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Reliability and Validity of the Sport
Concussion Assessment Tool–3 (SCAT3)
in High School and Collegiate Athletes

Esther Y. Chin,* PhD, Lindsay D. Nelson,yz PhD, William B. Barr,§ PhD,
Paul McCrory,|| MBBS, PhD, and Michael A. McCrea,z PhD
Investigation performed at the Medical College of Wisconsin, Milwaukee, Wisconsin, USA

Background: The Sport Concussion Assessment Tool–3 (SCAT3) facilitates sideline clinical assessments of concussed athletes.
Yet, there is little published research on clinically relevant metrics for the SCAT3 as a whole.

Purpose: We documented the psychometric properties of the major SCAT3 components (symptoms, cognition, balance) and
derived clinical decision criteria (ie, reliable change score cutoffs and normative conversation tables) for clinicians to apply to
cases with and without available preinjury baseline data.

Study Design: Cohort study (diagnosis); Level of evidence, 2.

Methods: High school and collegiate athletes (N = 2018) completed preseason baseline evaluations including the SCAT3. Re-
evaluations of 166 injured athletes and 164 noninjured controls were performed within 24 hours of injury and at 8, 15, and 45
days after injury. Analyses focused on predictors of baseline performance, test-retest reliability, and sensitivity and specificity
of the SCAT3 using either single postinjury cutoffs or reliable change index (RCI) criteria derived from this sample.

Results: Athlete sex, level of competition, attention-deficit/hyperactivity disorder (ADHD), learning disability (LD), and estimated
verbal intellectual ability (but not concussion history) were associated with baseline scores on �1 SCAT3 components (small to
moderate effect sizes). Female sex, high school level of competition (vs college), and ADHD were associated with higher baseline
symptom ratings (d = 0.25-0.32). Male sex, ADHD, and LD were associated with lower baseline Standardized Assessment of Con-
cussion (SAC) scores (d = 0.28-0.68). Male sex, high school level of competition, ADHD, and LD were associated with poorer
baseline Balance Error Scoring System (BESS) performance (d = 0.14-0.26). After injury, the symptom checklist manifested
the largest effect size at the 24-hour assessment (d = 1.52), with group differences diminished but statistically significant at
day 8 (d = 0.39) and nonsignificant at day 15. Effect sizes for the SAC and BESS were small to moderate at 24 hours (SAC:
d = 20.36; modified BESS: d = 0.46; full BESS: d = 0.51) and became nonsignificant at day 8 (SAC) and day 15 (BESS). Receiver
operating characteristic curve analyses demonstrated a stronger discrimination for symptoms (area under the curve [AUC] = 0.86)
than cognitive and balance measures (AUCs = 0.58 and 0.62, respectively), with comparable discrimination of each SCAT3 com-
ponent using postinjury scores alone versus baseline-adjusted scores (P = .71-.90). Normative conversion tables and RCI criteria
were created to facilitate the use of the SCAT3 both with and without baseline test results.

Conclusion: Individual predictors should be taken into account when interpreting the SCAT3. The normative conversion tables
and RCIs presented can be used to help interpret concussed athletes’ performance both with and without baseline data, given
the comparability of the 2 interpretative approaches.

Keywords: head injuries/concussions; clinical assessments/grading scales; athletic training; Sport Concussion Assessment
Tool–3 (SCAT3)

Concussions are common among high school and collegiate
athletes, with approximately 1.6 to 3.8 million concussions
occurring in sport and recreational activity annually in the
United States.15,26 An evaluation of athletes’ subjective
symptoms, cognitive impairments, and other injury sequelae
is widely recognized as important to guiding clinical manage-
ment decisions,9,36 and sports medicine professionals are

increasingly using formal tools to assess these factors in their
athletes. The Sport Concussion Assessment Tool–3 (SCAT3)
represents one such tool and is freely available to facilitate
sideline screening of athletes’ symptoms, cognition, and bal-
ance, with space on the form reserved for recording other rel-
evant factors (eg, signs of acute neurological impairment).36

Developed at the 2012 International Conference on Concus-
sion in Sport in Zurich, the SCAT3 was modified from the
SCAT34 and SCAT2.35 The primary update between the
SCAT2 and SCAT3 was the addition of space to record qual-
itative information about athletes’ backgrounds, injuries,
signs of a concussion, and a neck examination. The major
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components of the SCAT3 discussed here (ie, symptom, cog-
nitive, and balance assessment) were not altered in the
recent revision, and therefore, findings citing either version
are comparable.

Several studies have examined the performance of indi-
vidual subtests that compose the SCAT3 (eg, Standardized
Assessment of Concussion [SAC] and Balance Error Scoring
System [BESS])18,32,33 as well as close variants of those
subtests (eg, other postconcussive symptom checklists),46

but there remains a gap in the published literature on the
psychometric properties of all SCAT3 subtests in a variety
of athletes. Furthermore, although investigations of these
factors have contributed to scientific knowledge on sports
concussions, they have been difficult to translate into clini-
cal practice. For example, although sex,10,16,28,37,52,53 educa-
tion level,37 age,44 concussion history,7,53 and depression
and anxiety ratings44 have been associated with baseline
performance on �1 components of the SCAT2 (or baseline
symptoms on similar checklists), it is unclear to what extent
these relationships are clinically significant and therefore
whether such athlete-specific factors should affect decisions
for individual cases. To our knowledge, only one study on
the SCAT2 has presented data (normative tables and reli-
able change parameters for collegiate rugby players) that
could readily be applied clinically; yet, it is unknown to
what extent these findings extend to other populations.44

We aimed to document a host of clinically useful informa-
tion about performance of the SCAT3 using one of the larg-
est and most heterogeneous samples to date.

A key in determining what information is most useful is
to consider how the SCAT3 is used in clinical practice. In
fact, there appear to be 2 primary approaches to interpret
concussion test data: compare concussed athletes’ perfor-
mance to their own preinjury baseline data or evaluate
postinjury scores in their own right (ie, in comparison
with published normative data). There is neither academic
consensus nor well-supported practice guidelines regard-
ing the relative utility of these approaches in the context

of sport-related concussions (SRCs). Although incorporat-
ing baseline testing into concussion management decisions
is widely believed to be superior, numerous testing and
athlete-related factors (eg, poor testing environment, ath-
letes’ motivation) can hamper the quality and diminish
the added value of baseline information.2,6,22,39,48,49 Given
that obtaining baseline scores requires extensive resour-
ces39,49 and that the existing literature is equivocal regard-
ing its added value,13,50,51 normative comparison appears
to be another justifiable interpretative approach.

