


Study Protocol 

Effect of Oculomotor Therapy on Convergence Insufficiency and Postural Control: Protocol for a Randomized Clinical Trial


ABSTRACT
Background: Convergence insufficiency (CI) is a binocular vision disorder that impairs the ability to sustain near focus, causing symptoms such as diplopia, visual fatigue, and headaches. Evidence also links CI to postural control deficits, suggesting it may be an underestimated risk factor for balance instability. However, this relationship remains unclear in the literature.
Aims: To investigate the effects of oculomotor therapy on binocular convergence and postural control in adults with convergence insufficiency (CI).
Materials and Methods: This will be a randomized controlled clinical trial, with a total of 48 participants with a confirmed diagnosis of CI. Participants will be randomly allocated to two groups: Experimental Group (EG, n=24) which will receive oculomotor therapy, and Control Group (CG, n=24) which will have no intervention. Oculomotor therapy will include exercises such as Brock String, Barrel Card, Life Saver Card (Dynamic Convergence Training), Saccadic and Pursuit Eye Movement Exercises, and Modified Pencil Push-Up. Assessments will occur at three time points: baseline (prior to the intervention), immediately after the five-session intervention (once per week), and at a 30-day follow-up. The primary outcomes will be ocular convergence capacity, assessed using the Near Point of Convergence (NPC) test, and functional mobility, evaluated using the Timed Up and Go (TUG) test. Secondary outcomes include CI-related symptomatology, assessed using the Convergence Insufficiency Symptom Survey (CISS), Quality of Life (SF-36), and postural control (Stabilometry) using a force platform.
Results: Analysis will be by intention-to-treat using a linear mixed model approach to account for potential participant dropouts. Comparisons between groups before and after treatment will demonstrate whether oculomotor therapy has a significant effect on binocular convergence capacity and postural control. The data will be published after the study is completed. The study may support the incorporation of oculomotor rehabilitation into broader therapeutic strategies aimed at preventing falls and improving functional autonomy. This protocol was registered (NCT07036263) and received ethical approval (CAEE: 79397224.2.0000.5511). 
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1. INTRODUCTION
Convergence insufficiency (CI) is a binocular vision disorder characterized by the inability to adequately converge or sustain convergence during fixation on near objects (CITT, 2008; Menigite et al, 2017; Scheiman et al., 2020). Common symptoms include diplopia, visual fatigue, headaches, ocular discomfort, difficulty concentrating, and poor performance in tasks requiring prolonged near vision ( Nunes et al., 2019, Hashemi et al., 2021, Hajebrahimi et al., 2024).
Although historically studied mainly in children and adolescents, this dysfunction may affect individuals across different age groups (Scheiman et al., 2005, Bucci et al., 2009, Chang et al., 2021). Young and middle-aged adults, especially those with high visual demands in work or academic environments, also exhibit a high prevalence of CI (Figueiredo et al., 2022). In older adults, this condition has received increasing attention due to its high frequency and potential functional impact in the context of population aging (Hashemi et al., 2021). It is estimated that around 5% of the general population may present CI, with prevalence reaching up to 21% in individuals over 60 years old, and exceeding 30% in certain subgroups (Nunes et al., 2019, Hashemi et al., 2021).
Diagnosis is based on a combination of clinical signs and patient-reported symptoms. The most common criteria include measurement of the near point of convergence (NPC), significant near exophoria, poor fusional vergence, and high scores on the Convergence Insufficiency Symptom Survey (Cuccia & Caradonna, 2008, Rouse et al., 2009, Paula et al., 2025).
In addition to impairing near-vision efficiency, CI may also have broader implications for sensorimotor function. Some studies have suggested that convergence disorders are associated with poor postural patterns, possibly due to interference in the sensory mechanisms that regulate postural control (Delfosse et al., 2018, Jayakaran et al., 2021). 
Overall, vision plays a leading role in anticipatory postural adjustments and balance correction, especially in environments with sensory or cognitive challenges (Paulus et al., 1984). Studies involving individuals with visual deficits demonstrate significant alterations in postural control, including increased visual dependency, greater center-of-pressure variability, and poor performance in static and dynamic balance tests (Morize and Kapula et al., 2017, Deflfosse et al., 2018, Sanchez-Gonzalez et al., 2020). Thus, CI may be an underestimated risk factor for postural instability, particularly among older populations where the postural control system is more vulnerable to deterioration (Horak, 2006, Van Humbeeck et al., 2023). These findings reinforce the importance of including binocular visual function in balance assessment and rehabilitation strategies.
Among the available treatment options for this dysfunction, optometric vision therapy has shown benefits in adults with mild brain injury, with participants exhibiting either complete or marked reduction of oculomotor symptoms and improvement in related clinical signs (Ciuffreda et al., 2008). Considering the potential functional impairments caused by CI, specific interventions aimed at improving convergence may also have positive effects on body stability. In this context, oculomotor therapy based on vergence exercises has demonstrated efficacy in reducing CI symptoms (Scheiman et al., 2020; Rovira-Gay et al., 2025). However, few studies have investigated its impact on postural control.
In light of this, the present study aims to investigate the effects of oculomotor therapy on binocular convergence and postural control in adults with CI. The hypothesis is that a structured therapy protocol based on the CITT will be effective in improving NPC and balance-related outcomes when compared to a control group without intervention.


