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Background: Eye-tracking technology for detecting eye movements has been gaining increasing attention as a possible
assessment and monitoring tool for sport-related concussion (SRC).

Purpose: To determine the diagnostic accuracy of a rapid number-naming task with eye tracking, the King-Devick Eye Tracking
(K-D ET) assessment, in identifying SRC.

Study Design: Cohort study.

Methods: One female and 1 male team of United States collegiate rugby-15 players competing during the 2018 season were
recruited. Variables assessed were total saccades, saccade velocity, total fixations, fixation duration, fixation polyarea, and test
duration. A generalized estimating equation was used to examine group (concussion vs nonconcussion), time (baseline vs
postinjury/postseason), and sex-based differences for each outcome measure. In addition, the different components of diagnostic
accuracy of the K-D ET were calculated.

Results: Baseline K-D ET assessment for 49 participants (25 male, 24 female) were assessed at the beginning of the season, with
28 participants who did not sustain a head injury during the season completing the postseason assessments and 6 participants
completing a postinjury (suspected concussion) assessment. Significant differences were observed between concussed and
nonconcussed groups for total saccades (P ¼ .024), fixation duration (P ¼ .007), and fixation polyarea (P ¼ .030), with differences
from baseline to follow-up observed for saccade velocity (P ¼ .018) in both groups. Sex-based differences were noted for total
fixations (P ¼ .041), fixation polyarea (P ¼ .036), and completion time (P ¼ .035). No significant Group � Time interactions were
noted. The K-D ET test duration indicated high specificity (0.86) but not high sensitivity (0.40). No other variables reported high
sensitivity or specificity.

Conclusion: Other than completion time of the K-D ET test, no K-D ET oculomotor parameter was highly sensitive or specific in the
diagnosis of concussion in this study.
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Sport-related concussion (SRC) is a relatively common
injury in sport, occurring because of the transfer of inju-
rious biomechanical forces to the head that result in a
heterogeneous range of signs and symptoms.25 It is vital
for the clinician and patient to understand that symptoms
may be present immediately or occur hours after injury,
and the quantity, severity, and duration of concussion
symptoms vary between people and consecutive concus-
sions.25 The evaluation of SRC by medical physicians,
athletic trainers, sports physical therapists, and other
clinicians involves assessing various components such
as balance, cognition with memory recall, and self-
reported symptoms.22,34,35

Recent innovations in eye-tracking technology using
camera-based video-oculography equipment have enabled
clinicians to utilize eye movement measurements as well.
However, its use has been reported to be limited, with many
clinicians relying on their own clinical assessments for con-
cussion.31 Nonetheless, it may be a reliable tool and more
research is needed to establish its appropriateness and the
interpretation of findings.32

The King-Devick (K-D) assessment provides the option of
an infrared video oculography–based 120-Hz sampling rate
eye tracker (K-D Eye Tracking [ET] assessment).16,18 The
unit provides measurement on duration (length of time on
the number-naming task), number of saccades, peak sac-
cade velocity, number of fixations, fixation duration (inter-
saccadic interval [ISI]), number of blinks, average fixation
polyarea, and average saccade velocity, with the latter
2 being company-based metrics. The standard K-D test, a
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widely used vision-based assessment tool for concussion,8

consists of a rapid number-naming task and has been
validated as a sensitive sideline performance measure for
concussion detection.2,11,15,17,19-21 As the K-D test is a read-
ing task; it is sensitive to impairments of eye movements
and thus indirectly measures saccades and other eye move-
ment functions.9,5,12 However, with the recently available
eye-tracking component, it is valuable to provide more
evidence on its diagnostic accuracy for SRC now that the
system’s reliability has been established.18

Recent research17,18 has demonstrated excellent reliabil-
ity when using the K-D ET unit, and a previous study by
Hecimovich et al16 utilized the K-D ET unit on youth
Australian footballers for SRC. The eye-tracking data in
that study were limited to saccades (eye movements that
quickly shift the eye’s focus between 2 fixed points), number
of fixations (maintaining a visual gaze but with small invol-
untary eye movements), and blinks.

