brain sciences

Case Report

Oculometric Measurement of Concussion Magnitude in
Professional Baseball Catchers

Richard Baird !, Ryan Harrison 2, Quinn Kennedy 37, Mollie McGuire # and Dorion Liston 3*

W) Check for updates

Academic Editors: Gary Wilkerson
and Scott L. Bruce

Received: 11 February 2026

Revised: 18 March 2026

Accepted: 19 March 2026

Published: 29 March 2026
Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

United States Air Force Academy, Colorado Springs, CO 80840, USA; richardbaird20.20@gmail.com
Slow The Game Down, Laguna Beach, CA 92651, USA; ryan@slowthegamedown.com

neuroFit, Inc., Mountain View, CA 94040, USA; gkennedy@neurofit.tech

Naval Postgraduate School, Monterey, CA 93943, USA; mrmcguir@nps.edu

*  Correspondence: dliston@neurofit.tech

W N e

Abstract

Background/Objectives: Due to their positions, professional baseball catchers are at ele-
vated risk of concussion, which can impair visual processing. There is a need for sensitive
sensorimotor monitoring tools to track concussion-related neurophysiological changes
more accurately. We investigated whether oculometrics can address this need. Methods:
Four Major League Baseball catchers completed an oculometric assessment shortly after
suffering a concussion (Time 1) and again after completing vision rehabilitation (Time 2).
The assessment produces 10 z-scored measures, including a summary score. Results: Play-
ers’ Time 1 summary score tended to be typical of a normal healthy adult (Mean = 0.07
z-scored units). On average, players improved by 1.3 z-score units from their Time 1
summary score (SD = 1.07). Exploratory analyses revealed that sensorimotor recovery
was driven by smooth pursuit latency, proportion of tracking comprising smooth pursuit,
and the amplitude of catch-up saccades. Conclusions: Our analysis was based on a very
small sample of concussion cases, each of which was unique. Despite this limitation, our
data show how oculometrics can measure improvements in visual processing following
a concussion among baseball players with exceptional perceptual-motor skills. Our data
highlight the risk that brain injuries in high-performing individuals go undetected due
to standard-of-care tools normed to behavior from healthy control populations; for these
athletes, “normal” scores cannot be interpreted as neurologically “healthy”.
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1. Introduction

Like many sports, excellent baseball performance requires best-in-class visual and
motor skills, alone and in tight coordination [1,2]. Professional and college baseball players
have superior fixation stability [3], convergence latency [4], vestibulo-ocular reflexes [5],
visual acuity, contrast sensitivity, and visual tracking [6,7] compared to non-athletes, and
professional players have better visual acuity and depth perception than collegiate play-
ers [8]. Over time and with increased expertise, positions show differential performance; at
the collegiate level, hitters and pitchers show equivalent visual ability, but at the profes-
sional level, hitters show better depth perception than pitchers [8]. Baseball hitters must
hone their visuomotor skills to compete at high levels of play, despite occupational risks.

For catchers, concussions are prevalent. There were 110 documented concussions
during the 2010-2018 Major League Baseball (MLB) seasons, with catchers accounting for
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the largest share at 38% [9] at an estimated rate of three concussions per 100,000 pitches [10].
To put this statistic in context, each team throws an average of 146 pitches per game
and plays 162 games per season, totaling 23,652 exposures during regular season games,
excluding spring training, warmups, and practices. With 32 MLB teams, this predicts
23 concussions per season for MLB catchers. Across all positions, players average nine
days of missed time due to any type of concussion, which more than doubles for injuries
caused by the ball [10]. A total of 20% of all concussed players lost extensive playing time
or ended their careers early [9].

Concussions can impact sensorimotor skills, such as attention, visual tracking, and
proprioception [11,12], which professional athletes depend upon. One study compared
perceptual motor performance between people who had a clinically clinically-diagnosed
but were no longer experiencing concussion-related symptoms to a group of age- and
sex-matched controls. Two subtle sensorimotor decrements emerged. First, the concussion
group used compensatory strategies for simple perceptual motor tasks that led to equivalent
performance as the controls. Second, when the task became more temporally demanding,
the concussion group performed worse than the control group [11]. As the average time
since the last concussion was 3.5 years, these results indicate prolonged neurological impact.

