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Abstract

Computer vision syndrome (CVS) is the combination of eye and vision prob-

lems associated with the use of computers. In modern western society the use of

computers for both vocational and avocational activities is almost universal.

However, CVS may have a significant impact not only on visual comfort but also

occupational productivity since between 64% and 90% of computer users expe-

rience visual symptoms which may include eyestrain, headaches, ocular discom-

fort, dry eye, diplopia and blurred vision either at near or when looking into the

distance after prolonged computer use. This paper reviews the principal ocular

causes for this condition, namely oculomotor anomalies and dry eye. Accommo-

dation and vergence responses to electronic screens appear to be similar to those

found when viewing printed materials, whereas the prevalence of dry eye symp-

toms is greater during computer operation. The latter is probably due to a

decrease in blink rate and blink amplitude, as well as increased corneal exposure

resulting from the monitor frequently being positioned in primary gaze. How-

ever, the efficacy of proposed treatments to reduce symptoms of CVS is unpro-

ven. A better understanding of the physiology underlying CVS is critical to allow

more accurate diagnosis and treatment. This will enable practitioners to opti-

mize visual comfort and efficiency during computer operation.

Introduction

The use of computers and digital electronic devices for

both vocational and non-vocational activities including

e-mail, internet access and entertainment is almost

universal in modern Western society. A recent estimate of

internet usage by continent ranged from 77.4% of the

population of North America to 10.9% of Africa, with an

estimated 1 966 514 816 users worldwide (or 28.7% of

the world’s population) (http://www.internetworldstats.

com/stats.htm).

The viewing of digital electronic screens is no longer

restricted to desktop computers located in the workplace.

Today’s visual requirements may include viewing laptop

and tablet computers, electronic book readers, smart-

phones and other electronic devices either in the work-

place, at home or in the case of portable equipment, in

any location. Furthermore, computer use is not restricted

to adults. A recent investigation of over 2000 American

children between 8 and 18 years of age reported that in

an average day they spend approximately 7.5 h using

entertainment media, 4.5 h watching TV, 1.5 h on a com-

puter and over an hour playing video games.1 Some

screen sizes may necessitate very small text which the

observer frequently positions at a closer viewing distance

than had previously been adopted for hard copy printed

materials. These increased visual demands may give rise

to a variety of symptoms which have been termed com-

puter vision syndrome (CVS).

The American Optometric Association defines CVS as

the combination of eye and vision problems associated

with the use of computers. These symptoms result from

the individual having insufficient visual capabilities to

perform the computer task comfortably (http://

www.aoa.org/x5374.xml). In a review of CVS, Thomson2

indicated that up to 90% of computer users may
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experience visual symptoms including eyestrain, head-

aches, ocular discomfort, dry eye, diplopia and blurred

vision either at near or when looking into the distance

after prolonged computer use. It is unclear whether this

number has increased, given the increased use of elec-

tronic displays today. Further, Rossignol et al.3 reported

that the prevalence of visual symptoms increased signifi-

cantly in individuals who spent more than 4 h daily

working on video display terminals (VDTs).

Asthenopia is a major complaint in subjects with CVS.

The results of a 2008 questionnaire returned by over 400

computer operators in India revealed asthenopic symp-

toms in 46.3% of subjects.4 Similarly, a survey of 212

bank workers in Italy found asthenopic symptoms in

31.9% of the subjects, though it is worthwhile noting that

this percentage was calculated after 87 subjects were

excluded due to uncorrected hyperopia, undercorrected

astigmatism, or overcorrected myopia, because the inves-

tigators wanted to investigate only subjects ‘without

organic visual disturbances’.5 A higher prevalence was

found in a study of 35 Mexican computer terminal opera-

tors where 68.5% of the subjects experienced symptoms.6

An Australian study of over 1000 computer workers

found 63.4% reported symptoms with uncontrolled

conditions; this number was reduced to 25.2% when an

optimized, ergonomic desk and frequent work breaks

were provided.7 It is unclear whether asthenopia during

computer use is associated with age,4,7–9 although the

prevalence does seem to be higher in females.10–14

In a review of asthenopia, Sheedy et al.15 noted that

symptoms commonly associated with this diagnostic term

included eyestrain, eye fatigue, discomfort, burning, irrita-

tion, pain, ache, sore eyes, diplopia, photophobia, blur,

itching, tearing, dryness and foreign-body sensation.

While investigating the effect of several symptom-induc-

ing conditions on asthenopia, the authors determined

that two broad categories of symptoms existed. The first

group, termed external symptoms, included burning, irri-

tation, ocular dryness and tearing, and was related to dry

eye. The second group, termed internal symptoms,

included eyestrain, headache, eye ache, diplopia and blur,

and is generally caused by refractive, accommodative or

vergence anomalies. Accordingly, the authors proposed

that the underlying problem could be identified by the

location and/or description of symptoms.