The purpose of this study was to advance knowledge on
the clinical utility of the SCAT3 by providing a comprehensive
summary of the test’s properties and performance in a novel
sample of male and female high school and collegiate ath-
letes. In particular, the aims of the study were to (1) evaluate
the individual predictors of baseline performance for each
SCAT3 component using a number of variables, (2) derive
normative (raw score to percentile) conversion tables strati-
fied on the most essential variables discovered in those anal-
yses (age and sex), and (3) extract reliable change index (RCI)
cutoffs using test-retest reliability and other properties of the
SCAT3. We then discuss the strengths and limitations of the
SCAT3 and how the findings can be applied to clinical cases
both with and without preinjury baseline data.

METHODS

Participants

As part of an ongoing study on SRCs, 2148 athletes from 9
high schools and 4 colleges competing in contact and colli-
sion sports in southeastern Wisconsin were enrolled in the
study between August 2012 and October 2014.41 Those
participants who completed the SCAT3 at preseason test-
ing (N = 2018) were included in the analyses of baseline
data. Data from those athletes who were concussed during
the study period (n = 166) and their noninjured controls
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(n = 164) were also included in the analyses. Participants’
characteristics are summarized in Table 1. The baseline
sample was 48.8% football, 16.6% men’s soccer, 15.6%
women’s soccer, and 19.1% other sports (field hockey, wres-
tling, lacrosse, rugby, ice hockey) (Table 1). The concussed
sample was 65.7% football, 12.0% men’s soccer, 10.8%
women’s soccer, and 11.4% another sport. The acute injury
characteristics of the concussions included in this sample
were as follows: 6.1% loss of consciousness, 10.4% posttrau-
matic amnesia, and 9.8% retrograde amnesia.

Adult athletes and parents of minor athletes completed
written informed consent forms, and minor participants
completed assent forms. The athletes were compensated
$30 for participating in baseline testing and $50 for each
follow-up assessment. All procedures were approved by
the institutional review board of the Medical College of
Wisconsin.

Study Protocol and Measures

Preseason baseline evaluations were composed of a demo-
graphic and health history interview and examination
with several assessment measures, including the
SCAT3,36 the Wechsler Test of Adult Reading (WTAR),17

and the Brief Symptom Inventory–18 (BSI-18).12 The
SCAT3 consists of the symptom checklist, the SAC,32 and
the modified BESS (mBESS).47 The SCAT3 and all 6 forms
of the SAC are included in the Appendix (available online
at http://ajsm.sagepub.com/supplemental). The symptom
checklist requires athletes to rate themselves on 22 com-
mon postconcussive symptoms (each scaled from 0-6; max-
imum score range, 0-132), where higher scores indicate
more symptoms. The SAC is a brief cognitive screening
tool that assesses orientation, immediate memory and
delayed recall, and concentration (score range, 0-30; higher

TABLE 1
Participant Characteristicsa

Baseline Sample
(N = 2018)

Concussed
(n = 166)b

Control
(n = 164)

P Value
(Concussed vs Control)

Male sex 76.9 83.7 82.9 .844
Race .493

White 83.5 85.9 84.5
Black 11.9 12.3 11.8
Asian 1.3 1.2 0.6
Native American/Alaska Native 0.5 0.0 0.0
Native Hawaiian/Pacific Islander 0.6 0.0 1.2
Unknown/other 2.2 0.6 1.9

Level of competition (high school) 40.3 39.8 39.0 .891
Age, y 17.80 6 1.92 17.47 6 1.99 17.65 6 1.82 .396
ADHD 7.7 10.5 5.0 .066
LD 3.5 3.7 3.1 .775
GPA 3.28 6 0.52 3.24 6 0.54 3.30 6 0.49 .299
WTAR standard score 101.46 6 12.64 100.95 6 12.79 100.92 6 12.03 .986
No. of prior concussions 0.65 6 0.94 0.94 6 1.01 0.46 6 0.77 \.001
Sport ..999

Football (men’s) 48.8 65.7 65.2
Soccer (men’s) 16.6 12.0 12.2
Soccer (women’s) 15.6 10.8 11.6
Field hockey (women’s) 1.8 0.6 0.6
Wrestling (men’s) 3.7 2.4 1.8
Lacrosse (men’s) 5.3 3.0 3.0
Lacrosse (women’s) 2.0 1.2 0.6
Rugby (women’s) 2.5 1.8 1.8
Ice hockey (men’s) 2.6 0.6 0.6
Ice hockey (women’s) 1.2 1.8 2.4

Baseline SCAT3 performance
Symptom severity score 5.33 6 6.81 6.53 6 10.19 5.90 6 7.40 .538
SAC total score 27.08 6 1.90 26.84 6 2.09 27.06 6 1.81 .335
mBESS total score 3.12 6 2.50 3.37 6 2.34 3.06 6 2.68 .148
fBESS total score 12.39 6 4.90 12.94 6 4.52 12.10 6 5.26 .306

aValues are reported as mean 6 SD or %. ADHD, attention-deficit/hyperactivity disorder; fBESS, full Balance Error Scoring System; GPA,
self-reported cumulative grade point average; LD, learning disability; mBESS, modified Balance Error Scoring System; SAC, Standardized
Assessment of Concussion; SCAT3, Sport Concussion Assessment Tool–3; WTAR, Wechsler Test of Adult Reading.

bn = 33 concussed participants enrolled in the study after an injury and therefore did not have baseline SCAT3 data; these participants
and their controls were included in analyses where possible to maximize the statistical power and because comparisons of concussed partic-
ipants with and without baseline data revealed no differences in demographics or postinjury performance measures.
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scores reflect better performance). The BESS assesses pos-
tural stability by recording stability errors while partici-
pants assume 3 positions for 20 seconds each (10 errors
maximum per trial). Although the SCAT3 form only
requires participants to complete these stances on
a firm surface (ie, mBESS; score range, 0-30 errors), we
also completed the trials on a foam surface to obtain full
BESS (fBESS) scores (score range, 0-60). The WTAR
word-reading test estimates verbal intellectual ability.
The BSI-18 global severity index (GSI) is a self-reported
measure of current general distress. Testing sessions
were administered in quiet settings with minimal distrac-
tions and lasted about 90 minutes.

