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ABSTRACT

Objectives: The EyeGuide Focus system is a simple, portable, test of visual tracking with potential use for concus-

sion screening. This study investigated the repeatability, reproducibility, distribution, and modifiers of EyeGuide

Focus measurements in healthy elite Rugby players.

Design: Cross sectional repeated measures study and controlled pre-test post-test sub-study.

Methods: EyeGuide Focus testing was performed in a medical room at rest. Test-retest repeatability (within-subject

standard deviation (Sw), coefficient of variation (CV), repeatability coefficient (RC)) and reliability intra-class

correlation coefficient (ICC A,1) of 3 test results were evaluated. The distribution of best score across replicates

was then examined using summary statistics, and the influence of subject characteristics investigated. A

controlled pre-test post-test sub-study examined the effect of exercise on best EyeGuide Focus score using an

analysis of covariance (ANCOVA).

Results: A total of 769 elite male Rugby players underwent EyeGuide Focus testing. Repeated test scores demon-

strated positively skewed distributions. Test-retest repeatability (Sw 1.46, CV 46.0 %, RC 2.85, natural log trans-

formed data) and reliability (ICC 0.41, natural log transformed data) were low. The distribution of best EyeGuide

Focus score was unaffected by previous concussion, eye conditions, or age. No learning or exercise effects were

apparent in the controlled pre-test post-test sub-study (ANCOVA, n = 89, p = 0.69).

Conclusions: EyeGuide Focus test-retest repeatability and reliability were low and could limit diagnostic accuracy.

Best test score achieved across repeated measurements is a possible metric for operationalisation and future

research is required to determine if this differs in patients with concussion compared to normal subjects.

© 2024 The Authors. Published by Elsevier Ltd on behalf of Sports Medicine Australia. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Practical implications

 Overall EyeGuide Focus test-retest repeatability and reliability were
low, but comparable with established concussion screening tests.

» Smooth pursuit eye movements may be affected by head impacts and  Best score achieved across repeated measurements appears to be a

avisual tracking task could be a useful test paradigm for assessment of

sport-related concussion.

» The EyeGuide Focus system is a simple, portable, test of visual

tracking.
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possible metric for future clinical operationalisation.
 Future research will determine if the distribution of best score in
patients with concussion differ from those in normal subjects.

1. Introduction

Concussion is a common and high-profile injury in contact and
collision sports. Short term sequalae include somatic, cognitive and
neurological symptoms or signs, increased risk of injury, and reduced
athletic performance.! Early detection of suspected concussion and
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removal of the affected player from the field of play will likely mitigate
these potential adverse effects and facilitate further evaluation, man-
agement, and safer return-to-play of the injured player.?

Smooth pursuit eye motion, consisting of saccadic and tracking ocu-
lar movements, is designed to keep a moving stimulus on the fovea,
supporting perceptual stability of a moving object of interest.? Visual
tracking metrics have been associated with cognitive functioning and in-
tegrity of frontal white matter tracts that are vulnerable to a concussive
impact.* Therefore, a visual tracking task could be a useful test paradigm
for side-line screening, diagnosis, or monitoring recovery of sport-related
concussion.*>

The EyeGuide Focus system is a simple, portable, test of visual
tracking.® This study aimed to determine the technical performance of
the EyeGuide system prior to future evaluation of diagnostic accuracy.
Specific objectives were to determine the repeatability and reproduc-
ibility of EyeGuide measurements in healthy elite Rugby players, inves-
tigate the effects of subject characteristics on performance, and establish
normative test ranges.

2. Methods

Players from the 2021/2022 United Rugby Championship (URC)
elite male Rugby Union competition were studied. A cross sectional
repeated measures study was conducted on all first team squad Rugby
players registered with each of the 16 URC teams to examine test-
retest repeatability, reliability, investigate the influence of subject char-
acteristics and establish normative ranges for EyeGuide Focus results.
An ancillary controlled pre-test post-test reproducibility sub-study to
investigate the possibility of exercise effects was also conducted in a
separate convenience sample, comprising players from 12 URC teams,
and a single South African University first Rugby team.