2. MATERIALS AND METHODS

2.1 Design

A randomized controlled clinical trial will be conducted following approval from the Research Ethics Committee of University Nove de Julho (protocol number: CAEE: 79397224.2.0000.5511).  All participants will receive detailed information about the study’s objectives and procedures and will provide written informed consent before participating in any assessments. The study flow is illustrated in Figure 1. This protocol has been registered on ClinicalTrials.gov (ID: NCT07036263).
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Figure 1. Study flow diagram. (Figure source: authors).

2.2 Sample size

The sample size was estimated considering a clinically meaningful difference of 3.0 seconds in the Timed Up and Go (TUG) test between the experimental and control groups, with an expected standard deviation of 2.5 seconds. As no studies were found that specifically describe a clinically meaningful difference in Timed Up and Go (TUG) performance for individuals with convergence insufficiency, the present estimate was based on research involving populations with comparable functional impairments, such as individuals with sensory integration deficits or mild balance disorders (Gerhardy et al., 2019, Verdecchia et al., 2020). A two-tailed alpha level of 0.05 and a statistical power of 95% were used, resulting in a required sample size of 20 participants per group. Considering a potential dropout rate of 20%, the final sample size was adjusted to 24 participants per group, totaling 48 individuals in the study.

2.3 Participants

A total of 48 participants from the local community, aged between 18 and 60 years, will be recruited for this study. All participants must have a clinical diagnosis of CI confirmed by an ophthalmologic evaluation. Recruitment will be conducted through community outreach and referrals.
To be included in the study, participants must meet the following criteria: confirmed diagnosis of CI, physical ability to perform the oculomotor exercise protocol, no cognitive impairment (Mini-Mental State Examination score ≥ 24) and absence of active vestibular dysfunction (Creavin et al., 2016, Tsoi et al., 2021, Sakurai et al., 2021). Absence of active vestibular dysfunction will be confirmed through a structured clinical interview and screening procedures. Participants will be excluded if they report current vestibular symptoms (e.g., dizziness, vertigo, oscillopsia), have a recent history (within the last 30 days) of vestibular crisis.
The exclusion criteria will include: diagnosis of degenerative neurological disorders, history of stroke, peripheral neuropathy, joint prostheses, disabling pain that interferes with mobility, current engagement in visual therapy or physical therapy or any medical condition that prevents the execution of the prescribed exercises.
After screening, participants will be randomly allocated to either the experimental group (EG, n=24]) or control group (CG, n=24), using a simple randomization method involving opaque envelopes. Each envelope will be labeled with a group code (A or B), and volunteers will select an envelope on the day of allocation. Once one group reaches its full sample size, subsequent participants will be assigned to the remaining group in the order of arrival.

