Test Battery for concussion in athletes. Arch
effects associated with recurrent concussion in collegiate foot-Clin Neuropsychol 2006; 21 (1): 91-9
ball players: the NCAA concussion study. JAMA 2003; 29017. Erlanger DM, Saliba E, Barth JT, et al. Monitoring resolution of
(19): 2549-55postconcussion symptoms in athletes: preliminary results of a

40. Hinton-Bayre AD, Geffen GM, Geffen LB, et al. Concussion inweb-based neuropsychological test protocol. J Athl Train
contact sports: reliable change indices of impairment and2001; 36 (3): 280-7
recovery. J Clin Exp Neuropsychol 1999; 21 (1): 70-8618. Collie A, Makdissi M, Maruff P, et al. Cognition in the days

41. Riemann BL, Guskiewicz KM. Effects of mild head injury onfollowing concussion: comparison of symptomatic versus
postural stability as measured through clinical balance testing.asymptomatic athletes. J Neurol Neurosurg Psychiatry 2006;
J Athl Train 2000; 35 (1): 19-2577 (2): 241-5

42. Hedges LV, Pigott TD. The power of statistical tests for moder-19. McCrea M, Barr WB, Guskiewicz KM, et al. Standard regres-
ators in meta-analysis. Psychol Med 2004; 9: 426-45sion-based methods for measuring recovery after sport-related

43. Hedges LV, Pigott TD. The power of statistical tests in meta-concussion. J Int Neuropsychol Soc 2005; 11: 58-69
analysis. Psychol Methods 2001; 6: 203-1720. Piland SG, Motl RW, Guskiewicz KM, et al. Structural validity

44. Detsky AS, Naylor CD, O’Rourke K, et al. Incorporating varia-of a self-report concussion-related symptom scale. Med Sci
tions in the quality of individual randomized trials into meta-Sports Exerc 2006; 38 (1): 27-32
analysis. J Clin Epidemiol 1992; 45: 255-6521. Lovell MR, Collins MW. Neuropsychological assessment of the

college football player. J Head Trauma Rehabil 1998; 13 (2): 45. Shrout PE, Fleiss JL. Intraclass correlations: uses in assessing
9-26 rater reliability. Psychol Bull 1979; 86 (2): 420-8

© 2008 Adis Data Information BV. All rights reserved. Sports Med 2008; 38 (1)



The Effect of Sport Concussion 67

46. Bland JM, Altman DG. Statistical methods for assessing agree- 66. McCrea M, Kelly J, Randolph C, et al. Immediate neurocogni-
ment between two methods of clinical measurement. Lancet tive effects of concussion. Neurosurgery 2002; 50 (5): 1032-40
1986; I (8476): 307-10

67. Moser RS, Schatz P. Enduring effects of concussion in youth
47. Altman DG, Bland JM. Measurement in medicine: the analysis athletes. Arch Clin Neuropsychol 2002; 17 (1): 91-100

of method comparison studies. Statistician 1983; 32: 307-17
68. Moser RS, Schatz P, Jordan BD. Prolonged effects of concus-

48. Juni P, Witschi A, Bloch R, et al. The hazards of scoring the sion in high school athletes. Neurosurgery 2005; 57 (2): 300-6
quality of clinical trials for meta-analysis. JAMA 1999; 282:
1054-60 69. Pellman EJ, Lovell MR, Viano DC, et al. Concussion in profes-

sional football: neuropsychological testing -part 6. Neurosur-49. Barr WB, McCrea M. Sensitivity and specificity of standardized
gery 2004 Dec; 55 (6): 1290-303neurocognitive testing immediately following sports concus-

sion. J Int Neuropsychol Soc 2001; 7 (6): 693-702 70. Pellman EJ, Lovell MR, Viano DC, et al. Concussion in profes-
sional football: recovery of NFL and high school athletes50. Bruce JM, Echemendia RJ. Delayed-onset deficits in verbal
assessed by computerized neuropsychological testing-part 12.encoding strategies among patients with mild traumatic brain

injury. Neuropsychology 2003; 17 (4): 622-9 Neurosurgery 2006; 58 (2): 263-74

51. Collins MW, Lovell MR, Iverson GL, et al. Examining concus- 71. Warden DL, Bleiberg J, Cameron KL, et al. Persistent prolonga-
sion rates and return to play in high school football players tion of simple reaction time in sports concussion. Neurology
wearing newer helmet technology: a three-year prospective 2001; 57 (35): 524-6
cohort study. Neurosurgery 2006; 58 (2): 275-86