It is important to identify whether symptoms (both

internal and external, see above) are specific to computer

operation, or are simply a manifestation of performing a

sustained near-vision task for an extended period of time.

If no physiological or subjective differences exist when

patients view materials either on electronic screens or in

printed form, then there would be little justification for

special attention being paid to the visual demands

encountered during computer operation. The electronic

screen would simply represent another visual target.

However, there is evidence that the two forms of target

presentation are not equivalent. For example, Sheedy

et al.16 compared the performance of an editing task

when the material was either presented on a VDT or in

hard copy form. They observed that subjects made fewer

errors and performed the task quicker with the hard copy

presentation. Similar findings of fewer errors when view-

ing printed materials have also been reported in other

studies.17–19 More recently, Chu et al.20 compared ocular

symptoms immediately following a sustained near-task

viewed either on a computer monitor or in hard copy

format. Identical text was used in the two sessions, which

was matched for size and contrast. In addition, target

viewing angle and luminance were similar for the two

conditions. Significant differences in median symptom

scores were found with regard to blurred vision during

the task and the mean symptom score. In both cases,

symptoms were higher during computer use. Accordingly,

it appears that the symptoms associated with CVS do not

result from simply performing a near-vision task for a

prolonged period of time. Even when viewing a modern

flat panel monitor, subjects reported significantly greater

blur during the computer task, when compared with a

hard-copy printout of the same material.

In addition to the discomfort experienced during com-

puter operation, symptoms of CVS may also have a sig-

nificant economic impact. As noted above, symptoms can

increase the number of errors made during a computer

task as well as necessitating more frequent breaks. Muscu-

loskeletal injuries associated with computer use may

account for at least half of all reported work-related inju-

ries in the USA.21 Indeed, Speklé et al.22 noted that con-

servative estimates of the cost of musculoskeletal

disorders to the United States economy as reported in

2001, when measured by compensation costs, lost wages

and reduced productivity were between 45 and 54 billion

dollars annually or 0.8% of gross domestic product. Fur-

ther, the prevalence of neck, shoulder and arm symptoms

in computer workers may be as high as 62%.23 In addi-

tion to productivity costs, it was estimated in 2002 that

employers in the USA paid approximately $20 billion

annually in workers compensation resulting from work-

related musculoskeletal disorders.24 When considering

CVS specifically, Daum et al.25 estimated that provision

of an appropriate refractive correction alone could pro-

duce at least a 2.5% increase in productivity. This would

result in a highly favourable cost-benefit ratio to an

employer who provided computer-specific eyewear to

their employees. Accordingly, it is clear that the economic

impact of CVS is extremely high, and minimizing symp-

toms that reduce occupational efficiency will result in
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substantial financial benefit. It should also be noted that

both national and international regulations have been

issued with regard to health and safety requirements for

workers using VDTs to minimize these disorders [e.g.

European Council directive 90/270/EEC, the United King-

dom Health and Safety (Display Screen Equipment)

(DSE) regulations and the Australian Occupational Health

& Safety Act of 2000].

Effect of uncorrected refractive error

Given the need to achieve and maintain clear and single

vision of relatively small targets throughout the com-

puter task, it is important that the retinal image be

focused appropriately. Thus, spherical hyperopia and

high myopia should be corrected to reduce the ocular

stimulus to accommodation and minimize blur. Addi-

tionally, the correction of small astigmatic errors may

also be important to reduce symptoms of CVS. In two

similar experiments, Wiggins and Daum26 and Wiggins

et al.27 examined the effects of uncorrected astigmatism

while reading material from a computer screen. In both

studies the authors observed that the presence of 0.50–

1.00 D of uncorrected astigmatism produced a signifi-

cant increase in symptoms. Interestingly, Wiggins et al.27

tested subjects with up to 1 D of residual astigmatism

who were corrected with spherical soft contact lenses.

This is a common clinical practice. The residual uncor-

rected astigmatism produced a significant increase in

symptoms during the computer task. Accordingly, the

authors suggested that symptoms could be reduced

either by fitting these individuals with toric contact

lenses, or alternatively by using a spectacle overcorrec-

tion to correct the residual astigmatism during computer

operation.

A recent study in our laboratory (paper in preparation)

recorded ocular symptoms (both internal and external)

using a written questionnaire immediately after a sus-

tained period of reading from a computer monitor either

through the habitual distance refractive correction or with

a supplementary )1.00 or )2.00 D oblique cylinder added

over these lenses. Additionally, the distance correction

condition was repeated on two occasions in 12 subjects to

assess the repeatability of the symptom questionnaire.

