Medical hypothesis, discovery & innovation in optometry (issn: 2693-8391) Open Access

Original Article

Binocular vision dysfunction after polytrauma
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ABSTRACT

Background: Binocular vision dysfunction is frequently overlooked in polytrauma care despite its established impact on
reading, driving, and return to work. We aimed to determine the prevalence and patterns of binocular vision dysfunction
in polytrauma patients with ocular involvement and to identify independent clinical predictors.

Methods: We conducted a retrospective cohort study of adults (> 18 years) admitted to Sina Hospital Trauma Center, Tehran
between January 2021 and December 2023 with an Injury Severity Score (ISS) = 16 and ophthalmology-confirmed ocular
involvement. Four binocular parameters; near point of convergence, stereoacuity, fusional vergence amplitudes, and
accommodative facility, were extracted from consultation records when available. Prevalence estimates were calculated
using the Wilson score method, and multivariable logistic regression identified independent predictors.

Results: Among 2923 polytrauma admissions, 438 patients (15.0%) had ocular involvement; 312 (71.2%) had complete
binocular data (mean [standard deviation] age 37.8 [14.2] years; 84.6% [n = 264] male). At least one binocular dysfunction
was identified in 134 patients (42.9%; 95% confidence interval [CI], 37.4-48.6). Convergence insufficiency was most common
(n = 119, 38.1%; 95% CI, 32.8-43.7), followed by reduced stereopsis (n = 87, 27.9%; 95% CI, 23.1-33.2), accommodative
dysfunction (n = 67, 21.5%; 95% ClI, 17.2-26.4), and reduced fusional vergence amplitude (n =54, 17.3%; 95% CI, 13.4-22.0).
Only 24.7% (n = 77) of patients received formal optometric referral during acute admission. Independent predictors were
blunt orbital trauma (adjusted odds ratio [aOR] 2.81, 95% CI, 1.67—4.73), concomitant traumatic brain injury (aOR 2.14, 95%
CI, 1.29-3.55), and age 18-35 years (aOR 1.92, 95% CI, 1.12-3.28) (all P <0.05).

Conclusions: Binocular vision dysfunction affects nearly half of polytrauma patients with ocular involvement yet is
substantially under-recognized and under-referred. Incorporating a brief binocular screening into routine post-trauma
ophthalmologic assessment may represent a low-cost strategy to mitigate long-term visual and functional disability. Future
prospective, multicenter studies employing standardized optometric assessment protocols and longitudinal follow-up are
warranted to better define the natural history of these observed binocular dysfunctions and to evaluate the impact of early
detection and targeted intervention on functional outcomes.
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INTRODUCTION

Ocular trauma represents a major and largely preventable cause of visual morbidity in low- and middle-income countries,

disproportionately affecting these settings due to occupational and environmental exposures; including road traffic

incidents, domestic injuries, and interpersonal violence, within contexts of limited protective measures and constrained

access to timely eye care [1, 2]. Iran is no exception. Population-based studies report a lifetime prevalence of ocular trauma

ranging from 5.2% in school-age children to 7.46% in older adults, with a marked male predominance and the highest burden

among those over 30; injuries are predominantly mechanical, most commonly due to motorcycle-related accidents and sharp

objects [3-6].

Monocular visual outcomes after trauma are routinely assessed, binocular and oculomotor dysfunction are not.
However, evidence from traumatic brain injury (TBI) populations demonstrates a high prevalence of visual dysfunction even
in the absence of direct ocular injury, including accommodative dysfunction (42.8%), convergence insufficiency (36.3%), and
visual field loss (18.2%) [7]. Convergent findings in concussed athletes further highlight the frequency of binocular and
oculomotor impairments, with convergence insufficiency, accommodative dysfunction, and oculomotor-based reading
dysfunctions reported in approximately 40%, 25%, and 20% of cases, respectively [8]. Despite this substantial burden,
pathways from diagnosis to rehabilitation remain inconsistent, and access to specialized vision care is often limited [9]. These
dysfunctions frequently go unrecognized in acute trauma settings, where life-threatening conditions are the clinical priority
and structured binocular assessment is not routinely performed. Moreover, symptoms such as eyestrain, diplopia, and
difficulty with near tasks may emerge or become more apparent during recovery and reintegration into visually demanding
activities rather than during the initial hospitalization [10, 11].

