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GRAU EN OPTICA I OPTOMETRIA 

 

COMPARISON OF FUSIONAL RESERVES MEASURED WITH 
A 3D VIRTUAL REALITY SYSTEM AND CONVENTIONAL 

CLINICAL METHODS  
RESUM 
La mesura de les reserves fusionals és important per avaluar la funció visual dels pacients 
i diagnosticar possibles disfuncions de la visió binocular, com la insuficiència de 
convergència. Aquestes mesures es poden fer clínicament utilitzant una barra de prismes 
o els prismes de Risley del foròpter. Darrerament, s’ha desenvolupat el sistema Eye and 
Vision Analyzer (EVA, Davalor Salud), que es tracta d’un sistema de realitat virtual per 
mesurar de manera objectiva, automàtica i autònoma diversos paràmetres optomètrics 
que defineixen la funció visual mentre el pacient observa un videojoc en 3D real, és a dir, 
fent coincidir els plans de convergència i acomodatiu. També disposa d’un 
autorrefractòmetre i un eye-tracker que permet mesurar els moviments oculars mentre es 
realitzen totes les proves optomètriques. 
Aquest estudi consisteix en la comparació de la mesura de les reserves fusionals negatives 
en visió propera amb el sistema EVA i amb el mètode clínic al gabinet utilitzant la barra 
de prismes. L’estudi va incloure 10 voluntaris entre 18 i 29 anys que presentaven una 
foria igual o superior a 4 dioptries prismàtiques en visió propera.  
Primer es van mesurar les reserves fusionals amb el sistema EVA. Amb aquest mètode la 
demanda prismàtica s’indueix canviant la disparitat dels estímuls presentats a cada ull. El 
pacient ha de prémer un botó quan comença a veure doble i quan torna a veure un sol 
estímul. Després, es va fer la mesura de les seves reserves fusionals al gabinet optomètric 
utilitzant una barra de prismes. Aquest procés es va realitzar dos cops per analitzar la 
repetibilitat dels dos mètodes: la primera sessió es va fer al matí i la segona a la tarda en 
dies diferents. 
Els resultats obtinguts demostren que la repetibilitat intersessió de la mesura de les 
reserves fusionals negatives en visió propera amb el sistema EVA i amb la barra de 
prismes és relativament similar i acceptable. No obstant, els dos mètodes no es poden 
utilitzar indistintament ja que el seu grau de concordança és pobre.  
 
RESUMEN 
La medida de las reservas fusionales es importante para evaluar la función visual de los 
pacientes y diagnosticar posibles disfunciones de la visión binocular, como la 
insuficiencia de convergencia. Estas medidas se pueden hacer clínicamente utilizando una 
barra de prismas o los prismas de Risley del foróptero. Recientemente se ha desarrollado 
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el sistema Eye and Vision Analyzer (EVA, Davalor Salud), que se trata de un sistema de 
realidad virtual para medir de manera objetiva, automática y autónoma diversos 
parámetros optométricos que definen la función visual mientras el paciente observa un 
videojuego en 3D real, es decir, que hace coincidir los planos de convergencia y 
acomodación. También contiene un autorrefractómetro y un eye-tracker que permite 
medir los movimientos oculares mientras se realizan todas las pruebas optométricas. 
Este estudio consiste en la comparación de la medida de las reservas fusionales negativas 
en visión cercana con el sistema EVA y con el método clínico en el gabinete utilizando 
la barra de prismas. El estudio incluyó 10 voluntarios entre 18 y 29 años que presentaban 
una foria igual o superior a 4 dioptrías prismáticas en visión cercana. 
Primero se midieron las reservas fusionales con el sistema EVA. Con este método la 
demanda prismática se induce cambiando la disparidad de los estímulos presentados en 
cada ojo. El paciente tiene que pulsar un botón cuando empieza a ver doble y cuando 
vuelve a ver un solo estímulo. Después, se hizo la medida de sus reservas fusionales al 
gabinete optométrico utilizando una barra de prismas. Este proceso se realizó dos veces 
para analizar la repetibilidad de los dos métodos: la primera sesión se hizo por la mañana 
y la segunda por la tarde en días diferentes. 
Los resultados obtenidos demuestran que la repetibilidad intersesión de la medida de las 
reservas fusionales negativas en visión cercana con el sistema EVA y con la barra de 
prismas es relativamente similar y aceptable. Sin embargo, los dos métodos no se pueden 
utilizar indistintamente ya que su grado de concordancia es pobre. 
 