2.4 Blinding

To ensure methodological rigor and minimize bias, the study procedures will be performed by independent researchers with distinct responsibilities:
Evaluator 1: Responsible for screening participants based on the inclusion and exclusion criteria. Evaluator 2: Will administer questionnaires and conduct the clinical evaluation of participants before and after the intervention period. Evaluator 3: Will perform the random allocation of participants to either the experimental group (EG) or control group (CG) using sealed opaque envelopes. Evaluator 4: will be responsible for administering the intervention protocols to the participants. Evaluator 5: Will process all data related to functional assessments and perform the statistical analyses.
Evaluators 2 and 5 will be blinded to the participants’ group allocation and the type of intervention received, thereby preserving the integrity of both the selection and outcome analysis processes.

2.5 Evaluation Procedures

Participants will undergo assessments at three time points: baseline (prior to the intervention), immediately after the five-session intervention (once per week), and at a 30-day follow-up. Clinical characteristics will be assessed by a physical therapist experienced in evaluating CI, using the measurement of the near point of convergence (NPC) as a primary clinical marker. Symptomatology related to CI will be assessed using the Convergence Insufficiency Symptom Survey (CISS) (Tavares et al., 2014). 

2.6 Outcome Measures

The primary outcomes of the study will be functional mobility and ocular convergence capacity, assessed using the Timed Up and Go (TUG) test and the Near Point of Convergence (NPC) test, respectively, as described below:
1) TUG Test: This test will be used to evaluate functional mobility. It measures the time (in seconds) a participant takes to rise from a standard chair, walk three meters, turn around, walk back, and sit down. The TUG is a well-established, valid, and reliable instrument for assessing dynamic balance, mobility, and fall risk. Lower completion times indicate better performance. 
2) NPC Test: To assess ocular convergence, the NPC will be measured using a calibrated caliper with a marked sliding arm. The device will be positioned at the temporal orbital margin and moved slowly toward the participant’s nose, remaining at eye level (Figure 2). The distance at which ocular divergence occurs will be recorded and interpreted according to the following criteria:  3.0–4.0 cm: normal convergence; 4.1–6.9 cm: sufficient convergence and ≥7.0 cm: convergence insufficiency (Cuccia &Caradonna, 2008, Dos Santos et al., 2021, Paula et al., 2025). 
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            Figure 2. Near Point of Convergence test. (Figure source: authors).

Secondary Outcomes: 
1) CISS: The CISS a validated and reliable instrument developed by the Convergence Insufficiency Treatment Trial. It is recognized as the first standardized tool approved to quantify both the frequency and intensity of symptoms associated with CI and other binocular or accommodative disorder. The CISS consists of 15 items rated on a five-point Likert scale, each targeting a specific symptom. It demonstrates strong psychometric properties and allows for clear identification of symptom severity. Scores are interpreted as follows: 0 to 10 points: normal binocular vision; 11 to 36 points: suspected CI; 37 to 60 points: confirmed CI (Menigite & Taglietti, 2017).
2. Quality of Life: The Short Form Health Survey (SF-36) is a generic instrument used to assess health-related quality of life. It comprises 36 items across eight domains: physical functioning, bodily pain, general health, vitality, social functioning, emotional role functioning, mental health, and role limitations due to physical health. Scores range from 0 to 100, with higher values indicating better perceived health status. The SF-36 is widely used in elderly populations and in studies related to fall prevention) (Bjerk et al., 2019).
3. This is a commonly used static balance test to assess postural stability and predict frailty, especially in community-dwelling older adults (Michikawa et al., 2009). The test consists of asking the participant to stand unassisted on one leg with eyes open, and then with eyes closed, for a maximum of 30 seconds. Three trials will be conducted for each visual condition, and the best performance (i.e., longest duration) will be recorded. Higher times indicate better balance capacity. During the test, an evaluator will remain beside the participant to ensure safety and prevent falls.
4. Postural Control (Stabilometry): Postural control will be assessed using a force platform (Biomec-400, EMG System do Brasil). Stabilometric data will be recorded during quiet standing for 60 seconds under two visual conditions: eyes open (EO) and eyes closed (EC), and also during unipedal stance for up to 30 seconds. Each condition will be tested in three trials, with one-minute rest intervals between them (Ruhe et al., 2010). During the rest period, participants will be seated to avoid fatigue. Measurements will include center of pressure displacement and sway parameters to analyze postural stability under varying sensory inputs.

