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Abstract

This study examined the clinical findings of

visual display terminal (VDT) users who

presented with monocular symptoms. The

sample consisted of 35 people performing

sustained work at VDTs. Each subject un-

derwent an evaluation that included: visual

acuities, determination of refractive status,

ocular motor testing, the stability of fixa-

tion, degree of suppressions of simulta-

neous binocular perception, and ocular

health status. These findings were com-

pared to a control group of 100 subjects

who did not habitually use a VDT. Signifi-

cant signs of unstable fixation/suppression

were found with symptomatic subjects, as

compared to the controls. We also found

initial visual acuity differences between the

two eyes of the VDT user group, but no sig-

nificant refractive differences. Phoria mea-

sures were not significantly different

between the two groups, but binocular fixa-

tion stability and suppression significantly

predicted symptoms. The ergonomic analy-

sis indicated that the various positionings

of the VDT, keyboard and text could be a

cause of the anomalous binocular re-

sponses. Symptoms and simultaneous per-

ception measures reduced, or even returned

to normal, when a recommended worksta-

tion layout was followed.
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INTRODUCTION
Computer science and the correspond-

ing use of video display terminals (VDT)

is a present reality. Although it is hard to

establish an accurate number of VDT us-

ers, there are reported to be millions of

web pages and over 700 million people are

using the Internet.1 People who frequently

use computer screens have been shown to

exhibit visual symptoms.2-6 Studies have

investigated the occurrence of binocular

and accommodative disorders,7,8 varia-

tions in refraction,9-12 pupillary modifica-

tions,13,14 convergence range,15,16 the

dry-eye syndrome,17 visual fatigue18 and

health complaints19 of VDT operators.

The ergonomic practices of VDT users

have been reported.20-22 These studies

however, generally failed to consider the

presence of any monocular symptoms.

VDT operators who presented to the

Iber ia Air l ines Heal th Service

Ophthalmological Department reported

monocular ocular symptoms that ap-

peared to be related to VDT usage. These

symptoms included:

“I recently noticed poorer vision in my

right eye.”

“Sometimes I have blurred vision in

my right eye.”

“I do not judge depth well and have

trouble parking a car.”

“I see little lights on my right side.”

“My left eye hurts.”

“The problem is in my right eye, it

hurts and it bothers me.”

We also frequently found that even the

best corrective lenses did not improve vi-

sual acuity of the impaired eye to that of

the fellow eye. Through the analysis of

these initial cases, an apparently predomi-

nant common characteristic of these pa-

tients was a work station with papers

angled to the right or to the left of the mon-

itor and keyboard. Other reports revealed

the screen was in the frontal position, but

was twisted. Still others reported that their

habitual work pattern was with their

eyes/head twisted.

Evans23 indicated that proper func-

tioning of binocular vision without symp-

toms depends on: i) the anatomy of ocular

structures, ii) the motor system, and iii)

the sensory system through which the

brain receives and integrates the two mon-

ocular signals. Evans hypothesized that

asymmetry of the subjects’ visual axes, in

relationship to the screen and/or papers

could precipitate monocular symptoms.

No other studies were found in the lit-

erature that targeted VDT use as a poten-

tial cause of monocular disturbances.

Consequently, we designed a study to in-

vestigate the occurrence of the following

conditions in a sample of consistent VDT

users with monocular symptoms:

I) visual acuity and/or refractive asym-

metries

II) greater than expected phorias

III) suppressions

IV) instability of fixation
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METHODS
Subjects

All subjects were employed by IBE-

RIA Airlines. The experimental sample

was composed of 35 subjects from the ad-

ministrative staff (25 females and 10

males) who presented to the IBERIA

Health Service Clinic between January 1,

2000 and December 30, 2003. At the in-

take, each subject reported some type of

monocular symptom. Their ages ranged

between 30 and 60 years, with a mean age

of 45.74 years (Standard deviation= 9.6

years). All these subjects worked with a

VDT an average of at least 4 hours daily,

and were designated as sustained users,

based upon the Spanish Health Service

task classifications.24 Subjects with a pre-

vious history of strabismus, amblyopia, oc-

ular surgery, ocular trauma and/or retinal

pathology were excluded from the study.

