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Context: The King-Devick (K-D) test is used to identify
oculomotor impairment after concussion. However, the diagnostic
accuracy of the K-D test over time has not been evaluated.

Objectives: To (1) examine the sensitivity and specificity of
the K-D test at 0 to 6 hours postinjury, 24 to 48 hours postinjury,
the beginning of a return-to-play (RTP) protocol (asymptomatic),
unrestricted RTP, and 6 months postconcussion and (2)
compare outcomes between athletes with and those without
concussion across confounding factors (sex, age, sport contact
level, academic year, learning disorder, attention-deficit/hyper-
activity disorder, migraine history, concussion history, and test
administration mode).

Design: Retrospective, cross-sectional design.

Setting: Multiple institutions in the Concussion Assessment,
Research and Education Consortium.

Patients or Other Participants: A total of 320 athletes with
a concussion (162 men, 158 women; age = 19.80 = 1.41 years)
were compared with 1239 total collegiate athletes without a
concussion (646 men, 593 women; age = 20.31 = 1.18 years).

Main Outcome Measure(s): We calculated the K-D test
time difference (in seconds) by subtracting the baseline from the
most recent time. Receiver operator characteristic (ROC) curve
and area under the curve (AUC) analyses were used to
determine the diagnostic accuracy across time points. We
identified cutoff scores and corresponding specificity at both the

80% and 70% sensitivity levels. We repeated ROC with AUC
analyses using confounding factors.

Results: The K-D test predicted positive results at the 0- to
6-hour (AUC =0.724, P < .001), 24- to 48-hour (AUC =0.701, P
< .001), RTP (AUC = 0.640, P < .001), and 6-month
postconcussion (AUC = 0.615, P < .001) tim points but not at
the asymptomatic time point (AUC =0.513, P=.497). The 0- to
6-hour and 24- to 48-hour time points yielded 80% sensitivity
cutoff scores of —2.6 and —3.2 seconds (ie, faster), respectively,
but 46% and 41% specificity, respectively. The K-D test had a
better AUC when administered using an iPad (AUC = 0.800,
95% Cl = 0.747, 0.854) compared with the spiral-bound card
system (AUC = 0.646, 95% CI =0.600, 0.692; P < .001).

Conclusions: The diagnostic accuracy of the K-D test was
greatest at 0 to 6 hours and 24 to 48 hours postconcussion but
declined across subsequent postconcussion time points. The
AUCs did not differentiate between groups across confounding
factors. Our negative cutoff scores indicated that practice effects
contributed to improved performance, requiring athletes to
outperform their baseline scores.

Key Words: diagnostic accuracy, oculomotor performance,
mild traumatic brain injury, baseline testing, postconcussion
assessment

month postconcussion time points.

Key Points

» The King-Devick test contributed acceptable diagnostic value at the 0- to 6-hour and 24- to 48-hour postconcussion
time points, but it was not adequate at the asymptomatic time point and was only fair at the return-to-play and 6-

» The King-Devick test should also be used with caution over repeated administrations, as a practice effect exists.
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( j oncussion assessment and diagnosis comprises a
multifaceted approach using several tests to
understand the entire clinical presentation of the

injury.! Several assessments are used at baseline and
postconcussion to evaluate possible impairments. Concus-
sion evaluation often includes assessing symptoms, neuro-
cognition, balance, and vestibular and ocular
performance.>* Sideline assessments are essential for
informing the clinician who is making the diagnosis, but
they must be conducted quickly and must be sensitive to
acute impairment. These assessments are often used to
facilitate return-to-play (RTP) decisions by sports medicine
and allied health care providers.>® The Sports Concussion
Assessment Tool, 5th edition, which was developed as a
sideline screening tool, includes a patient-reported symp-
tom scale, cognitive screening, brief neurologic screening,
and balance testing; however, this test does not evaluate
vision or eye movements."” Use of eye movement and
tracking assessments, such as the King-Devick (K-D) test,
to identify oculomotor abnormalities after brain injury has
been increasing."1013

When administering the K-D test, health care providers
ask athletes to read aloud a demonstration card and 3 test
cards with rows of random, single-digit numbers as quickly
as possible with no errors. Saccadic movements may evoke
postconcussion impairment in visual and eye-movement
pathways that are widely distributed throughout the brain.’
Increased latency and decreased accuracy of eye move-
ments are common after a concussion.®

Despite its widespread use, little is known about the
diagnostic accuracy of the K-D test. In a meta-analysis,’
researchers concluded that the K-D test had high sensitivity
(86%) and specificity (90%) when using a cutoff in which
postconcussion completion time was longer than baseline
completion time. Little information and scarce literature are
available on the diagnostic accuracy of the K-D test from
autonomous, external investigators who do not have
financial interests in the test. We also lack evidence
exploring the sensitivity and specificity of the K-D test
across multiple postconcussion time points in collegiate
athletes, as many researchers''"'* have analyzed repeated
baseline performance only. Further investigation is war-
ranted to explore collegiate athletes with concussion across
multiple postconcussion time points.