ABRSTRACT 
The measurement of fusional reserves is important in order to evaluate the patients’ visual 
function and diagnose possible binocular dysfunctions such as the convergence 
insufficiency. These measures can be done clinically using a prism bar or the Risley 
prisms of the phoropter. Recently, the Eye and Vision Analyzer (EVA, Davalor Salud) 
system has been developed. It is a virtual reality system to measure objectively, 
automatically and autonomously several optometric parameters that define the visual 
function while the patient watches a videogame in real 3D, that is matching the 
convergence and accommodative planes It also includes an autorefractometer and an eye-
tracker that allows to measure eye movements during the performance of all optometric 
tests. 
This study consists in the comparison of the measurement of the negative fusional 
reserves in near vision with the EVA system and with the clinical method using the prism 
bar. The study included 10 volunteers between 18 and 29 years who had a phoria equal 
to or greater than 4 prismatic diopters. 
First, fusional reserves were measured with the EVA system. With this method the 
prismatic demand is induced by changing the disparity of the stimuli presented to each 
eye. The patients are asked to press a button when they see double and when they see a 
single stimulus again. Then, the measurement of the fusional reserves was performed in 
the optometric cabinet using a prism bar. This process was performed twice to analyze 
the repeatability of the two methods: the first session was done in the morning and the 
second in the afternoon on different days. 
The results obtained show that the intersession repeatability of the measurement of the 
negative fusional reserves in near vision with the EVA system and the prism bar is 
relatively similar and acceptable. However, the two methods cannot be used 
interchangeably since their degree of agreement is poor. 
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1. Introduction 

The binocular vision is one of the most important aspects when evaluating the human 
visual function. It reflects the ability of both eyes to cooperate in order to produce a 
reliable interpretation of our environment in a single perceptual image from the two 
retinal images. It allows us to establish and recognize the physical environment that 
surrounds us. Binocular vision can be divided into three levels: Sensory fusion is defined 
as the unification of visual excitations from corresponding retinal images into a single 
visual image. Motor fusion is the ability to align the eyes in order that sensory fusion can 
be maintained. Finally, stereopsis is the highest level of binocular vision and is defined 
as the ability to estimate depths [1]. 

Each eye has six extraocular muscles that are inserted into the sclera in various positions 
(Fig. 1). The rectus muscles are the following: medial, lateral, superior and inferior. They 
have their origin in the vertex of the orbit and the tendinous annulus. There are two 
oblique muscles: the oblique superior, which also arises from the vertex of the orbit; and 
the inferior oblique, that originates in the anterior and internal part of the orbit, behind 
the lacrimal sac. The action of these muscles is coordinated by the central nervous system 
in order to maintain primary gaze position and motor fusion, follow moving objects in 
3D and accomplish rapid changes in fixation [2]. 

 

Figure 1. Lateral (a) and medial (b) views of the extraocular muscles of the right eye [3]. 

Corresponding retinal points are those retinal elements of the two eyes that share a 
common subjective visual direction, which means that their stimulation is localized in the 
same direction in visual space. An object localized in the same visual direction by 
stimulation of the two retinas can only appear as one, single. Contrarily, the simultaneous 
stimulation of non-corresponding retinal elements by an object of interest, causes this 
object to be localized in two different subjective visual directions, which leads to double 
vision [4]. This statement not always holds true, it needs further explanation. The area of 
Panum is defined as the area in the retina of an eye whose points, when stimulated 
simultaneously with a single point of the retina of the other eye, give rise to a fused 
perception. Therefore, each point of the retina of one eye has its associated Panum’s area 
in the other eye. Objects within Panum’s area are seen not only single, but in depth [4]. 
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Sometimes perfect alignment of visual axes on corresponding retinal points does not 
occur.  