The primary aim of the current study was to investigate
the diagnostic accuracy of the 120-Hz K-D ET system for
clinical use in the recognition of SRC. Specifically, the
objectives were to determine the diagnostic accuracy of the
current K-D ET test in identifying SRC that occurred from
game participation and to perform a comparative analysis
on saccadic and fixational activity between baseline and
postinjury in concussed athletes. We hypothesized that,
based on previous research,9-11,15-21 the eye-tracking vari-
ables assessed (total saccades, average saccade velocity,
average fixation duration, total fixations, and average
fixation polyarea [amplitudes during fixational eye move-
ments]) would not provide useful diagnostic measure-
ments for SRC and that K-D ET test duration would be a
useful measure.

METHODS

Study Participants

A prospective observational cohort study was conducted on
1 female and 1 male team of United States collegiate rugby-
15 players competing during the 2018 season. All members
of the 2 teams were invited to participate in the study.
Exclusion criteria included a history of neurological or oph-
thalmological disease (other than refractive error), learning
disability, or visual dysfunction and taking central nervous
system–active medications. We initially enrolled 49 parti-
cipants consisting of 25 healthy male (20 aged 18-21 years,
5 aged �22 years) and 24 healthy female (18 aged 18-21

years, 6 aged �22 years) rugby-15 players. The university’s
institutional review board approved all procedures, and
consent was obtained from the players and team coach
before enrollment.

K-D ET Testing Procedure

All baseline K-D ET testing was performed at the univer-
sity in a dedicated room. Before the testing, each partici-
pant had the procedure explained, had it demonstrated in
detail, and was given the opportunity to ask any questions.

Each participant sat in front of a laptop computer that
contained the K-D ET system, including an eye-tracking
unit, an infrared-based video-oculographic rig (120-Hz
VT3-Mini; EyeTech Digital Systems). Participants were
seated with a head-to-camera distance of 60 cm to ensure
proper eye contact with the infrared camera, eyes aligned to
the center of the computer screen, ensuring the screen was
in focus and clear. The eye-tracking unit was positioned
close to the bottom of the laptop screen while ensuring that
it did not cover the display. Green lights on the eye-tracking
unit indicated correct participant positioning. For optimum
conditions, the overhead lighting in the room was dimmed
and outside window glare was minimized by darkened win-
dow shades. Participants were instructed to complete a pre-
test validity screen by looking straight ahead and then at
yellow targets in each corner of the screen. If the pupil,
corneal reflections, and/or crosshairs were not visible, out
of focus, or unsteady in any of the viewing locations, the
participant was cycled through the spatial location again to
optimize the settings. At this point calibration commenced.
With this, the participants followed a red target across the
screen with their eyes.

After calibration, a validation was conducted by verifying
the eye position at 5 spatial checkpoints on the screen.
Accurate viewing with a proper calibration changed the
spatial checkpoints to blue. If successfully accomplished,
the K-D ET test began. If the calibration was not accurate,
calibration was repeated for best results. Corrective lenses
were worn only if required for reading. Participants were
instructed to read aloud the single digit displayed from left
to right, top to bottom, as quickly as possible without mak-
ing any errors. Participants were instructed not to use their
hand or finger to help follow the numerical pattern. If the
participant made an error and quickly corrected it, no error
was recorded. An error was recorded for each omission. The
K-D ET system provides post hoc eye movement and test
analysis for the following measures: total fixations, total
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saccades, average saccade velocity, blinks, ISI (saccade
latency and fixation duration), fixation polyarea, and indi-
vidual section and overall completion time.

All players completed a baseline K-D ET test during the
preseason. Players with a suspected concussion during
training or match play, determined by the team’s athletic
trainer, were removed from further participation and
assessed with the Sport Concussion Assessment Tool–5.
These players underwent testing with the K-D ET the
following day. All players (including those who sustained
in-season concussion) were requested to complete an end-
of-season K-D ET assessment. However, in the concussion
group, the end of seasons results were not included within
our analysis.

The K-D ET assessment was used strictly for research
purposes and not for clinical and/or return-to-play deci-
sions. The participating teams were unaware of the
research findings.

Statistical Analysis

All measures (total saccades, saccade velocity, total fixa-
tions, fixation duration, fixation polyarea, and test comple-
tion time) in the concussed and nonconcussed groups are
reported as mean ± standard deviation, with between-
group differences determined using independent t tests and
within-group differences determined using paired t tests
(data met normality assumptions). A generalized estimat-
ing equation (GEE) model with normal distribution, iden-
tity link (player ID treated as subject with repeated
measures), and fixed effects for concussion group, time,
and sex was used to examine group (concussed vs noncon-
cussed), time (baseline vs postinjury/postseason), and sex
differences for each outcome measure.