The index test under investigation was the EyeGuide Focus system
(EyeGuide, Lubbock, Texas, United States, Fig. 1).° EyeGuide Focus mea-
sures “smooth pursuit” or Dynamic Visio-Motor Synchronization (DVS)
as characterised by Maruta and colleagues.” Briefly, subjects look at a
screen and focus on a small white target stimulus, set on a black back-
ground. The target moves in a horizontal ‘lazy eight’ pattern, starting
at the centre of the display and moving clockwise at 0.4 Hz in a circular
trajectory on the right side of the screen. When the stimulus returns to
the centre of the display, the path changes to a counter-clockwise circle
on the left side of the screen. The test ends when the stimulus returns to
the centre of the display. A built-in digital camera tracks the pupil centre
coordinates during the task, and these are compared to the movements

TES! FOUR: HIGH AVERAGE

TEST TWO: EXTREMELY POOR

Fig. 1. EyeGuide Focus equipment (upper panel) and records of user eye movements
during 10 s smooth pursuit test (lower panel).
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Table 1
Subject characteristics.

Subject characteristic Summary statistic (n = 723)

Point estimate Spread
Age (years) Median 24.9 IQR 22.3-28.8
Years of education (years) Median 14 IQR 12-16

Previous concussion (n, %)
Number of concussions (n, %)

355 (49.1 %)
0: 368 (50.9 %)
1: 112 (15.5 %)
2:98 (13.6 %)
3:61(84%)
4:27 (3.7 %)
5:22(33%)
>5:35 (4.8 %)
Eye condition (n, %)

-Refractive error 48 (6.6 %)

-Astigmatism 20 (2.8 %)

-Detached retina 2(0.2%)
Replicate 1 Median 22,263 IQR 15,747-34,817
Replicate 2 Median 20,725 IQR 15,044-34,282
Replicate 3 Median 21,298 IQR 14,342-34,005

IQR: inter-quartile range.

required to remain focussed on the moving circle (Fig. 1). The test lasts
exactly 10 s, with pupil centre coordinates measured 60 times per sec-
ond. A final summary result is provided, calculated as the sum of the dis-
tances between the pupil centre coordinates and the actual on-screen
stimulus coordinates for the duration of the test except the first and
last seconds. Thus, a score of 0 indicates flawless performance through
the operational duration of the test, whilst higher scores indicate
worse performance. Should the camera be unable to track the move-
ment of the pupils due to a reflection or any other reason, the test aborts
due to a ‘pupil lock’ failure. Operationally EyeGuide Focus routinely im-
poses an upper limit for an eligible test score of 38,842, corresponding
to two standard deviations above the mean value of 22,651 from a
large sample of uninjured community controls (Shane Keating,
EyeGuide, personal communication, 2nd May 2024).

To assess repeatability, reliability, and investigate the influence of
subject characteristics, and establish normative ranges all squad players
participating in the URC competition underwent EyeGuide testing prior
to commencement of the 2021/2022 competition season. Standardised
testing was performed at rest in a medical room prior to a training
session, followed EyeGuide Focus recommendations, and was adminis-
tered by a separate trained assessor in each separate team. Subjects
could undergo up to 6 attempts (‘trials’) to achieve 3 successful
EyeGuide Focus measurements (‘replicates’). Trials were performed
consecutively with no intervening break. Successful replicates were de-
fined as a test without a ‘pupil lock failure’ where any pupil tracking
measurement was recorded. From these replicates, eligible test scores
of <38,842 were included in subsequent analyses. The number of trials
and replicates was chosen to reflect the limited time available for
sideline concussion screening. Analysis of replicate measurements and
eligible test scores was performed separately to evaluate both the full
range of potential measurements and the operational performance of
EyeGuide Focus. Testing was performed under each player's usual train-
ing conditions i.e. contact lens/glasses used/not used as normal.

Relevant demographic and clinical information was recorded using a
standardised electronic recording form by team assessors prior to test-
ing. EyeGuide Focus performance data were collected automatically at
the time of testing by the secure, electronic EyeGuide Focus system. As
the EyeGuide system does not keep a record of pupil lock fails, all testers
were asked to document the sequence and number of pupil lock fails ex-
perienced by subjects in a separate electronic recording sheet.