Fixation disparity is the small vergence error within the limits of Panum’s area [5]. 
Retinal disparity is the angular positional difference at the eyes between an object in the 
field of view and the binocular fixation point. If the retinal image of one eye is displaced 
outside the fovea or more generally, in non-corresponding retinal points outside the 
Panum’s fusional area, it gives rise to double vision (diplopia). Diplopia is the stimulus 
for motor fusion and puts into operation the mechanism of fusional vergences in order to 
minimize the retinal disparity [6]. 

Vergence are binocular disjunctive eye movements whose main objective is to align the 
fovea of both eyes with targets located at different distances. Vergence can be horizontal, 
vertical or cyclorotary in nature [7]. In convergence movements the angle between both 
visual axes increases in order to have a binocular single vision of a nearer object. 
Contrarily, in divergence movements this angle decreases to see singly a farther object. 
The vergence system can be divided into four components depending on the stimulus that 
drives the movement [8]: (1) the accommodative vergence, which is driven by blur; (2) 
the proximal vergence, which is caused by the perception of apparent nearness of an 
object; (3) the tonic vergence, driven by the baseline neural innervation; and (4) the 
fusional vergence, whose input is retinal disparity. In this work, especially emphasis will 
be put on the fusional vergence component. 

Typically, the binocular function is examined in clinical optometric practice by means of 
tests like the cover test, the fusional vergences or the near point of convergence. It is of 
relevant importance to examine it in order to diagnose possible binocular dysfunctions, 
which are sometimes associated with symptoms such as headache, blurred vision or 
double vision [9]. The fusional vergences test assesses the ability of the visual system to 
maintain the fusion, while the vergence stimulus is varied by changing retinal disparity 
and the accommodation stimulus is kept constant. They can be determined in both far 
(usually 6 m) and near (usually 40 cm) vision. The negative fusional vergence or 
divergence is the amount of convergence that can be relaxed while maintaining constant 
accommodation. It is measured by inducing negative fixation disparity, for example with 
base-in (BI) prisms. The positive fusional vergence or convergence is the amount of 
convergence that can be stimulated by keeping the accommodation constant. It is 
measured by inducing positive fixation disparity, for example with base-out (BO) prisms 
[10].  

As stated above, in clinical practice the disparity needed to test fusional vergences is 
typically induced by means of prisms. The test consists in increasing the prismatic 
demand until the visual stimulus is perceived blurred. Then, the prismatic demand is 
continuously increased until the patient reports double vision. The break point is the 
amount of prism diopters that causes diplopia.  Finally, the prismatic demand is reduced 
until fusion is recovered and the motor fusion is stimulated again. This is the recovery 
point. The normal values of the fusional vergence test are reported in Table 1.  
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Table 1. Normal values in prismatic diopters (PD) of the negative and positive fusional vergence tests at 
far and near vision. The three values in each case correspond to the blurred/break/recovery points. The 
standard deviation is noted in parenthesis [9]. 

 Far vision Near vision 
Negative fusional vergence (PD) X/7/4 (±2) 13/21/13 (±5) 
Positive fusional vergence (PD) 9/19/10 (±5) 17/21/11 (±5) 

 