No consensus exists regarding a clinically informative
cutoff time difference relative to baseline time for the K-D
test when screening individuals for a concussion. Research-
ers>®!> have suggested that concussion should be suspected
when postconcussion completion time is longer than
baseline completion time. Using this proposed cutoff
requires caution because healthy adolescent and collegiate
athletes present with pronounced practice effects, experi-
encing improvement or faster times with repeated admin-
istrations.'>!” Breedlove et al'® also found that 27% of
healthy participants had slowed or increased times when
completing 2 baseline K-D tests approximately 1 year
apart, which warrants assessments of specificity.

Age, sex, and reading-skill level affect K-D scores at
baseline®!'>!314: however, no authors have determined
whether K-D test sensitivity and specificity differ across
confounding factors. Limited data have addressed how
athletes” migraine and concussion history, neurologic
disorders (learning disorder [eg, dyslexia], attention-deficit/

hyperactivity disorder [ADHDY]), vestibular disorders (ver-
tigo), or the test administration mode influence K-D test
sensitivity and specificity postconcussion. Understanding
how confounding factors of characteristics and medical
history influence postconcussion K-D test performance is
necessary to inform clinical decision-making. Therefore,
the first aim of our study was to examine the sensitivity and
specificity of the K-D test at 0 to 6 hours postconcussion,
24 to 48 hours postconcussion, the beginning of an RTP
protocol (asymptomatic), unrestricted RTP, and 6 months
postconcussion. The 24- to 48-hour postconcussion time
point was established as our earliest time point for
comparison with the control group and because of the
small number of athletes with a concussion evaluated
between 0 and 6 hours postconcussion (n=51; 15.9%). Our
second aim was to explore the effect of confounding
characteristics (sex, age, sport contact level, academic year,
learning disorder, ADHD, migraine history, concussion
history, and administration mode) on the sensitivity and
specificity of the K-D test for concussion.

METHODS

This study was part of the National Collegiate Athletic
Association—Department of Defense Concussion Assess-
ment, Research and Education (CARE) Consortium,? an
ongoing comprehensive study examining the effects of
concussion in collegiate athletes and US military service
academy members.?® All 30 CARE Consortium sites use a
common definition and criteria for concussion.?’ The K-D
test is used at 6 of these sites as a Level B measure, which
is considered an emerging evaluation and is added at the
discretion of the clinicians at the performance site.

Athletes were only considered healthy and included in
our control group if they had >1 baseline assessment and
no concussion documented in the CARE Consortium
database. The K-D baseline assessments were administered
1 year apart. Athletes were included in our concussed group
if they sustained a concussion and completed K-D
longitudinal postconcussion assessments. Athletes with
concussions, which were diagnosed by each institution’s
sports medicine team with guidance from the current
consensus guidelines,?! were excluded from the control
group. Athletes with missing confounding factor variables
were excluded from the corresponding analyses. All
athletes provided written informed consent before partici-
pation, and the US Army Medical Research and Materiel
Command Human Research Protection Office and each
CARE Consortium site’s institutional review board ap-
proved the study.

The K-D Test

The K-D test consists of a rapid number-naming task that
takes <2 minutes to complete and is available on 2
platforms (iPad [various models, although the K-D test and
platform were the same for all; Apple Inc] and paper).
Athletes complete 3 test cards of rapid number naming,
reading from left to right. For baseline assessments, athletes
complete 2 error-free trials to supply a baseline score. The
athlete’s baseline is the faster of the 2 trials. The test is
readministered after concussion, but trials are not repeated
in cases of error. Total time is defined as the time in seconds
to complete the entire test.?
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Sensitivity and Specificity