Parameter estimates (estimated marginal mean, stan-
dard error, and 95% confidence interval [CI]) were
reported for concussion groups, and Wald w2 and P values
were reported for tests of the model’s fixed effects. Group
� Time interaction models were also examined, with
Group � Time interaction test results and interaction
parameter estimates reported. If a follow-up K-D ET test
was more than 3 seconds slower than baseline, suggesting
worsened performance, it was classified as positive. This
cutoff is frequently used.15 For all other measures (total
saccades, saccade velocity, total fixations, fixation dura-
tion, and fixation polyarea) the cutoff values were calcu-
lated in 2 separate ways.

1. A cutoff was assigned as the value corresponding
to the mean difference between test-retest in
healthy controls in a previous reliability study.18

The diagnostic accuracy (sensitivity, specificity,
positive likelihood ratio, negative likelihood ratio,
positive predictive value, and negative predictive
value) with 95% CI for all variables was calculated
using MedCalc.

2. A receiver operator characteristic (ROC) analysis
providing the area under the curve (AUC) with sen-
sitivity (true-positive rate) and 100 – specificity
(false-positive rate) was conducted using NCSS

(version 21.0.1, NCSS, LLC) where a concussion was
present (1) versus not present (0). The ROC analysis
direction indicative of concussion for each variable
was set as the direction opposite that of the mean
group change of the control group. For example, if
the control group had a decrease in the total sac-
cades at follow-up, then an increase in the number
of saccades was the direction set within the ROC
analysis as indicative of concussion. Area under the
ROC curve (AUC) values of 0.5 are considered of no
clinical value (null hypothesis AUC, 0.5). Subse-
quent diagnostic accuracy using the cutoff values
determined by the ROC analysis was not reported
when the AUC was not significant.

For all comparisons, significance was set at P < .05.
The components of diagnostic accuracy (sensitivity, spec-

ificity, positive likelihood ratio, negative likelihood ratio,
positive predictive value, and negative predictive value)
were calculated using MedCalc (www.medcalc.org/calc/
diagnostic_test.php). The sensitivity and specificity were
quantified as being excellent (0.9-1.00), very good (0.8-0.9),
good (0.7-0.8), sufficient (0.6-0.7), or bad (<0.6).29

RESULTS

In total, 49 participants (25 male, 24 female) were
assessed on the K-D ET at the beginning of the season
with an established baseline. Fifteen participants who did
not sustain a concussion did not complete postseason test-
ing. Therefore, 34 participants completed the postseason
assessments, with 6 of these participants suspected to
have sustained a concussion. In the suspected concussion
group (5 male, 1 female), 8 concussions were recorded from
the 6 participants, with one of the players (male) being
requested to test on the K-D ET on 3 occasions (in this
instance, only the first concussion was recorded within
diagnostic accuracy testing).

Mean outcome values and between-group differences,
as well as differences from baseline to postinjury (con-
cussed group) or postseason (nonconcussed group), are
shown in Table 1. The base model results examining
group, time, and sex-based differences are presented in
Table 2 and account for the differences between groups at
baseline while controlling for sex. The interaction model
with concussion Group � Time interaction is also
reported; no significant interactions were detected, and
wide CIs were noted.

Total Saccades

A between-group difference was detected at baseline
(P ¼ .037) (Table 1) and also in the GEE model (P ¼ .024)
(Table 2). The diagnostic accuracy of the K-D ET test for
total saccades indicated insufficient bad sensitivity and
specificity (Table 3). Furthermore, this test was not signif-
icant when assessed using the ROC analysis (Table 4).
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Saccade Velocity

The nonconcussed group reported significantly higher post-
season saccade velocity (P¼ .034) (Table 1). The GEE model
detected an overall change over time (P ¼ .018) (Table 2).