Common methods to assess fusional vergence ranges use rotary prisms in the phoropter 
or prism bars in order to induce disparity. While the phoropter rotary prisms allow to 
modify smoothly the prism demand, it is induced in discrete small steps with the prism 
bar. Antona et al. found that for both the phoropter rotary prisms and prism bar, the 
negative fusional vergence measurements showed better repeatability than positive 
fusional vergence at both near and distance [11]. Mean differences for the negative 
fusional vergence break and recovery points were under 0.5 PD, while those observed for 
positive fusional vergence were generally greater than 2 PD [11]. Therefore, they 
concluded that the intersession repeatability of the negative fusional vergence 
measurement was fairly good, but reduced for the positive fusional vergence 
measurement [11]. Regarding the agreement between methods, Antona et al. found a bias 
towards greater break points with the phoropter rotary prisms and greater recovery points 
with the prism bar [11]. At far vision, the 95% limits of agreement ranged from ±3.54 PD 
for the BI break point to ±10.50 OD for the BO recovery point [11]. The agreement 
between tests performed at near distance was even poorer. At 40 cm the 95% limits of 
agreement ranged from ±6.81 PD for the BI break point to ±13.19 PD for the BO blur 
point [11]. Goss et al. found wider 95% limits of agreement between the two methods 
performed at near distance [12]. These results lead to the conclusion that these two 
methods to measure fusional vergence should not be used interchangeably [11], [12]. 

Another important aspect to consider about the fusional vergence testing is the order in 
which measurements are taken, since it has been demonstrated that it affects the results 
[10,14]. It is generally recommended to measure first negative fusional vergence than 
positive fusional vergence. 

A new virtual reality system called EVA (Eye and Vision Analyzer) has been developed 
(Davalor Salud, Spain) in order to measure objectively, automatically and autonomously 
several optometric parameters that define the visual function while the patient is watching 
a videogame in real 3D that is, matching the convergence and accommodative 
stimulations. Besides an autorefractometer, this system comprises a dark pupil video-
based eye-tracker which allows to measure eye movements simultaneously while all the 
optometric tests are performed. Although the system is already in the market, the 
repeatability of the fusional vergence test and its agreement with the conventional 
methods typically used in clinics are still unknown.  

The aim of this study is to analyze the repeatability of the negative fusional vergence tests 
at near distance with the EVA system and the agreement of the results with the 
conventional procedure using a prism bar.  
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2. Methodology 
 
2.1 Subjects 

14 patients (mean ± standard deviation (SD) age of 23.5 ± 4.5 years) participated in the 
study. They had normal or corrected to normal visual acuity (>0.9 decimal), no ocular 
pathology, no strabismus as determined by cover test. Some of them had complaints 
apparently related to binocular vision during the experimental procedure. All patients that 
had a phoria greater than 4 prism diopters (PD) of esophoria or exophoria at near vision 
(40 cm) measured with EVA were accepted to participate in the study.  

The results were only analyzed from subjects who did experience diplopia during any of 
the measurements of the fusional reserves. After rejecting these cases, the measurements 
of 10 patients (mean ± SD age of 23.5 ± 4.5 years) were selected for the analysis. The 
range of ametropia of the 10 subjects was from -6.00 D to +0.50 D and up to -0.75 D of 
astigmatism. Seven subjects presented exophoria at near and 3 were esophores.  

2.2. Experimental procedure 

The experimental procedure was divided into two sessions. The tests in the two sessions 
were undertaken by the same examiner. The results of the first set of measurements were 
not available during the second session to avoid any possible examiner bias [13].  

First, patient’s visual function was evaluated with EVA system. Those patients who 
exhibited a phoria greater than 4 PD esophoria or 4 PD exophoria underwent the fusional 
vergences test. The test consisted of a measurement of negative fusional vergences (NFV) 
immediately followed by a measurement of positive fusional vergences (PFV). This 
process was repeated two or three times until achieving at least 95% statistical sufficiency 
in both tests. The test was done at both far (6m) and near (40 cm) distances. For the NFV 
test, base-in disparity was induced at a speed 3 PD/s until the patient lost fusion. At this 
moment the patient pressed a button. Then the prismatic power was reduced by reducing 
the disparity of the stimuli. Patients were asked to press again a button when they 
recovered single vision.  

The same procedure was repeated for the PFV test, but in this case base-out disparity was 
induced. After the tests with the EVA system, the fusional vergences were measured in 
clinics using conventional methods. Before that, the phoria at far and near distances was 
assessed with the cover test and measured with a prism bar. The measurements were done 
with the habitual refraction of the patients In case that they did not reach a visual acuity 
of 0.9 or better, the overrefraction was assessed.  