Concussed athletes were re-evaluated within 24 hours of
injury and at days 8, 15, and 45 after injury. Matched nonin-
jured controls were re-evaluated as soon after identification
as possible and then 7, 14, and 44 days later. SAC form A
was used at baseline with forms B, C, D, and E used for these
follow-up assessments, respectively. Control athletes were
selected to match concussed athletes on school, sport team,
WTAR performance, grade point average (GPA), and age.
The operational definition of a ‘‘concussion’’ used in this study
was based on that of the United States Department of
Defense: ‘‘mTBI is defined as an injury to the brain resulting
from an external force and/or acceleration/deceleration mech-
anism from an event such as a blast, fall, direct impact, or
motor vehicle accident which causes an alteration in mental
status typically resulting in the temporally related onset of
symptoms such as headache, nausea, vomiting, dizziness/
balance problems, fatigue, insomnia/sleep disturbances,
drowsiness, sensitivity to light/noise, blurred vision, difficulty
remembering, and/or difficulty concentrating.’’21

Statistical Analysis

Analyses of the SCAT3 symptom severity score (sum of
all item-level 0-6 ratings) were performed on the log-
transformed measure because of a high degree of positive
skew in the variables, but descriptive statistics are presented
on untransformed scores for interpretability. The partici-
pants’ performance on the SCAT3 subtests was evaluated
using independent-samples (concussed vs control) t tests for
each measure and time point (P values were adjusted for
multiple comparisons using the false discovery rate control
method).4 Receiver operating characteristic (ROC) curves
were computed (for the 24-hour time point) for both raw post-
injury and postinjury-minus-baseline scores to reveal the
overall discriminative ability for each SCAT3 measure for
these 2 clinical interpretive approaches. Area under the
curve (AUC) values for the raw versus baseline-adjusted ver-
sion of each measure were compared using the method previ-
ously described for AUCs from dependent samples.19

Predictors of baseline performance were explored for the
symptom severity score, SAC (total score and subscale
scores), and BESS (mBESS and fBESS) using Pearson corre-
lations (for continuous predictors) and independent-samples t
tests (for dichotomous predictors). Degrees of freedom were
adjusted in which the Levene test indicated heteroscedastic-
ity. The false discovery rate control method was applied to
adjust these P values for multiple comparisons.

Test-retest reliability was computed on the control sam-
ple using Pearson correlations, Spearman correlations, and
intraclass correlations (2-way, mixed, absolute agreement).
RCIs were computed using Pearson-based reliability coeffi-
cients and the formula for the standard error of the differ-
ence recommended in the 2004 review of this topic by
Maassen29 (Sdiff; equation 5).

RESULTS

Overall SCAT3 Performance

Table 2 displays descriptive statistics and group differen-
ces for the concussed and control groups on the SCAT3
components at each assessment. Across symptom, SAC,
and BESS measures, the groups were well matched at
baseline but manifested significant group differences after
injury. The symptom checklist manifested the largest
effect size at the 24-hour assessment (d = 1.52), with group
differences diminished albeit still significant at day 8 (d =
0.39) and nonsignificant by day 15 (d = 0.12). Effect sizes
for the SAC and BESS were small to moderate at 24 hours
(SAC: –0.36; mBESS: 0.46; fBESS: 0.51) and became non-
significant at day 8 (SAC) and day 15 (BESS).

ROC Curves

To evaluate the degree to which it was justifiable to derive
both normative tables and reliable change parameters, we
examined the ROC curves between concussed and control
athletes for single postinjury scores versus baseline-adjusted
scores. The 24-hour time point was selected because the larg-
est group-level effect sizes across all SCAT3 components
were observed at this time point. Table 3 displays a summary
of the ability for each SCAT3 component (at 24 hours) to dis-
criminate between concussed and control athletes (ie, AUC).
Discrimination was good for the symptom score (0.86-0.88)
but poor for the SAC and BESS (0.55-0.62). For each mea-
sure, the AUC values for the raw 24-hour score were com-
pared statistically to those of the baseline-adjusted score
using a method described by Hanley and McNeil19 for com-
paring AUC values from the same sample. All comparisons
were nonsignificant (ie, taking baseline data into account
did improve discrimination). For example, selecting raw
and baseline-adjusted cutoff scores for symptom severity in
which they would be matched at 90% specificity (ie, �11 for
raw symptom scores and change scores of 5), the sensitivity
of the raw versus baseline-adjusted measures was 0.73 and
0.76, respectively (McNemar test, P = .344).

Derivation of Normative Conversion Tables

Exploring Predictors of Baseline SCAT3 Performance.
Table 4 displays a summary of the major demographic pre-
dictors of baseline SCAT3 performance. Symptom severity
scores were higher for female versus male athletes (t(2016)
= 5.62, P \ .001), high school versus collegiate athletes
(t(2016) = 7.21, P \ .001), and participants with versus
without attention-deficit/hyperactivity disorder (ADHD)
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(t(2011) = 23.70, P = .009), with learning disability (LD)
showing only a trend toward higher symptom ratings
(t(2008) = 21.99, P = .068) (effect sizes for this symptom score
fell in the small to medium range; d = 0.24-0.32). The symp-
tom severity score was also significantly associated with BSI-
18 GSI scores (r = 0.54, P \ .001) and, to a minor but statis-
tically significant degree, with the WTAR standard score and
number of prior concussions (r = 0.05 and 0.07, respectively;
P = .044 and .002, respectively).

SAC total scores were lower for participants who were
male (t(849.74) = 5.40, P \ .001), had ADHD (t(174.27) =
4.08, P \ .001), and had LD (t(73.24) = 5.13, P \ .001).

SAC performance was also moderately positively associ-
ated with WTAR scores (r = 0.35, P \ .001) but was unre-
lated to the number of prior concussions (r = 0.03, P = .325)
and BSI-18 GSI scores (r = 20.01, P = .621). Within SAC
subtests, small to medium size effects were found for imme-
diate memory with LD (d = 20.44), concentration with
ADHD and LD (d = 20.36 to 20.56), and delayed recall
with ADHD and LD (d = 20.27 to 20.34). WTAR perfor-
mance was moderately associated with immediate memory
(r = 0.23, P \ .001) and concentration (r = 0.34, P \ .001)
but only weakly with orientation and delayed recall (r =
0.06 and 0.07, respectively; P \ .05 for both).