For participants with concussion, we subtracted their
baseline time from their postconcussion time (postconcus-
sion time point — baseline). This was done at each
postconcussion time point: 0 to 6 hours postconcussion;
24 to 48 hours postconcussion; asymptomatic, defined as
participants beginning the RTP protocol; unrestricted RTP,
defined as participants having completed all stages in the
gradual RTP protocol; and 6 months postconcussion. For
participants without concussion, we subtracted their first
baseline K-D test time from their second baseline K-D test
time (baseline 2 — baseline 1). Given that repeat
assessments at time points corresponding to those of the
concussion group were not available in the control group,
the difference in baseline times was used for the control
group relative to the concussed group’s performance across
the 4 time points, beginning with the 24- to 48-hour
postinjury time point. The mean time between the first and
second baseline for the nonconcussed, control group was
398 *= 1.8 days. For the concussed group, the mean time
between baseline and 0- to 6-hour postconcussion time
points was 286 * 68.2 days, 0- to 6-hour and 24- to 48-
hour postconcussion time points was 1 £ 1.8 days, 24- to
48-hour postconcussion and asymptomatic time points was
12 £ 4.3 days, and asymptomatic and unrestricted RTP
time points was 5 = 4.4 days.

Influence of Confounding Factors

For the second aim, we extracted the following targeted
self-reported descriptive and medical history factors from
baseline clinical report forms: sex (female, male), sport
contact level (contact, limited contact, noncontact),??
academic year (freshman, sophomore, junior, senior),
learning disorder (no, yes), ADHD (no, yes), migraine
history (no, yes), concussion history (0, 1, 2, 3+), and
administration mode (iPad, spiral-bound cards).

Statistical Analyses

To address our first aim, we used receiver operator
characteristic (ROC) curve and area under the curve (AUC)
analyses to determine the diagnostic accuracy of the K-D
test across the 4 postconcussion time points with the
Wilson-Brown method using GraphPad Prism (version
8.1.2). For AUC analyses that were different, we identified
cutoff scores and corresponding specificities at both the
80% and 70% sensitivity levels but also included
continuous levels of various sensitivity and specificity
values in Supplemental Tables 1-5 (available online at
http://dx.doi.org/10.4085/1062-6050-0063.21.S1).

To address our second aim, we repeated ROC curve with
AUC analyses from the 24- to 48-hour time point
segmented by sex (female, male), sport contact level
(contact, limited contact, noncontact), academic year
(freshman, sophomore, junior, senior), learning disorder
(no, yes), ADHD (no, yes), migraine history (no, yes),
concussion history (0, 1, 2, 3+), and administration mode
(iPad, spiral-bound cards). We used the 24- to 48-hour
postconcussion time point because a gain of 38 individuals
with concussion compared with 0 to 6 hours postconcussion
occurred. To determine whether the characteristics differed
across confounding factor segments, we compared the 95%

Cls around each AUC outcome. The AUC outcomes with
scores of <0.50 were considered poor; 0.51 to 0.69, fair;
0.70 to 0.80, acceptable; 0.80 to 0.90, excellent; and >0.90,
outstanding.®® Values >0.55 were considered different. We
evaluated the AUC 95% CI overlap and calculated Z and P
values using the following formula: Z = abs(AUC1 —
AUC2)/SORT(SEA; + SEiycy), Where abs is absolute
and SORT is square root. We calculated F and y? values for
group comparisons using SPSS (version 24; IBM Corp) and
o = .05 (Table). We also conducted a multivariate logistic
regression using these same confounding factors to predict
false-negatives in the concussed group and a separate
multivariate logistic regression to predict false-positives in
the control group. To classify false-negatives and false-
positives, we used the 80% sensitivity cutoff from the 24-
to 48-hour postconcussion time point.

RESULTS

An initial sample of 1719 athletes was examined for
eligibility, with 1559 athletes meeting the inclusion criteria.
Of these 1559 athletes, 320 were assigned to the concussion
group, and 1239 were assigned to the healthy control group
(Table).