Critically, sensorimotor impairments left undetected and untreated can increase sub-
sequent risk for head and neck injuries [13,14]. Even after athletes have met the “return
to sport” criteria with a standard neurological exam, they can have subtle long-term neu-
roanatomical and neurophysiological impairments that affect perceptual motor efficiency
and increase the risk for subsequent concussion and musculoskeletal injury [13,15]. These
findings indicate that there is a need for more sensitive measures to detect signs of concus-
sion, evaluate treatments, and monitor recovery. Precision measurement tools for subtle
sensorimotor impairments are critical for high-performing cohorts at elevated risk due to
sports or military occupational specialty.

Oculometric assessment can fill this gap. Eye movements provide objective, noninva-
sive, and automated biomarkers of attention, processing speed, and spatial perception [16].
Previous research found that oculometric impairment occurs in up to 90% of concussion
cases [12]. Our work demonstrates that oculometrics can measure a wide range of sensori-
motor functions and can detect the presence and severity of TBI [17,18]. Thus, oculometrics
may be particularly helpful for objectively quantifying concussion-related signs in those
with excellent sensorimotor skills, as well as monitoring improvement during rehabilita-
tion. Our case series reports the use of a validated oculometric TBI assessment method to
quantify post-concussion changes in four MLB catchers.

2. Materials and Methods

Four MLB catchers completed a five-minute visual tracking assessment shortly after
suffering a concussion (Time 1) and again several weeks later (Time 2) after they participated
in a vision rehabilitation program that collected this data. The analysis of this data was
determined not to be human subjects research by the Naval Postgraduate School IRB
(NPS.2024.0185-DD-N).

2.1. Vision Rehabilitation

Vision rehabilitation consisted of two parts. First, a comprehensive vision performance
evaluation was conducted with an emphasis on skills directly tied to catcher performance.
The evaluation protocol included measures of stereopsis, binocularity and fusion range,
accommodative facility, suppression, convergence/eye teaming at varying distances, and
saccadic eye movements in both primary gaze and alternating over-the-shoulder conditions.
Instruments such as vectograms (Stereo Optical, Chicago, IL, USA), Random Dot E tests
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(Stereo Optical, Chicago, IL, USA), and Eye Trac (Slow the Game Down, Irvine, CA, USA)
were employed to assess binocularity, suppression, and convergence ranges.

Second, individualized training interventions were developed, targeting the weakest
skill areas identified during evaluation. The four injured catchers commonly demonstrated
accommodative dysfunction, restricted binocularity, or limited eye-teaming ability. Inter-
vention strategies included accommodative flipper exercises (Bernell, Mishawaka, IN, USA)
to enhance focusing dynamics, depth perception cards (Slow the Game Down, Irvine, CA,
USA) and vectograms (Stereo Optical, Chicago, IL, USA) to improve stereopsis and fusion.
Visual performance training posters (Slow the Game Down, Irvine, CA, USA) and Eye Trac
(Slow the Game Down, Irvine, CA, USA) activities were integrated to reinforce accuracy
and efficiency of saccadic tracking under sport-specific conditions. Training progressed sys-
tematically, with emphasis placed on transferability to game-like demands and measurable
improvements in visual comfort, efficiency, and performance.

