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Abstract

Significance

Virtual reality is increasingly being used in the medical field, particularly in rehabilitation. Eyesoft has developed a virtual re-

ality headset combined with an eye tracker (EMAA Pro) to treat binocular vision disorders.

Purpose

The main objective of this study is to assess the repeatability, reproducibility and safety of the measurements carried out

with EMAA. The secondary objective is to report expected values for all tests.

Methods

The study involved 70 non-presbyopic adults aged 18-40 with normal binocular vision and visual acuity of at least 20/25. All
participants completed two test sessions using EMAA with the same examiner, measuring stereo acuity, NPC, fusional ver-
gences, and ocular deviation. A subset of 36 subjects repeated these tests with a different examiner to assess inter-examiner

reliability.

© 2025. Brodin Anais, Pierre Fantou, Thomas Didier, Audrey Persillion, Enora Robic.
This is an open access article published by Jscholar Publishers and distributed under
the terms of the Creative Commons Attribution 4.0 International License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

JScholar Publishers J Ophthalmol Open Access 2025 | Vol 9: 105



Results

(p<0.001) - 0.2 (p=0.18) / 0.2 (p=0.15) - 0.1 (p=0.22)).

Conclusion

Stereo acuity was evaluated using Kappa coeflicients, showing poor repeatability/reproducibility values (K=0.3 (p<0.001) /
0.2 (p=0.04) and K=0.4 (p<0.001) / 0.2 (p=0.04)). For other measurements, intra-class coefficient (ICC) and Bland-Altman
analyses revealed: strong repeatability and reproducibility for NPC (both at ICC=0.8 (p<0.001)), positive fusional vergences
(ICC=0.8-0.9 (p<0.001) / 0.6 (p<0.001) - 0.5 (p=0.002)) and ocular deviation values for distance (ICC=0.7-0.8/0.7
(p<0.001)) and near (ICC=0.8-0.7/0.6-0.8 (p<0.001)). However, values for negative fusional vergences were poor (ICC=0.4

This study showed overall good repeatability and moderate reproducibility of measurements using EMAA.

Introduction

Traditionally, binocular vision has been assessed
using conventional tools such as prisms, prism bars, fixa-
tion targets, and standardized tests. However, these meth-
ods present several limitations. Measurement outcomes are
strongly influenced by both the testing procedure and the
examiner’s technique, leading to variable and sometimes in-
consistent results. For instance, in the evaluation of fusional
vergences, the different available tests are not interchange-
able and may produce heterogeneous outcomes [1, 2]. Fur-
thermore, repeated use of these manual tools can expose

clinicians to the risk of musculoskeletal disorders [3].

In recent years, virtual reality (VR) has emerged as
an innovative technology in the medical field, particularly
in rehabilitation, where it supports and enhances clinical
practice. Its immersive properties offer promising alterna-
tives to traditional vision testing. VR-based interventions
have shown significant improvements in binocular vision
parameters among young adults with convergence insuffi-
ciency and accommodative dysfunctions [4]. VR has also de-
monstrated reliability and validity in the measurement of
strabismus [5, 6] and stereoscopic vision [7], producing re-
sults comparable to conventional assessments and exhibit-
ing good test-retest consistency. The integration of eye--
tracking technology within VR systems has further ad-
vanced the field by allowing precise quantification of ocular
movements, thereby increasing the objectivity of measure-
ments [8]. Additionally, the inclusion of gamification ele-
ments enhances patient engagement and compliance during

visual tasks [9].
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Within this context, the company Eyesoft has de-
veloped EMAA Pro, a system combining VR and integrated
eye-tracking technology for the assessment and rehabilita-
tion of binocular vision disorders, both in clinical and tele-
care. The main advantage of this device is its ability to
conduct a comprehensive orthoptic evaluation using immer-
sive and accurate digital measurements. However, to date,
no data are available regarding the repeatability and repro-

ducibility of this tool.