No other significant between-group differences were deter-
mined for saccade velocity. The diagnostic accuracy of
the K-D ET test for saccade velocity indicated insuffi-
cient sensitivity and specificity (Table 3). Furthermore,

TABLE 1
Differences in the Means From Baseline to Postinjury (Concussed Group; n¼ 6) or Postseason (Nonconcussed Group; n¼ 28)a

Measure Baseline Postinjury or Postseason Difference Test Statistic (P Value)

Total saccades, n
Concussed 154.8 ± 12.3 157.8 ± 19.9 3.0 ± 21.1 0.3 (.742)
Nonconcussed 178.2 ± 25.5 171.0 ± 20.9 –7.1 ± 23.1 1.6 (.113)
Difference (P value) 2.2 (.037) 1.4 (.166)

Saccade velocity, deg/s
Concussed 123.2 ± 10.2 126.6 ± 12.9 –3.4 ± 12.9 0.6 (.550)
Nonconcussed 126.9 ± 18.0 135.3 ± 16.3 –8.4 ± 19.8 2.2 (.034)
Difference (P value) 0.5 (.632) 1.2 (.228)

Total fixations, n
Concussed 152.8 ± 12.0 152.2 ± 15.6 –0.6 ± 16.3 0.1 (.924)
Nonconcussed 170.6 ± 22.2 163.1 ± 15.9 –7.5 ± 19.7 2.0 (.054)
Difference (P value) 1.9 (.068) 1.5 (.134)

Fixation duration, ms
Concussed 287.0 ± 53.0 303.1 ± 51.3 16.1 ± 45.9 0.9 (.428)
Nonconcussed 247.1 ± 50.6 250.0 ± 43.9 2.9 ± 42.8 0.3 (.731)
Difference (P value) 1.7 (.093) 2.6 (.013)

Fixation polyarea, mm2

Concussed 176.8 ± 45.7 205.8 ± 85.0 28.8 ± 98.9 0.7 (.505)
Nonconcussed 279.9 ± 95.7 251.3 ± 90.6 –28.6 ± 82.7 1.8 (.079)
Difference (P value) 2.6 (.016) 1.1 (.267)

Completion time, s
Concussed 53.5 ± 5.3 56.9 ± 12.5 3.4 ± 11.1 0.8 (.484)
Nonconcussed 55.6 ± 11.8 53.2 ± 8.6 –2.4 ± 6.5 1.9 (.64)
Difference (P value) 0.4 (.672) 0.9 (.389)

aData are reported as mean ± SD. Boldface P values indicate statistically significant differences between groups compared (P < .05).

TABLE 2
General Linear Model Results: Estimated Marginal Means for Concussed Versus Nonconcussed and Model Effects for Basic

Model and Interaction Modela

Model Estimated Marginal Means Model Effect Group � Time Interaction

Model Primary Outcome
Concussed,

b (SE) [95% CI]
Nonconcussed,
b (SE) [95% CI]

Group
Difference
(Wald w2)

Time
Difference (w2)

Sex
Difference

(w2)
Model Effect

(w2)

Nonconcussed
at Baseline,

b (SE) [95% CI]b

Total saccades, n 159.8 (5.1)
[149.8-169.8]

173.1 (3.4)
[166.5-179.8]

5.1
(P ¼ .024)

1.9
(P ¼ .164)

3.0
(P ¼ .086)

1.3
(P ¼ .257)

10.1 (9.0)
[–7.4 to 27.7]

Saccade velocity, deg/s 123.3 (3.8)
[115.8-130.7]

131.8 (2.6)
[126.7-136.8]

3.3
(P ¼ .070)

5.6
(P ¼ .018)

1.1
(P ¼ .298)

0.7
(P ¼ .406)

–5.0 (6.0)
[–16.9 to 6.8]

Total fixations, n 155.9 (4.7)
[146.6-165.2]

165.4 (2.7)
[160.1-170.8]

3.2
(P ¼ .075)

3.8
(P ¼ .051)

4.2
(P ¼ .041)

0.9
(P ¼ .335)

6.8 (7.1)
[–7.1 to 10.7]

Fixation duration, ms 299.9 (17.7)
[265.3-334.6]

246.4 (7.6)
[231.5-261.4]

7.3
(P ¼ .007)

0.5
(P ¼ .477)

0.9
(P ¼ .334)

0.5
(P ¼ .480)

13.3 (18.9)
[–23.6 to 50.3]

Fixation polyarea, mm2 207.6 (21.7)
[165.1-250.2]

258.6 (12.8)
[233.5-283.8]

4.7
(P ¼ .030)

1.6
(P ¼ .210)

4.4
(P ¼ .036)