Eye injury registries are essential for systematically capturing epidemiological patterns, informing clinical decision-
making, and guiding prevention and rehabilitation strategies [12]. In this context, the National Trauma Registry of Iran
(NTRI) was established at Sina Hospital, Tehran in 2016 to enable standardized, longitudinal trauma data collection [13, 14].
Sina Hospital, a level-I trauma center affiliated with Tehran University of Medical Sciences and a major node within the
NTRI, manages a large and diverse polytrauma population annually, providing a unique platform for high-resolution clinical
analysis [14, 15].

Leveraging three years of registry data from this center, the present study aims to quantify the prevalence and
characterize the spectrum of binocular vision dysfunction among polytrauma patients with confirmed ocular involvement,
and to identify their independent clinical predictors. By addressing this under-recognized dimension of post-traumatic visual
dysfunction, the study seeks to generate evidence to support the integration of structured optometric assessment into routine

trauma care pathways and rehabilitation protocols.

METHODS
This retrospective, registry-based observational study was conducted using data from the Sina Hospital Trauma Center, a
tertiary-level regional referral center for severe trauma in northwestern Tehran, over a 36-month period from 1 January 2021
to 31 December 2023. The study protocol was approved by the Ethics Committee of Tehran University of Medical Sciences
(IR TUMS.SINAHOSPITAL.REC.1402.048) and adhered to the principles of the Declaration of Helsinki. Given the
retrospective design and use of de-identified data, the requirement for individual informed consent was waived. At the time
of hospital admission, all patients had provided written informed consent for clinical evaluation and treatment within
routine care protocols.

We included all adult patients (> 18 years) admitted during the study period with an Injury Severity Score (ISS) > 16
[16] and documented ocular involvement. Ocular involvement was defined by the presence of an International Classification
of Diseases, Tenth Revision (ICD-10) diagnosis code within the S00-S05 range [17] or documentation of a formal
ophthalmology consultation during the index admission. Patients with a known history of binocular vision disorders, prior
strabismus surgery, or insufficient or poor-quality clinical documentation precluding reliable data extraction were excluded.

Two reviewers independently extracted demographic and injury-related variables, including age, sex, mechanism of
injury, ISS [16], and Glasgow Coma Scale (GCS) score at presentation [18], from the institutional electronic trauma registry.
Discrepancies were resolved through adjudication by re-review of the original source records. Binocular vision parameters
were abstracted from optometry or ophthalmology consultation notes when all four components had been documented: near
point of convergence (NPC), measured using the push-up method with an accommodative target [19]; stereoacuity assessed
using Titmus or Randot tests [20]; fusional vergence amplitudes measured with prism bar [21]; and accommodative facility
evaluated with +2.00 D flipper lenses [22]. Predefined deficit thresholds were based on established clinical norms: NPC > 6
cm or eliciting diplopia [23]; stereoacuity > 40 arc seconds [24]; fusional vergence break < 15 prism diopters base-out at NPC
[22]; and accommodative facility < 8 cycles per minute [25]. The presence of any one abnormal parameter was sufficient to
classify a patient as having a binocular vision dysfunction [26].

Statistical analyses were performed using IBM SPSS Statistics for Windows, version 25.0 (IBM Corp., Armonk, NY,
USA). The distribution of continuous variables was assessed using the Shapiro-Wilk test. Normally distributed data are
presented as mean (standard deviation [SD]), non-normally distributed data as median (interquartile range [IQR]);

categorical variables are summarized as frequencies and percentages. Prevalence estimates were calculated with 95%

Med Hypothesis Discov Innov Optom. 2026; 7(1) 16



Binocular vision dysfunction after polytrauma
—_ e e e
confidence intervals (CIs) using the Wilson score method, selected a priori for its superior performance over the Wald

method, particularly for proportions near distributional extremes. Univariate associations with the presence of any binocular
vision dysfunction were evaluated using the chi-square test or Fisher’s exact test for categorical variables and the Mann-
Whitney U test for continuous variables, as appropriate. Variables with P < 0.10 in univariate analyses were entered into a
multivariable binary logistic regression model to identify independent predictors. Adjusted models were constructed using
simultaneous (enter) methods, and results are reported as crude and adjusted odds ratios (ORs) with corresponding 95%
CIs. Model fit was assessed using the Hosmer-Lemeshow goodness-of-fit test. Statistical significance was defined as a two-
tailed P-value <0.05.