The main analysis proceeded in 6 stages. Firstly, derivation of the
study sample, describing ‘trials’ (attempts at measurement), ‘replicates’
(any recordable EyeGuide measurement) and eligible ‘test scores’
(measurements below the operational limit of 38,842), was enumer-
ated. Demographic characteristics of the sample were then described.
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Secondly, the distribution of EyeGuide Focus measurements across Repeated Measure Analysis of Variance by Ranks was then used to test
repeated replicates was summarised visually, with medians and inter- for any significant changes in median measurements across replicates.
quartile ranges used to describe distributions. Friedman's One-Way Nemenyi's all-pairs comparisons tests were planned for post-hoc

Players undergoing baseline testing:
n=769

[Up to 6 trials to achieve 3 successful EyeGuide
Focus test replicates] Excluded

| Trial fails not recorded: n=43

h 4

¢ Protocol of 6 trials attempting to achieve 3
replicates not followed: n=3

Players undergoing baseline testing with test fails
recorded and testing protocol correctly followed:
n=723

Y

Number of players successfully achieving replicates:
n=723

1 replicate achieved from 6 trials: n=1
2 replicates achieved from 6 trials: n=4
3 replicates achieved from 6 trials: n=6
3 replicates achieved from 5/6 trials: n=14
3 replicates achieved from 4/6 trials: n=40

3 replicates achieved from 3/6 trials: n=658

A 4

Number of eligible test scores below EyeGuide Focus
operational threshold of 38,842:

Replicate 1: n=567 / 723 (78.4%)
Replicate 2: n=586/723 (81.1%)

Replicate 3: n=568/723 (78.6%)

A4

Number of players achieving eligible test scores
below EyeGuide Focus operational threshold of
38,842

0 eligible test score: 40/723 (5.5)
1 eligible test score: 79/723 (10.9%)
2 eligible test scores: n=170/723 (23.5%)

3 eligible test scores: n=434/723 (60.0%)

h 4

Number of players achieving best score below
EyeGuide Focus operational threshold of 38,842:

n=683 / 723 (94.5%)

Fig. 2. Flow chart demonstrating derivation of the study population.
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comparisons if required. Replicate measurements for each subject were
also plotted in order of decreasing within-subject variability.

Thirdly, distributions of repeated test scores (i.e., measurements
below 38,842) were examined. Test-retest repeatability, and reliability
of repeated test scores were then evaluated. Test scores were trans-
formed for these analyses using natural logarithms to achieve normality
and provide independence between the subject log standard deviation
subject log mean (see supplementary materials for details).”® Within-
subject standard deviation (also known as typical error) was then esti-
mated from a one-way repeated analysis of variance (ANOVA). Within
subject coefficient of variation (CV%) was used to provide a standardised
measure of the average within-subject variability of repeated tests,
allowing comparison with other tests and subject groups.®~'? The repeat-
ability coefficient was then used to indicate the maximum difference
likely to occur between two successive test measurements within the
same subject.>!!

Test-retest reliability of natural logarithm transformed score data
was evaluated through calculation of an intraclass correlation coeffi-
cient (ICC) based on a single rater, absolute-agreement, 2-way mixed-
effects model (ICC A,1).">'* The guidelines given by Koo were used to
assess the ICC coefficients: 0.90-0.99: high reliability, 0.80-0.89: good
reliability, 0.70-0.79: fair reliability, and <0.69: poor reliability."

Fourthly, a summary statistic approach was taken using the best
test score across replicates as a single metric for operationalisation of
EyeGuide Focus testing. The distribution of untransformed best test score
was characterised graphically and using descriptive statistics. Normative
ranges were then determined with cutoffs selected based on distribution
percentiles consistent with previous sport medicine normative values.'”
As the distribution of best score was again positively skewed, these data
were similarly transformed using the natural logarithm. Differences in
the distribution of best score across different teams were then assessed
used a one-way ANOVA and Tukey post-hoc testing.

