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Abstract

Background. Sport-related concussion (SRC) disrupts visual and oculomotor systems that depend
on extended, timing-critical neural circuitry, yet ophthalmological expertise remains under-

represented in concussion pathways.

Aim. To synthesise evidence on the mechanisms, phenotypes, assessment, prognosis and

rehabilitation of post-concussive vision and eye-movement dysfunction.


https://orcid.org/0009-0002-2321-3204
mailto:magdalena.markiewicz-zahorski@student.uj.edu.pl
https://orcid.org/0009-0001-7779-6831
mailto:jaszczynska.julia@gmail.com
https://orcid.org/0009-0007-8666-2134
mailto:f.keska@student.uj.edu.pl
https://orcid.org/0009-0009-4932-1298
mailto:zoja.goti@gmail.com
https://orcid.org/0009-0007-2467-3233
mailto:zosialubnie@gmail.com
mailto:marysiam30@wp.pl

Material and methods. A narrative review of MEDLINE/PubMed (2011-2026) combined
concussion terms with vision, oculomotor function, convergence, vestibulo-ocular reflex,
pupillometry and rehabilitation, prioritising consensus statements, systematic reviews, randomised

trials and cohorts.

Results. Vision or vestibular problems affect up to 88% of children in specialist concussion care,
and 69% of concussed adolescents carry a vision diagnosis; accommodative dysfunction,
convergence insufficiency and saccadic dysfunction predominate. The Vestibular/Ocular Motor
Screening and King-Devick test (pooled sensitivity 86%, specificity 90%) add value, but neither is
diagnostic alone and accuracy declines with time. Oculomotor symptom provocation predicts
protracted recovery. Sub-symptom-threshold aerobic exercise and cervicovestibular rehabilitation

have randomised support; vision therapy evidence is preliminary.

Conclusions. Structured vision assessment should be embedded in concussion pathways, with

ophthalmological referral for persistent deficits rather than reliance on symptom report alone.

Key words: sport-related concussion; oculomotor dysfunction; convergence insufficiency;
vestibular/ocular motor screening; King-Devick test; vision therapy; return to sport; sports

ophthalmology

1. Introduction

Concussion is among the most consequential injuries in contemporary sport, and its management
has evolved rapidly across successive international consensus processes, most recently the 6th
International Conference on Concussion in Sport in Amsterdam (Patricios et al. 2023). Clinical
attention has centred on cognition, balance and symptom burden, while the visual system has

occupied a peripheral position in sideline and clinic protocols.

This is a striking omission. Vision encompasses a large proportion of the brain's neural pathways,
and eye-movement control depends on an extended network spanning the brainstem, cerebellum,
thalamus, parietal and frontal cortices, and the long white-matter tracts connecting them (Galetta
et al. 2015; Ventura et al. 2016) — precisely the structures most vulnerable to concussive injury.
Disorders of vergence, accommodation, saccadic and pursuit control, vestibulo-ocular integration,
pupillary regulation and light tolerance are therefore common after sport-related concussion (SRC).

They contribute to the symptom burden that keeps athletes out of school and sport, impair reading



and screen tolerance during return to learn, and may compromise the perceptual accuracy on which
safe return to a collision environment depends. The International Olympic Committee has called
for closer collaboration between sports medicine practitioners and ophthalmologists (Moe et al.

2023), yet ophthalmologists are rarely embedded in concussion pathways.

This review addresses six questions: why the visual system is vulnerable; how common
dysfunction is after SRC; what phenotypes occur; which assessment instruments are defensible and
where they fail, whether oculomotor findings predict recovery; and what can be done
therapeutically. Direct ocular trauma and sudden death in sport are not covered, as each merits

separate review.

2. Material and methods

This is a narrative (non-systematic) review incorporating a structured search. No formal risk-of-
bias appraisal or quantitative pooling was undertaken, because the subject matter spans
heterogeneous designs, populations and outcomes, and because the purpose is integrative and

translational.