King-Devick difference scores predicted concussion
diagnosis status at the 0- to 6-hour postconcussion (AUC
=0.724, P < .001), 24- to 48-hour postconcussion (AUC =
0.701, P < .001), unrestricted RTP (AUC = 0.640, P <
.001), and 6-month postconcussion (AUC = 0.615, P <
.001) time point but not at the asymptomatic time point
(AUC = 0.513, P = .50). The ROC curves and outcomes
across the 5 postconcussion time points are shown in Figure
1. The ROC raw data including sensitivity, specificity,
likelihood ratios, and 95% Cls with corresponding K-D
cutoffs are provided in Supplemental Tables 1-5 . The 0- to
6-hour and 24- to 48-hour postconcussion time points had
acceptable discrimination for sensitivity and specificity, but
other time points displayed fair discrimination. A cutoff
score of —2.6 seconds (ie, performing 2.6 seconds faster
than baseline) yielded 80% sensitivity to athletes with a
concussion at the 0- to 6-hour postconcussion time point.
However, this resulted in specificity of 46%. A cutoff score
of —3.2 seconds (performing 3.2 seconds faster than
baseline) yielded 80% sensitivity to athletes with a
concussion at the 24- to 48-hour postconcussion time
point. Nevertheless, this resulted in specificity of 41%. A
cutoff score of —1.5 seconds (performing 1.5 seconds faster
than baseline) at 24 to 48 hours postconcussion yielded
70% sensitivity, with a specificity of 57%. The ROC curves
for the asymptomatic time point were not different; thus,
cutoff scores are not proposed.

A cutoff score of —0.8 seconds (performing 0.8 seconds
faster than baseline) at the unrestricted RTP time point
yielded 80% sensitivity but specificity of 37%. A cutoff
score of —1.9 seconds (performing 1.9 seconds faster than
baseline) yielded 70% sensitivity but specificity of 47%.

At the 6-month postconcussion time point, a cutoff score
of —0.4 seconds (performing 0.4 seconds faster than
baseline) yielded 80% sensitivity but specificity of 34%.
A cutoff score of —1.6 seconds (performing 1.6 seconds
faster than baseline) yielded 70% sensitivity with specific-
ity of 44%. Individuals with concussion tended to perform
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Table. Descriptive Data of Concussion and Control Groups

Group, No. (%)?

Variable Concussion (n = 320) Control (n = 1239) ¥2 Value P Value
Sex 0.233 .69
Female 158 (49.4) 593 (47.9)
Male 162 (50.6) 646 (52.1)
Sport contact level° 77.321 <.001
Contact 221 (69.1) 516 (41.6)
Limited contact 68 (21.3) 460 (37.1)
Noncontact 31 (9.7) 263 (21.2)
Academic year® 171.134 <.001
Freshman 81 (25.3) 45 (3.6)
Sophomore 84 (26.3) 386 (31.2)
Junior 76 (23.8) 368 (29.7)
Senior 79 (24.7) 440 (35.5)
Learning disorder 6.359 .042
No 299 (93.4) 1185 (95.6)
Yes 21 (6.6) 54 (4.4)
Attention-deficit/hyperactivity disorder 3.726 16
No 293 (91.6) 1123 (90.6)
Yes 27 (8.4) 116 (9.4)
Migraine disorder 6.911 .03
No 298 (93.1) 1175 (94.8)
Yes 22 (6.9) 64 (5.2)
Concussion history® 218.856 <.001
0 120 (37.5) 958 (77.3)
1 144 (45.0) 215 (17.4)
2 43 (13.4) 34 (2.7)
3+ 13 (4.1) 12 (1.0)
Administration mode 6.044 .01
iPad® 111 (34.7) 343 (27.7)
Spiral-bound cards 209 (65.3) 896 (72.3)
Mean = SD F Value
Age, y 19.80 * 1.41 20.31 = 1.18 50.36 <.001
King-Devick time, s
Baseline 40.05 + 9.31 40.98 + 7.23 8.49 .004
Baseline 2 NA 38.93 + 7.14 NA NA
Postconcussion 47 £ 153
24-48 h' 44.96 + 16.29 NA NA NA
Asymptomatic? 44.24 = 8.76 NA NA NA
Unrestricted return to play” 39.47 = 5.26 NA NA NA
6 mo 36.08 = 5.02 NA NA NA

Abbreviation: NA, not applicable.
2 Percentages were rounded, so totals may not equal 100%.

b Sport contact level??: contact, athletes purposely hit or collide with each other or inanimate objects; limited contact, contact with others or
inanimate objects is infrequent or inadvertent; noncontact, contact is rare and unexpected.
¢ Academic year for the concussion group refers to the year participants sustained their concussions. For the control group, it is the year

participants completed their first King-Devick baseline assessment.

¢ A total of 20 data points are missing from the control group due to participants not answering the prompted question. Percentages are

calculated from n = 1239.
iPad, Apple Inc.

T a@ - o

better at the 6-month postconcussion time point than at
baseline.