2.2. Oculometric Assessment

We used a standardized, automated five-minute assessment of dynamic vision [19]
using a step-ramp tracking task [20]. Each of the 45 trials was initiated when the subject
fixated a central (0.5 deg diameter) black dot. Following a randomized interval (truncated
exponential distribution, mean: 700 ms, range: 200-5000 ms), the dot made a small position
step (displacement of 200 ms of target motion) in a random direction around the unit
circle and began moving back toward the initial fixation location at a fixed speed drawn
from a uniform distribution (1624 deg/s). Subjects were verbally instructed to track the
motion of the dot for as long as it was visible. Following completion of the 45 trials, the
device ran an automated analysis to report a vector of 10 metrics including smooth pursuit
latency, acceleration, gain, proportion smooth tracking, saccadic amplitude, direction noise,
speed tuning responsiveness, and speed noise. A summary score called nFit was computed
by transforming each measurement into a z-score referenced to a previously collected
normative control sample [19], averaging the vector while accounting for the covariance.
The normative control sample consisted of 41 cognitively healthy participants aged 20 to
56 years (median age: 27 years). Test-retest reliability was validated with a subset of
participants who completed the oculometric test five times in one day. Within-person
variability was between 3.5 and 25.1 times smaller than between-person variability. The
formula for nFit yields a normal distribution centered at a mean of 0 and standard deviation
of 1 for the normative control population.

2.3. Equipment

The oculometric assessment was run on neuroFit eye-tracking hardware (neuroFit,
Mountain View, CA, USA), an oculometric device that can display the stimulus sequence
for any standardized oculomotor protocol [3,19,21], collect high-quality monocular or
binocular eye-position data, and compute summary metrics. The non-invasive eye-tracking
system collects high-precision 2D eye-position signals (noise level of 0.2 deg in human
control subjects, 0.01 deg for a glass eye) using two 850 nm IR illuminators and a central
image sensor. Using an ergonomic chinrest (neuroFit, Mountain View, CA, USA), the
subject’s head is stabilized at a view distance of 57 cm from the LED-backlit LCD display
(24” display, 1920 horizontal, 1080 vertical, 120 Hz). Using an automated module for
detection and registration of facial features, the system can track one or both eyes for any
subject within the 5.35-7.25 cm anthropometric range of inter-pupillary distance. We used
250 Hz monocular tracking of the left eye in all participants to allow high sampling rates
that would have been halved to 120 Hz using binocular tracking, and to allow continuity
with previous methods [17,19].
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2.4. Procedures

Within a few days of receiving a concussion diagnosis from an impact event during
play, catchers were referred for oculometric assessment (Time 1). They then underwent
a period of vision rehabilitation therapy (Slow the Game Down, Irvine, CA, USA) which
varied by player, ranging from 15 to 75 days. The oculometric task was repeated at the end
of rehabilitation (Time 2).

3. Results
3.1. General Trends

As depicted in Figure 1, on average, players’ nFit score improved from 0.07 at Time 1 to
1.37 at Time 2. This overall nFit increase of 1.3 (SD = 1.07) was driven by improvements in all
individual metrics, including latency (mean improvement: 9.75 ms, 95% confidence interval:
—0.26 to 19.76), speed noise (mean improvement: 1.25 deg/s, 95% confidence interval:
—0.62 to 3.12), gain (mean improvement: 0.08, 95% confidence interval: 0.02 to 0.15), and
saccadic amplitude (mean improvement: 0.6, 95% confidence interval: —0.14 to 1.33).

2 -

1.5 1 1.37

0.07

Player 1 Player 2 Player 3 Player 4

Figure 1. Oculometric performance before and after vision rehabilitation. Blue bars represent
oculometric data collected following a recent concussion (Time 1); most players performed similarly
to a typical healthy adult. The horizontal blue line represents the average nFit score of 0.07. Orange
bars represent nFit scores after vision rehabilitation (Time 2); most players performed noticeably
better than the typical healthy adult. The horizontal orange line represents the Time 2 average of 1.37,
yielding an average improvement of 1.30.