RESULTS

Over the 36-month study period, 2923 patients met polytrauma criteria, 438 (15.0%) of whom had documented ocular
involvement. Complete binocular vision data were available for 312 patients (71.2%), who constituted the analytical cohort.
Mean (SD) age was 37.8 (14.2) years, and 264 patients (84.6%) were male. Road traffic injuries were the predominant
mechanism of injury (198 [63.5%]), followed by a high prevalence of blunt ocular trauma (219 [70.2%]). Concomitant TBI was
documented in 167 patients (53.5%). Median (IQR) ISS was 22 (17-29). Detailed baseline characteristics of the cohort, overall
and stratified by the presence of a composite binocular vision dysfunction, are presented in Table 1.

Overall, 134 patients (42.9%; 95% CI, 37.4-48.6) met criteria for at least one binocular vision dysfunction. Convergence
insufficiency was the most prevalent abnormality, affecting 119 patients (38.1%; 95% CI, 32.8-43.7), followed by reduced
stereopsis in 87 (27.9%; 95% CI, 23.1-33.2%), accommodative dysfunction in 67 (21.5%; 95% CI, 17.2-26.4%), and reduced
fusional vergence amplitudes in 54 patients (17.3%; 95% CI, 13.4-22.0%) (Table 2). Despite this substantial burden, only 77
patients (24.7%) received a formal optometric referral during acute admission, indicating that the majority of affected
individuals were discharged without specialized binocular vision assessment or follow-up.

In multivariable logistic regression analysis, three variables were independently associated with the presence of any
binocular vision dysfunction. Blunt orbital trauma emerged as the strongest predictor (aOR 2.81, 95% CI, 1.67—4.73; P <0.001).
Concomitant TBI was also independently associated with increased odds of dysfunction (aOR 2.14, 95% CI, 1.29-3.55; P <
0.05). In addition, younger age (18-35 years vs. 236 years) was independently associated with increased odds of binocular
vision dysfunction (aOR 1.92, 95% CI, 1.12-3.28; P < 0.05). Crude and adjusted effect estimates are presented in Table 3.

Table 1. Baseline characteristics of the study cohort, overall and stratified by presence of a composite binocular vision dysfunction
(21 abnormal parameter)

Characteristic Overall (n=312) >1 binocular vision dysfunction (n =134)
Age (y), Mean £ SD 37.8+14.2 36.1+13.5

Sex (Male / Female), n (%) 264 (84.6) / 48 (15.4) 115 (85.8) / 19 (14.2)

Road traffic injury, n (%) 198 (63.5) 89 (66.4)

Blunt ocular trauma, n (%) 219 (70.2) 108 (80.6)

Concomitant TBI, n (%) 167 (53.5) 83 (61.9)

ISS (score), Median (IQR) 22 (17-29) 23 (18-30)

Optometric referral during acute admission, n (%) | 77 (24.7) 29 (21.6)

Abbreviations: y, years; SD, standard deviation; n, number of participants; %, percentage; TBI, traumatic brain injury; ISS, injury
severity score; IQR, interquartile range. Note: Binocular vision dysfunction defined as > 1 abnormal parameter among near point
of convergence, stereoacuity, fusional vergence, or accommodative facility.

Table 2. Prevalence of binocular vision dysfunction among evaluable patients (n = 312)

Binocular Vision Dysfunction n (%) 95% CI

Convergence insufficiency 119 (38.1) 32.8t043.7
Reduced stereopsis 87 (27.9) 23.1t033.2
Accommodative dysfunction 67 (21.5) 17.2t026.4
Reduced fusional vergence amplitudes 54 (17.3) 13.4t022.0
21 binocular vision deficit 134 (42.9) 37.4 to 48.6

Abbreviations: n, number of participants; %, percentage; CI, confidence interval. Note: Values are n (%) with 95% confidence
intervals calculated using the Wilson score method; patients may have more than one deficit; the composite outcome (> 1 deficit)
includes any abnormal parameter.
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Table 3. Univariate and multivariable logistic regression, predictors of any binocular vision dysfunction

Predictor Crude OR (95% CI) Adjusted OR (95% CI) P-value
Blunt orbital trauma 3.04 (1.83 to 5.06) 2.81 (1.67 to 4.73) <0.001
Concomitant traumatic brain injury 2.31 (141 to 3.79) 2.14 (1.29 to 3.55) 0.003
Age 18-35 years (reference: >36 years) 2.05 (1.22 to 3.46) 1.92 (1.12 to 3.28) 0.018

Abbreviations: OR, odds ratio; CI, confidence interval. Note: P-values < 0.05 are shown in bold; Reference category for age: > 36
years; Multivariable model adjusted for all three variables simultaneously.