The control group consisted of 100

consecutive individuals who reported for

vision care. None were sustained VDT

users, but performed various duties at

IBERIA. This group comprised of 50

males and 50 females with an average age

of 34.7 years, and a standard deviation of

5.6 years. None of these individuals re-

ported any type of monocular symptom.

PROCEDURES
Determination of monocular
symptoms

The monocular symptoms for the sub-

jects were recorded and classified into six

categories. See Table 1.

Ergonomics
All subjects were questioned concern-

ing their workplaces in terms of:

I) Position of the VDT with regard to the

subject’s frontal plane

II) Position of text material with regard to

the keyboard

III) Position of the head with regard to the

VDT.

Additionally, the subjects simulated

the above positions at a workstation.

Ocular health evaluation
The external and internal examina-

tions were performed by the same clini-

cian (RV) using a biomicroscope for the

external examination and a direct ophthal-

moscope for the internal examination. Oc-

ular motility was assessed by monocular

and binocular versions in the cardinal po-

sitions of gaze. Subjects in the experi-

mental and control group who were

diagnosed with any type of ocular disease

and/or defects of ocular motility were

eliminated from the study.

Visual acuities and refractive
status

Distance visual acuity (VA) testing

was accomplished with Marquez

optotypes at 5 meters (similar to Snellen

test). Near VA was determined using a

Jaeger Card at 40 cms.

A Topcon model RM -A7000B auto-

refractora was used to determine the sub-

jects’ refractive status. Our criterion for

anisometropia was =/> 0.75D. Previous

authors defined anisometropia as from

0.50D to 1.00D difference between the

two eyes. 25

Binocular posture, suppression
and fixation stability testing

AMaddox wing testb was used for near

binocular posture (phoria). This stereo-

scopic device dissociates the two eyes by

means of a septum.23 Horizontal and verti-

cal rows of numbers are seen by the left

eye. The right eye sees vertical and hori-

zontal arrows. The reported position of the

arrows indicates the amount of vertical

and horizontal phorias. The criteria values

adopted for the Maddox wing data at 33

cm were those established by the Euro-

pean air regulations.26 Binocular imbal-

ances were specified as esophoria greater

than six prism diopters, exophoria greater

than 10 prism diopters, and hyperphoria

greater than one prism diopter.

We utilized a synoptophore to detect

suppression and/or unstable binocular fix-

ation. 23 Macular slides, subtending 3º at

the nodal point were the targets. These

slides tested simultaneous perception.

The most used target during this study was

the lion in the cage, but occasionally the

star in the moon was used. The two dis-

similar images were presented, one to

each eye. The smaller target (lion or star)

was the macular target and the other target

(cage or moon) was the peripheral target.

The peripheral target subtended approxi-

mately 10o (Figure 1).

The macular slides allowed for detec-

tion of even slight central suppressions,

although they are generally used with pa-

tients presenting with deep levels of sup-

pression or amblyopia.27, 28 We used these

targets to assess what were suspected to be

more subtle binocular interferences. The
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Table 1.
Symptoms reported by impaired VDT users

1 Monocular ocular irritating symptoms. (n=9):

A. ocular pain referred to one eye or laterally at the forehead (n=3)

B. ocular dry sensitivity (n=1)

C. red eye (n=2)

D. drooping eye (n=1)

E. heaviness or pressing sense over one eye (“I feel my right eye as being smaller;”

“I feel left eye is emerging from the orbit.”) (n=2)

2. Asthenopic symptoms. (n=6):

A. ocular fatigue (“I feel my left eye is tired, as if I needed to keep it closed.”) (n=3)

B. vision oscillation (“Through one eye sometimes I see and sometimes I

do not.”(n=2)