Our four cases are shown in Figures 2-5 below, which depict summary figures from
our visual tracking task at Time 1 and Time 2. The task requires the subject to release
fixation and initiate tracking, initially driven by a negative feedback mechanism using a
“retinal slip” error signal, yielding latency and acceleration metrics. Latency is the elapsed
time from stimulus motion onset to the tracking response (top left graph), and acceleration
quantifies the vigor of the ramp up in eye velocity (graph below latency). As the movement
stabilizes during steady-state tracking, the negative feedback mechanism is no longer the
primary driver of the movement, which transitions to a positive feedback mechanism that
uses the percept of object motion encoded in cortical circuits. The metrics that characterize
this epoch of the movement include gain, saccadic amplitude, and proportion smooth, in
addition to direction noise, speed responsiveness, and speed noise. Gain is the ratio of
eye velocity to target velocity (graph below acceleration), saccadic amplitude quantifies
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the size of saccadic interruptions of smooth pursuit (graph below gain), and proportion
smooth gives the ratio of total eye displacement consisting of smooth pursuit (bottom left
graph). Direction tuning (top right graph) and speed tuning (bottom right graph) quantify
misperceptions in direction and speed, respectively. Complete descriptions of each of the
metrics can be found in the Supplementary Materials.

3.1.1. Player 1

As shown in Figure 2, Player 1 showed the most severe initial impairment as well
as the largest improvement. Twenty-one days elapsed between Time 1 and 2. His Time
1 nFit score was 1 SD below the expected control subject (z = —1.04). Performance was
particularly impaired on acceleration (z = —1.58) and direction noise (z = —2.08), with
speed responsiveness, speed noise, and latency all impaired by about 1 SD. Gain (z = 0.65),
saccade amplitude (z = —0.36), and proportion smooth were all relatively normal. At Time
2, his overall performance increased to an nFit score of 1.50, an improvement of more than
2.5 z-units, with individual Time 2 metrics ranging from —0.44 (latency) to 3.01 (proportion
smooth). The level of internal noise in both direction and speed improves by a factor of
2 between the timepoints.
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Figure 2. Oculometric changes for Player 1. The left-hand panel shows a summary figure at Time 1,

shortly after suffering a concussion and prior to starting vision rehabilitation. The right-hand panel
shows corresponding summary figure at Time 2.

3.1.2. Player 2

As shown in Figure 3, Player 2’s Time 1 nFit score of 1.07 was 1 SD above the normal
population, with nearly all individual metrics showing preserved function or the ability to
compensate for the concussion. However, latency (z = —1.17) was profoundly impacted,
especially in the context of all other metrics, which ranged from z-scores of 0.1 (speed noise)
to 0.5 (acceleration and direction noise) to 1.0 (gain) to above 2.0 (proportion smooth and
speed responsiveness). His Time 2 oculometric performance improved to a nFit score of
1.74, with latency improving by almost 2 SD. All individual metrics improved to z-scores
greater than 1.0, with the exception of latency (z = 0.73) and direction noise (z = 0.42). The
elapsed time between Time 1 and 2 is 15 days.
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Figure 3. Oculometric changes for Player 2.
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As shown in Figure 4, oculometric performance showed a small improvement between
Times 1 and 2 for Player 3. Nineteen days elapsed between Time 1 and 2. His Time 1 nFit
score was 0.21; at Time 2, it increased to 0.40. At both time points, several individual
metrics (acceleration, gain, speed responsiveness) fell far above the median of the control
population; however, latency (z = —0.58) and direction noise (z = —0.43) remained impaired.
This player demonstrated a persistent “mixed” injury profile with impairments in specific
metrics (e.g., latency, direction-tuning noise, speed-tuning noise) and no loss of performance

in other metrics.
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Figure 4. Oculometric changes for Player 3.
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3.1.4. Player 4

As shown in Figure 5, Time 1 oculometric performance was consistent with that of a
normal control individual, with an nFit score of 0.03 and most individual metrics falling
within 0.5 SD of 0.0. There were 75 days between Time 1 and 2. Tellingly, latency showed
strong impairment (z = —2.04) but was balanced by excellent gain (z = 1.38) and saccade
amplitude (z = 1.27). At Time 2, performance improved by almost 2 full z-units with a
nFit score of 1.79, and all metrics were above the expected control range. Improvements in
individual metrics were most notable for latency, acceleration, asymmetry, and proportion
smooth, with improvements of 2.0 SD or greater.
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Figure 5. Oculometric changes for Player 4.

