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Abstract

e AIM: To determine the presence of symptomatic
accommodative and non-strabismic binocular dysfunctions
(AxsBD) in a non-presbyopic population of video display
unit (VDU) users with flat-panel displays.

e METHODS: One hundred and one VDU users, aged
between 20 to 34y, initially participated in the study. This
study excluded contact-lens wearers and subjects who
had undergone refractive surgery or had any systemic or
ocular disease. First, subjects were asked about the type
and nature of eye symptoms they experienced during VDU
use. Then, a thorough eye examination excluded those
subjects with a significant uncorrected refractive error or
other problem, such as ocular motility disorders, vertical
deviation, strabismus and eye diseases. Finally, the
remaining participants underwent an exhaustive assessment
of their accommodative and binocular vision status.

e RESULTS: Eighty-nine VDU users (46 females and 43
males) were included in this study. They used flat-panel
displays for an average of 5+1.9h a day. Twenty subjects
presented AsBD (22.5%). Convergence excess was the
most frequent non-strabismic binocular dysfunction (9
subjects), followed by fusional vergence dysfunction (3
subjects) and convergence insufficiency (2 subjects).
Within the accommodative dysfunctions, accommodative
excess was the most common (4 subjects), followed by
accommodative insufficiency (2 subjects). Moderate to
severe eye symptoms were found in 13 subjects with ABD.
o CONCLUSION: Significant eye symptoms in VDU users
with accommodative and/or non-strabismic binocular
dysfunctions often occur and should not be underestimated;
therefore, an appropriate evaluation of accommodative

and binocular vision status is more important for this
population.
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INTRODUCTION
he use of video display units (VDU) has become a
huge part of daily life for working, studying and leisure
activities with an increasing preference for smaller-screen
devices, such as tablets, laptops and smartphones' . However,
the increasing use of VDU has caused a high incidence of

12 which are commonly presented in

various eye problems!
three areas: visual problems, disorders of the ocular surface
(dry eye) and asthenopic problems'. Hayes et al™ found that
slight to mild eye symptoms were common in VDU users in
their survey on university employees; moreover, between 10%
and 20% experienced moderate to worse eye symptoms at the
end of the day. In addition, previous studies have also reported
that individual factors, along with environmental conditions,
had significant influence on eye symptoms. These studies
showed that eye symptoms were greater among females and
increased with VDU use, notably rising when using a VDU for
more than six hours in a typical day'®”.

Accommodative and non-strabismic binocular vision
dysfunctions refer to the inability of both eyes to coordinate
properly. Subjects with these anomalies present abnormal
clinical signs of accommodative and binocular vision tests
and eye symptoms related to these dysfunctions. These
eye symptoms may affect visual performance, hindering
productivity due to decreased visual efficiency. Subjects with
these dysfunctions can be treated to improve their visual
performance'*"*).

Previous studies reported that VDU users present abnormal
changes in accommodative and binocular vision status,
most probably because such users make a great visual
effort for extended periods”. Rosenfield” determined that

inappropriate oculomotor responses can contribute to the
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symptoms associated with VDU use. However, it is not known
to what extent these abnormal changes of accommodative
and binocular vision status are related to the presence of
Accommodative and non-strabismic binocular dysfunctions
(AxsBD). In addition, there is a dearth of clinical studies in
the literature on the presence of AyBD in VDU users. Thus,
the aim of the present study was to determine the presence of
A\sBD in a non-presbyopic population of VDU users.
SUBJECTS AND METHODS

Subjects One hundred and one subjects, aged between 20
and 34y, using a VDU for at least two hours a day were
initially included in the study. They were office workers,
teachers and students at the University of Valencia, who
were invited to participate through advertisements on public
information boards. They were warned about the importance
of eye examinations when using a VDU. Our study did not
specifically target VDU users with eye symptoms. The age
limit was 34y to avoid subjects who could potentially have
pre-presbyopia, as they would bias the diagnosis of Ay BD.
It also excluded contact-lens wearers and subjects who had
undergone refractive surgery or had any given systemic or
ocular disease. These subjects could present eye symptoms
unrelated to AysBD.

The study complied with the ethical requirements set by
the University of Valencia and followed the tenets of the
Declaration of Helsinki. Informed consent was obtained from
all subjects once the nature and possible consequences of the
study had been explained to them.