2.1
(P ¼ .150)

57.5 (39.9)
[–20.7 to 135.7]

Completion time, s 57.3 (2.5)
[52.3-62.3]

53.5 (1.6)
[50.3-56.8]

1.6
(P ¼ .201)

1.1
(P ¼ .291)

4.4
(P ¼ .035)

1.8
(P ¼ .178)

5.8 (4.3)
[–2.6 to 14.2]

aBoldface P values indicate statistically significant differences (P < .05).
bCompared with all other group combinations, which are set to zero (ie, concussed at baseline, concussed at postinjury/postseason, and

nonconcussed at postinjury/postseason).
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this test was not significant when assessed using the ROC
analysis (Table 4).

Total Fixations

No significant between-group differences were determined
for total fixations (Tables 1 and 2). The diagnostic accuracy
of the K-D ET test for total fixations indicated insufficient
sensitivity and specificity (Table 3). Furthermore, this test
was not significant when assessed using the ROC analysis
(Table 4).

Fixation Duration

The nonconcussed group reported significantly lower post-
season fixation duration (P ¼ .034) (Table 1). The GEE
model also detected a between-group difference (P ¼ .007)
(Table 2). No other significant between-group differences
were determined for fixation duration. The diagnostic accu-
racy of the K-D ET test for fixation duration indicated
insufficient sensitivity and specificity (Table 3). Further-
more, this test was not significant when assessed using the
ROC analysis (Table 4).

Fixation Polyarea

The nonconcussed group reported significantly higher
baseline fixation polyarea (P ¼ .016) (Table 1). The GEE
model also detected a between-group difference (P ¼ .030)
(Table 2). No other significant between-group differences
were determined for fixation polyarea. The diagnostic accu-
racy of the K-D ET test for fixation polyarea indicated
insufficient sensitivity and specificity (Table 3).

Furthermore, this test was not significant when assessed
using the ROC analysis (Table 4).

K-D ET Completion Time

No significant between-group differences were determined
for completion time (Tables 1 and 2). The diagnostic accuracy
of the K-D ET test duration is presented within Table 3. The
K-D ET completion time had high specificity (0.86; 95% CI,
0.68-0.96) but insufficient sensitivity.

DISCUSSION

In this study, we evaluated the K-D ET system, a small-
scale device that can be used in a variety of clinical settings,
in order to examine its potential utility as a diagnostic aid
for SRC, with a focus on the eye-tracking measurements.
With the eye-tracking additions to the K-D test as a bun-
dled single package, it is necessary to assess its clinical
utility. We determined that the K-D ET test duration was
the most useful feature for diagnosing concussion with very
good specificity (0.86). No other included variables reported
very good or excellent sensitivity or specificity: total sac-
cades (sensitivity, 0.50; specificity, 0.43); average saccade
velocity (sensitivity, 0.67; specificity, 0.25); average fixation
duration (sensitivity, 0.50; specificity, 0.46); and fixation
polyarea (sensitivity, 0.67; specificity, 0.57).

The ocular motor variables measured within this study
were total saccades, average saccade velocity, total fixa-
tions, ISI (designated on the K-D ET as average fixation
duration), average fixation polyarea, and overall comple-
tion time. Two company-based metrics are available with
the K-D ET: average saccade velocity and average fixation
polyarea. Thus, these 2 metrics cannot be used when asses-
sing eye movements between the K-D ET and other similar
research or clinically with other eye-tracking units. Onge
et al26 and Hecimovich et al18 reported on both of these
metrics, and Marchant et al24 reported on average saccade
velocity. All 3 of those studies used the K-D ET unit, and as
the metrics are components on the unit, it was determined
that the current study report on them for use in future
research. The analysis in the current study employed the
ROC curve, with results providing an important indicator
of accuracy to inform clinical practice.3,14

TABLE 3
Diagnostic Accuracy of the King-Devick Eye Tracking Testa

Test
Sensitivity
(95% CI)

Specificity
(95% CI)

Positive Likelihood
Ratio (95% CI)

Negative Likelihood
Ratio (95% CI)