3.1.5. Comparison of Concussions

The hallmark of the four concussion cases at Time 1 was prolonged latency, which
fell below the expected control value in all cases. All other metrics were either spared
or compensated for the injury in these high-performing athletes. In the aggregate score,
nFit at Time 1 ranged from 1 z value below normal (Player 1) to 1 z value above normal
(Player 2), which masked telltale variability in individual metrics. In terms of individual
metrics, Player 1 performed well below a normal control population on approximately half
of the metrics, whereas Players 2, 3 and 4 performed below 0.0 only on one or two metrics.
Individual metrics at or above the normal control population also varied by player, from two
metrics (Player 4) to eight metrics (Player 2). A consistent pattern was that all had above-
average gain function, and three were also at or above the normal saccadic amplitude.

Improvements on nFit at Time 2 also ranged broadly from 0.2 (Player 3) to 2.5 (Player 1).
Lower Time 1 nFit score did not necessarily lead to greater improvement: Player 2, with a
Time 1 nFit score of 1.07, improved more than Player 3, whose Time 1 nFit score was 0.20.
Finally, although most players showed improvement on almost all metrics, Player 3 still
showed impairment on some metrics and very little change overall.

4. Discussion

In our case series report, four MLB catchers suffered from concussions with quantifi-
able visuomotor signs. On average, their immediate post-concussion oculometric perfor-
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mance was typical of a normal control participant. After receiving vision rehabilitation
therapy and navigating the natural healing process, their oculometric performance tended
to increase substantially. However, both initial scores and areas of improvement varied
across players.

These results lead to four conclusions. First, injuries in high-performing populations
can show a mixed pattern of individual oculometrics. Whereas latency, direction-tuning
noise, and speed-tuning noise tended to show substantial impairment, acceleration, gain,
saccadic amplitude, and proportion of smooth tracking can remain intact and compensate
for impaired ocular functions.

Second, for high-performing individuals, achieving “normal” control scores does not
equate to being neurologically healthy. These individuals may achieve an average-looking
score while still being far below their own operating range. For example, all players showed
exceptional performance (at least 2 SD above a normal control population) on individual
metrics after vision rehabilitation, suggesting that their typical performance range is well
above that of the typical person. Thus, high-performing populations are at elevated risk of
undetected TBI when using tools that only detect impairment below the level of normal
control populations, especially without a baseline. To mitigate this risk, individual baselines
taken at a frequency appropriate to the exposure (e.g., yearly, monthly, or weekly) improve
the statistical power to detect injury.

Third, the detailed vector of oculometrics may be a useful method to assist in the
diagnosis, treatment and monitoring of concussion and, particularly for high performing
individuals, can reveal disrupted motion-processing circuitry. It can aid vision rehabilitation
by pinpointing specific visuomotor functions that have been compromised.

Fourth, vision rehabilitation may contribute to recovery from subtle neurological
impairments, which in turn reduces the risk of follow-on injury [22]. When a baseline
assessment is available, oculometric change scores such as those shown in Figure 1 can
be used both to gauge both the magnitude of brain injury and also the magnitude of the
associated recovery, which are conflated in our current data

We note several limitations with this dataset. Prior concussion history, concussion
severity, baseline oculometric performance (i.e., pre-injury data), and protective equipment
worn at the time of the concussion were not collected, limiting our understanding of the
injuries and vision rehabilitation effectiveness. We should point out that these conditions
of incomplete information are most often the case when concussion and brain injury cases
present in clinics and training facilities, emphasizing the need for additional characteri-
zation of oculometric signs of brain injury in much larger samples. A prospective cohort
design would be needed to capture pre-injury baselines in samples with elevated risk,
like artillery soldiers or professional baseball catchers. Following these samples forward
in time during risk exposure allows discrete injuries to be characterized and quantified
more precisely than we were able to, and any cumulative effects to be tracked longitudi-
nally. Additionally, due to the nature of injury cases and the varied impact on visuomotor
function across the four catchers, it is unclear to what extent oculometric improvements
can be attributed to the rehabilitation intervention versus natural recovery processes. A
randomized trial including a control group would be needed to evaluate the therapeutic
effects of vision rehabilitation, or any other intervention, over and above natural recovery
in concussed patients.