BESS performance was poorer for male athletes (mBESS
only: t(2016) = 22.66, P = .016; fBESS: P = .174), high school
athletes (mBESS/fBESS: t(1627.23)/t(1663.08) = 4.14/3.60,
P = .002/.001), and those with ADHD (mBESS/fBESS:
t(172.43)/t(2011) = 22.90/23.25, P = .009/.004) and LD
(fBESS only: t(2008) = 22.30, P = .036; mBESS: P = .081).
Lower WTAR performance and high BSI-18 GSI scores
were significantly associated with errors on the BESS, but
the effects were small (mBESS/fBESS: r = 20.07/20.05 for
WTAR and 0.06/0.06 for BSI-18 GSI; P \ .03 for all). Con-
cussion history was unrelated to BESS performance
(mBESS/fBESS: r = 20.02/20.03, P = .335/.230).

Development of Normative Performance Tables. The
aforementioned analyses of sex and level of competition
had consistent effects on SCAT3 performance. Interaction

TABLE 2
Descriptive Statistics and Concussed Versus Control Group Differences for SCAT3 Componentsa

Concussed (n = 166) Control (n =164) t Value P Value d Value

Symptom severity
Baseline 6.53 6 10.19 5.90 6 7.40 0.62 .566 0.07
24 hours 24.91 6 18.25 4.50 6 5.06 13.80 \.001 1.52
Day 8 7.44 6 14.32 3.21 6 5.14 3.52 .003 0.39
Day 15 3.16 6 6.95 2.46 6 4.22 1.07 .458 0.12
Day 45 1.87 6 4.18 2.97 6 5.38 21.86 .162 20.23

SAC
Baseline 26.84 6 2.09 27.06 6 1.81 20.97 .458 20.11
24 hours 25.54 6 2.68 26.38 6 1.90 23.27 .005 20.36
Day 8 27.14 6 1.99 27.38 6 1.67 21.15 .458 20.13
Day 15 26.74 6 1.99 26.95 6 1.91 20.95 .458 20.11
Day 45 26.96 6 1.95 27.03 6 1.80 20.33 .746 20.04

mBESS
Baseline 3.37 6 2.34 3.06 6 2.68 1.45 .329 0.12
24 hours 4.16 6 2.96 2.90 6 2.54 4.54 \.001 0.46
Day 8 3.34 6 2.74 2.50 6 2.33 2.96 .011 0.33
Day 15 2.76 6 2.35 2.55 6 2.41 0.75 .535 0.09
Day 45 3.10 6 2.55 2.73 6 2.82 0.70 .540 0.14

fBESS
Baseline 12.94 6 4.52 12.10 6 5.26 1.03 .458 0.17
24 hours 13.85 6 5.45 11.28 6 4.55 4.08 .004 0.51
Day 8 11.98 6 5.02 10.39 6 4.42 2.91 .011 0.34
Day 15 10.78 6 4.67 10.37 6 4.85 0.78 .535 0.09
Day 45 11.04 6 4.63 10.62 6 5.15 1.10 .458 0.09

aValues are reported as mean 6 SD unless otherwise indicated. Bolded values indicate statistically significant difference between groups
after adjusting for multiple comparisons (P \ .05). n values range from 131 to 166 for the concussed group and 127 to 164 for the control
group. fBESS, full Balance Error Scoring System (firm and foam surface trials); mBESS, modified Balance Error Scoring System; SAC, Stan-
dardized Assessment of Concussion; SCAT3, Sport Concussion Assessment Tool–3.

TABLE 3
Area Under the Curve Values at the 24-Hour
Assessment With and Without Baseline Dataa

24-Hour
Score

24-Hour –
Baseline Score (RCI) P Value

Symptoms 0.86 0.88 .897
SAC 0.58 0.56 .901
mBESS 0.62 0.56 .745
fBESS 0.62 0.55 .714

afBESS, full Balance Error Scoring System (firm and foam surface
trials); mBESS, modified Balance Error Scoring System; RCI, reli-
able change index; SAC, Standardized Assessment of Concussion.
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effects between sex and level of competition (for each of the
SCAT3 components) were nonsignificant (F(1,2014) = 0.33-
1.19, P = .29-.56). Normative performance tables stratified
by sex and level of competition, derived from only those ath-
letes without ADHD or LD, are available in the supplemen-
tary material (see Appendix Tables A1-A4, available online).
Normative tables were also derived for male participants
with ADHD (stratified by level of competition) because of
adequate sample sizes in this cohort (see Appendix Tables
A5 and A6, available online). Common clinical guidelines
for interpreting percentiles are presented in Table 5.
Although baseline BSI-18 GSI ratings had a moderate effect
on SCAT3 symptom scores, because premorbid level of dis-
tress would not be measurable in the context of a postinjury
evaluation in which these normative tables would be most
sensibly applied, this variable was not considered for strat-
ification in these normative tables.

Derivation of RCIs

Table 6 displays the test-retest reliability, mean practice
effects observed (rounded to the nearest whole raw score
value), and reliable change criteria derived from controls.
Although the time interval of preseason baseline to the
first (24-hour) postinjury assessment (mean, 196 days;
range, 4-771 days) is likely of most clinical utility for clini-
cians employing a baseline testing model of an SRC evalu-
ation, we also present the reliability and associated RCIs
for a shorter interval (7 days) to illustrate the effect of
more rapid repeat testing on performance stability. Prac-
tice effects were observed for the SAC and fBESS for the
7-day but not the longer retest interval, suggesting that
unless clinicians apply RCIs for scores from 2 examina-
tions performed within a very short (1-week) window of
time, they need not account for practice effects in their
interpretation of change scores (assuming the use of differ-
ent SAC forms at repeat testing as was done in this study).i

DISCUSSION

We characterized the psychometric properties and derived
clinical interpretation information for the 3 subtests of the
SCAT3 using a large sample of high school and collegiate
athletes. An evaluation of the predictors of baseline perfor-
mance revealed that athletes who are female, attend high
school (vs college), have a history of ADHD, or report more
psychological distress report more severe concussive symp-
toms at baseline. Baseline cognitive performance was
lower among athletes who are male or have a history of
ADHD or LD. Athletes who are male, attend high school
(vs college), or report a history of ADHD or LD showed
more baseline balance problems. Derived normative con-
version tables and reliable change criteria may be applied
to clinical cases.