Positive Predictive
Value (95% CI), %

Negative Predictive
Value (95% CI), %

Total saccades 0.50 (0.12-0.88) 0.43 (0.25-0.63) 0.88 (0.37-2.07) 1.17 (0.47-2.89) 15.8 (7.3-30.8) 80.0 (61.8-90.8)
Saccade velocity 0.67 (0.22-0.96) 0.25 (0.11-0.45) 0.89 (0.49-1.63) 1.33 (0.36-4.90) 16.0 (9.4-25.9) 77.8 (48.8-92.8)
Total fixations 0.33 (0.04-0.78) 0.54 (0.34-0.72) 0.72 (0.22-2.38) 1.24 (0.64-2.41) 13.3 (4.4-33.8) 79.0 (65.9-87.9)
Fixation duration 0.50 (0.12-0.88) 0.46 (0.28-0.66) 0.93 (0.39-2.23) 1.08 (0.44-2.63) 16.7 (7.7-32.3) 81.2 (63.9-91.4)
Fixation polyarea 0.67 (0.22-0.96) 0.57 (0.37-0.76) 1.56 (0.77-3.16) 0.58 (0.18-1.89) 25.0 (14.1-40.4) 88.9 (71.2-96.3)
Completion time 0.40 (0.05-0.85) 0.86 (0.68-0.96) 2.90 (0.71-11.85) 0.70 (0.34-1.44) 33.3 (10.9-67.1) 89.3 (80.1-94.5)

aBoldface values indicate sensitivity or specificity as being >0.8 (classified as very good or excellent).

TABLE 4
Receiver Operator Characteristic Analysisa

Test AUC (95% CI) P Value

Total saccades 0.55 (0.23-0.77) .349
Saccade velocity 0.58 (0.29-0.77) .263
Total fixations 0.54 (0.22-0.75) .395
Fixation duration 0.43 (0.18-0.64) .710
Fixation polyarea 0.62 (0.28-0.82) .190

aAUC, area under the receiver operating characteristic curve.
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The results from this study did not indicate that total
saccades, average saccade velocity, total fixations, average
fixation duration, and average fixation polyarea were use-
ful diagnostic tools after SRC. The large reported CIs sug-
gest that larger studies would provide a more precise
estimate of diagnostic accuracy. Furthermore, the K-D ET
unit recorded eye measurements with a 120-Hz sampling
rate and an angular error of approximately 0.5� (drift,
<0.3�). Andersson et al1 suggested that sampling errors
decrease with eye-tracker units that are at or above 200 Hz,
and a 500-Hz unit can better discriminate saccades at differ-
ence velocities.27 Future research will need to confirm the
appropriate sampling frequency and eye movements to be
measured with SRC.

There have been several studies that have used frequen-
cies at 60 Hz to 500 Hz in SRC research, as reported from a
systematic review and meta-analysis by Snegireva et al.32

For example, DiCesare et al6 utilized a 60-Hz Tobii X2-60
Eye Tracker and reported significant differences in fixation
and initial fixation error for prosaccade and self-paced
tasks with concussed participants (mean age, 16.8 ±
1.2 years) and similarly aged nonconcussed participants.
Conversely, Rizzo et al28 utilized an Eyelink 1000 unit at
500 Hz and the standard K-D test on recently concussed
participants and controls and noted that the average
ISIs for task-specific saccades were significantly longer
among concussed patients compared with controls and
the concussed patients had a greater number of saccades
during number reading in comparsion to control, but no
differences in saccade peak velocity, duration, or ampli-
tude between both groups.

Although there have been published reports on eye
tracking and SRC, comparing the results from those studies
to those of the current study is problematic. First, the K-D
ET utilizes a horizontal reading task that requires the par-
ticipant to read as fast as they can without error,10 whereas
other studies, such as DiCesare et al,6 required participants
to follow a target moving in a sinusoidal pattern, and Taghdiri
et al33 had participants gaze back and forth between 2 static
targets; these are only 2 examples of several various protocols
used in eye-tracking studies.31 Second, the K-D ET uses a
120-Hz unit that, ideally, should be compared against similar
sampling rate units. Third, the variables measured in eye-
tracking SRC studies reach across smooth pursuit, fixations,
antisaccades, memory-guided saccades, and self-paced sac-
cades.32 Lastly, how long (time) after injury the test was con-
ducted would also need to match when comparing across
other eye-tracking units.