The optotypes used were letters with a visual acuity of 20/30 and were either projected at 
distance (6 m) or printed at near (40 cm). Room lighting was used for measurements at 
distance, and a light source directed towards the card was added for the tests at near, 
making sure that no shadows were produced.  
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During the fusional vergences tests, the subject was instructed to do an effort to fuse the 
stimulus while the examiner increased the prismatic demand with a prism bar. The patient 
was asked to inform the examiner when he noticed double vision (break point).  
Then the examiner decreased the prismatic diopters of the prism bar until the patient 
recovered single vision (recovery point). The distance prescription of the subjects was 
assessed to be 0.9 or higher, otherwise it was the case that we made an overrefraction. 
During measurements, a standard horizontal prism bar with prism powers of 1, 2, 4–20 
in 2 PD steps and 25–40 in 5 PD steps was used. It was placed in front of the subject’s 
right eye in the spectacle plane and prism strength was increased at a speed of one step 
every 2 or 3 seconds approximately.  
 
The break point corresponded to the lowest prism power at which the subject reported 
sustained double vision, that is, the maximum vergence amplitude was sought. Once the 
image had doubled I asked if they could see an image, if so, we increased the prismatic 
value to break fusion, and then reduced at the same rate until the target became single 
again (recovery value).  
The second session consisted in repeating the same measurements with the EVA system 
and the conventional clinical method in the same order as in the first session. Although 
positive and negative fusional vergences at far and near distances were measured, only 
the break and recovery points of the negative fusional vergences at near were analyzed. 

2.3. Statistical analysis 

The statistical analysis was performed using SPSS 24 (IBM Corp., Armonk, New York, 
USA). The significance level was set at 0.05. The Shapiro-Wilk test was used to verify 
that each variable was normally distributed. Paired t-tests were performed to analyze the 
repeatability of the negative fusional vergences tests performed at near distance with the 
EVA system and with a prism bar and the agreement between both methods. Bland and 
Altman plots were also used to determine the repeatability and agreement of both methods 
[14]. 

3. Results 
 
3.1. Repeatability 

Intersession repeatability was assessed by measuring the negative fusional vergences with 
the different methods in two sessions. The mean time between sessions ± SD was 4 ± 2 
days. The first session was performed at the first hour of the morning and the second 
session in the afternoon.  

Descriptive statistics of each test and session are given in Table 2.  As can be seen in 
Table 2, the smallest difference between sessions is shown by the results of the EVA 
break point. Both the break and recovery points measured with the EVA system and the 
prism bar were slightly higher in the first session than in the second one. 
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Table 2. Mean ± SD of the break and recovery points of the negative fusional vergences measured in two 
different sessions with the EVA system and a prism bar. 

 EVA Prism bar 
 Break point Recovery point Break point Recovery point 
Session 1 18.85 ± 5.80 PD 13.86 ± 3.98 PD 19.8 ± 7.29 PD 16 ± 5.78 PD 
Session 2 18.38 ± 5.11 PD 12.92 ± 3.69 PD 18.2 ± 6.70 PD 15.3 ± 5.62 PD 

 
The paired t tests showed no statistically significant differences between the results of the 
break and recovery points measured with the EVA system in the first and second sessions: 
t(9)=0.609, p=0.557 for the break point; and t(9)=0.684, p=0.511 for the recovery point. 
There were neither statistically significant differences between the results of the break 
and recovery points measured with the prism bar in the first and second sessions: 
t(9)=1.032, p=0.329 for the break point; and t(9)=0.677, p=0.515 for the recovery 
point.The repeatability results of the EVA system and the prism bar method are 
represented in the Bland and Altman plots of Figures 2 and 3, respectively.  

The break point measured with the EVA system showed the best repeatability, with a 
mean difference between sessions of less than 0.5 PD (Figure 2a). Conversely, the 
recovery point measured with this system showed a bias between sessions of 0.94 PD 
(Figure 2b). Regarding the prism bar method, the mean difference between sessions was 
slightly lower for the recovery point (Figure 3b) than for the break point (Figure 3a).  