Given that clinical decisions are rarely clear-cut, we
hesitate to be too prescriptive about exactly how to apply
the data presented here in a clinical setting. We can, how-
ever, likely draw a couple of conclusions from the data
presented, also with consideration of neuropsychological
practice standards. First, the findings do not support a sig-
nificant added value of baseline testing versus a compari-
son of postinjury performance to normative data, so at

TABLE 4
Summary of Select Predictors of SCAT3 Performancea

Sex Level of Competition ADHD LD

Female
(n = 467)

Male
(n = 1551) d Value

High School
(n = 813)

College
(n = 1205) d Value

Yes
(n = 154)

No
(n = 1859) d Value

Yes
(n = 71)

No
(n = 1939) d Value

No. of symptomsb 1.38 6 0.80 1.12 6 0.79 0.32 1.33 6 0.78 1.08 6 0.80 0.32 1.36 6 0.78 1.17 6 0.80 0.25 1.37 6 0.75 1.17 6 0.80 0.26
Symptom severityc 1.61 6 0.97 1.32 6 0.96 0.30 1.58 6 0.96 1.26 6 0.96 0.33 1.67 6 1.00 1.37 6 0.97 0.31 1.61 6 0.94 1.38 6 0.97 0.24
SAC total 27.46 6 1.72 26.96 6 1.94 0.28 27.01 6 1.87 27.12 6 1.92 20.06 26.42 6 2.08 27.13 6 1.88 20.36 25.68 6 2.36 27.13 6 1.86 20.68

Orientation 4.94 6 0.24 4.91 6 0.31 0.11 4.89 6 0.33 4.94 6 0.27 20.14 4.90 6 0.35 4.92 6 0.29 20.08 4.89 6 0.36 4.92 6 0.29 20.10
Immediate memory 14.54 6 0.77 14.34 6 0.92 0.24 14.34 6 0.89 14.42 6 0.89 20.09 14.38 6 0.89 14.39 6 0.89 20.02 13.93 6 1.27 14.41 6 0.87 20.44
Concentration 3.53 6 1.04 3.35 6 1.15 0.16 3.35 6 1.12 3.43 6 1.13 20.07 3.03 6 1.09 3.43 6 1.12 20.36 2.80 6 1.08 3.42 6 1.12 20.56
Delayed recall 4.45 6 0.80 4.35 6 0.90 0.12 4.42 6 0.83 4.33 6 0.91 0.10 4.12 6 1.10 4.39 6 0.86 20.27 4.06 6 1.05 4.38 6 0.87 20.34

BESS
Modified 2.85 6 2.48 3.20 6 2.50 20.14 3.40 6 2.63 2.93 6 2.39 0.19 3.75 6 2.85 3.06 6 2.46 0.26 3.83 6 3.10 3.09 6 2.47 0.26
Full 12.12 6 4.76 12.47 6 4.94 20.07 12.87 6 5.08 12.06 6 4.75 0.16 13.61 6 5.37 12.28 6 4.84 0.26 13.70 6 5.56 12.34 6 4.87 0.26

aComparisons are bolded where P\ .05 after adjusting for multiple comparisons. Five and 8 subjects were missing data on ADHD and LD status, respectively.

ADHD, attention-deficit/hyperactivity disorder; BESS, Balance Error Scoring System; LD, learning disability; SAC, Standardized Assessment of Concussion;

SCAT3, Sport Concussion Assessment Tool–3.
bNumber of symptoms endorsed.
cSum of 0-6 symptom ratings.

TABLE 5
Common Guideline for Interpreted
Performance Level by Percentile

Percentile Level

�98 Very superior
91-97 Superior
75-90 High average
25-74 Average
9-24 Low average
2-8 Borderline
\2 Impaired
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this time, clinicians’ choices regarding how to apply these
criteria should vary based on their preferred model of prac-
tice and resources available for baseline testing. We expect
that most clinicians will apply the RCIs provided in the con-
text of interpreting change scores from baseline and will
apply the normative tables when baseline data are not
available. However, a hybrid model might also be justified.
For example, those who administer preseason baseline test-
ing could use the normative tables to provide evidence
regarding the validity of baseline performance obtained on
their athletes. This would be consistent with clinical trends
to consider, attempt to maximize, and formally measure
effort and other sources of performance validity.11,20,38,42

While cutoff scores for questioning performance validity
have varied across studies, conventions in the neuropsycho-
logical literature are to maintain false-positive rates of
�10% (corresponding to normative performance of �10th
percentile for a demographically matched group).27 Data
from a recent study identifying cutoff scores on the SAC
that were sensitive to low effort would support a cutoff score
for this test of 21 and perhaps somewhat higher.58

Overall, the results of this study suggested that the
symptom checklist represents the component of the
SCAT3 that is most sensitive to the effects of a concussive
injury, with the SAC and BESS performing more modestly.
It is worth noting that other samples have yielded better
performance from the SAC and BESS,3,31 and therefore,
decisions about the utility of these tests should take into
account all available literature. Nevertheless, other data
from the current study sample found a similar advantage
of self-reported symptom data over those derived from com-
puterized neurocognitive tests,41 and some other studies
have similarly found larger effect sizes for symptoms
than other performance metrics (eg, neurocognitive test-
ing).5,23 Further study would be valuable to determine
under what conditions or in which concussed populations
cognitive and postural stability metrics provide the great-
est added value. Nevertheless, the literature consistently

supports self-reported symptom burden as a key compo-
nent of any concussion assessment.

Individual Differences in Baseline SCAT3 Performance

That female athletes in our sample reported more baseline
concussion-like symptoms than male athletes is consistent
with most of the previous studies with the SCAT/SCAT2
and similar concussion symptom checklists reporting sig-
nificant sex differences or a similar trend.10,28,52,53 In addi-
tion, our finding of sex differences in baseline cognitive
performance was consistent with most of the previous
studies with the SCAT2.16,37 To our knowledge, this is
the first study to examine performance on all 3 subtests
of the SCAT3 in both high school and collegiate students.
When only focused on high school students, previous stud-
ies have shown that younger athletes tend to perform
worse in baseline cognitive tasks1,57 and report more
severe symptoms than older athletes with preseason base-
line assessments using the SCAT.1 This study found a sim-
ilar moderate association between level of competition
across a wider age bracket.