5. Conclusions

Our analysis is based on a very small sample of concussion cases and each injury was
unique. Despite this limitation, our data show how oculometrics can track and quantify
improvements in sensorimotor processing following a concussion among individuals
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with exceptional sensorimotor abilities. These data provide context for the oculometric
presentation of brain injury in high-performing populations; variability in z-scores for
individual metrics can be more informative than the composite summary score. Consistent
with previous findings [13,15], these data suggest that high-performing populations are at
elevated risk of subtle sensorimotor impairment due to TBL

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/brainscil6040369/s1. Supplemental Table S1. Operational definitions of
individual oculometrics for two intervals of tracking.

Author Contributions: Conceptualization, R.B., R H. and D.L.; methodology, R H., D.L. and M.M,;
software, R.H. and D.L.; validation, R.B., R.H. and D.L.; formal analysis, Q.K.; investigation, R.B.
and D.L.; resources, D.L. and M.M.; data curation, R.H., D.L. and Q.K.; writing—original draft
preparation, Q.K. and D.L.; writing—review and editing, R.B., R. H. and M.M,; visualization, D.L.;
supervision, D.L.; project administration, R.H. and D.L.; funding acquisition, D.L. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by the Army Applied SBIR W51701-23-C-0269, Eyetracking Tools
for Neurophysiological Monitoring, and Air Force Research Laboratory SBIR FA864925P0252, Brain
Health Monitoring Platform.

Institutional Review Board Statement: The analysis of this secondary data was determined not to be
human subjects research by the Naval Postgraduate School IRB (NPS.2024.0185-DD-N).

Informed Consent Statement: Verbal informed consent was obtained from all participants in the study.
Verbal informed consent was obtained rather than written to minimize risk of subject identifiability.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author due to privacy restrictions related to subject identifiability.

Acknowledgments: We are grateful to all our brain injury patients who have provided oculometric
data for research purposes. The opinions and views expressed are those of the authors alone and do
not necessarily represent those of the U.S. Government, U.S. Department of War or its components,
to include the Department of the Navy, the Department of the Air Force, the U.S. Air Force Academy,
or the Naval Postgraduate School.

Conflicts of Interest: R.B. and M.M. have no conflicts of interest to report. R.H. operates Slow The
Game Down, LLC, which provides vision therapy to injured athletes and had no role in the analyses
or interpretation of the data. D.L. and Q.K. are shareholders in neuroFit which develops oculometric
technologies and had no role in the data collection.

Abbreviations

The following abbreviations are used in this manuscript:

MLB Major League Baseball
TBI Traumatic Brain Injury
SD Standard deviation

1.  Laby, D.M.; Rosenbaum, A.L.; Kirschen, D.G.; Davidson, J.L.; Rosenbaum, L.J.; Strasser, C.; Mellman, M.E. The visual function of
professional baseball players. Am. J. Ophthalmol. 1996, 122, 476-485. [CrossRef] [PubMed]

2. Adair, RK. The Physics of Baseball, 3rd ed.; Perennial: New York, NY, USA, 2002.

3. Massingale, S.; Alexander, A.; Gerkin, R.; Leddon, C.; McQueary, E.; Allred, R.C.; Pardini, ].E. Gaze stability in the elite athlete: A
normative observational study. J. Vestib. Res. 2019, 29, 221-228. [CrossRef] [PubMed]