C. subjective VA lost: (“As the work day progresses my left eye loses vision.”)

(n=1)

3. Monocular unclear vision: (n=19)

A. far vision (n=11)

B. far and near vision (n=4)

C. near vision (n=4)

4. Subjective disturbances in the visual field: (“When I wear my glasses, I see better

towards the left (or right) than with the fellow eye.”) (n=2)

5. Spatial perception disturbances: (n=8)

A. difficulties for identifying road signals, especially at night (n=2)

B. floating letters (n=2)

C. stereopsis distortion (characters move in and out from the signal board" (n=1)

D. difficulty parking a car, particularly in the direction of the more impaired

eye (n=3)

6. Difficulties adjusting the optical correction corresponding to the impaired

eye (n=4).



second author (NR) performed all binocu-

lar testing.

When the subject perceived both im-

ages, he/she noted the lion inside the cage.

(Figure 1) If the macular target disap-

peared, either intermittently or perma-

nently, a suppression of the eye viewing

the macular target was recorded. Instabil-

ity of fixation was considered to be pres-

ent when the subject perceived one of the

images to move consistently over a ten

second viewing period.27, 28 Suppression

and instability of fixation have been con-

sidered to be related to a functional inhibi-

tion between the eyes. 29-31

Since this binocular test is qualitative

(results depend on the subject’s descrip-

tion), quantifiable data could not accu-

rately be established. Consequently, to

more precisely determine the existence of

the suppressing and/or unstable fixating

eye, we alternated between the eyes, so

that each eye was presented the macular

target and, conversely, the peripheral tar-

get.

Facial anatomical evaluation
A qualitative judgment was made by

RV when evaluating each subject’s ocular

motility in the cardinal directions of gaze,

as to an abnormal facial structure that

might account for binocular interference.

This judgment was subjective, based upon

the experience of the clinician.

Ergonomics
At the completion of testing, recom-

mendations were made to each experi-

mental subject for sounder ergonomic

positions of him/herself in relationship to

the various devices at the work station. A

follow up examination was performed ap-

proximately one year after the worksta-

tion recommendations were initiated.

RESULTS
Statistical analysis of the data was per-

formed using the Statgraphics Plus 5.1.c

Forty one subjects were examined in

the designated time frame. Five subjects

with an organic pathology and one case

with decompensated esophoria were ex-

cluded from the group, leaving 35 experi-

mental subjects with no previous reports

of strabismus, amblyopia, ocular sur-

gery/trauma, retinal pathology or appar-

ent oculomotor dysfunction.

Symptomotology
The subjects’ reported symptoms of

visual discomfort are summarized in Ta-

ble 1. Nine subjects reported monocular

ocular irritating symptoms. Asthenopia

(N=6) was associated with eye strain but

also occurred alone. Others reported

blurry vision (N=19), either at distance or

near, or both, in one eye. Others noted

spatial perception problems (N=8), in-

cluding decreased stereopsis and print

floating/moving on the page. Four others

reported difficulty adjusting to a new cor-

rective lens prescription.

Refraction
Ninety one percent of the subjects

wore spectacles and 75% of them were

presbyopic. Overall, there were no high

levels of anisometropia. Seventy-seven

percent (27 of 35) of the subjects exhibited

a dioptric difference between the two eyes

of </= 0.5 D. Eight subjects showed

anisometropic values =/> 0.75 D. Four

subjects had a higher dioptric measure of

the eye corresponding to the monocular

complaint, while in four others the mon-

ocular complaint was associated with the

eye with the less dioptric value. Monocu-

lar blurred vision was not necessarily de-

pendent on a higher dioptric value present

in the more impaired eye.

Journal of Behavioral Optometry Volume 17/2006/Number 6/Page 145

Figure 1. Scheme of the simultaneous perception test.