Fifthly, differences in the distribution of best EyeGuide Focus test
score between healthy subjects and those with previous concussion or
refractive eye problems were examined using Mann-Whitney U tests.
95 % confidence interval for difference in median score was calculated
using 1000 bootstrap replicates. The association between best score
and age and years of education was investigated using scatter plots
and Spearman's correlation coefficient.

Sixthly, in the controlled pre-test, post-test, ancillary sub-study
players were allocated in a quasi-randomised fashion, according to avail-
ability of the assessor, to one of two study arms: a) intervention arm:
rest-exercise; and b) control arm: rest-rest. The aim of this study was
to determine if there were any effects of exercise on EyeGuide Focus

250000

200000

50000

100000

EyeGuide replicate measurement
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testing, with a null hypothesis that measurements would not signifi-
cantly differ after exercise compared to testing in the resting state. In
both arms participants underwent testing in a gymnasium in a
distraction-free environment at rest as described above. The intervention
arm then completed a 10-minute standardised exercise protocol using
an exercise bike. Participants were required to exercise to 70-80 % of
their age predicted maximum heart rate and reach a target Rate of Per-
ceived Exertion Scale of 7 or greater.'®!” EyeGuide Focus testing (post-
exercise state) subsequently occurred as described previously within 2
min of completing the exercise protocol. Instead of the exercise protocol,
control arm participants waited 8 min before repeating the standardised
EyeGuide Focus testing at rest. An analysis of covariance (ANCOVA),
using natural logarithm transformed data, was then used to determine
the effect of exercise on the best EyeGuide test score from 3 trials after
controlling for basal best EyeGuide score of subjects.

All other assumptions for statistical tests were checked and verified.
Statistical significance was defined as a p value <0.05. Family-wise type
1 error rate was maintained with a Bonferroni correction for multiplicity
if multiple statistical comparisons were made. Statistical analyses were
carried out using R 4.1.2%* using the R Studio interface and Stata v18
(StataCorp. 2023. Stata Statistical Software: Release 18. College Station,
TX: StataCorp LLC).

As the study population consisted of a census sample of all available
players in the URC competition, the final sample size was fixed. For the
pre-test, post-test, controlled study sample size calculation was per-
formed in G*Power 3.1.9.6 (Universitit Kiel, Germany).'® Assuming
power of 0.8, level of significance of 0.05, and effect size of 0.3, an
ANCOVA analysis would require 90 subjects. A study protocol with an
a priori investigation plan was developed prior to analysis. The investi-
gation plan received ethical approval from an independent World
Rugby Ethics Board. Study participants provided written informed con-
sent for participation and use of anonymised data.

3. Results

From a total of 791 rostered players, 769 elite male Ruby players un-
derwent EyeGuide Focus testing (97.2 %). Of these, 46 participants were
excluded as the testing protocol was not followed correctly. Most of the
remaining athletes successfully completed 3 replicates without any
pupil lock fails (658/723,91.0 %). From these 94.5 % (683/723) of players
achieved more than one test score below the EyeGuide Focus opera-
tional threshold; with 68.9 % (498/723) of players achieving 3 eligible
test scores. Subject characteristics are summarised in Table 1. Derivation
of the study sample is presented in Fig. 2.

Lt
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Player numbier (sorbed by increasing variability}

Fig. 3. Test-retest repeatability of EyeGuide Focus measurements. Scatter plot of EyeGuide Focus replicates for each subject ordered according to within-subject variance. Upper/middle/
lower panels = Third of subjects with lowest/medium/highest repeatability respectively. Trial 1 = squares; trial 2 = circles; trial 3 = triangles. Dotted line represents median best score.
Approximately one third of subjects have low intra-subject variability on repeated testing (top panel), with variability increasing as mean performance worsens. However, even in subjects

with low repeatability, a relatively good best score is usually evident.
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Table 2
Normative values for best EyeGuide Focus test scores.
Centiles®
2% 3-10% 10-89 % 90-97 % >98 %
Indicative performance® Very good Good Broadly normal Poor Very poor
Cut point <8398 8399-10,137 10,138-27,452 27,453-35,997 >35,998

2 Centiles and indicative performance consistent with previous sport medicine normative ranges.

EyeGuide Focus replicates demonstrated extremely positively
skewed distributions, with median scores of 22,263, 20,725, and
21,298 across the 3 repeated measurements (Table 1, see supplementary
materials for further details). Friedman's test showed that there was no
significant change in the median of replicate measurements (p =
0.05). Within player variability on repeated testing appeared to vary
across distinct subgroups of subjects, with approximately one third
demonstrating low, moderate and high variability on repeat testing
respectively (Fig. 3).