This sample yielded new information regarding the asso-
ciation between ADHD and LD on baseline SCAT3 perfor-
mance. In particular, elevated baseline scores were found
among athletes with ADHD or LD compared with those with-
out ADHD or LD. While it is not surprising that athletes with
these conditions score lower on the SAC because of cognitive
difficulties, it is unclear why they reported more baseline
symptoms and rated their symptoms as more severe.
ADHD and LD have high comorbidity with mood and behav-
ioral disorders (eg, anxiety disorder, oppositional defiant
disorder),25,30,42,56 so it is possible that these comorbid condi-
tions (rather than ADHD or LD specifically) could result in
the higher prevalence of physical and emotional symptoms.
Not surprisingly, patients with ADHD also tend to report
more baseline difficulties with concentration and other ‘‘post-
concussive’’ symptoms that directly overlap with the clinical

TABLE 6
Test-Retest Reliability and Reliable Change Scores Derived From Noninjured Controls (n = 164)a

Test-Retest Reliability Criteria for Significant Change by CI

Pearson r Spearman r ICC 80% CI 90% CI 95% CI Practice Effect

196-day intervalb

Symptoms 0.45 0.55 0.43 2.89 3.71 4.42 N/A
SAC 0.41 0.41 0.39 1.66 2.13 2.54 0
fBESS 0.53 0.52 0.52 2.28 2.93 3.49 0
mBESS 0.53 0.45 0.54 1.66 2.14 2.54 0

7-day intervalc

Symptoms 0.63 0.62 0.62 1.94 2.49 2.97 N/A
SAC 0.49 0.50 0.42 1.46 1.87 2.23 11
fBESS 0.66 0.65 0.64 1.71 2.20 2.62 21
mBESS 0.57 0.52 0.56 1.50 1.93 2.30 0

afBESS, full Balance Error Scoring System; ICC, intraclass correlation coefficient; mBESS, modified Balance Error Scoring System; N/A,
not applicable; SAC, Standardized Assessment of Concussion.

bReflects the mean test-retest interval from preseason baseline to the 24-hour assessment point.
cReflects the stability of the measures from the 24-hour to day-8 assessment.
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sequelae of ADHD,54 which probably leads to an inflation of
concussion symptom scores because of criterion contamina-
tion among concussion and ADHD measures. In addition,
brain abnormalities associated with ADHD may be directly
responsible for the increased prevalence of headaches in
patients with ADHD.43

Concussion history did not predict baseline SCAT3 per-
formance in this sample. While this is not surprising given
the complete recovery that is expected for most patients
after an SRC,40 it is inconsistent with some other studies
reporting differences in baseline symptoms among cohorts
with and without reported histories of multiple concus-
sions.7,8,14 Given that most participants in our study with
concussion histories reported only 1 prior injury, we may
have lacked the power to detect what may be a dose-
response relationship between repeated concussions and
chronic symptoms. On the other hand, this relationship
could be accounted for by confounding variables that
have yet to be identified. Additional longitudinal studies
are needed to explore the effect of repeat concussions on
long-term neurological function.

Two Interpretative Approaches

Preliminary analyses of postinjury SCAT3 scores versus base-
line-adjusted scores showed equivalent sensitivity and speci-
ficity. This finding was consistent with another study of the
SCAT3,44 which found similar and clinically acceptable sensi-
tivity and specificity between these 2 approaches. This is also
consistent with most of the limited literature comparing these
2 interpretive models for other concussion assessment meas-
ures,13,51 although findings of equivalence between these
approaches have not been universal.50 Overall, the data sup-
porting the added value of baseline testing are probably too
sparse to justify its widespread practice.24 When baseline
data are collected, clinicians must take steps to optimize the
validity of these evaluations and should take steps to review
their baseline data for questionably valid profiles.

Although the normative performance tables derived
were stratified only by sex and level of competition (with
additional tables provided for male participants with
ADHD), other factors, including a history of LD and esti-
mated verbal intellectual ability (WTAR score), also pre-
dicted baseline SCAT3 performance. This implies that
clinicians should take these other predictive factors into
account and make adjustments in the interpretation of rel-
evant SCAT3 subtests, particularly when athletes are out-
side the average range on these factors.50

There are several limitations to this study. First, the
data were collected from high school and collegiate athletes
residing in the southeastern Wisconsin area, and most par-
ticipants were white and male. This may limit our ability to
generalize the results to other populations, particularly
with regard to our analyses of concussed and control partic-
ipants (where the female sample was small). Second, as
developmental, psychiatric, and injury history variables
were ascertained via self-report, it is possible that our nor-
mative sample was affected by athletes’ awareness and will-
ingness to report this information. Third, despite efforts to
minimize extraneous variables, other confounding factors

not assessed (eg, possible variability in athlete motivation)
could affect the results. Finally, contextual factors such as
test group size,39 the surrounding environment,45 and the
time since last physical exertion55 can influence perfor-
mance on aspects of concussion assessments, and therefore,
further research is needed to estimate the degree to which
the reported results would vary under a variety of testing
conditions likely to be relevant in such evaluations.

In summary, this study provided a wealth of data on the
psychometric properties of the SCAT3 in a large sample of
high school and collegiate athletes. The normative conver-
sion tables and reliable change criteria provided can be
readily applied to clinical cases. Future work will be impor-
tant to document the performance of the SCAT3 in novel
samples and to understand how applying differing decision
rules influences clinical decision accuracy and the recovery
of concussed athletes.

NOTE

i. Supplementary analyses explored whether reliable change
cutoffs should be stratified by sex and level of competition
and supported the derivation of a single set of reliable
change criteria. Specifically, we measured the differences
in test-retest reliability coefficients (using Fisher z trans-
formations) and variance (using Levene tests) for each
SCAT3 measure (symptom severity score, SAC total score,
and fBESS total score) and for every pairwise comparison
using the 4 groups by which normative tables were strat-
ified (female high school, female college, male high school,
and male college). Reliability coefficients (in the control
sample only) were nearly all statistically equivalent
(Fisher z test, P values ..05), with the exception that
the college female control sample demonstrated lower reli-
ability than the other groups on SAC total scores (the sam-
ple size for this group was only 12). The groups all
demonstrated equivalent variance (Levene test, P values
..05) on all 3 SCAT3 measures.

REFERENCES

1. American Academy of Family Physicians, American Academy of

Orthopedic Surgeons, American College of Sports Medicine, Ameri-

can Medical Society for Sports Medicine, American Orthopedic Soci-

ety for Sports Medicine, American Osteopathic Academy of Sports

Medicine. Female athlete issues for the team physician: a consensus

statement. Med Sci Sports Exerc. 2003;35(10):1785-1793.