One qualified examiner performed the eye examination on all
participants. A different examiner analysed the collected data.
We conducted this study at the Eye Clinic of the Lluis Alcanyis
Foundation (University of Valencia) between 2015 and 2016.
Clinical History Table 1 shows the questionnaire used in
this study derived from Hayes et al¥. The participants were
asked about their eye symptoms (“How do you feel at the end
of the workday using a VDU?”). It graded the intensity of
eye symptoms like this: 4 (severe), 3 (moderate), 2 (mild), 1
(slight) and 0 (none), thus allowing us to obtain the mean impact
(in a 0-to-4 scale) of each symptom within the study population.
Eye Examination Two visits were needed to perform the
eye examination. At the first visit, we carried out preliminary
tests, such as visual acuity and the cover test at a distance
and near, near point of convergence, ocular motility, pupils,
fusion (Worth Four-Dot test), stereopsis (Randot stereo test)
and the evaluation of ocular health (direct ophthalmoscopy,
biomicroscopy, and visual fields). Cycloplegic evaluation was
carried out when required (high decompensated esophoria,
suspected latent hyperopia or accommodative spasm and
indirect ophthalmoscopy).

In the second visit, we performed a refractive examination,

which included objective (retinoscopy and autorefractometer)
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Table 1 Classification of eye symptoms related to VDU use

Classification Eye symptoms

Visual (blur) Blurred vision at near distances
Blurred vision at intermediate distances
Blurred vision at far distances
Difficulty in refocusing eyes from one distance to
another

Ocular surface Irritated or burning eyes

(dry eye) Dry eye

Asthenopic Eyestrain

(eye strain) Headache
Tired eyes

Sensitivity to bright lights

The questionnaire is derived from Hayes et al'".

and subjective evaluation. The subjective examination was
performed by means of monocular fogging with cross-cylinder
followed by the binocular balance test to obtain the maximum
positive for the best visual acuity of subjective refraction.
This value was used as the baseline for evaluation of binocular
and accommodative tests.

Subjects with a significant uncorrected refractive error
regarding their habitual refraction (changes in the sphere or
cylinder greater than 0.50 D; 8 subjects) or when they did not
use a prescription but needed one (sphere or cylinder greater
than 0.50 D; 2 subjects) were excluded. In addition, we also
excluded those subjects with other problems, such as ocular
motility disorders, vertical deviation, strabismus and any other
ocular health problems (2 subjects). Finally, the remaining
participants (89 subjects) underwent an exhaustive assessment
of their accommodation and binocular vision status.
Evaluation of Accommodative and Binocular Vision
Binocular and accommodative status were evaluated according
to a standardised methodology used to perform these tests!"*!,
The tests included in the examination were: far and near
lateral phorias (cover test and von Gréife’s techniques), near
point of convergence (NPC), far and near lateral fusional
vergence, vergence facility testing (using 12 A base-out / 3 A base-
in), monocular estimation method retinoscopy, positive and
negative relative accommodation, monocular and binocular
accommodative facility with £2.00 D flipper lenses (the target
for binocular testing was the Bernell #9 Vectogram) and
accommodative amplitude (AA) using the push-up method.
An automatic phoropter for the tests at far and near distances
(40 cm) was used. The exam test at a near distance was the
Topcon NC3-3. Outside the phoropter, the accommodative
and vergence facility tests, covert test, NPC and AA using a
near test (gulden fixation stick that had 20/30 targets) were
performed.

The findings of the accommodative and binocular vision
tests in each subject were compared with the normal clinical
values of the population for these tests; then the findings that
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Table 2 Clinical signs used for the diagnosis of accommodative and non-strabismic binocular dysfunctions

Dysfunction

Abnormal clinical signs

Accommodative insufficiency ~AA (Push-up method) 2 D below Hofstetter’s calculation for minimum age-appropriate amplitude:
15-0.25% age in years; MAF<6 cpm (difficulty or failure clearing with -2 D); MEM>0.75 D.

Accommodative excess

MAF<6 cpm (difficulty or failure clearing with +2 D); MEM<0.25 D; NRA<1.5 D or BAF<3 cpm

(difficulty or failure clearing with +2 D)

Accommodative infacility

MAF<6 cpm (difficulty or failure clearing with +2 D); BAF<3 cpm (difficulty or failure clearing

with +2 D); NRA<1.5 D and PRA<1.25 D.