72. Egger M, Davey-Smith B, Schneider M, et al. Bias in meta-
52. Collins MW, Iverson GL, Lovell MR, et al. On-field predictors analysis detected by a simple, graphical test. BMJ 1997; 315:

of neuropsychological and symptom deficit following sports- 629-34related concussion. Clin J Sport Med 2003; 13 (4): 222-9
73. Duval S. The ‘Trim and Fill’ method. In: Rothstein H, Sutton A,53. Echemendia RJ, Putukian M, Mackin RS, et al. Neuropsycho-

Borenstein M, editors. Publication bias in meta-analysis: pre-logical test performance prior to and following sports-related
vention, assessment and adjustments. Indianapolis (IN): Wi-mild traumatic brain injury. Clin J Sport Med 2001 Jan; 11 (1):
ley, 2005: 127-4423-31

74. Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based54. Field M, Collins MW, Lovell MR, et al. Does age play a role in
method of testing and adjusting for publication bias in meta-recovery from sports-related concussion? A comparison of

high school and collegiate athletes. J Pediatr 2003; 142 (5): analysis. Biometrics 2000; 56 (2): 455-63
546-53

75. Lipsey MW, Wilson DB. Practical meta-analysis. Newbury
55. Hinton-Bayre AD, Geffen G, McFarland K. Mild head injury Park (CA): Sage Publications, 2001

and speed of information processing: a prospective study of
76. Erlanger DM, Feldman D, Kutner KC, et al. Development andprofessional rugby league players. Clin Exp Neuropsych 1997;

validation of a web-based neuropsychological test protocol for19 (2): 275-89
sports-related return-to-play decision-making. Arch Clin

56. Iverson GL, Lovell MR, Collins MW. Interpreting change on Neuropsychol 2003; 18 (3): 293-316ImPACT following sport concussion. Clin Neuropsychol
2003; 17 (4): 460-70 77. Bleiberg J, Cernich AN, Cameron K, et al. Duration of cognitive

impairment after sports concussion. Neurosurgery 2004; 5457. Iverson GL, Brooks BL, Collins MW, et al. Tracking neurop-
(5): 1073-80sychological recovery following concussion in sport. Brain Inj

2006; 20 (3): 245-52 78. Guskiewicz KM. Postural stability assessment following con-
cussion: one piece of the puzzle. Clin J Sport Med 2001 Jul; 1158. Lovell MR, Collins MW, Iverson GL, et al. Recovery from mild
(3): 182-9concussion in high school athletes. J Neurosurg 2003; 98 (2):

296-301
79. Broshek DK, Kaushik T, Freeman JR, et al. Sex differences in

59. Lovell MR, Collins MW, Iverson GL, et al. Grade 1 or ‘Ding’ outcome following sports-related concussion. J Neurosurg
concussions in high school athletes. Am J Sport Med 2004 Jan 2005; 102 (5): 856-63
1; 32 (1): 47-54

80. Randolph C, McCrea M, Barr WB. Is neuropsychological test-
60. Macciocchi SN, Barth JT, Alves W, et al. Neuropsychological ing useful in the management of sport-related concussion? J

functioning and recovery after mild head injury in collegiate Athl Train 2005; 40 (3): 139-54
athletes. Neurosurgery 1996 Sep; 39 (3): 510-4

81. Valovich-Mcleod TC, Perrin DH, Guskiewicz KM, et al. Serial61. Maddocks D, Saling M. Neuropsychological deficits following
administration of clinical concussion assessments and learningconcussion. Brain Inj 1996; 10 (2): 99-103
effects in healthy young athletes. Clin J Sport Med 2005; 14

62. McClincy MP, Lovell MR, Pardini JE, et al. Recovery from (5): 287-95
sports concussion in high school and collegiate athletes. Brain

82. Kissick J, Johnston KM. Return to play after concussion: princi-Inj 2006; 20 (1): 33-9
ples and practice. Clin J Sport Med 2005; 15 (6): 426-3163. McCrea M, Kelly JP, Kluge J, et al. Standardized assessment of

concussion in football players. Neurology 1997 Mar; 48 (3):
586-8

Correspondence: Dr Steven P. Broglio, Department of Kine-64. McCrea M, Kelly JP, Randolph C, et al. Standardized Assess-
siology and Community Health, University of Illinois atment of Concussion (SAC): on-site mental status evaluation of
Urbana-Champaign, 906 S. Goodwin Avenue, Urbana, ILthe athlete. J Head Trauma Rehabil 1998 Apr; 13 (2): 27-35
61801, USA.65. McCrea M. Standardized mental status assessment of sports

concussion. Clin J Sport Med 2001; 11 (3): 176-81 E-mail: broglio@uiuc.edu

© 2008 Adis Data Information BV. All rights reserved. Sports Med 2008; 38 (1)