2.7 Interventions

The EG will receive oculomotor therapy, while the CG will not receive any intervention. Following the study's conclusion, if significant differences are observed between the groups, demonstrating an improvement in CI for the treated group, the control group will subsequently receive the same oculomotor therapy.
Each oculomotor therapy session will follow structured protocols based on well-established binocular vision rehabilitation techniques, with progressive levels of difficulty according to each participant’s performance. The exercises are designed to stimulate convergence, ocular alignment, and binocular fusion, and are adapted to the clinical characteristics of individuals with CI.
1) Brock String Exercise (Figure 3): The Brock String is a classic tool for convergence training. The participant holds one end of a string with two colored beads placed at different distances from the nose. The task involves fixating on each bead sequentially, while observing the formation of intersecting lines or an “X” pattern. This visual feedback allows the participant to adjust ocular convergence voluntarily, promoting aligned visual axes and improving binocular fusion (Rovira-Gay et al., 2025).
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Figure 3. Brock String Exercise. (Figure source: authors).

2) Barrel Card Exercise: Barrel cards consist of a vertical arrangement of colored circles of increasing size (Figure 4). The participant holds the card against the nose and attempts to focus on individual circles while maintaining single vision. The therapist may move the card forward or backward, stimulating both sustained convergence and divergence. This exercise helps train the ability to maintain fusion under varying demands;
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              Figure 4. Barrel Card Exercise. (Figure source: authors).
3) Life Saver Card (Dynamic Convergence Training): This technique involves cards with concentric ring patterns resembling “life savers,” each with a central hole (Figure 5). The participant fixates through the hole as the card is moved slowly toward or away from the nose. This promotes dynamic convergence and enhances near point of convergence (NPC) ability by engaging the eyes in continuous alignment tasks;
[image: ]
Figure 5: A) Life Saver Card. B) Dynamic Convergence Training. (Figure source: authors).
4) Saccadic and Pursuit Eye Movement Exercises: These activities focus on the accuracy and coordination of eye movements. Participants are instructed to perform horizontal, vertical, and diagonal tracking movements (pursuits), as well as rapid jumps between fixed targets (saccades). These exercises reinforce binocular coordination and visual stability;
5) Pencil Push-Up (Modified): In this adapted version of the pencil push-up exercise, the participant alternates gaze between a near target (a pencil held close to the nose) and a fixed distant point (Figure 6). This reinforces both accommodation and convergence, strengthening the mechanisms of near fixation and promoting single binocular vision.
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Figure 6: Pencil push-up exercise. . (Figure source: authors).

Structure and Progression
Each exercise will be performed in sets lasting between 1 to 3 minutes, repeated for 5 to 10 series per session, with brief rest intervals to prevent fatigue. Progression will be individualized: participants will advance to more challenging exercises based on improvements in convergence function and subjective comfort. Performance will be documented during each session, including metrics such as the NPC distance, occurrence of diplopia (double vision), and task tolerance.

Rationale
Convergence therapy is well-supported in the scientific literature as an effective intervention for improving clinical indicators in individuals with convergence insufficiency. The selected techniques are evidence-based and aim to address both the motor and sensory components of binocular vision.