DISSCUSSION

In this registry-based study of polytrauma patients with ocular involvement, we identified a substantial and under-
recognized burden of binocular vision dysfunction affecting nearly one in two patients. Convergence insufficiency emerged
as the predominant abnormality, followed by dysfunction in stereopsis, accommodation, and fusional vergence. Despite this
high prevalence, fewer than one-quarter of patients received optometric referral during the acute admission, highlighting a
significant gap between clinical need and service delivery. Blunt orbital trauma, concomitant TBI, and younger age
independently predicted the presence of binocular vision dysfunction, suggesting that both injury characteristics and patient
factors contribute to risk stratification. Our findings underscore that binocular vision dysfunction is common, clinically
relevant, and insufficiently addressed within current trauma care pathways.

Nearly half of polytrauma patients with ocular involvement in this cohort had at least one binocular vision dysfunction,
a prevalence of 42.9% that equals or exceeds rates reported in international civilian TBI series [27-31]. The impact of TBI on
the visual system is well established, and binocular vision dysfunction represents one of its most functionally disabling yet
least recognized manifestations [31, 32]. These dysfunctions are not only detectable but also treatable, as targeted vision
therapy has been shown to improve oculomotor function, reading performance, and patient-reported outcomes in
individuals with post-TBI visual dysfunction [33]. Convergence insufficiency was the most prevalent abnormality, affecting
38.1% of this cohort; this aligns with reviews of post-TBI visual dysfunction pointing to vergence and accommodative
pathways as the circuits most vulnerable to acceleration-deceleration injury [7, 34, 35]. What makes the present data clinically
sobering is not the frequency of binocular vision dysfunction per se, but the gap between that frequency and the referral rate:
three-quarters of affected patients left the acute service without ever seeing an optometrist.

The pattern of binocular vision dysfunction observed in our cohort is broadly consistent with prior literature on TBI,
while reflecting the added complexity of concomitant ocular trauma. Convergence insufficiency was the most prevalent
deficit (38.1%), closely aligning with pooled estimates from a meta-analysis of TBI populations reporting a prevalence of
36.3% [7]. In contrast, accommodative dysfunction in our study (21.5%) was lower than the 42.8% reported in TBI without
ocular injury, possibly reflecting differences in case mix or under-detection in routine clinical documentation [7]. The high
burden of vergence-related abnormalities in our cohort is further supported by evidence from military populations, where
convergence insufficiency is significantly more frequent in individuals with blast-related mild TBI, highlighting vulnerability
of vergence and accommodative pathways to traumatic insult [34]. Rehabilitation-focused studies demonstrate that these
dysfunctions are not only prevalent but also clinically actionable, with targeted interventions frequently addressing
convergence, accommodation, and binocular coordination in TBI populations [35, 36]. Our findings extend existing evidence
by demonstrating that binocular vision dysfunction remains highly prevalent even in patients with combined ocular and
systemic trauma, underscoring the need for systematic detection and integration of vision rehabilitation into trauma care
pathways.

The mechanistic case for why blunt orbital trauma and TBI both appear in the regression model is not obscure.
Acceleration-deceleration forces strain the posterior commissure and the dorsal midbrain vergence integrator; the trochlear
nerve, owing to its long intracranial course, is uniquely exposed to contrecoup shear. Blunt orbital injury layers a second
mechanism on top of this, restrictive strabismus and sensory fusion loss from direct extraocular muscle or orbital wall
disruption [37-40]. The co-occurrence of blunt orbital trauma and TBI as independent predictors of binocular vision
dysfunction is biologically plausible. Traumatic brain injury is driven by rapid acceleration-deceleration forces that induce
diffuse axonal injury and shear stress within vulnerable neural pathways, including those subserving ocular motor control.
These forces can disrupt brainstem and supranuclear networks responsible for vergence, accommodation, and coordinated
eye movements, leading to persistent binocular vision dysfunction. Blunt orbital trauma introduces an additional, peripheral
mechanism: extraocular muscle injury, entrapment, or orbital wall fractures can mechanically restrict ocular motility and
impair sensory fusion, resulting in strabismus and diplopia. The convergence of central (neurological) and peripheral
(mechanical) injury pathways provides a coherent explanation for the strong and independent associations observed in our
regression model [37-40]. These central and peripheral mechanisms are likely complementary rather than redundant,
reflecting the combined impact of diffuse neural injury and local orbital disruption on binocular function. This dual-pathway
model may explain why both variables retained independent significance after mutual adjustment. With respect to age,