Table 3.
Abnormalities noted on external eye examination

1. prominent nasal septum (n=5)

2. linkage of prominent nasal septum with a short interpupillary distance (n=4)

3. linkage of prominent nasal septum and endophthalmus (n=4)

4. isolated endophthalmus (n=1)

5. prominent nasal septum and a short interpupillary distance and

endophthalmus (n=1).

Table 2.
Comparison of refractive errors distributions between impaired and

fellow eyes
Impaired Fellow

Eyes Eyes

(N=35) (n=35)

Spherical errors

Emmetropia (-0.50 to +0.50) 7 (20%) 6 (17%)

Low hyperopia (+0.75 to +2.90) 8 (23%) 11 (31%)

Low myopia (-0.75 to -3.00) 12 (34%) 1 (31%)

Moderate myopia (-3.10 to -6.00) 2 ( 6%) 3 ( 9%)

High myopia (over -6.00) 1 ( 3%) 1 ( 3%)

Astigmatic errors

Low cylinder 1.25 to 3.00) 5 (14%) 3 ( 9%)

U=641

p =0.7419



Refractive conditions were divided

into classifications as shown in Table 2.

The non-parametric Mann Whitney U test

was used to compare the refractive values

from the impaired and the fellow eyes.

There was no significant difference in the

distribution of spherical and cylindrical

errors between the two eyes. (U=641;

p=0.7419).

Visual acuity
Eighty percent of the impaired eyes

had corrected VA less than 6/6 (20/20);

49% of the fellow eyes exhibited VA less

than 6/6. Mean acuity of the impaired

eyes was significantly decreased from that

corresponding to the fellow eyes, (paired t

test, t=5.509; d.f. =34; p<0.05).

Binocular vision
Binocular posture
The Maddox wing test for near vision

was within the limits previously estab-

lished: orthophoria: (n=13); esophoria (<

/= to 5 prism diopters; (n=4); exophoria (<

/= to 8 prism diopters (n=18), with stabil-

ity of the arrow within +/-2 prism diop-

ters.26

Fixation stability and
suppression
Twenty nine experimental subjects

(83%) exhibited fixation instability, while

three did not. Three more subjects exhib-

ited alternate suppression. Because of the

suppression, it was not possible to evalu-

ate the fixation stability of these three sub-

jects. Only 18% of the control group of

100 subjects had unstable fixation; one

control subject exhibited alternate

suppression for a total of 19% showing a

binocular dysfunction. The target instabil-

ity and/or suppression for each group al-

ways were perceived in relation to the

macular target.

The suppression/fixation instability

data were combined in both the symptom-

atic group and the control group. They

were then analyzed by non-parametric

statistics. A Pearson’s Chi-square test re-

vealed significantly higher suppression/

fixation instability in the experimental

group compared to the control group.

(Chi2= 124.52; d.f. =2; critical value

K=5.991; p=<.001).

Facial anatomical evaluation
Forty three percent of the experimen-

tal subjects (15 of 35) exhibited facial

structure details that might interfere with

alignment of the visual axes in oblique

gaze. Facial features that were judged in-

cluded prominent nasal septums, short

inter-pupillary distance and endoph-

thalmus. Exact facial measures were not

formally made. See Table 3.

Ergonomics
In 54% (19 cases) of the experimental

group, the VDT or the papers were located

opposite the symptomatic eye (Figures 2 a

and b), whereas in 34% (12 cases) the

VDT or papers were located on the same

side to the symptomatic eye. In four cases,

the workstation arrangement could not be

clearly defined. See Table 4.

Second clinical testing
Seventeen experimental subjects

(48%) completed a second evaluation ap-

proximately one year later (mean=13.46

months) by the same clinicians. Work

overload and poor cooperation caused

poor follow-up. All of these individuals

had previously demonstrated binocular

instability, and suppression of vision.

Fifty nine percent (10) of these subjects

now revealed binocular stability and lack

of suppression on the synoptophore test.