2.8 Stabilometric parameters 

To assess postural sway, displacement of the center of pressure (CoP) will be analyzed in both the anteroposterior (AP) and mediolateral (ML) directions. The CoP signals will undergo preprocessing using a 10 Hz low-pass Butterworth filter, as recommended by Ruhe et al. (2010), to eliminate high-frequency noise and preserve relevant sway information.Three commonly used stabilometric data will be computed to characterize postural control:
1) Sway Area (cm²): The total sway area will be estimated by fitting an ellipse that encloses 95% of the CoP trajectory in the AP versus ML plane, following the method described by Oliveira et al. (1996). This parameter reflects the overall magnitude of body sway.
2) Mean Velocity (cm/s): The average speed of CoP displacement in both AP and ML directions will be calculated by dividing the total distance traveled by the duration of the trial. This measure provides insight into the control effort and responsiveness of the postural system (Ruhe et al., 2010).
3) Frequency (Hz): The sway frequency will be determined by identifying the frequency threshold below which 80% of the total spectral power of CoP displacement is concentrated. This approach, based on the method proposed by Baratto et al. (2002), is considered more sensitive than conventional spectral parameters in distinguishing balance control characteristics.

2.9 Statistical Analysis

The data will be processed and organized using SPSS software (version 19.0), adopting a significance level of 5% (p < 0.05). The Shapiro-Wilk test will be applied to assess the normality of the data distribution. Descriptive statistics will be used to summarize the characteristics of the participants. Comparisons between the experimental and control groups will be conducted using either an independent t-test or the Mann-Whitney U test, depending on data distribution. To evaluate the intervention effect, a linear mixed model approach will be applied, with an intention-to-treat analysis to account for potential participant dropouts Group differences and their respective 95% confidence intervals will be reported (Twisk, 2003). 

3.RESULT AND DISCUSSION

The present protocol outlines a randomized clinical trial designed to investigate the effects of oculomotor therapy on binocular convergence and postural control in adults with CI. Previous studies have demonstrated the efficacy of vergence-based therapy in improving visual symptoms) (Scheiman et al., 2020, Rovira-Gay et al., 2025), but few have addressed its potential impact on functional outcomes such as balance and mobility.
Considering the close integration between the visual and postural control systems (Delfosse et al., 2018), it is plausible that improvements in convergence function may lead to better postural stability. This may be especially relevant in older populations, where diminished sensory integration and increased fall risk are common concerns (Horak 2006, Van Humbeeck et al., 2023).  
The protocol includes a combination of validated clinical and functional outcomes, such as the NPC, the TUG test, and postural sway analysis via force platform, which enhances the ecological validity and comprehensiveness of the assessment. Furthermore, by including follow-up evaluations and structured blinding procedures, the study design aims to minimize bias and increase the reliability of findings.
If successful, this study will contribute to a growing body of evidence supporting the use of vision therapy as a multimodal strategy in functional rehabilitation. It may also inform clinical guidelines by highlighting the relevance of binocular vision assessment in balance-related interventions.

4. CONCLUSION

This clinical trial protocol proposes an innovative, non-invasive approach to improving binocular convergence and postural control through oculomotor therapy. By integrating vergence-based exercises into a structured intervention, this study seeks to examine whether enhancing visual function can generate measurable improvements in mobility and balance, particularly in populations at increased risk for postural instability. The results may support the incorporation of oculomotor rehabilitation into broader therapeutic strategies aimed at preventing falls and improving functional autonomy.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

The authors affirm that no generative artificial intelligence tools, including large language models (e.g., ChatGPT, Copilot) or image generation software were utilized in the preparation, writing, or editing of this manuscript.

CONSENT

As per international standard or university standard, patient(s) written consent has been collected and preserved by the authors.

ETHICAL APPROVAL
All eligible participants will receive detailed information regarding the study’s objectives and procedures. Those who voluntarily agree to participate will be required to sign an informed consent form, in compliance with the principles outlined in the Declaration of Helsinki (1975) and Resolution 466/12 of the Brazilian National Health Council.
This research protocol has been approved by the Ethics Committee of Nove de Julho University (approval number: 79397224.2.0000.5511) and is registered in the ClinicalTrials.gov database under identifier NCT07036263.
All personal data collected from potential and enrolled participants will be handled confidentially by the research team and safeguarded throughout the study, as well as after its completion.
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