Convergence insufficiency

Convergence excess
Abase-in) or PRA<1.25 D

Fusional vergence dysfunction

Exophoria, near>6 A base-in; PFV, near (break) <15 A base-out; NPC (break) >7.5 cm or NRA<1.5 D
Esophoria, near >0.5 A base-out; NFV, near (break)<17A base-in; VF<12 cpm (difficulty or failure with 3

Normal phoria, near and at a distance; PFV, near (break) <15 A base-out and NFV, near (break) <17A

base-in; VF<12 cpm (difficulty or failure with 3 A base-in and 12 A base-out)

Basic esophoria

Esophoria of approximately equal magnitude, near and at a distance; NFV, at a distance (break) <4 A

base-in; NFV, near (break) <17 A base-in

Basic xophoria

Exophoria of approximately equal magnitude, near and at a distance; PFV, at a distance (break) <I1 A

base-out; PFV, near (break) <15 A base-out

AA: Amplitude of accommodation; MAF: Monocular accommodative facility; cpm: Cycles per minute; MEM: Monocular estimation method

retinoscopy; NRA: Negative relative accommodation; BAF: Binocular accommodative facility; PRA: Positive relative accommodation; PFV:

Positive fusional vergence; NPC: Near point of convergence; NFV: Negative fusional vergence; VF: Vergence facility.

deviated from normal values were grouped according to each
dysfunction (Table 2); and finally, the subjects who presented
three abnormal clinical signs in some dysfunction, along with
eye symptoms related to VDU use, were considered to have
ANSBD[B'M].

Statistical Analysis The data collected from the questionnaire
were analysed using SPSS software (version 15.0 for Windows,
SPSS Inc., Chicago, IL, USA). It used nonparametric statistical
tests to determinate the differences in eye symptoms between
VDU users with and without A BD. A P-value <0.05 was
regarded as statistically significant.

RESULTS

Eighty-nine VDU users (46 females and 43 males), aged
between 20 and 34y, participated in the study (mean 25+4y).
They were all Caucasians and had a monocular visual acuity
of 20/20 or better in both eyes. The mean spherical equivalent
refractive error was -0.90£1.35 D. They used flat-panel
displays an average of 5+£1.9h a day. Demographic information
about the participants is summarised in Table 3. Subjects
were classified by gender, in three age subgroups at five-
year intervals and in five different subgroups according to the
number of hours spent each day using a VDU.

Table 4 shows the results of clinical tests for abnormal signs
of accommodative and binocular vision in the participants.
The most predominant changes were in a difficulty to relax the
convergence system (44 subjects presented reduced negative
fusional vergence, 30 subjects had near esophoria, 18 subjects
failed vergence facility with 3 A base-in and 15 subjects failed
with positive relative accommodation)”".

Table 5 shows the number of subjects (#=20; 22.5% of
subjects) who presented AsBD. Convergence excess was the

most frequent binocular vision dysfunction (10% of subjects)

Table 3 Demographic data of participants

Number of subjects (n=89) Percentage of subjects (%)

Gender
F (46) 52
M (43) 48
Age
20 to 24y (40) 45
25 to 29y (30) 34
30 to 34y (19) 21
Number of hours a day using a VDU
At least 2h (11) 12
2 to 4h (22) 25
4 to 6h (24) 27
6to 8h (17) 19
More than 8h (15) 17

and accommodative excess (4.5% of subjects) within the
accommodative dysfunctions.

Seven of the participants with AysBD (n=20) presented
slight to mild eye symptoms at the end of the workday using
a VDU; and 13 from moderate to severe in nature (at least
one symptom of ten in the questionnaire used; Table 1). The
median total score of eye symptoms was 9.5 [interquartile
range (IQR)=8; overall range 3-23]. Eye symptoms were
greater among females and increased with age and VDU
use in a typical day (Figure 1). The median total score for
subjects without Ay BD was 7.5 (IQR=7; overall range 0-27).
No statistically significant differences were found between
subjects with or without Ay¢BD (U=467.5; P=0.1).
DISCUSSION

The results of this study indicate that a large number of the
participants presented eye symptoms related to VDU use
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Table 4 Abnormal signs of accommodative and binocular vision

clinical tests in the participants n=89

Test No. of subjects (%)
Exophoria, near>6 A base-in. 9 (10)
Esophoria, near > 0.5 A base-out 30 (34)
NFYV, near (break)<17A base-in. 44 (49)
PFV, near (break)<15 A base-out 5(6)
VF<12 cpm (failure with 3 A base-in) 18 (20)
VF<12 cpm (failure with 12 A base-out) 6(7)
VF<12 cpm (failure both) 3(3)
NPC (break) >7.5 cm 9 (10)
NRA<I1.5D 5(6)
PRA<1.25D 15(17)
MAF<6 cpm (failure with +2 D) 21 (24)
MAF<6 cpm (failure with -2 D) 7(8)
MAF<6 cpm (failure with £2 D) 33
BAF<3 cpm (failure with +2 D) 8(9)
BAF<3 cpm (failure with -2 D) 5(6)
BAF<3 cpm (failure with +2 D) 2(2)
MEM>0.75 D 9 (10)
MEM<0.25 D 7(8)
AA (2 D below 15-0.25x%age) 10 (11)

NFV: Negative fusional vergence; PFV: Positive fusional vergence;
VF: Vergence facility; cpm: Cycles per minute; NPC: Near point
of convergence; NRA: Negative relative accommodation; PRA:
Positive relative accommodation; MAF: Monocular accommodative
facility; BAF: Binocular accommodative facility; MEM: Monocular

estimation method retinoscopy; AA: Amplitude of accommodation.