Influence of Confounding Factors

Most confounding factors did not demonstrate differenc-
es in the AUC (P range = .06—.94; Figure 2), except for
administration mode, such that the iPad administration
mode (AUC = 0.800; 95% CI =0.747, 0.854) had a greater
AUC than the spiral-bound card system (AUC = 0.646;

The 24- to 48-hour postconcussion time point was established as the earliest time point for comparison with the control group.
Asymptomatic was defined as participants beginning the return-to-play protocol.
Unrestricted return to play was defined as participants completing all stages in the gradual return-to-play protocol.

95% CI = 0.600, 0.692; Figure 2H). We also observed a
trend for learning disorder outcomes (P =.07) such that the
K-D test score differences tended to have a better AUC for
those with a learning disorder (AUC = 0.819; 95% CI =
0.715, 0.924) relative to those without a learning disorder
(AUC = 0.716; 95% CI = 0.680, 0.752; Figure 2D).
Similarly, confounding factors did not influence the odds of
false-negatives (P = .65) in the concussed group. However,
the K-D administration mode did influence the odds of
false-positives in the control group (P = .002): iPad
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Figure 1. Receiver operating characteristic curve and area under the curve (AUC; = SE) across postconcussion time points: A, 0-6 h
postconcussion (concussion group = 1239, control group = 159), B, 24-48 h postconcussion (concussion group = 1239, control group =
229), C, beginning of a return-to-play protocol (asymptomatic; concussion group =1239, control group =283), D, unrestricted return to play
(concussion group = 1239, control group = 279), and E, 6 months postconcussion (concussion group = 1239, control group = 171). The
horizontal dotted line at y = 80 indicates 100% specificity at a sensitivity of 80%. @ Inverted receiver operating characteristic curve.
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Figure 2. Receiver operating characteristic curves at the within—48-h time point segmented by, A, sex, B, sport contact level, C, academic
year, D, learning disorder, E, attention-deficit/hyperactivity disorder, F, migraine history, G, concussion history, and H, administration
mode (P < .05). The horizontal dotted line at y= 80 indicates 100% specificity at a sensitivity of 80%. ? Indicates difference in area under the

receiver operating characteristic curve (P < .001).

administration reduced the odds of false-positives (odds

ratio = 0.59; 95% CI = 0.45, 0.76).

DISCUSSION

Overall Diagnostic Accuracy

Our ROC curves at the 0- to 6-hour and 24- to 48-hour

reversed (Figure 1D and E) at the unrestricted RTP and 6-

month postconcussion time points and followed a pattern in
which sensitivity was higher with slower postconcussion K-
D times and specificity was lower, which better matched
the clinical interpretation. Clinicians should be aware that
this pattern does not follow conventional clinical patterns,

postconcussion time points showed an interesting pattern, accuracy.

whereby sensitivity was lower with slower postconcussion
K-D times and specificity was higher. This pattern was

despite an AUC that suggests overall moderate diagnostic

Based on our results, the K-D test contributed acceptable
diagnostic accuracy at 0 to 6 hours and 24 to 48 hours
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postconcussion. This is concurrent with the designer’s
recommendation that the test be used as a remove-from-
play test.” However, the test is not sufficient to stand alone,
which supports the use of a multifactorial approach.
Additionally, as expected, the K-D test had poor to no
diagnostic accuracy at the asymptomatic time point. The
diagnostic accuracy was fair at the unrestricted RTP and 6-
month postconcussion time points, which was indicative of
the K-D test correctly predicting concussion diagnosis and
magnitude of practice effects. At these time points, athletes
with a concussion have cleared previous time points to
return to sport. The RTP timepoint has been associated with
modest improvements in K-D test performance due to
participating in physical activity and improved cognitive
performance.?*

Practice effects greatly influence repeat K-D test
performance and clinical interpretation across repeated
administrations. Our results may show that a practice effect
(leading to faster completion of the K-D test) has a stronger
influence on postconcussion K-D test scores compared with
a concussion effect (which in theory is associated with
slower completion of the K-D test). Athletes with a
concussion take the test 4 times in 6 months, whereas
healthy athletes take the K-D test only 2 times in 1 year.
Clinicians should expect considerable improvement in
completion time (ie, faster) with subsequent K-D test
administrations.'> A faster K-D time is a product of a
practice effect, and caution should be used when interpret-
ing the outcomes across time points for individuals with
concussion. In addition, our data revealed recommended
cutoff scores at each time point to improve the clinical
interpretation of the K-D test during concussion recovery.