In all cases, the 95% limits of agreement were relatively wide. None of the plots shows a 
tendency for the difference between sessions to increase with the mean of both sessions, 
which means that the repeatability of the test does not change with the magnitude of the 
negative fusional range. 
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a) 

 
b) 

 
Figure 2. Bland and Altman plots showing the differences between the measurements of the break (a) and 

recovery (b) points of the negative fusional vergences obtained in the first and second sessions with the 
EVA system as a function of the mean of both sessions. The solid black line represents the mean 

difference between sessions (M). The dashed lines represent the lower (L) and upper (U) 95% limits of 
agreement computed as the mean difference ± 1.96*standard deviation of the differences. 

M: 0,47 PD

U: 5,25 PD

L: -4,31PD

M: 0,94 PD

L: -7,56 PD

U: 9,44 PD
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a) 

 
 

b) 

 
Figure 3. Bland and Altman plot showing the differences between the measurements of the break (a) and 
recovery (b) points of the negative fusional vergences obtained in the first and second sessions with the 
prism bar as a function of the mean of both sessions. The solid black line represents the mean difference 
between sessions (M). The dashed lines represent the lower (L) and upper (U) 95% limits of agreement 

computed as the mean difference ± 1.96*standard deviation of the differences. 

 

 

 

U: 11,2 PD

M: 1,6 PD

L: -8 PD

M: 0,7 PD

U: 7,1 PD

L: -5,7 PD
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3.2. Agreement between methods 

The results presented in Table 2 show that the break and recovery points determined using 
the EVA system were lower than the results of the prism bar. However, the paired t tests 
showed no statistically significant differences between the results of the EVA system and 
the prism bar in the first session: t(9)=-0.621, p=0.550 for the break point; and t(9)=-
1.586, p=0.147 for the recovery point.  

As expected, there were neither statistically significant differences between the results of 
the EVA system and the prism bar in the second session: t(9)=0.136, p=0.895 for the 
break point; and t(9)=-1.272 p=0.235 for the recovery point.  

The agreement between the results of the negative fusional vergences measured with the 
EVA system and the prism bar is shown in Figures 4-5. The agreement between the two 
techniques is not clinically acceptable due to the wide 95% limits of agreement. The 
lowest mean difference between methods was obtained for the break point on the second 
session (0.18 PD) and the highest mean difference was obtained for the recovery point on 
the first session (-2.14 PD).  

a) 

 

M: -0,95 PD

U: 8,52 PD

L: -10,42 PD
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b) 

 
Figure 4. Bland and Altman plot showing the difference between the measurements of the break point of 
the negative fusional vergences obtained in the first (a) and second (b) sessions with the EVA system and 
prism bar as a function of the mean of both methods. The solid black line represents the mean difference 
between methods (M). The dashed lines represent the lower (L) and upper (U) 95% limits of agreement 

computed as the mean difference ± 1.96*standard deviation of the differences.  

a) 

 

M: 0,18 PD

U: 8,4 PD

L: -8,03 PD

M: -2,14 PD

L: -10,49 PD

U: 6,21 PD
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b) 

 
 
Figure 5. Bland and Altman plot showing the difference between the measurements of the recovery point 
of the negative fusional vergences obtained in the first (a) and second (b) sessions with the EVA system 

and prism bar as a function of the mean of both methods. The solid black line represents the mean 
difference between methods (M). The dashed lines represent the lower (L) and upper (U) 95% limits of 

agreement computed as the mean difference ± 1.96*standard deviation of the differences. 

 
4. Discussion  
 
In the present study the repeatability of the negative fusional vergences measurement with 
the EVA system and a prism bar and the agreement between both methods were analyzed.  

Both the EVA system and the clinical procedure with a prism bar are subjective, which 
means that they require the participation of the patient. According to our results both 
methods showed fairly good intersession repeatability. Although the differences between 
sessions were not statistically significant they might be clinically relevant. For example, 
the mean difference between sessions of the break point measured with the prism bar is 
higher than 1.5 PD and the 95% limits of agreement are relatively wide.   