Overall, the use of camera-based video-oculography for
concussion recognition or a criterion for return to play will
more than likely be based on clinician preference. Research
reporting oculomotor deficits after concussion15 does exist;
however, using a diagnostic tool solely focused on oculomo-
tor dysfunction may not be appropriate and may fail to
recognize concussion signs and symptoms related to other
systematic dysfunctions. For example, a systematic review
on eye-tracking technology32 reported that most saccadic
and pursuit deficits may be missed with a clinical exami-
nation, and thus the use of eye-tracking devices is a viable

option and may help guide the clinician on recovery and
thus return to competition.

The study findings demonstrated a specificity for the
duration of the K-D ET test similar to that recently
reported in a meta-analysis by Harris et al.15 However, the
sensitivity of the K-D ET test duration was not comparable
to that reported within the meta-analysis. This may be due
to the relatively small sample size of this study, as the 95%
CI for the sensitivity of this study does include the pooled
sensitivity estimate from the meta-analysis. Another expla-
nation may be our 1-day delay in assessing the K-D test
postinjury, as studies within the Harris et al15 meta-
analysis completed the K-D test immediately after injury.
The value of using or measuring oculomotor function with
SRC may be growing, and it has recently been reported in a
large cohort study that impaired oculomotor function
(impaired/symptomatic vestibular ocular reflex) is a factor
associated with prolonged recovery from concussion in ado-
lescents.13 While this is important, it must be noted that
the K-D ET was not included in that particular study, and
there is a paucity of empirical evidence to support tools
such as the K-D ET in identifying those with SRC or at high
risk of a poor prognosis post-SRC. Nonetheless, the findings
from the present study may guide future studies that would
in turn be used to examine the utility of the K-D ET in the
assessment of oculomotor function after SRC.

Limitations

There are some limitations to our study. This study was
limited to a small sample size, and the results may not
reflect the subtle changes in ocular motor dynamics that
occur with concussion. For future studies based on this
study’s results, a priori power calculation indicates that
large samples would be required to detect any differences
if they truly existed (saccade n ¼ 168 through to fixation
duration n ¼ 22,282 (repeated-measures analysis of vari-
ance between factors, 2 groups, 2 measurements, a ¼ .05,
power ¼ 0.8 [G*Power 3.1.9.4]).7 Hence, large multiteam
investigations would be required to further examine the
tool’s diagnostic suitability for SRC.

As noted previously, the sampling frequency of 120 Hz
utilized with the K-D ET may not be as sensitive in com-
parison with higher-frequency video-oculographic units, for
example, the differences between saccadic and fixation
counts, and may introduce aliasing artifacts.27 However,
we have demonstrated good test-retest reliability of the
K-D ET in a previous study.18 Furthermore, ocular motor
measurements may have been influenced by the time frame
between head injury and assessment with the K-D ET unit.
Participants were assessed within a 24-hour time period;
however, this may have affected the results, depending on
severity of head injury. Ideally, it would have been useful to
use the unit immediately postinjury with 24-, 48-, and 72-
hour follow-ups, but the conditions at the training and
match facilities did not allow this to occur.

The recommended K-D rapid number-naming task com-
ponent is for participants to establish a baseline measure-
ment by using the best (fastest) time of 2 trials 10 minutes
apart without errors.9 In the current study, 1 baseline
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measurement was conducted because of limited time con-
straints. This limitation is highlighted by Galetta et al,10

who reported that the K-D test has been shown to have
learning effects associated with repeat testing improve-
ment of 3.4 seconds in median times. The learning effect
reported by Galetta et al10 has also not been investigated
over longer periods of time and may not be applicable given
that the K-D ET was repeated many weeks after baseline
testing. However, all participants in the current study had
been previously exposed to K-D testing, and intraclass cor-
relation coefficients of 0.85 to 0.95 have been reported for
the test-retest reliability of the rapid number-naming
task.9,23,30 Lastly, this study did not include blinks or peak
saccadic velocity, as they have not been shown to be
affected in SRC.31

CONCLUSION

In this study, the primary aim was to extend the evidence on
the diagnostic accuracy of the K-D ET for clinical use in the
recognition of SRC.Other than completion time of the K-D ET
test, no K-D ET oculomotor parameters were found to be
highly sensitive or specific in the diagnosis of concussion in
this study. This is vital, as concussion can result in altered
visual dynamics,4 and therefore a clinician needs to have con-
fidence in the diagnostic accuracy of the eye-tracking unit.
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