MEDLINE/PubMed was searched for English-language publications from January 2011 to April
2026, combining terms for injury ("brain concussion", "sport-related concussion", "mild traumatic
brain injury") with terms for the visual and oculomotor domain ("vision", "oculomotor",
"convergence insufficiency”, "near point of convergence", "accommodation", "saccades",
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"vestibulo-ocular reflex", "photophobia", "pupillary light reflex"), instruments ("Vestibular/Ocular

nn

Motor Screening", "King-Devick", "SCAT6", "pupillometry") and intervention ("vision therapy",
"vestibular rehabilitation", "aerobic exercise", "return to sport"). Priority was given to consensus
statements, systematic reviews, randomised trials, prospective athletic cohorts and specialist
clinical series, and reference lists of retrieved reviews were hand-searched. Where studies conflict,

the discrepancy is stated rather than resolved by preference.

3. Results and state of knowledge

3.1. Why the visual system is vulnerable

Concussion is a functional disturbance arising from a stereotyped neurometabolic cascade. Giza

and Hovda (2014) described how biomechanical force produces indiscriminate neuronal



depolarisation and unchecked release of excitatory amino acids; restoring ionic homeostasis
consumes adenosine triphosphate, precipitating hyperglycolysis followed by reduced cerebral
glucose metabolism, alongside mitochondrial dysfunction, altered cerebral blood flow and
neuroinflammation. The result is a brain that is metabolically vulnerable and functionally

inefficient — a state most conspicuous in systems demanding rapid, precise computation.

Ocular motor control is such a system. Saccades, vergence, accommodation and the vestibulo-
ocular reflex depend on long, densely interconnected circuits spanning cortical eye fields, superior
colliculus, cerebellum, midbrain and brainstem, whose millisecond-scale timing requires white-
matter integrity (Ventura et al. 2016). Rotational acceleration generates shear strain maximal in
deep white matter, midbrain and rostral brainstem — the corridor through which much of this
circuitry passes. Two mechanisms extend involvement beyond the efferent system: the pupillary
light reflex is under dual autonomic control, so post-concussive dysregulation has a measurable
ocular expression (Master et al. 2020); and retinal ganglion cell axons, as unmyelinated central
nervous system projections, may serve as a biomarker of cumulative neuroaxonal injury (Leong et

al. 2018).

3.2. Epidemiology and clinical burden

The population at risk is large. In a systematic review and meta-analysis of elite team contact sports,
Prien et al. (2018) reported the highest concussion incidence in rugby match play (3.89 per 1000
hours and 3.00 per 1000 athletic exposures) and the lowest in men's football training (0.01 and 0.08
respectively), with concussion far more frequent in match play than training and female players at

increased risk in football and ice hockey.

Estimates of visual involvement vary with setting and, critically, the thoroughness of examination.
Master et al. (2016) examined 100 adolescents aged 11-17 years and found 69% had at least one
vision diagnosis: accommodative disorders in 51%, convergence insufficiency in 49% and saccadic
dysfunction in 29%, with 46% carrying more than one. In 432 paediatric patients aged 5—18 years,
Master et al. (2018) found 378 (88%) presented with vision or vestibular problems. These referral-
clinic figures overestimate the burden in unselected athletes, but team-based data remain
substantial: using a threshold of 6 cm or more, Hutchison et al. (2023) found remote near point of
convergence in 22% (95% CI 14-33%) of 68 interuniversity athletes after SRC versus 3% (95%
CI 1-7%) of 64 with musculoskeletal injury — a difference of 19% (95% CI 10-30%).



Crucially, this dysfunction is frequently silent on symptom questionnaires. Hutchison et al. (2023)
found no relationship between symptom burden and convergence performance, and Storey et al.
(2017) concluded that questionnaires may not detect vision symptoms in children. An athlete who

denies visual symptoms has not thereby been screened.

3.3. Clinical phenotypes

Receded near point of convergence (NPC) is the most frequently described finding: easy to measure
with an accommodative rule and abnormal in a large minority of athletes. Its interpretation is more
complicated than routine practice suggests. Among 83 patients under 21 years, more than 28 days
post-concussion with chronic symptoms and normal acuity, Raghuram et al. (2019) found receded
NPC in 74 (89%), of whom 70 (95%) had an identifiable oculomotor disorder — but only 6 (8%)
had convergence insufficiency in isolation, while accommodative disorders alone accounted for 30
(41%) and combined deficits for 21 (28%). A receded NPC is therefore not synonymous with
convergence insufficiency, and because treatments differ, affected patients warrant full

sensorimotor examination rather than empirical convergence exercises.