4. Yoshimura, Y,; Kizuka, T.; Ono, S. Properties of fast vergence eye movements and horizontal saccades in athletes. Physiol. Behav.
2021, 235, 113397. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/brainsci16040369


https://www.mdpi.com/article/10.3390/brainsci16040369/s1
https://www.mdpi.com/article/10.3390/brainsci16040369/s1
https://doi.org/10.1016/S0002-9394(14)72106-3
https://www.ncbi.nlm.nih.gov/pubmed/8862043
https://doi.org/10.3233/VES-190678
https://www.ncbi.nlm.nih.gov/pubmed/31476191
https://doi.org/10.1016/j.physbeh.2021.113397
https://www.ncbi.nlm.nih.gov/pubmed/33775660
https://doi.org/10.3390/brainsci16040369

Brain Sci. 2026, 16, 369 10 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

Filippini, T.; Kittelson, A.; Wagner, A.; Moody, V.; Schubert, M.; Loyd, B. Professional baseball players demonstrate superior
dynamic visual acuity and differences in vestibulo-ocular reflex performance, compared to similarly aged healthy controls. BMC
Sports Sci. Med. Rehabil. 2025, 18, 15. [CrossRef] [PubMed]

Chen, R.; Stone, L.S.; Li, L. Visuomotor predictors of batting performance in baseball players. J. Vis. 2021, 21, 3. [CrossRef]
[PubMed]

Uchida, Y.; Kudoh, D.; Higuchi, T.; Honda, M.; Kanosue, K. Dynamic visual acuity in baseball players is due to superior tracking
abilities. Med. Sci. Sports Exerc. 2013, 45, 319-325. [CrossRef] [PubMed]

Klemish, D.; Ramger, B.; Vittetoe, K.; Reiter, ].P; Tokdar, S.T.; Appelbaum, L.G. Visual abilities distinguish pitchers from hitters in
professional baseball. ]. Sports Sci. 2018, 36, 171-179. [CrossRef] [PubMed]

Peterson, J.G.; Tjong, V.K.; Terry, M.A,; Saltzman, M.D.; Gryzlo, S.M.; Sheth, U. Concussion Incidence and Impact on Player
Performance in Major League Baseball Players Before and After a Standardized Concussion Protocol. Orthop. |. Sports Med. 2020,
8, 2325967120913020. [CrossRef] [PubMed]

Sabesan, V.J.; Prey, B.; Smith, R.; Lombardo, D.J.; Borroto, W.J.; Whaley, ].D. Concussion rates and effects on player performance
in Major League Baseball players. Open Access . Sports Med. 2018, 9, 253-260. [CrossRef] [PubMed]

Dolman, K.E.; Staines, R.S.; Mughal, S.; Brown, K.E.; Meehan, S.K; Staines, W.R. Long-term effects of concussion on attention,
sensory gating and motor learning. Exp. Brain Res. 2024, 243, 30. [CrossRef] [PubMed]

Samadani, U.; Farooq, S.; Ritlop, R.; Warren, E; Reyes, M.; Lamm, E.; Alex, A.; Nehrbass, E.; Kolecki, R.; Jureller, M.; et al. Detection
of third and sixth cranial nerve palsies with a novel method for eye tracking while watching a short film clip. J. Neurosurg. 2015,
122,707-720. [CrossRef] [PubMed]

Chmielewski, T.L.; Tatman, J.; Suzuki, S.; Horodyski, M.; Reisman, D.S.; Bauer, R M.; Clugston, ].R.; Herman, D.C. Impaired
motor control after sport-related concussion could increase risk for musculoskeletal injury: Implications for clinical management
and rehabilitation. J. Sport. Health Sci. 2021, 10, 154-161. [CrossRef] [PubMed]

Hides, J.A.; Franettovich Smith, M.M.; Mendis, M.D.; Treleaven, J.; Rotstein, A.H.; Sexton, C.T.; Low Choy, N.; McCrory, P.
Self-reported Concussion History and Sensorimotor Tests Predict Head /Neck Injuries. Med. Sci. Sports Exerc. 2017, 49, 2385-2393.
[CrossRef] [PubMed]

Wilkerson, G.B.; Nabhan, D.C.; Perry, T.S. A Novel Approach to Assessment of Perceptual-Motor Efficiency and Training-Induced
Improvement in the Performance Capabilities of Elite Athletes. Front. Sports Act. Living 2021, 3, 729729. [CrossRef] [PubMed]
Stone, L.S.; Beutter, B.B.; Eckstein, M.P; Liston, D.B. Perception and eye movements. In Encyclopedia of Neuroscience;
Squire, L.R., Ed.; Academic Press: Oxford, UK, 2009; Volume 7, pp. 503-511.