The results showed no significant difference between the

habitual correction conditions, but the change from 1 to

2 D of induced astigmatism produced a significant

increase in post-task symptoms. These results are shown

in Figure 1. The presence of uncorrected oblique astigma-

tism will reduce visual acuity significantly. The increase in

target blur will make performing the task more difficult,

thereby leading to an increase in symptoms such as

eyestrain and headache. Therefore, the correction of

astigmatic refractive errors may be important in minimiz-

ing symptoms associated with CVS.

Smartphone working distances and text sizes

As noted earlier, many of the portable devices used today

for written communication (e.g. text messaging, e-mail

and internet access) have relatively small screens that may

necessitate close working distances and small text sizes.

These can increase the demands placed upon ocular

accommodation and vergence when compared with

printed materials. Indeed, Bilton28 proposed the term

‘1, 2, 10’ to describe commonly adopted working dis-

tances, with mobile (cell) phones and e-books typically

being held approximately one foot (�30 cm) away, desk-

top computers being viewed at about 2 feet (�60 cm),

while televisions are often viewed at a distance of 10 feet

(approximately 3 m). A study in our laboratory measured

both font size and viewing distance in 129 individuals

using hand-held electronic devices.29 The mean font size

of 1.12 m (S.D. = ±0.24), 6/19.2 (S.D. = ±5.25) or �N9

was comparable with newspaper print, which generally

ranges between 0.8 and 1.2 m (N6–N10).30 These results

are shown in Table 1. However, Sheedy and Shaw-McM-

inn31 suggested that a 3· acuity reserve should be

adopted, indicating that prolonged viewing of a 6/19.2

letter would require visual acuity of at least 6/6.4. Further,

as noted in Table 1, in some cases, the text size was as

small as 6/8.25 equivalent, which based on the 3· reserve

would require visual acuity of 6/2.75 for comfortable,

sustained viewing.

Additionally, the mean working distance (36.2 cm) was

closer than the typical near working distance of 40 cm for

adults when viewing hardcopy text,32 and was as close as

17.5 cm for one individual. Indeed, 75% of the subjects

examined used viewing distances between 26 and 40 cm

while 22.5% adopted viewing distances of <30 cm (see

Table 1). These close distances will place increased
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Figure 1. Total symptom score following a 20 min period of reading

from a computer monitor either through the distance refractive cor-

rection or with a supplementary )1.00 or )2.00 D oblique cylinder

added over these lenses. The distance correction condition was

repeated on two occasions in 12 subjects to assess the repeatability

of the symptom questionnaire. Error bars indicate 1 S.E.M.
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demands upon both ocular accommodation and vergence,

especially if maintained for an extended period of time,

which could exacerbate symptoms when compared with

the longer viewing distances more commonly found when

viewing printed materials. Practitioners need to consider

the closer distances adopted while viewing material on

smartphones when examining patients and prescribing

refractive corrections for use at near, as well as when

treating patients presenting with asthenopia associated

with nearwork.

Correction of presbyopia

The correction of presbyopia can be problematic for

patients who spend extended periods of time viewing dig-

ital screens. These difficulties may be most severe when

viewing desktop monitors placed at fixed viewing dis-

tances and gaze angles. These screens are generally placed

at or just slightly below primary gaze. Accordingly, the

use of a standard bifocal spectacle lens, with the segment

placed for a target positioned in downward gaze and pro-

viding clear vision for a viewing distance around 40 cm

may be inappropriate. Wearers of many progressive addi-

tion lenses experience similar difficulties. In providing an

appropriate form of spectacle correction, practitioners

must consider both the viewing distance and gaze angle

(both horizontal and vertical). In terms of viewing dis-

tance, the United States Occupational Safety and Health

Administration (OSHA) state that the preferred viewing

distance for a desktop monitor is between 50 and 100 cm

(representing an accommodative stimulus in a corrected

individual of between 1 and 2 D). Additionally, they rec-

ommend that the centre of the computer monitor should

normally be located 15–20� below the horizontal eye level

and the entire visual area of the display screen should be

located so the downward viewing angle is never >60�
(http://63.234.227.130/SLTC/etools/computerworkstations/

components_monitors.html). Other national agencies

such as the United Kingdom Health and Safety Executive

(http://www.direct.gov.uk/en/Employment/HealthAnd

SafetyAtWork/DG_10026668) and Australian Standards

(http://www.gamc.nsw.gov.au/workplace-guidelines/1_Guide

lineContent/guidelines_1_07.htm) also include guidelines

for computer set-up and operation. Further, the actual

viewing distance and gaze angle may depend on the organi-

zation of the workstation, the height of the material being

viewed and the physical size of the observer.