Storey et al. (2017) described the natural history in 275 paediatric patients, 67 with abnormal NPC:
some recovered with standard care over a median of approximately 4.5 weeks, others after
vestibular therapy at a median of 11 weeks, and a small subgroup only after office-based vision
therapy at a median of 23 weeks post-injury. Most deficits resolve, but a meaningful minority do
not, and those patients accumulate months of disability if the deficit is missed. Howell et al. (2018)
showed that NPC abnormality co-occurs with gait deficits, indicating impairment extending

beyond the eyes.

Accommodative dysfunction is at least as prevalent but attracts less attention, largely because the
most widely used sideline instruments do not assess it. It was the commonest single diagnosis
(51%) in the cohort of Master et al. (2016), and abnormal accommodative amplitude predicted
prolonged recovery in Master et al. (2018). Clinically it produces blur at near, asthenopia, headache
with sustained reading and reduced screen tolerance — precisely the cluster that obstructs return to
learn — yet measurement requires only a push-up amplitude test. Saccadic dysfunction, present in
29% of the same cohort, manifests as inaccuracy, increased latency, reduced velocity or symptom

provocation during repeated saccades; smooth pursuit may show reduced gain or symptom



provocation without frank breakdown, and objective quantification requires instrumentation

(Ventura et al. 2016).

The vestibulo-ocular reflex (VOR) and visual motion sensitivity (VMS) domains are the most
discriminative components of clinical screening. Mucha et al. (2014) found horizontal VOR (odds
ratio 3.89, p <.001) and VMS (odds ratio 3.37, p <.01) most predictive of concussed status among
64 patients (mean age 13.9 years, assessed a mean of 5.5 days post-injury) and 78 controls. Both
are provoked by the visual-vestibular demands of sport itself, so an athlete may be asymptomatic
at rest yet symptomatic in a training drill — the question examined by Popovich et al. (2021). Light
sensitivity, meanwhile, is among the most commonly reported symptoms and the least well
managed; Burstein et al. (2019) reviewed the retinal and central pathways implicated in light-
induced discomfort, a framework distinguishing photophobia from simple glare intolerance.
Persistent dark adaptation risks reinforcing photophobia rather than relieving it, much as prolonged

rest is now recognised to impede recovery.

Quantitative pupillometry is among the most promising objective markers. In 134 controls and 98
adolescent athletes with SRC assessed at a median of 12.0 days post-injury, Master et al. (2020)
found eight of nine pupillary metrics significantly greater in the concussed group, including
maximum diameter (4.83 vs 4.01 mm) and time to 75% redilation (1.81 vs 1.51 s). Two caveats
matter: the effect was enhancement rather than blunting, so a clinician expecting sluggish pupils
looks for the wrong abnormality; and exercise in healthy controls produced smaller pupils and
overall slowing, mimicking the opposite pattern. Turning to the afferent pathway reframes the
question from acute injury to cumulative exposure: Leong et al. (2018) found peripapillary retinal
nerve fibre layer thinning of 4.8 um (p =0.01) among 46 professional collision sport athletes versus

104 controls, most notably in boxers, with reduced 2.5% low-contrast letter acuity (p = 0.001).

3.4. Assessment instruments

The Sport Concussion Assessment Tool 6 (SCAT6) is the current standard multimodal instrument
(Echemendia et al. 2023), situated within the broader pathway by the Amsterdam consensus
(Patricios et al. 2023), with paediatric recommendations from Davis et al. (2024). The salient point
is structural: while SCAT6 includes limited ocular observation, it is not a vision examination, and

an athlete cleared by a normal sideline screen has not had their visual system examined.