2. Bailey CM, Samples HL, Broshek DK, Freeman JR, Barth JT. The

relationship between psychological distress and baseline sports-

related concussion testing. Clin J Sport Med. 2010;20(4):272-277.

3. Barr WB, McCrea M. Sensitivity and specificity of standardized neu-

rocognitive testing immediately following sports concussion. J Int

Neuropsychol Soc. 2001;7(6):693-702.

4. Benjamini Y, Hochberg Y. Controlling the false discovery rate: a prac-

tical and powerful approach to multiple testing. J R Stat Soc Ser B

Stat Methodol. 1995;57:289-300.

5. Broglio SP, Puetz TW. The effect of sport concussion on neurocog-

nitive function, self-report symptoms and postural control: a meta-

analysis. Sports Med. 2008;38:53-67.

6. Brown CN, Guskiewicz KM, Bleiberg J. Athlete characteristics and

outcome scores for computerized neuropsychological assessment:

a preliminary analysis. J Athl Train. 2007;42(4):515-523.

8 Chin et al The American Journal of Sports Medicine

 at UNIV WASHINGTON LIBRARIES on June 11, 2016ajs.sagepub.comDownloaded from 

http://ajs.sagepub.com/


7. Bruce JM, Echemendia RJ. Concussion history predicts self-reported

symptoms before and following a concussive event. Neurology. 2004;

63(8):1516-1518.

8. Collins MW, Grindel SH, Lovell MR, et al. Relationship between con-

cussion and neuropsychological performance in college football

players. JAMA. 1999;282(10):964-970.

9. Covassin T, Elbin R 3rd, Stiller-Ostrowski JL. Current sport-related

concussion teaching and clinical practices of sports medicine profes-

sionals. J Athl Train. 2009;44(4):400-404.

10. Covassin T, Swanik CB, Sachs M, et al. Sex differences in baseline

neuropsychological function and concussion symptoms of collegiate

athletes. Br J Sports Med. 2006;40(11):923-927.

11. DeRight J, Carone DA. Assessment of effort in children: a systematic

review. Child Neuropsychol. 2015;21(1):1-24.

12. Derogatis LR. Brief Symptom Inventory 18 (BSI-18): Administration,

Scoring, and Procedures Manual. Bloomington, Minnesota: Pearson;

2001.

13. Echemendia RJ, Bruce JM, Bailey CM, Sanders JF, Arnett P, Vargas

G. The utility of post-concussion neuropsychological data in identify-

ing cognitive change following sports-related mTBI in the absence of

baseline data. Clin Neuropsychol. 2012;26(7):1077-1091.

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

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

1088.

15. Gessel LM, Fields SK, Collins CL, Dick RW, Comstock RD. Concus-

sions among United States high school and collegiate athletes. J Athl

Train. 2007;42(4):495-503.

16. Glaviano NR, Benson S, Goodkin HP, Broshek DK, Saliba S. Baseline

SCAT2 assessment of healthy youth student-athletes: preliminary

evidence for the use of the Child-SCAT3 in children younger than

13 years. Clin J Sport Med. 2015;25(4):373-379.

17. Green RE, Melo B, Christensen B, Ngo LA, Monette G, Bradbury C.

Measuring premorbid IQ in traumatic brain injury: an examination of

the validity of the Wechsler Test of Adult Reading (WTAR). J Clin

Exp Neuropsychol. 2008;30(2):163-172.

18. Guskiewicz KM, Ross SE, Marshall SW. Postural stability and neuro-

psychological deficits after concussion in collegiate athletes. J Athl

Train. 2001;36(3):263-273.

19. Hanley JA, McNeil BJ. A method of comparing the areas under

receiver operating characteristic curves derived from the same

cases. Radiology. 1983;148(3):839-843.

20. Heilbronner RL, Sweet JJ, Morgan JE, Larrabee GJ, Millis SR; Con-

ference Participants. American Academy of Clinical Neuropsychol-

ogy consensus conference statement on the neuropsychological

assessment of effort, response bias, and malingering. Clin Neuropsy-

chol. 2009;23(7):1093-1129.

21. Helmick K, Guskiewicz K, Barth J, et al. Defense and Veterans Brain

Injury Center Working Group on the Acute Management of Mild

Traumatic Brain Injury in Military Operational Settings: Clinical

Practice Guideline and Recommendations. Washington, DC: Defense

and Veterans Brain Injury Center; 2006. Available at: https://

www.pdhealth.mil/downloads/clinical_practice_guideline_recommen

dations.pdf. Accessed February 1, 2015.

22. Hunt TN, Ferrara MS, Miller LS, Macciocchi S. The effect of effort on

baseline neuropsychological test scores in high school football ath-

letes. Arch Clin Neuropsychol. 2007;22(5):615-621.

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

chological recovery following concussion in sport. Brain Inj. 2006;

20(3):245-252.

24. Iverson GL, Schatz P. Advanced topics in neuropsychological

assessment following sport-related concussion. Brain Inj. 2015;

29(2):263-275.

25. Jerrell JM, McIntyre RS, Park YM. Risk factors for incident major

depressive disorder in children and adolescents with attention-defi-

cit/hyperactivity disorder. Eur Child Adolesc Psychiatry. 2015;24(1):

65-73.

26. Langlois JA, Rutland-Brown W, Wald MM. The epidemiology and

impact of traumatic brain injury: a brief overview. J Head Trauma

Rehabil. 2006;21(5):375-378.

27. Larrabee GJ. Performance validity and symptom validity in neuropsy-

chological assessment. J Int Neuropsychol Soc. 2012;18(4):625-630.

28. Lovell MR, Iverson GL, Collins MW, et al. Measurement of symptoms

following sports-related concussion: reliability and normative data for

the post-concussion scale. Appl Neuropsychol. 2006;13(3):166-174.

29. Maassen GH. The standard error in the Jacobson and Truax reliable

change index: the classical approach to the assessment of reliable

change. J Int Neuropsychol Soc. 2004;10(6):888-893.

30. Margari L, Buttiglione M, Craig F, et al. Neuropsychopathological

comorbidities in learning disorders. BMC Neurol. 2013;13:198.

31. McCrea M, Guskiewicz KM, Marshall SW, et al. Acute effects and

recovery time following concussion in collegiate football players:

the NCAA Concussion Study. JAMA. 2003;290(19):2556-2563.