The repeatability results of the prism bar obtained in this study are slightly poorer than 
the ones previously reported [11]. Antona et al found a mean difference between sessions 
of -0.08 PD for the break point and -0.21 PD for the recovery point, with 95% limits of 
agreement of ±8.05 PD and ±6.00 PD respectively [11]. This difference in the 
repeatability results might be due to methodological differences: in our study the first 
session was performed in the morning and the second one in the afternoon, while Antona 
et al performed both sessions at approximately the same time of the day [11]. Thus, a 
possible source of variability in our study might be the fatigue of the patients after 
prolonged work at near vision.  

M: -2,38 PD

U: 9,2 PD

L: -13,96 PD
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This might justify also the lower results in the second session than in the first session for 
both the break and recovery points with the EVA and prism bar methods. 

The EVA system showed better repeatability than the prism bar for the break point but 
poorer repeatability for the recovery point. The same trend is observed if the results are 
compared with the ones reported by Antona et al [11]. The repeatability of EVA was also 
better than the clinical method using the rotary prisms of the phoropter for the break point 
but poorer for the recovery point [11].  

Regarding the agreement between methods, the results in Table 1 show that on average 
higher values were obtained with the clinic procedure with the prism bar than with EVA. 
This could be possible because with the prism bar the prismatic demand was changed in 
steps of 2 PD or 5 PD. Nevertheless, the prismatic demand in EVA can be modified 
smoothly. Another possible justification of the lower results in EVA than with the 
conventional method might be the fact that the measurement in EVA is done in a virtual 
reality environment instead of normal viewing conditions as in the clinical method. 
Patients might experience more difficulty to maintain fusion in a stereoscopic virtual 
reality environment. The variability between both methods might be also caused by the 
different ways that the patients were asked to report diplopia and single vision. The 
latency (reaction time) for pressing a button or warning by voice might be different. 
 
The level of agreement showed between the EVA system and the prism bar was rather 
similar than the agreement of the prism bar with another clinical method using the rotary 
prisms of the phoropter, with some particularities. For the break point, the mean 
difference between EVA and the prism bar was similar to the one reported by Goss et al 
[12] between the prism bar and the rotary prisms and considerably smaller than the one 
reported by Antona et al [11]. Conversely, the 95% limits of agreement between EVA 
and the prism bar were considerably narrower than the ones reported by Goss et al and 
slightly wider than the ones found by Antona et al. Regarding the recovery point, slightly 
poorer agreement yet still comparable was shown by EVA and the prism bar and by the 
prism bar and the rotary prisms of the phoropter [11,13]. 

The poor agreement between the EVA system and the prism bar shown in this study was 
such that their interchangeable use to measure negative fusional vergences at near 
distance is not recommended, as the use of the prism bar and the rotary prisms cannot be 
neither interchanged. 

A limitation of this study is the reduced sample size. More reliable results would be 
obtained with a larger sample size. 

In conclusion, the two methods used to measure negative fusional vergences showed 
fairly good intersession repeatability. The values measured with the EVA system are on 
average lower than those found with the clinical method using a prism bar. Both methods 
cannot be used interchangeably to measure negative fusional vergences at near distance 
due to their poor level of agreement.  
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5. Ethical and social commitment 
 
According to the regulation, the Final Project must contain a section which refers to the 
social and ethical commitment. Therefore, this section analyzes the work from an ethical 
point of view and also refers to the social and legal implications involved in the study. 
 
It should be noted that the main objective of this work is to do a study for compare the 
repeatability and agreement of the negative fusional reserves on near vision with EVA 
system and prism bar.  
 
Regarding the legal aspects, two fundamental aspects should be treated. First, it was not 
considered necessary that the people who have voluntarily participated in the study sign 
an informed consent, because all of them were staff and/or students form the Universitat 
Politècnica de Catalunya. On the other hand, all the measurements were completely safety 
for the patients. In no case dangerous instruments has been used and the measurements 
could not damage their eye health. 
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