Liston, D.B.; Wong, L.R.; Stone, L.S. Oculometric assessment of sensorimotor impairment associated with TBI. Optom. Vis. Sci. Off.
Publ. Am. Acad. Optom. 2017, 94, 51-59. [CrossRef] [PubMed]

Wagner, C.M. Oculometric Screening for Traumatic Brain Injury in Veterans. Master’s Thesis, Naval Postgraduate School,
Monterey, CA, USA, 2017.

Liston, D.B.; Stone, L.S. Oculometric assessment of dynamic visual processing. J. Vis. 2014, 14, 12. [CrossRef] [PubMed]
Rashbass, C. The relationship between saccadic and smooth tracking eye movements. J. Physiol. 1961, 159, 326-338. [CrossRef]
[PubMed]

Bahill, A.T.; Brockenbrough, A.; Troost, B.T. Variability and development of a normative data base for saccadic eye movements.
Investig. Ophthalmol. Vis. Sci. 1981, 21, 116-125. [PubMed]

Honda, J.; Chang, S.H.; Kim, K. The effects of vision training, neck musculature strength, and reaction time on concussions in an
athletic population. J. Exerc. Rehabil. 2018, 14, 706-712. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/brainsci16040369


https://doi.org/10.1186/s13102-025-01405-x
https://www.ncbi.nlm.nih.gov/pubmed/41345978
https://doi.org/10.1167/jov.21.3.3
https://www.ncbi.nlm.nih.gov/pubmed/33651879
https://doi.org/10.1249/MSS.0b013e31826fec97
https://www.ncbi.nlm.nih.gov/pubmed/22935736
https://doi.org/10.1080/02640414.2017.1288296
https://www.ncbi.nlm.nih.gov/pubmed/28282749
https://doi.org/10.1177/2325967120913020
https://www.ncbi.nlm.nih.gov/pubmed/32313811
https://doi.org/10.2147/OAJSM.S157433
https://www.ncbi.nlm.nih.gov/pubmed/30519128
https://doi.org/10.1007/s00221-024-06981-x
https://www.ncbi.nlm.nih.gov/pubmed/39707008
https://doi.org/10.3171/2014.10.JNS14762
https://www.ncbi.nlm.nih.gov/pubmed/25495739
https://doi.org/10.1016/j.jshs.2020.11.005
https://www.ncbi.nlm.nih.gov/pubmed/33188963
https://doi.org/10.1249/MSS.0000000000001372
https://www.ncbi.nlm.nih.gov/pubmed/28708701
https://doi.org/10.3389/fspor.2021.729729
https://www.ncbi.nlm.nih.gov/pubmed/34661098
https://doi.org/10.1097/OPX.0000000000000918
https://www.ncbi.nlm.nih.gov/pubmed/27391532
https://doi.org/10.1167/14.14.12
https://www.ncbi.nlm.nih.gov/pubmed/25527150
https://doi.org/10.1113/jphysiol.1961.sp006811
https://www.ncbi.nlm.nih.gov/pubmed/14490422
https://www.ncbi.nlm.nih.gov/pubmed/7251295
https://doi.org/10.12965/jer.1836416.208
https://www.ncbi.nlm.nih.gov/pubmed/30443514
https://doi.org/10.3390/brainsci16040369

	Introduction 
	Materials and Methods 
	Vision Rehabilitation 
	Oculometric Assessment 
	Equipment 
	Procedures 

	Results 
	General Trends 
	Player 1 
	Player 2 
	Player 3 
	Player 4 
	Comparison of Concussions 


	Discussion 
	Conclusions 
	References