32. McCrea M, Kelly JP, Kluge J, Ackley B, Randolph C. Standardized

Assessment of Concussion in football players. Neurology. 1997;

48(3):586-588.

33. McCrea M, Kelly JP, Randolph C, et al. Standardized Assessment of

Concussion (SAC): on-site mental status evaluation of the athlete.

J Head Trauma Rehabil. 1998;13(2):27-35.

34. McCrory P, Johnston K, Meeuwisse W, et al. Summary and agree-

ment statement of the 2nd International Conference on Concussion

in Sport, Prague 2004. Br J Sports Med. 2005;39(4):196-204.

35. McCrory P, Meeuwisse W, Johnston K, et al. Consensus statement

on concussion in sport: the 3rd International Conference on Concus-

sion in Sport held in Zurich, November 2008. Br J Sports Med.

2009;43 Suppl 1:i76-i90.

36. McCrory P, Meeuwisse WH, Aubry M, et al. Consensus statement on

concussion in sport: the 4th International Conference on Concussion

in Sport held in Zurich, November 2012. Br J Sports Med.

2013;47(5):250-258.

37. McLeod TCV, Bay RC, Lam KC, Chhabra A. Representative baseline

values on the Sport Concussion Assessment Tool 2 (SCAT2) in ado-

lescent athletes vary by gender, grade, and concussion history. Am J

Sport Med. 2012;40(4):927-933.

38. Moser RS, Schatz P, Lichtenstein JD. The importance of proper

administration and interpretation of neuropsychological baseline

and postconcussion computerized testing. Appl Neuropsychol Child.

2015;4(1):41-48.

39. Moser RS, Schatz P, Neidzwski K, Ott SD. Group versus individual

administration affects baseline neurocognitive test performance.

Am J Sports Med. 2011;39(11):2325-2330.

40. Nelson LD, Janecek JK, McCrea MA. Acute clinical recovery from

sport-related concussion. Neuropsychol Rev. 2013;23(4):285-299.

41. Nelson LD, LaRoche AA, Pfaller AY, et al. Prospective, head-to-head

study of three computerized neurocognitive assessment tools

(CNTs): reliability and validity for the assessment of sport-related

concussion. J Int Neuropsychol Soc. 2016;22(1):24-37.

42. Nelson LD, Pfaller AY, Rein LE, McCrea MA. Rates and predictors of

invalid baseline test performance in high school and collegiate ath-

letes for 3 computerized neurocognitive tests: ANAM, Axon Sports,

and ImPACT. Am J Sports Med. 2015;43(8):2018-2026.

43. Parisi P, Verrotti A, Paolino MC, et al. Headache and attention deficit

and hyperactivity disorder in children: common condition with com-

plex relation and disabling consequences. Epilepsy Behav. 2014;32:

72-75.

44. Putukian M, Echemendia R, Dettwiler-Danspeckgruber A, et al. Pro-

spective clinical assessment using sideline concussion assessment

tool-2 testing in the evaluation of sport-related concussion in college

athletes. Clin J Sport Med. 2015;25(1):36-42.

45. Rahn C, Munkasy BA, Barry Joyner A, Buckley TA. Sideline perfor-

mance of the Balance Error Scoring System during a live sporting

event. Clin J Sport Med. 2015;25(3):248-253.

46. Randolph C, Millis S, Barr WB, et al. Concussion symptom inventory:

an empirically derived scale for monitoring resolution of symptoms

following sport-related concussion. Arch Clin Neuropsychol. 2009;

24(3):219-229.

47. Riemann BL, Guskiewicz KM. Effects of mild head injury on postural

stability as measured through clinical balance testing. J Athl Train.

2000;35(1):19-25.

AJSM Vol. XX, No. X, XXXX Reliability and Validity of the SCAT3 9

 at UNIV WASHINGTON LIBRARIES on June 11, 2016ajs.sagepub.comDownloaded from 

http://ajs.sagepub.com/


48. Schatz P, Glatts C. ‘‘Sandbagging’’ baseline test performance on

ImPACT, without detection, is more difficult than it appears. Arch

Clin Neuropsychol. 2013;28(3):236-244.

49. Schatz P, Neidzwski K, Moser RS, Karpf R. Relationship between

subjective test feedback provided by high-school athletes during

computer-based assessment of baseline cognitive functioning

and self-reported symptoms. Arch Clin Neuropsychol. 2010;25:285-

292.

50. Schatz P, Robertshaw S. Comparing post-concussive neurocogni-

tive test data to normative data presents risks for under-classifying

‘‘above average’’ athletes. Arch Clin Neuropsychol. 2014;29(7):625-

632.

51. Schmidt JD, Register-Mihalik JK, Mihalik JP, Kerr ZY, Guskiewicz

KM. Identifying Impairments after concussion: normative data versus

individualized baselines. Med Sci Sports Exerc. 2012;44(9):1621-

1628.

52. Schneider KJ, Emery CA, Kang J, Schneider GM, Meeuwisse WH.

Examining sport concussion assessment tool ratings for male and

female youth hockey players with and without a history of concus-

sion. Br J Sports Med. 2010;44(15):1112-1117.

53. Shehata N, Wiley JP, Richea S, Benson BW, Duits L, Meeuwisse WH.

Sport concussion assessment tool: baseline values for varsity colli-

sion sport athletes. Br J Sports Med. 2009;43(10):730-734.

54. Sideline preparedness for the team physician: consensus statement.

Med Sci Sports Exerc. 2001;33(5):846-849.

55. Susco TM, Valovich McLeod TC, Gansneder BM, Shultz SJ. Balance

recovers within 20 minutes after exertion as measured by the Bal-

ance Error Scoring System. J Athl Train. 2004;39(3):241-246.

56. Team physician consensus statement. Am J Sports Med. 2000;

28(3):440-441.

57. The team physician and return-to-play issues: a consensus state-

ment. Med Sci Sports Exerc. 2002;34(7):1212-1214.

58. Zottoli TM, Hoover S, Barr WB. Utility of the Standardized Assess-

ment of Concussion (SAC) to detect insufficient effort in independent

medical examinations and civil litigation cases. Clin Neuropsychol.

2015;29(5):678-688.

For reprints and permission queries, please visit SAGE’s Web site at http://www.sagepub.com/journalsPermissions.nav.

10 Chin et al The American Journal of Sports Medicine

 at UNIV WASHINGTON LIBRARIES on June 11, 2016ajs.sagepub.comDownloaded from 

http://ajs.sagepub.com/