The King-Devick (K-D) test measures speed of rapid number naming, capturing saccadic function
together with attention and language. Galetta et al. (2011) administered it before and after
competition in 39 boxers and mixed martial arts fighters: post-fight times were markedly worse in
those sustaining head trauma (59.1 = 7.4 s vs 41.0 = 6.7 s, p < 0.0001). A meta-analysis of 15
studies estimated a weighted mean baseline of 43.8 s across 1419 athletes, with sensitivity 86%
(95% CI 78-92%) and specificity 90% (95% CI 85-93%) (Galetta et al. 2015). More recent data
are sobering: in 320 concussed and 1239 non-concussed collegiate athletes, Le et al. (2023) found
area under the curve 0.724 at 0—6 hours and 0.701 at 2448 hours, falling to 0.640 at unrestricted
return to play and becoming non-significant when asymptomatic (0.513, p = .497); at 80%
sensitivity, specificity was only 46% and 41% acutely, and optimal cut-offs were negative,
reflecting substantial practice effects. The test therefore performs best within 48 hours and is a

screening adjunct rather than a clearance instrument.

The Vestibular/Ocular Motor Screening (VOMS) is the most widely adopted instrument targeting
these domains. Mucha et al. (2014) described five domains — smooth pursuit, horizontal and
vertical saccades, NPC distance, horizontal VOR and visual motion sensitivity — each scored for
symptom provocation on a 0—10 scale. In validation, 61% of concussed patients were positive on
at least one item; an NPC distance of 5 cm or greater, and any item score of 2 or greater, increased
the probability of correct identification by 38% and 50% respectively, and a model incorporating
VOR, VMS, NPC and log-transformed age achieved an area under the curve of 0.89. Elbin et al.
(2022) derived change-score cut-offs in 147 adolescents with SRC and 147 controls: a change of 1
or more for individual items, 3 or more overall, and 3 cm or more for NPC, the overall change

score reaching an area under the curve of 0.73.

Two limitations require appreciation. The VOMS is predominantly a symptom-provocation
instrument rather than a measure of performance; apart from NPC distance it does not quantify
how well the eyes move, making it sensitive but vulnerable to effort and expectation. And false
positives are common, with premorbid factors such as motion sickness history associated with
vestibular findings (Master et al. 2018) — the rationale for change-score approaches and baseline
testing. Pupillometry offers objectivity and independence from effort, but requires normative data
across age, sex, illumination and exercise state, while optical coherence tomography addresses

cumulative rather than acute injury (Leong et al. 2018). The instruments are compared in Table 1.



3.5. Prognostic value

The prognostic dimension may prove more valuable than the diagnostic one, because it identifies
at first presentation those who will not follow the expected trajectory. Anzalone et al. (2017)
studied 167 patients (mean age 15 £+ 2 years) using Cox proportional hazards to relate VOMS
findings to time from injury to the start of the return-to-play protocol. Symptom provocation in
every domain except NPC (p =.107) and accommodation (p = .234) was associated with delayed
recovery: smooth pursuit (HR 0.65, 95% CI 0.47-0.90), horizontal saccades (0.68, 0.50-0.94),
vertical saccades (0.55, 0.40-0.75), horizontal VOR (0.68, 0.49-0.94) and vertical VOR (0.60,
0.44-0.83), the lowest crude hazard ratio being for the composite ocular motor category (0.45,
0.32-0.63).

Master et al. (2018), in their cohort of 432 paediatric patients, found that provocable symptoms
with VOR and smooth pursuit, together with abnormal balance and accommodative amplitude,
predicted prolonged recovery, concluding that vision assessment must include smooth pursuits,
saccades, NPC and accommodative amplitude — a broader panel than most protocols mandate.
Sherry et al. (2021) approached this diagnostically in 64 athletes with SRC and 59 matched controls
aged 12-20 years: a stepwise logistic regression correctly classified 84.6% of the sample, with
symptom inventory (p = 0.003) and vestibular/ocular motor provocation (p < 0.01) the most

sensitive and specific measures.