Untransformed test scores also demonstrated positively skewed
distributions, with medians of 19,392, 18,809, and 18,033, across
repeated measurements (Table 1, supplementary materials). Friedman's
test indicated a significant difference in score ranks (p < 0.01) with the
first test score being significantly higher than subsequent measure-
ments (adjusted p = 0.01-0.02).

Overall, within-subject coefficient of variation for natural logarithm
transformed test scores was 46.0 % (natural log transformed data, 95 %
(I 43.2-48.9 %). Within-subject geometric standard deviation was 1.46
(natural log transformed data, 95 % CI 1.43-1.49), resulting in a repeat-
ability coefficient of 2.85 (natural log transformed data, 95 % CI 2.70-
3.01). Test-retest reliability was low with an ICC of 0.41 (natural log
transformed data, 95 % CI 0.35-0.47).

The distribution of untransformed best score across eligible test
scores similarly followed a positively skewed distribution, with a median
score of 14,931 (range 7646-38,174, IQR 11,994-19,418; see supple-
mentary materials). Normative ranges are shown in Table 2. A statisti-
cally significant difference in mean best score was apparent across
teams (log transformed data, p < 0.01). Post-hoc testing revealed a single
team with statistically significant worse performance than 3 other teams
(mean of log transformed best test score = 9.88 versus 9.54, 9.60, 9.60,
p £0.01; see supplementary materials for further details).

There were no differences in the distribution of best Eye Guide Focus
test scores between normal subjects and those with previous concus-
sions or requiring refractive correction (p = 0.79 and 0.52 respectively,
see supplementary materials for further details). No association was ev-
ident between age, or years of education, and best score (p = 0.13, 0.49,
see supplementary materials for further details).

In total, 89 players participated in the pre-test, post-test, controlled
sub-study (URCn = 72, University n = 17 players). Of these 38 were al-
located to the control rest-rest arm and 51 allocated to the intervention
rest-exercise arm. There were 15 players who were unable to achieve an
eligible test score in the pre- and/or post-testing condition (3 rest arm,
12 exercise arm). Pre-test log-transformed mean best test scores
were 9.91 and 9.86 in the exercise and control groups respectively.
After adjustment for basal EyeGuide Focus best test score, there were
no differences in post-exercise best test scores between each arm
(log-transformed data, p = 0.69). Adjusted post-test mean best scores
were 9.88 (log-transformed data, 95 % CI 9.7-10.0) and 9.85 (95 % CI
9.8-10.0) in the exercise and control groups respectively (see supple-
mentary materials for further details).

4. Discussion

In a large sample of elite male Rugby Union players repeated
EyeGuide Focus smooth pursuit measurements demonstrated large
within-player variability, with more divergent measurements as subject
performance worsened. Following truncation of measurements

according to operational thresholds and natural log transformation,
overall test-retest repeatability (within-subject SD geometric 1.46, CV
46.0 %, repeatability coefficient 2.85) and reliability (ICC A,1 = 0.41)
were low. There were no learning or exercise effects apparent, and the
distribution of best test score did not vary according to baseline charac-
teristics of previous concussion, eye conditions, educational level, or
age. However, there were differences in the distribution of best test
score across different teams.