Therefore, the present study aims to evaluate these
parameters for several binocular vision measures specifical-
ly, stereoscopic acuity, near point of convergence (NPC), oc-
ular deviation at near and distance, and positive and nega-
tive fusional vergences (PFV and NFV). Furthermore, this
study seeks to establish reference values for these parame-

ters when measured using the EMAA Pro headset.

Materials and Methods
Study Population

This prospective study was conducted at Rennes
University Hospital, following approval from the institu-
tion’s Biomedical Research Ethics Committee (ethical clear-

ance reference number n°24.141).

Participants were recruited according to the follow-

ing inclusion criteria:
o Age between of 18-40 years

o Normal retinal correspondence
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e Minimum binocular visual acuity (VA) of at least

20/25 on the Monoyer linear scale.

All enrolled participants met these criteria, and no

exclusions were required during the course of the study peri-

od.
Study Process

Prior to enrollment, all potential participants take
part in a baseline screening to verify eligibility criteria. The
initial evaluation included assessment of stereoscopic vision
using the Lang I test at 40 cm and measurement of binocu-
lar visual acuity (VA) with the Monoyer linear scale at 5 me-
ters. Subjects demonstrating a binocular VA of 20/25 or bet-
ter and a positive stereopsis result (i.e., presence of binocu-
lar vision) were eligible for inclusion. All participants meet-

ing these criteria were enrolled in the study.

The experimental protocol consisted of multiple
measurement sessions. In the first phase, all participants un-
derwent two consecutive examinations (Test 1 and Test 2)
performed by Operator 1. The following parameters were re-

corded:
o Age (years)
e Gender
o Refractive status (emmetropia, myopia, hyperopia)
e NPC in centimeters (cm)
e Stereoacuity in seconds of arc (")
e PFV and NFV in prism diopters (PD)

e Ocular deviation at distance and near in prismatic

diopters (PD).

Refractive errors were categorized into three
groups: emmetropia, myopia and hyperopia. For subjects
with astigmatism, spherical equivalent calculations were cal-
culated to determine the appropriate categorization. In the
second phase, the same measurements were repeated by Op-
erator 2 during Tests 3 and 4, conducted a few days later,

for a subset of the study population.
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Materials

This study utilized the EMAA Pro application’s
Eval module, operated on a Pico Neo 3 Eye VR headset
equipped with integrated Tobii eye-tracking technology
(sampling rate: 30 Hz). To ensure methodological consisten-
cy, identical software versions and hardware configurations

were maintained across all testing sessions.

A standardized testing protocol was implemented.
Each participant completed the full assessment sequence
twice to evaluate repeatability, in the following order: stereo-
scopic vision, NPC, PFV, NFV, and ocular deviation at both

distance and near.

The system operates on an internet-based plat-
form, requiring stable network connectivity. The integrated
eye-tracking module continuously records ocular move-
ments throughout each test. Data acquisition is fully auto-
mated, with results stored within pre-established individual
participant profiles, enabling immediate post-assessment ac-
cess for analysis. Participants were seated in a standard ex-
amination room and fitted with the VR headset, which pro-
vided complete visual isolation from the external environ-
ment. Prior to testing, the headset underwent calibration,
during which participants fixated on a point alternately dis-
played at the four corners of the visual field inside the head-
set. All test procedures were explained verbally and supple-
mented by standardized written instructions displayed
within the headset interface. Testing began with the stereos-
copic vision assessment, performed using a random-dot
stereotest that required participants to identify geometric
shapes (square, triangle, or circle) across disparity levels
ranging from 1000 to 30 arcseconds. The finest level success-
fully completed was recorded as the stereoscopic threshold.
Subsequently, NPC was measured by asking participants to
maintain fusion on a central target until the onset of di-
plopia. The NPC value corresponded to the closest point at
which binocular convergence was maintained, up to a mini-
mum limit of 5 cm. PFV and NFV were then assessed at a
viewing distance of 2 meters. Participants were instructed to
maintain single binocular vision while focusing on a white
target. NFV (up to 20 PD) was evaluated first, followed by
PEV (up to 80 PD). The fusion break point for each was au-
tomatically determined by the eye-tracking system. Finally,
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ocular deviation was measured at near (40 cm) and distance
(4 m). Participants fixated on a star-shaped target while an
alternate prism cover test was performed to quantify devia-

tion in prism diopters (PD).
Statistical Analysis

Test results were recorded using an Excel file with
subsequent data pseudonymization. Demographic compari-
sons employed Student's t-test for age analysis and Chi-
squared tests for gender and refractive error distributions.
Spearman correlation analyses were assessed for quantita-

tive measurements.