Two cautions apply. The divergence on the prognostic weight of NPC and accommodation — non-
significant in Anzalone et al. (2017), predictive in Master et al. (2018) — likely reflects differences
in technique, age and outcome definition, and should not be resolved by selecting the more
convenient finding. And these are observational associations: that a finding predicts slower
recovery does not establish that treating it accelerates recovery. This caveat applies with equal
force to the elevated musculoskeletal injury risk after concussion demonstrated by McPherson et

al. (2019).

3.6. Management and rehabilitation

The most robust intervention evidence concerns exercise rather than vision specifically, but it forms
the foundation for any rehabilitation discussion. Leddy et al. (2019) randomised 103 adolescent
athletes aged 13—18 years presenting within 10 days of SRC to progressive sub-symptom-threshold

aerobic exercise (n = 52) or a placebo-like stretching programme (n = 51). Median recovery was



13 days (IQR 10-18.5) versus 17 (IQR 13-23) respectively (p = .009), with prescription
individualised using treadmill exercise tolerance testing. Early graded aerobic exercise is now the

default active strategy against which vision-specific interventions must be compared.

Schneider et al. (2014) randomised 31 patients aged 12—-30 years with persistent dizziness, neck
pain and/or headache to combined cervical spine physiotherapy and vestibular rehabilitation or to
postural education, rest and graded exertion. Medical clearance within eight weeks was achieved
by 73% (11 of 15) of the intervention group versus 7% (1 of 14) of controls (hazard ratio 3.91, 95%
CI 1.34-11.34). The systematic review for the Amsterdam consensus (Schneider et al. 2023)
screened 6533 studies and included 13, of which only one was rated high quality, seven acceptable
and five at high risk of bias; it concluded that individualised cervicovestibular rehabilitation may
reduce time to return to sport for symptoms beyond 10 days, and that vestibular rehabilitation may

reduce time to clearance in adolescents. The evidence is genuinely supportive but thin.

Vision therapy for post-concussive vergence and accommodative disorders is widely delivered and
poorly evidenced. Scheiman et al. (2017) used objective eye-movement recording to assess
vergence after treatment of concussion-related convergence insufficiency, an important
methodological step given that most such studies rely on measures susceptible to expectation
effects; Santo et al. (2020) systematically reviewed NPC deficits and their treatment. No adequately
powered randomised trial has established that vision therapy accelerates recovery relative to active
control. This is not evidence of absence — the intervention is biologically plausible and has
established efficacy for non-traumatic convergence insufficiency — but it should be offered as a

reasonable option for persistent, formally diagnosed deficits rather than as proven treatment.

Photophobia should be managed by graded reintroduction of normal visual environments rather
than sustained avoidance, with a defined weaning plan where tinted lenses are used; persistence
warrants ophthalmological assessment. Academic accommodations should match the specific
diagnosis (Master et al. 2016): accommodative insufficiency calls for enlarged print and reduced
near demand, whereas visual motion sensitivity calls for modified movement between classes.
Kontos et al. (2020) developed the Concussion Clinical Profiles Screening tool to support a profile-
based approach in which vestibular and ocular motor presentations are distinct trajectories

requiring distinct interventions (see also Leddy et al. 2021).



3.7. Return to sport and special considerations

Return-to-sport decisions follow a graded, symptom-limited progression, and recovery timelines
have been systematically characterised (Putukian et al. 2023). Two considerations support giving
visual status independent weight: oculomotor findings predict protracted recovery (Anzalone et al.
2017; Master et al. 2018), and symptom provocation may appear only under exertion (Popovich et
al. 2021), making exertional reassessment rational before clearance. Impaired visual processing is
also a plausible contributor to post-concussive musculoskeletal injury risk (McPherson et al. 2019;
Howell et al. 2018). No study has yet shown that requiring normalisation of oculomotor measures
before clearance reduces reinjury: the recommendation to assess is well founded, whereas

withholding clearance on oculomotor grounds alone is not yet evidence-based.