Recommended Cutoff Scores

To achieve 80% sensitivity, clinicians should expect a
1.0- to 2.6-second faster time than the baseline time within
0 to 6 hours postinjury, a 1.0- to 3.2-second faster time at
24 to 48 hours postconcussion, and a 1.0- to 1.9-second
faster time at unrestricted RTP. Similar to our results,
Dhawan et al*® found that a cutoff time of 2 seconds faster
than baseline yielded high sensitivity (90%) and specificity
(91%) in adolescent athletes, which is notably higher than
our observed level of specificity. However, this study had a
smaller sample size, with only 20 participants diagnosed
with a concussion and 121 participants without a concus-
sion.”> Sensitivity is calculated as the number of true
positives divided by the total number of individuals with a
concussion. Therefore, a smaller sample size of those with a
concussion could artificially inflate the sensitivity value.
Other researchers have shown 0.7- to 2.5-second improve-
ments in K-D times in healthy athletes between 2 baseline
measurements.>!32° Breedlove et al'® determined the K-D
test to be reliable between trials and years. Retesting with a
1-year interval revealed a small improvement of 2 seconds
among intercollegiate athletes.'® However, 27% of athletes
showed a slower performance from year 1 to year 2.'®
Overall, these previous studies and our results confirm that
athletes should perform considerably faster relative to their
baseline time with subsequent K-D testing. Repeated tests
will cause practice effects and improvement of scores,
regardless of injury.'®

Confounding Factors

Confounding factors largely did not influence K-D test
diagnostic accuracy postconcussion. The K-D test AUC for
those with a learning disorder was slightly higher (AUC =
0.819) relative to that of those without a learning disorder
(AUC = 0.716), although the CIs overlapped (Figure 2D).
The K-D test was originally developed in 1976 to study eye
movement in conjunction with reading ability to screen
children for learning disorders, such as dyslexia.?”*® Our
findings suggested that a learning disorder does not
influence the diagnostic accuracy of the K-D test much
when referenced to a preinjury baseline. Future research is
needed to examine whether learning disabilities influence
diagnostic accuracy in the absence of a baseline assessment
and in a larger sample, as ours included only 15 athletes
with concussion who had a diagnosed learning disorder.

The K-D test time and errors decrease (improved
performance) as age increases among high school,
collegiate, and professional athletes.'* However, we found
no difference in performance by academic year (freshmen
to seniors). Investigators'® have also suggested that sex
influences K-D test performance, whereby males tend to
score worse or slower. However, our results indicated no
differences across sexes. We also did not identify
differences in AUC among those with ADHD. A history
of concussion did not influence K-D test performance,
which had not been studied earlier.

Administration mode did affect AUC outcomes. The iPad
version outperformed the card system. A shift has occurred
from the card system to the iPad version because the former
is no longer commercially available.?® Researchers?’-*
have also recommended using the iPad version over the
cards because the former has higher test-retest reliability
and improved testing standards to minimize errors from
administrators. Institutions should use the iPad version to
avoid inappropriately diagnosing individuals with concus-
sion when they do not have one.

Lastly, physical activity such as aerobic fitness may have
been another confounding factor contributing to our results
at the unrestricted RTP and 6-month postconcussion time
points but not at the asymptomatic time point activity, with
authors®' demonstrating improved cognitive performance
after a bout of exercise. The 24- to 48-hour postconcussion
time point likely occurs before athletes are asymptomatic,
and thus, before physical activity resumes. Our results
showed the diagnostic accuracy decreased to poor levels at
the asymptomatic time point and then improved to fair
levels at the unrestricted RTP time point. Physical
inactivity may hinder cognitive performance, which was
reflected in our outcomes.

Limitations

Although our study included a large multisite sample of
athletes with concussion and control athletes, it had
limitations. These findings were limited to those who were
participating only at these sites. In addition, we used the
difference in baseline times for the control group across the
4 postconcussion time points of the concussed group
because repeat testing was not available for the control
group. Sample sizes for the subanalyses were much smaller,
which was also a limitation. Future researchers should
consider using the K-D test in healthy matched individuals
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across the same time points as their counterparts with
concussion.

CONCLUSIONS

We examined a large sample of collegiate athletes from
multiple sites to determine the diagnostic accuracy of a test
commonly used to evaluate concussions. Based on our
findings, the K-D test contributed acceptable diagnostic
value at the 24- to 48-hour postconcussion time point, but it
was not adequate at the asymptomatic time point and was
only fair at the unrestricted RTP time point. Confounding
characteristics and medical history factors were not
different across the same time points. These results suggest
that the K-D test should not be used as a standalone
assessment at any time point. Instead, the K-D test should
be included as 1 part of a comprehensive assessment
battery.
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