Repeatability was assessed by comparing Test 1 vs.
Test 2 and Test 3 vs. Test 4 (intra-examiner), while reprodu-
cibility was assessed by comparing Test 1 vs. Test 3 and Test
2 vs. Test 4 (inter-examiner). Intraclass correlation coeffi-
cients (ICC) were used to determine the agreement of quan-
titative measures (NPC, PFV, NFV, and ocular deviation)
following the methodology reported in [10].

Agreement between measurements was evaluated
using Bland-Altman plots. The analysis included limits of
agreement (LoA), defining the acceptable range of differ-
ences between repeated measurements to assess measure-
ment variability and systematic error between testing meth-
ods. For categorical measurements (stereoscopic acuity), Co-
hen's Kappa coeflicient assessed intra- and inter-observer
agreement, providing reliability and reproducibility mea-

sures for subjective classifications according to [11].

4

Expected values of EMAA's measurements were
presented as mean (with standard deviation), 95% CI, me-

dian, quartiles, and minimum and maximum values.

To evaluate the safe use of EMAA, investigators
documented all adverse events occurring during VR expo-

sure. These events were quantified as percentages of total.

Results
Population Demographics

This study involved 70 participants aged 18-40
(mean 25 + 7 years), with 55 women and 15 men (sex ratio
3:6). All participants (Population 1) completed Tests 1 and
2. A subset of 36 participants (Population 2) completed
Tests 3 and 4 with a different operator. Population 2 had a
mean age of 23 + 5 years, with 31 women and 5 men (sex ra-
tio 6:2). Statistical analysis showed no significant demo-

graphic differences between the populations (Table 1).

All data were obtained for each participant based

on their population.

Correlation coefficients were calculated for all
quantitative measurements (Table 2). Strong and very
strong correlations were observed for NPC and both near
and far ocular deviation. For PFV, tests conducted for re-
peatability demonstrated very strong correlations, while
those for reproducibility showed moderate correlations.
However, all NFV tests showed lower correlations in both

repeatability and reproducibility analyses.

Table 1: Characteristic Comparison between the Two Populations.

Population 1 (n=70) Population 2 (n=36) P-value

Age (years) 25 23 0.11

Sex Male 21 14 0.35
Female 79 86

Ametropia Emmetropic 30 11 0.09
Myopic 33 42
Hyperopic 37 47
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Table 2: Spearman Correlation Analysis of EMAA Pro Application Tests and Their Repeatability and Reproducibility

Test 1-2 Test 3-4 Test 1-3 Test 2-4

r P r p x p Y P

NPC 0.8 | <0.001 | 0.7 | <0.001 | 0.7 | <0.001 | 0.7 | <0.001
PFV 0.8 | <0.001 | 0.9 | <0.001 | 0.5| 0.002 | 0.4 | 0.009
NFV 0.4|<0.001 [{0.1] 0.533 |0.2| 0.366 |0.02| 0.91
Ocular deviation at distance 0.7 | <0.001 | 0.7 | <0.001 | 0.6 | <0.001 | 0.7 | <0.001
Near ocular deviation 0.7 | <0.001 | 0.8 | <0.001 | 0.8 | <0.001 | 0.6 | <0.001