Comparison of VA values between ex-

aminations showed that the number of im-

paired eyes improved their visual acuity

from the first examination to the fol-

low-up visit (Chi2 = 48.5; df =16;

p=<.001), while the fellow eye remained

stable. The mean acuity of the impaired
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Table 4.
Ergonomic details at workstation

1. Screen twisted or VDT placed laterally to the right or to the left in relation to the

frontal plane gaze (n=22): 13 with left disposition, 9 placed to the right.

2. Oblique reading of texts placed at one side of the keyboard (n=9): 5 localized at left

side, 4 at the right.

3. VDT located 90º to the left on an L-form shaped desk which forces body torsion

and oblique view (n=4).

4. Adoption of a tilted position of the head with regard to the VDT screen (n=2).

5. Use of a widespread visual space (wide disposition of texts, keyboard, VDT,

printer or calculator), with awareness and vision dominance to one side (n=2).

Figure 2a. Figure 2b.



eyes improved from 0.84 (6/7.1) to 1.1

(6/5.6); this change was significant

(paired t test; t=3.26; df=16; p<.01).

DISCUSSION
This preliminary case series study’s

data suggests that ergonomic factors in the

workplace are implicated in the develop-

ment of visual symptoms and visual

anomalies, particularly in the area of bi-

nocularity. The binocular anomalies most

evident in these cases were suppression

and binocular instability; these conditions

often are not measured routinely in the

course of the optometric or ophthalmo-

logical examination.

The impetus for this study was our ob-

servations that persons who did a consid-

erable amount of work on the computer

tended to report various monocular symp-

toms. We are unaware of other reports as-

sociating sustained computer use with

monocular symptoms.

We found that these monocular symp-

toms were not particularly related to re-

fractive condition. Intuitively, one would

have expected that anisometropia might

be a cause of these symptoms, but this

study does not support a relationship be-

tween the refractive status of the two eyes

and symptoms, including anisometropic.

Visual acuity, initially, was reduced

significantly in the eye that was impaired.

It is interesting, however, to note that upon

subsequent examination (one year), the

visual acuity of the impaired eye im-

proved significantly while the fellow eye

stayed the same. We propose that this may

be attributed, in part, to the ergonomic

modifications that were suggested to the

patient at the initial visit.

Not all subjects in the experimental

group had the same symptoms or the same

intensity of symptoms. The work task in-

tensity, the time expended in working with

VDT`s and the individual’s initial degree

of binocularity may account for the vari-

ability of the symptoms. Even though our

data suggests that ergonomic factors

might have a bearing on the findings, a

more representative study is needed.

There was not a significant relation-

ship found between phoria tests and the

monocular symptoms. The phorias, as

measured by the Maddox Wing Test, did

not show any relationship to monocular

symptoms. The wide range of horizontal

phoria measures acceptable to the Euro-

pean air regulations (6 prism diopters

esophoria to 10 prism diopters exophoria

at 33 cm) is somewhat lenient.26 Perhaps

more critical phoria criteria would have

identify more binocular vision deficien-

cies.

Our data suggests that suppression

and/or binocular instability, as measured

with the synoptophore, differentiated the

symptomatic group from the control

group. The relationship demonstrated

agreement between the impaired eye and

the side of the body reporting the monocu-

lar symptoms. Further, when ergonomic

recommendations were introduced and

followed, the subsequent yearly examina-

tions indicated that both the symptoms

and anomalous binocular patterns im-

proved. These recommendations included

positioning all working media as frontal

as possible and the avoidance of incorrect

head postures. Monocular vision rehabili-

tation procedures were utilized with the

impaired eye. Six individuals did not fol-

low the ergonomic recommendations and

the abnormal binocular measures re-

mained. In one case, the suppression

changed from a unilateral suppression to

an alternation. These observations cer-

tainly lend credence to the clinician intro-

ducing ergonomic recommendations as

part of the visual prescription.

There do appear to be variables that

might cause the VDT user not to exhibit

symptoms or signs. One factor could be

insufficient time or intensity of VDT use

to cause symptoms or signs. Another

cause could be that the initial condition of

the individual’s binocularity may impact

the manifestation of signs. The more in-

tact the binocular system is at the begin-

ning of the unfavorable postural position,

the greater the possibility that the symp-

toms and signs will not manifest them-

selves or will be of a sub-clinical nature.