Table 5 Number of VDU users who presented accommodative and
non-strabismic binocular dysfunctions along with eye symptoms
related to VDU use

Accommodative and binocular dysfunctions No. of subjects

Accommodative excess 4

Accommodative insufficiency

2
Convergence insufficiency 2
Convergence excess 9

3

Fusional vergence dysfunction

and abnormal changes in their accommodative and binocular
vision status, which is in agreement with previous studies'”.
Table 4 shows that when clinical signs of accommodative and
binocular vision tests were compared with normal values,
the most predominant changes were in a difficulty to relax
the convergence system!". Nine subjects (10% of VDU
users) presented three abnormal clinical signs in relaxing the
convergence system and eye symptoms related to VDU use,
therefore this was consistent with the presence of convergence
excess (Table 2). These findings show that VDU users with
A\sBD were more prone to this dysfunction, which may be
due to the high levels of visual effort made when using a VDU.

The eye symptoms were evaluated with the aid of the
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The median total symptoms score
[o)]

Female Male 20-24y 25-29y 30-34y 2-4h 4-6h 6-8h >8h

Socio-demographic factors
Figure 1 The median total score of eye symptoms in the VDU user
participants, with accommodative and non-strabismic binocular
dysfunctions (20 subjects), with regard to socio-demographic factors

(gender, age and the number of hours spent each day using a VDU).

questionnaire created by Hayes et /', because it has been
used in previous studies to evaluate specific eye symptoms of
VDU users. This questionnaire has proved to be reliable and

16-18

repeatable! ', The results showed that the median total score

of eye symptoms (7.5 points) obtained in VDU users without
A\sBD was similar to those of other previous studies' ",
whilst VDU users with AygBD showed higher scores (median
total score 9.5 points) although no statistically significant
differences were found. In addition, these eye symptoms were
greater in females and increased with age and VDU use in
a typical day, which concurs with previous studies'®”. More
importantly, 13 subjects of 20 VDU users with AsBD had
moderate to severe eye symptoms, which represented 14.5%
of the total participants. Indeed, these eye symptoms may lead
to a decrease in visual efficiency with significant detriment to
productivity when using a VDU, hence these subjects should
be treated to improve their visual performance'*",

The presence of AyBD in this study was 22.5% of VDU
users (20 subjects). These findings are difficult to compare
with the general population, since previous studies on Ay BD
were performed on diverse populations (clinical population,
mainly children, and university students)"”. Another difficulty
is the different diagnostic criteria and clinical tests used"”. In
fact, a problem that clinicians encounter when determining
AyxsBD is the lack of a gold standard for the diagnosis of each
dysfunction. Therefore, previous studies based on scientific
evidence have reported that a number of abnormal clinical
signs associated with each dysfunction should be presented to
determine the diagnosis of each AyBD accurately!****". This
study followed this methodology and three abnormal clinical
signs were considered in each AygBD, in agreement with these
previous studies.

In addition, previous studies have reported the influence of

refractive errors when diagnosing A BD"**". Significant
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degrees of uncorrected refractive errors should be corrected
first, since they could affect the accommodative and binocular
vision status. Re-evaluation after four or six weeks should
be performed to analyse accommodative and binocular
vision status'''. However, with small degrees of uncorrected
refractive errors, which are commonly found in subjects with
A\sBD, the clinician should determine the relationship of eye
symptoms with the presence of significant accommodative
and binocular vision problems'*. In the present study, VDU
users with significant degrees of uncorrected refractive errors
were excluded and those with small degrees of uncorrected
refractive errors were considered to have AyBD when their
eye symptoms were related to these dysfunctions.

In summary, this study shows that the main abnormal changes
in accommodative and binocular vision status in VDU users
were found in a difficulty to relax the convergence system.
These changes were related to the presence of convergence
excess in 10% of VDU users. Finally, significant eye symptoms
in VDU users with AysBD often occur and should not be
underestimated; therefore, such subjects should be treated for
these dysfunctions to improve their visual performance.
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