Repeatability

Repeatability was evaluated by comparing intra-ex-
aminer measurements, specifically between test sessions 1
and 2, and between sessions 3 and 4. Overall, a good level of
agreement was observed, with negligible mean differences
between repeated measurements for the NPC (0.03 + 4.70
cm and 0.42 + 2.89 cm), distance phoria (0.09 + 1.71 PD
and 0.33 £+ 1.49 PD), and near phoria (0.13 + 2.40 PD and
0.50 = 3.90 PD). (Tab.3) Nevertheless, the limits of agree-
ment (LoA), which reflect the range of measurement varia-
bility, should be carefully considered in clinical practice:
19.00 cm or +5.50 cm for NPC, +3.00 PD or +2.50 PD for

distance phoria, and +4.50 PD or +7.50 PD for near phoria.
(Figure 1) Regarding PFV, intersession agreement was ac-
ceptable, although the mean differences between test ses-
sions were larger (4.11 + 15.40 PD and 1.64 + 11.51 PD)
(Table 3). Measurement variability was substantial, with a
LoA of £30.00 PD or +22.00 PD, indicating that caution
should be exercised when interpreting individual results in
routine clinical settings. (Figure.1) For NFV, agreement was
weak, despite small mean differences between sessions (0.69
+ 4.35 PD and 0.78 + 4.93 PD) (Table 3). The LoA revealed
considerable variability for this parameter (£8.50 PD or
+9.50 PD), suggesting that NFV measurements may be less

reliable across repeated assessments (Figure 1).

Table 3: Intraclass Coefficient (Icc) of Repeatability of Emaa Pro Measurements

Measurements Combination ICC values 95% CI P-values
NPC Test 1 - Test 2 0.8 [0.69; 0.85] <0.001
Test 3 - Test 4 0.8 [0.61; 0.86] <0.001
PFV Test 1 - Test 2 0.8 [0.70; 0.86] <0.001
Test 3 - Test 4 0.9 [0.81; 0.93] <0.001
NEV Test 1 - Test 2 0.4 [0.25; 0.57] <0.001
Test 3 - Test 4 0.2 [-0.13; 0.41] 0.18
Far ocular deviation Test 1 - Test 2 0.7 [0.60; 0.80] <0.001
Test 3 - Test 4 0.8 [0.68; 0.88] <0.001
Near ocular deviation Test 1 - Test 2 0.8 [0.74; 0.87] <0.001
Test 3 - Test 4 0.7 [0.46; 0.79] <0.001
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Figure 1: Bland-Altman plots comparing repeatability of EMMA measurements

A :NPC of Test 1-2 ; B: NPC of Test 3-4 ; C: PFV of Test 1-2 ; D : PFV of Test 3-4 ; E : Far ocular deviation of Test 1-2 ; F : Far
ocular deviation of Test 3-4 ; G : Near ocular deviation of Test 1-2 ; H : Near ocular deviation of Test 3-4 ;1 : NFV of Test 1-2;]
: NFV of Test 3-4

JScholar Publishers J Ophthalmol Open Access 2025 | Vol 9: 105



Reproducibility

Inter-examiner reproducibility of EMAA Pro was
evaluated by comparing measurements between Tests 1 and
3, and between Tests 2 and 4. Overall, good agreement was
observed, with minimal mean differences for the NPC (0.28
+ 2.74 cm and 0.22 + 3.00 cm) and for one of the near ocu-
lar deviation comparisons (0.22 + 2.86 PD) (Table 4). How-
ever, measurement variability should be taken into account
in clinical practice, as indicated by the LoA: +5.00 cm or
+5.50 cm for NPC and +5.50 PD for the test 2-test 4 com-
parison of near ocular deviation (Figure 2). For distance oc-
ular deviation (0.00 + 1.60 PD and 0.14 + 1.60 PD), PFV

(4.08 + 21.75 PD and 1.72 + 24.69 PD), and the Test 1-Test
3 comparison of near ocular deviation (0.06 + 4.09 PD),
agreement was moderate, with varying mean differences
across parameters (Table 4). The corresponding LoA were
also substantial and should be considered in clinical inter-
pretation: £3.00 PD for distance ocular deviation, +47.5 PD
for PFV, and +8.00 PD for the Test 1-Test 3 comparison of
near ocular deviation (Figure 2). Finally, reproducibility
was lower for NFV, which demonstrated poor agreement de-
spite small mean differences (0.72 £ 5.00 PD and 1.00 +
5.13 PD). (Table 4). Measurement variability was consider-
able for this parameter, with a LoA of £9.50 PD and +10.00
PD (Figure 2).