EyeGuide Focus measurement error was proportional to the mean,
denoting a multiplicative structure for the errors. The within-subject
geometric standard deviation of 1.46, indicates the difference between
a subject's given measurement and their ‘true’ average value over all
possible measurements would be 2.86 times higher, or lower, for 95 %
of observations. The repeatability coefficient of 2.85, suggests that
repeated within-subject measurements will be <2.85 times apart, for
95 % of pairs of observations. The CV of 46.0 % denotes the within-
subject standard deviation approximately equals half the mean. The
ICC A1 of 0.41 implies that measurement errors are large in comparison
to the true differences between subjects. This variability in repeated
EyeGuide Focus test measurements could reduce its diagnostic accuracy
and limit clinical utility.

Differences in repeated measurements made on the same subject
under identical conditions may be due to natural variation in the sub-
ject, or variability in the measurement process.!! Marked short-term
fluctuation in visual tracking ability seems biological implausible,
suggesting that an aspect of the testing process is responsible for the
observed lack of repeatability. Interestingly, performance appeared to
vary across distinct participant subgroups. Whilst some subjects
recorded repeated measurements within a relatively narrow range,
approximately one third demonstrated increasingly low repeatability
as mean performance worsened. Possible reasons for such measure-
ment error could include idiosyncratic difficulty in ‘locking on’ to the
stimulus, head movement during testing, distractibility, or unknown
subject characteristics. Overall, 5.5 % of players were unable to
achieve an eligible test score below the operational threshold despite
repeated trials. Consequently, it is possible that a minority of subjects
may not be amenable to sideline assessment with the EyeGuide Focus
system.

A relatively narrow between-subject spread was evident in the
summary statistic of best score. Even in subjects with low repeatability,
a relatively good best score was usually achieved. Operationalisation, as
the best score in 3 successful replicates could therefore be a possible
testing paradigm requiring further study. Such an approach has been
used in other clinical settings, for example peak expiratory flow rate
in asthma.'® However, it should be noted that further research is
required to confirm within-player reliability for best score, and stability
of best score across different testing occasions. Alternatively, due to
the wide within-subject variation on repeated testing, interpretation
of Eye Guide Focus scores may be facilitated by log transformation,
analogous to the Richter scale or pH measurement.”®

The repeatability and reproducibility of an overall quantitative sum-
mary of visual tracking provided by EyeGuide Focus were studied. How-
ever, individual traces of eye tracking are also recorded and are available
for interpretation. Changes to qualitative aspects of visual tracking, such
as atypical or vertical/horizontal saccades, may occur following trau-
matic brain injury and could provide more detailed diagnostic informa-
tion in sport-related concussion. Further study is required to investigate
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the utility of EyeGuide pupil traces compared to physical examination of
tracking and saccades. It is also possible that the fraction of test fails dif-
fers following concussion, compared to normal subjects, and this could
represent a further outcome of interest.

Best test score remained stable across baseline characteristics and in
different testing conditions, with no exercise or short-term learning
effects apparent. However, there was a significant difference in the
distribution of best test score between a single team and three others.
Given the objective, and automatic nature of the EyeGuide Focus
system, low between-team variability might be expected. Detailed
information on testing conditions (e.g., time of day, ambient light,
noise levels, etc.) was not recorded and the reason for this difference is
unclear. The clinical significance of the relatively small observed differ-
ence is also uncertain. Formal inter-observer studies, and investigation
of stability of best score in the longer term would further increase confi-
dence in reproducibility.

The aim of a phase 0 diagnostic study is to establish the technical
properties of an index test in terms of its validity (i.e., the extent to
which a test measures what it is intended to measure) and precision
(i.e., the consistency of any variation of the test measurements with
the true variations).?! Content, construct, and criterion validity of
smooth pursuit tests have been previously established.?>?* Characteri-
sation of precision in this study allows progression to phase 1 diagnostic
research investigating if EyeGuide Focus results differ between
concussed and healthy subjects. However, given the apparent low re-
peatability and reliability, the ability of EyeGuide Focus to accurately
discriminate could be questioned. If proof of concept is established in
case-control studies, future single gate diagnostic cohort and impact
studies can examine accuracy and effectiveness in side-line concussion
screening and diagnosis.?!