This factor possibly can be evaluated and

predicted by more intensive measurement

of fusional ranges, facility and stability.

The position of gaze was difficult to

define by some of the operators. This did

not allow the establishment of a com-

pletely accurate linkage between symp-

toms and eye position (right or left) or the

lateralized position of devices and papers

at the work station. In this regard, recent

studies related to the introduction of

Varilux Ipseo personal lenses, indicates

that a spectrum of possibilities exists be-

tween people who principally move their

eyes, and those who mostly twist their

head when reading. 32 It has been reported

that the extent of head movements is al-

most twice that of eye movement under

free viewing conditions. 33 Photography,

or some type of permanent record of habit-

ual head position when at the computer,

could be useful for further such an investi-

gation.33-36

We noted factors such as a habitual

face tilt or the presentation of anatomical

dissociation (prominent nasal septum iso-

lated or combined with small pupillary

distance/endophthalmus) when present.

There were, however, no clear trends or

patterns providing support that anatomi-

cal factors significantly contributed to the

problem of working with a tilted gaze.

Further investigation of the relation-

ship between monocular signs and symp-

toms, binocular function and ergonomics

within the workplace is clearly needed.

Others have proposed different variables

to be considered. These include anoma-

lies in the ocular sensory system as a pos-

sible cause.23 A loss of clarity of the

optical image in one eye could then impact

the development of suppression and/or

binocular instability.37 It is likely that the

unsound postural relationships contribute

to binocular instability, suppression and

reduced visual efficiency.

This study suggests that binocular

function of VDT users can be preserved

by ergonomic modification. To meet the

needs of VDT users, clinicians should per-

form a comprehensive assessment of the

vision system that includes examination

of binocular fixation stability and sup-

pression. Therapies should carefully con-

sider the refractive condition, the extra

ocular muscle balance as well as the indi-

vidual sensory fusion responses. What-

ever the optical prescription, it should be

combined with attention to the environ-

mental conditions. We recommend a

workstation layout as follows:

1. the screen should be located in front of

the operator,

2. the keyboard should be aligned and

centered with the eye-screen axes,

3. text should be viewed as frontally as

possible,

4. the desk or table on which the VTD is

placed should measure no less than 80

cm in depth. This depth should facili-

tate the screen, the papers and key-

board alignment. Flat VTD screens

that are now being introduced should
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be encouraged, since they facilitate

the ideal ergonomic arrangement.

SUMMARY
One the basis of our findings with sub-

jects who work on a computer for on aver-

age of four hours per day, we suggest that:

1. Poor posture with regard to position-

ing of body to the VDT, and/or the

keyboard and or the text does not ap-

pear to be related to refractive or

phoria measurements. However, the

ergonomically unsound posture does

appear to be related to a significant de-

crease in visual acuity in one eye and a

higher incidence of visual symptoms

in the impaired eye.

2. There appears to be a relationship be-

tween that monocular symptom-

atology and the incidence of suppres-

sion and/or binocular instability. The

hypothesis that the habitual adoption

of a lateral gaze when working with

VDT`s could interfere the normal sen-

sory state, particularly of one eye, is

supported by these findings.

3. When ergonomic recommendations

were introduced, the binocular find-

ings (suppression and unstable binoc-

ular fixation) significantly decreased

and there was also a significant in-

crease in the visual acuity of the im-

paired eye.

4. There were no clear trends or patterns

that would support anatomical (facial)

factors significantly contributing to

the problem of working with a tilted

gaze.

5. This study points to several specific

studies that might be scrutinized to

further refine the impact of posture

and ergonomics of the workplace and

particularly VDT use, as it impacts vi-

sual signs and symptoms.

The authors have no financial or other

interests in the instruments or devices

used or discussed in this study.
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