Table 4: Intraclass coeflicient (ICC) of reproducibility of EMAA Pro measurements

Measurements Combination ICC values 95% CI P-values
NPC Test 1 - Test 3 0.8 [0.62; 0.86] <0.001
Test 2 - Test 4 0.8 [0.63; 0.86] <0.001
PFV Test 1 - Test 3 0.6 [0.42; 0.76] <0.001
Test 2 - Test 4 0.5 [0.23; 0.66] 0.002
NFV Test 1 - Test 3 0.2 [-0.11; 0.43] 0.15
Test 2 - Test 4 0.1 [-0.15;0.39] 0.22
Far ocular deviation Test 1 - Test 3 0.7 [0.59; 0.84] <0.001
Test 2 - Test 4 0.7 [0.57;0.84] <0.001
Near ocular deviation Test 1 - Test 3 0.6 [0.43; 0.77] <0.001
Test 2 - Test 4 0.8 [0.60; 0.85] <0.001

Regarding qualitative variables, stereoscopic vi-
sion was analyzed using the Kappa coefficient. The repeata-
bility analysis revealed fair agreement between Test 1 and
Test 2 (K=0.3; p<0.001), and slight agreement between Test
3 and Test 4 (K=0.2; p=0.04). For reproducibility, fair agree-
ment was observed between Test 2 and Test 4 (K=0.4;
p<0.001), while poor agreement was found between Test 1

and Test 3 (K=0.2; p=0.04), suggesting significant variabili-
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ty between Observer 1 and Observer 2.

Expected Values

Expected values were calculated for each measure-
ment session made with EMAA (Table 5). We focus primari-
ly on the initial VR headset exposure measurements (Test
1), as these values are not influenced by learning or test-

retest effects.
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Figure 2: Bland-Altman Plots Comparing Repeatability of EMMA Measurements

A :NPC of Test 1-2 ; B: NPC of Test 3-4 ; C : Near ocular deviation of Test 1-2 ; D : Near ocular deviation of Test 3-4 ; E : Far
ocular deviation of Test 1-2 ; F : Far ocular deviation of Test 3-4 ; G : PFV of Test 1-2 ; H: PFV of Test 3-4 ; I : NFV of Test 1-2;
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Table 5: Excepted values of tests from EMAA Pro application

Mean + SD 95% CI Min; Q1; median; Q3; max
Stereo acuity (in seconds of arc) 150.6 + 143 | [116.6;184.7] (30; 45; 90; 215; 500)
NPC (in centimeters) 10.5 + 6.6 [9;12.1] (5; 6.5; 8.4; 11.5; 35.5)
PEV (in prism diopters) 51.2+21.6 [46;56.3] (105 35.3; 50.8; 70.4; 80)
NFV (in prism diopters) 97+3 [-10.5;-9] (-17.5; -11.4; -9; -7.5; -4)
Ocular deviation at distance (in prism diopters) 0.6+2.1 [0.151.1] (-6.5;0; 0; 0.5; 9)
Near ocular deviation (in prism diopters) -9.6+3.7 [-10.4;-8.7] (-23;-12; -10.3; -7.3; 1)

User Safety

Following each VR headset session, observers mon-
itored patients for potential adverse events: headache, di-
plopia, vertigo, nausea or other adverse effects. Overall,
2.8% of participants (5 exposures) reported headaches as
the sole symptom (3.6% in population 1 and 1.4% in popula-
tion 2). Other symptoms were observed exclusively in popu-
lation 2, with an ocular burning sensation reported in 1.4%

of cases (1 exposure).

Discussion

The present study evaluated the repeatability and
reproducibility of the EMAA Pro system for binocular vi-
sion measurements. For stereoacuity, repeatability agree-
ment was fair (k = 0.3 / k = 0.2), reflecting relatively consis-
tent assessments between observers. Reproducibility be-
tween Tests 1 and 3 showed similarly weak agreement (k =
0.2). Performance varied substantially across stereoacuity
levels. Previous studies assessing the repeatability of
stereoacuity tests reported higher reliability, as reflected by
the coeflicient of repeatability (CoR). Among commonly
used tests, the TNO test exhibited the lowest repeatability
(CoR = £48"), whereas the Frisby and Titmus tests demons-
trated greater consistency (CoR = +10") [12, 13].