The large study sample, comprising players of different ages, and
from a wide range of countries, educational levels, and playing positions
should ensure excellent external validity within male professional
Rugby Union. The testing protocol, using a trained assessor in a medical
room setting, should allow extrapolation of findings to current in-match
concussion screening procedures used in professional Rugby Union.
Baseline best EyeGuide Focus score could therefore be investigated as
an internal comparator in the Head Injury Assessment process, rather
than using normative cut-points. Generalisability to other sports,
amateur Rugby Union, and female or younger subjects is less certain.
The controlled pre-test post-test sub-study used a bicycle protocol to
represent exercise effects. Although plausible levels of exertion were
achieved (Perceived Exertion Scale of 7) it is possible that results
could differ in the context of typical Rugby practice or play.

There has been limited research into the reproducibility of EyeGuide
Focus measurements. Pearce and colleagues investigated the test-retest
reliability of 3 repeated EyeGuide Focus measurements, from up to 10
attempted trials, in 75 healthy adolescents and adults, reporting a
favourable ICC of 0.79 (95 % CI 0.70-0.86).%* This discordant result
may be explained by the restricted study population of health subjects,
different testing paradigm (up to 10 trials), and lack of data transforma-
tion. In contrast, Walshe and colleagues observed a low ICC 0of 0.27 (95 %
C1 0.04-0.51) from unselected field athletes which are more consistent
with the current study.?® In other EyeGuide Focus studies, Kelly investi-
gated 849 junior athletes, reporting a median score of 28,373 (IQR
13,263) from a single trial; broadly comparable to the results of individ-
ual trials observed in the current study,® although technical and
methodical differences in data collection may limit direct comparison.
Possible utility of visual tracking in side-line assessment of head impacts
was also provided by Kelly who reported a statistically significant differ-
ence in the distribution of baseline and follow-up scores in 42 subjects
diagnosed with concussion (p < 0.01).° These findings are supported
by Still and colleagues who studied mixed martial art fighters before
and after bouts, demonstrating a statistically significant change from a
pre-fight baseline test mean of 17,426 to a post-fight mean of 37,694
(p < 0.01).26 Several other video-oculography devices to test visual
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tracking have been described, but comparison to the current findings
is difficult due to different measurement scales.?’

Benchmarking EyeGuide Focus performance against other concus-
sion screening tests is limited by differing assessment periods and
methodology but suggests similarly low test-retest repeatability and
reliability. Broglio and colleagues reported ‘less than optimal reliability
for most common and emerging concussion assessment tools’ in a
large cohort of college athletes retested 1 year apart.>® More recently,
the Sports Concussion Assessment Tool 5 (SCAT5) was demonstrated
to have ‘marginal or low’ 2-week retest reliability across constituent
subtests.?%3 For example, the observed ICC of 0.49 for the Standardised
Assessment of Concussion is lower than that reported herein. Other oc-
ulomotor tests have also demonstrated large repeatability coefficients,
for example the King-Devick test (+£8.76 s), albeit in adolescent
subjects.>!

This study has several strengths. Standardised testing was per-
formed by trained medical practitioners and the electronic data collec-
tion system allowed immediate data collection without missing data.
Conversely there are potential limitations. A small minority of players
were excluded from the study. Although the missingness mechanism
appears to be missing completely at random (e.g. COVID-19 isolation)
selection bias cannot be completely excluded. There were several sub-
ject characteristics that were not measured, but which could affect
EyeGuide Focus scores, such as prescription drug use, lack of sleep, and
skin tone. Other testing conditions, including distractions, and reproduc-
ibility of scores over the longer term, were also not studied. Finally, the
pre-test, post-test, controlled sub-study was unblinded, and did not for-
mally randomise subjects to each study arm. Although unlikely given
the homogenous study population and objective testing procedures,
systematic error from selection and information biases is possible.>?

This study reports on the precision of EyeGuide Focus, a low-cost,
ocular-based test, for assessment of visual tracking. Overall test-retest
repeatability and reliability of test scores were low. Although not dis-
similar to established concussion screening tests, this lack of precision
could limit diagnostic accuracy. Best test score achieved across repeated
measurements is a possible metric for operationalisation and future re-
search will determine if this differs in patients with concussion com-
pared to normal subjects.
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