Children and adolescents differ in symptom reporting, recovery and normative values, and age-
appropriate recommendations exist accordingly (Davis et al. 2024). Female athletes carry higher
concussion risk in several sports (Prien et al. 2018), and sex differences have been reported in
pupillary metrics (Master et al. 2020); sex-specific normative data remain unavailable for most
vision measures, so applying male-derived thresholds to female athletes risks systematic
misclassification. Exposure profile also shapes relevance: combat sports generate the highest
cumulative burden and the clearest afferent-pathway signal (Galetta et al. 2011; Leong et al. 2018).
This review complements sports-ophthalmology work in the physical-culture literature addressing
ocular trauma in combat sports (Kozdra et al. 2026), retinal detachment risk in athletes (Jurczyk-
Florkiewicz et al. 2026) and modulation of intraocular pressure by physical activity (Jakubowska
et al. 2026); where those papers concern direct ocular injury or haemodynamics, this review

addresses the visual consequences of head impact transmitted to the brain.

4. Discussion

The evidence supports reorienting concussion care from a predominantly cognitive and vestibular
model toward one giving explicit weight to vision. Visual and oculomotor dysfunction is common,
frequently silent on symptom inventories, prognostically informative and functionally
consequential. Brief instruments add real value, but each has defined psychometric limitations, and

the temptation to treat a single abnormal number as diagnostic should be resisted.



Five weaknesses recur. Most prevalence data derive from specialist referral clinics, producing
selection bias toward more symptomatic patients. Thresholds are inconsistent — abnormal NPC has
been defined at 5 cm, 6 cm and as a 3 cm change — precluding pooling. Few studies incorporate
pre-injury baseline vision data, so the proportion of apparent abnormalities that are pre-existing is
unknown. Most designs are retrospective or cross-sectional, and the few randomised trials are
underpowered and at moderate-to-high risk of bias (Schneider et al. 2023). And most studies come
from North American adolescent and collegiate populations, limiting generalisability to adult, elite
and non-Western contexts, and to women's sport specifically. This review has its own limitations:
the search was restricted to MEDLINE/PubMed and English-language records, without dual

screening, risk-of-bias assessment or quantitative synthesis.

The practical implications are nonetheless clear. Clinicians should not rely on symptom report
alone; should include a structured vestibular/ocular screen in the sub-acute assessment, interpreted
with change scores where a baseline exists; should extend the panel beyond the sideline minimum
to include accommodative amplitude; and should treat the King-Devick test as a screening adjunct
rather than a clearance instrument. Persistent deficits warrant formal sensorimotor examination,
since a receded NPC is not synonymous with convergence insufficiency and treatment differs by
diagnosis. Early individualised sub-symptom-threshold aerobic exercise, and cervicovestibular
rehabilitation for symptoms persisting beyond ten days, are the interventions with randomised

support.

Research priorities follow directly. Adequately powered multicentre trials of vision-specific
rehabilitation against active control, with objective vergence and accommodative outcomes, are
the most pressing need. Prospective baseline vision data would establish how much post-injury
abnormality is genuinely acquired; standardised measurement technique would allow pooling; and
sex- and age-stratified normative data are required before individual-level interpretation is
defensible. Finally, prospective evaluation is needed of whether incorporating oculomotor criteria

into return-to-sport decisions reduces recurrent concussion or musculoskeletal injury.

5. Conclusions

Visual and oculomotor dysfunction is a common, clinically significant and frequently under-
recognised consequence of sport-related concussion. Accommodative dysfunction, convergence

insufficiency and saccadic dysfunction predominate, and many affected athletes do not



spontaneously report visual symptoms, so direct measurement rather than symptom enquiry is
required. Brief instruments — principally the VOMS and, within the first 48 hours, the King-Devick
test — add value to multimodal assessment, but neither is diagnostic in isolation, and oculomotor

findings carry prognostic weight.

The management evidence is more limited than practice implies. Early sub-symptom-threshold
aerobic exercise and cervicovestibular rehabilitation are supported by randomised trials, whereas
vision therapy is biologically plausible and widely delivered but not established by adequately
powered trials. The appropriate posture is therefore neither neglect of the visual system nor
uncritical enthusiasm for vision-specific treatment, but structured assessment with clear referral
thresholds to ophthalmology or optometry. The call by the International Olympic Committee for

closer collaboration remains, on the evidence reviewed here, incompletely answered.
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