For the NPC, both repeatability and reproducibili-
ty analyses demonstrated good agreement (ICC = 0.7). In
contrast, PFV yielded good repeatability (ICC = 0.7 / 0.8)
but lower reproducibility (ICC = 0.6 / 0.5). NFV showed
poor reliability for both repeatability (ICC = 0.4 / 0.2) and
reproducibility (ICC = 0.2 / 0.1). These findings are com-
parable to those of Ma et al. [14], who reported PFV repeata-
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bility at 5 m and 33 cm (ICC = 0.81 / 0.81), but achieved
higher NFV values (ICC = 0.63 / 0.72) in participants with
intermittent exotropia. This means that EMAA allows iden-
tical measurements to be obtained from the same person
and with different examiners. But variability must also be
taken into account because, for some measurements, it ex-

ceeds the prism bar step.

For ocular deviation at distance (4 m), moderate
agreement was found for both repeatability (ICC = 0.7 / 0.8)
and reproducibility (ICC = 0.7 / 0.7). Near ocular deviation
(40 cm) showed moderate agreement for repeatability (ICC
= 0.8 / 0.7) and reproducibility (ICC = 0.6 / 0.8). Recent
studies assessing horizontal ocular deviation through subjec-
tive techniques have reported slightly higher reliability; how-
ever, methodological differences must be considered.
EMAA measurements are conducted in an immersive virtu-
al environment without accommodative demand, which
may influence results. Facchin and Maffioletti (2021) ob-
served comparable repeatability for distance (ICC > 0.8 at 3
m) and near (ICC > 0.9 at 40 cm) [15], while Anstice et al.
reported similar repeatability using the von Graefe method
(ICC = 0.8 at both 6 m and 40 cm), with reproducibility of
ICC = 0.9 (distance) and ICC = 0.8 (near) [16].

Regarding stereoacuity, the mean result was 182.1"
+ 191.7", with distribution by level as follows: 30" (30%),
60" (14.3%), 120" (30%), and 500" (25.7%). Piano et al. re-
ported lower mean values for the TNO test (52" £ 25" or
77" + 82") and Frisby test (55" + 2" or 21" £ 3") [17]. The
EMAA stereotest appears to underestimate stereoacuity
compared with traditional methods, possibly due to the
absence of monocular and binocular non-stereoscopic cues

that can confound conventional tests, as demonstrated by
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[18, 19].

For NPC, although no universal standard exists,
the French Ophthalmological Society defines a normal
range as 8-10 cm from the orbital rim [20-22]. Reported
lower values in children (2.5 + 2.5 cm and 3.0 + 3.0 cm for
accommodative targets; 4.5 + 3.5 cm and 4.0 + 4.0 cm for
non-accommodative red/green targets). The mean NPC ob-
tained in this study is higher (10.5 + 8.1 cm). It should be
noted that EMAA limits NPC measurement to 5 cm,
whereas clinical testing may continue up to the base of the
nose. Differences from previous studies may arise from the
use of non-accommodative targets and the adult population

tested in the present work.

The mean PFV was 48.4 + 24.7 PD, considerably
higher than values obtained with conventional instruments
such as the Berens prism bar (18.1 + 1.3 PD [23]; 23.3 £ 7.7
PD [24]) or synoptophore (30.9 + 3.8 PD [23]). Mean NFV
was -9.7 £ 4.0 PD, consistent with literature values using
prism bar (-7.2 £ 0.4 PD [23]; -8.6 = 1.9 PD [24]) and syn-
optophore (-8.4 + 0.7 PD [23]). EMAA allows PFV mea-
surement up to 80 PD, exceeding the 40-45 PD range typi-
cally achievable with prism bars. Importantly, EMAA quan-
tifies smooth vergences, whereas prism bars measure step
vergences, which may account for differences in expected
values. Normative values for smooth vergences are PFV: 19
+ 8 PD (distance) and 21 + 6 PD (near), NFV: -7 + 3 PD
(distance) and -21 + 4 PD (near); for step vergences, PFV:
11 + 7 PD (distance) and 19 + 9 PD (near), NFV: -7 + 3 PD
(distance) and —13 + 6 PD (near) [21]. Antona et al. [24] em-
phasized that these two methods should not be used in-
terchangeably.