young adults in Iran are disproportionately affected by road traffic injuries, with the highest burden observed in individuals
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within the economically active age range. In parallel, this group faces greater vocational and educational visual demands,

rendering binocular vision dysfunction more likely to translate into measurable functional impairment [37, 41-43]. In this
context, even modest binocular vision dysfunction, particularly convergence insufficiency, may have a disproportionate
functional impact, given its established effects on reading efficiency, visual comfort, and sustained near-task performance in
younger populations exposed to high visual demands, including digital device use [44].

The persistent under-recognition is explicable, though not excusable. Acute trauma protocols, structured by Advanced
Trauma Life Support, prioritization, airway, circulation, disability [45], and monocular acuity is the only ocular metric
routinely captured [46]. Binocular vision assessment depends on subjective responses and sustained fixation, requiring a
cooperative and attentive patient [47], yet is often impractical in acute trauma settings due to limited equipment and reduced
patient cooperation. Beyond that, the symptoms of convergence insufficiency; near-vision blur, asthenopia, diplopia on
reading, are easily attributed to pain medication, fatigue, or head injury and simply not reported during the early post-injury
phase [32]. Many binocular and oculomotor deficits may not be fully appreciated during the acute phase of injury and instead
become clinically evident as patients resume visually demanding activities, by which time the initial episode of trauma care
has often concluded [48, 49]. Consistently, nearly half of patients exhibited undetected binocular vision dysfunction.

What would a pragmatic response entail? Incorporating a brief binocular screening protocol, comprising NPC
measurement and a gross stereoacuity assessment, into the standard post-trauma ophthalmology consult would provide a
rapid, low-cost triage tool, requiring minimal equipment and no more than a few minutes to perform. Patients who screen
positive could then be referred for comprehensive optometric evaluation prior to discharge. Evidence from comparable
resource-constrained settings supports such stepwise approaches as cost-effective, and vision therapy for post-TBI
convergence insufficiency is now supported by level-I evidence [26, 50-53]. Hence the principal barrier is not technical
feasibility but integration of this pathway into routine trauma care.

This study has several limitations that should be considered when interpreting the findings. First, its retrospective
design means that binocular assessments were performed as part of routine care rather than through a standardized
screening protocol, likely favoring more symptomatic patients and potentially overestimating the true prevalence of
binocular vision dysfunction. Second, incomplete binocular data led to the exclusion of 28.8% of eligible patients, introducing
selection bias of uncertain direction. Third, the single-center setting in a large urban trauma facility may limit generalizability
to other contexts, particularly district hospitals or rural environments where injury patterns and resource availability differ.
Notwithstanding these limitations, the study leverages a high-volume trauma registry and provides, to our knowledge, one
of the most detailed characterizations of binocular vision dysfunction in polytrauma patients with ocular involvement in
Iran. Future prospective, multicenter studies employing standardized optometric assessment protocols and longitudinal
follow-up are warranted to better define the natural history of these observed binocular dysfunctions and to evaluate the

impact of early detection and targeted intervention on functional outcomes.

CONCLUSIONS

Binocular vision dysfunction is common among polytrauma patients with ocular involvement, affecting nearly half of cases
in this cohort, yet remains largely unrecognized within routine trauma care. Blunt orbital trauma, concomitant TBI, and
younger age independently identify patients at increased risk. These findings highlight a clinically meaningful gap between
the burden of binocular vision dysfunction and its detection during acute care. Incorporating a brief, targeted binocular
vision screening into standard post-trauma ophthalmologic assessment may represent a pragmatic and low-resource strategy
to improve identification and referral. Given that several of these anomalies, particularly convergence insufficiency, are
amenable to treatment, earlier recognition has the potential to mitigate persistent visual symptoms and improve functional

recovery.
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