For ocular deviation, the mean at distance was 0.6
+ 2.4 PD, consistent with conventional tests (cover test: —0.2
+ 1.3 PD; von Graefe: 0.9 + 1.9 PD; Maddox: 0.3 + 2.6 PD)
[25]. In contrast, near ocular deviation (-9.6 + 3.8 PD) dif-
fered significantly from reference values, in contrast with
Canté-Cerdan’s findings (cover test: -3 + 4 PD; von Graefe:
-3.5 + 4.7 PD), with LoA of +2.97 PD (distance) and +6.74
PD (near) [26]. These discrepancies may arise because
EMAA testing involves no accommodative vergence, which
tends to reduce esophoria and increase exophoria. Nonethe-

less, LoA values were comparable at distance (+3.3 PD) and
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improved at near (+4.6 PD).

For the third objective, a total of 212 VR sessions
were recorded. Only five exposures (2.8%) resulted in tran-
sient headaches, and one participant (1.4%) reported mild
eye burning. These symptoms are nonspecific and not exclu-
sive to VR or binocular vision assessment. Prior studies
have categorized visual discomfort into external symptoms
(burning, irritation, tearing, dryness) caused by prolonged
fixation or glare, and internal symptoms (pain, tension, hea-
daches) linked to accommodative or binocular strain [27,
28]. Although cyberkinetosis (nausea, disorientation, dizzi-
ness) has been documented during VR immersion [29, 30],
such effects were not observed in this study. Some research
suggests that VR exposure may induce excessive accommo-
dation and reduced convergence, potentially leading to visu-
al fatigue in young adults; however, the safety of convention-

al orthoptic testing remains poorly documented [31].

This study presents certain limitations, notably an
age imbalance within the sample (50% of participants under
24 years) and the inclusion of a predominantly orthoptic stu-
dent population, though most were unfamiliar with EMAA
testing. Overall, the findings demonstrate that EMAA Pro
provides binocular vision measurements with variable re-
peatability and reproducibility depending on the parameter
assessed. The system’s objective and automated design con-
tributes to enhanced consistency through standardized con-
ditions (stimulus characteristics, illumination, and eye--
tracking-based data collection). Conducting repeated assess-
ments using the same headset or different operators should
yield more reproducible outcomes than traditional manual

techniques.

This preliminary investigation also established ref-
erence values for EMAA Pro measurements in a limited co-
hort (n =70, aged 18-40 years). The observed systematic dif-
ferences compared with conventional tests warrant further
validation studies on a larger and more diverse population

to confirm these findings and refine normative data.

Conclusion

The results of this study demonstrate good repeata-
bility and moderate reproducibility for binocular vision

measurements obtained using the EMAA Pro system. Never-
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theless, these findings should be interpreted with caution, ments, these should always be interpreted within the con-
considering the discrepancies observed between the mea- text of a comprehensive clinical evaluation and the patient’s
sured values and those reported in the existing literature, as reported symptoms. Furthermore, the system offers the add-
well as the multiple factors that can influence outcomes ed advantage of facilitating rehabilitation of binocular vi-
(e.g., testing distance, methodology, and measurement con- sion disorders through its immersive virtual interface.
ditions).
As this work represents a preliminary investiga-
Importantly, the EMAA platform enables the safe tion, further research is warranted to establish normative da-
and objective assessment of several binocular vision parame- ta in a larger and more diverse population particularly in-
ters through integrated eye-tracking technology. While cluding children and presbyopic adults to confirm the validi-
EMAA provides standardized and controlled measure- ty and generalizability of this measurement approach.
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