The use of non-spectacle methods of correcting presby-

opia, such as contact lenses and intra-ocular lenses may

also be problematic. For example, alternating or translat-

ing lens designs where the near portion of the lens moves

in front of the pupil during downward gaze33 are unlikely

to be successful when viewing a desktop computer

screen positioned in primary gaze. A monovision correc-

tion, where one eye is corrected for distance vision while

the fellow eye is corrected for near may be successful in

early presbyopes (although the loss of stereopsis may

provide difficulties). However, as the near addition

power increases, the loss of clear intermediate vision may

become an issue. ‘Simultaneous vision’ type lenses,

whereby multiple powers are positioned before the pupil

at the same time, are becoming increasingly common.

These lenses require the wearer to suppress the blurred

images.34 There appears to be little research at the present

time as to whether the quality of intermediate vision

provided by these lenses is sufficient to avoid CVS symp-

toms, given that small residual refractive errors (or the

presence of significant amounts of retinal blur) may be

challenging to the patient. Other new forms of presbyopic

correction, such as multifocal and ‘accommodating’ intra-

ocular lenses35 may raise the same issues as multifocal

contact lenses, and further studies are required to deter-

mine whether they provide sufficiently clear vision for

prolonged viewing of electronic screens at a variety of

distances and gaze angles.

Laptop computers are typically placed at different dis-

tances and gaze angles to desktop models. The fact that

the keyboard is attached to the monitor means there is

less flexibility in adjusting the workstation while the key-

board remains in comfortable reach.36 The smaller screen

size (and text height) may also impact upon the viewing

distance depending on the observer’s visual resolution.

Harris and Straker37 noted that laptop computers may be

used in a variety of positions, ranging from sitting at a

desk, sitting with the computer on one’s lap or even lying

prone. Accordingly, a form of presbyopic spectacle cor-

rection prescribed for a desktop computer is often inap-

propriate for a laptop. A laptop computer is often viewed

in downward gaze at a distance which may approximate

the position at which a presbyopic individual would read

hand-held printed materials. This may actually make

providing a spectacle correction easier for these types of

devices. As noted earlier, smartphones are often held at

Table 1. Mean and range of values for font size and working

distance while using a smartphone

Mean ± 1 S.D. Range

Font size (mm) 1.63 ± 0.35 1.0–3.0

Snellen fraction 6/19.2 ± 5.25 6/8.3–6/35.3

M acuity 1.12 ± 0.24 0.70–2.10

Working distance (cm) 36.2 ± 7.1 17.5–58.0

Font size is expressed either as the height of the letter, as a Snellen

fraction or in terms of M acuity (i.e. the distance in meters at which

the letter subtends 5 min of arc). Note that the standard deviation for

the Snellen fraction refers only to the denominator of the fraction.
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closer viewing distances than those adopted when viewing

printed materials.19,29,38 Practitioners must consider the

viewing distance and gaze angle adopted when providing

a refractive correction for use when viewing electronic

screens. They should ask about the type and number of

devices being used. It is not uncommon for an individual

to be using both a laptop and desktop computer as well

as one or more handheld devices. In addition, the user

may need to read printed materials, view multiple screens

simultaneously or desire clear distance vision at the same

time they are observing the electronic screens. Multiple

pairs of glasses may be required and in some cases single

vision spectacles may be the only solution to allow clear

vision at the particular gaze angle and working distance

in use.

Ocular causes of CVS

In considering ocular factors that may lead to CVS, two

primary areas have been identified namely: (1) inappropri-

ate oculomotor responses and (2) dry eye. It should be

noted that non-ocular causes of CVS such as poor design

or organization of the workstation, which may also be a

significant cause of symptoms such as back, neck, shoulder

and wrist pain as well as inappropriate lighting and excess

glare are beyond the scope of this paper and will not be

discussed here. However, they were reviewed extensively by

Sheedy and Shaw-McMinn.31 Furthermore, it seems

reasonable to assume that a combination of symptom-

inducing factors, such as uncorrected refractive errors and

poor illumination could be additive, thereby increasing the

magnitude of symptoms.

Oculomotor responses

Viewing any form of near target requires appropriate

accommodative and vergence responses to provide clear

and single vision of the object of regard. While both of

these oculomotor functions have been cited as contribut-

ing to the symptoms associated with computer use, there

is relatively little objective data detailing how these

parameters change during computer work.

Accommodation

Blurred vision, either at near or when looking into the

distance after prolonged computer use is a symptom

commonly associated with CVS. This could result from

an inaccurate accommodative response (AR) during the

computer task or a failure to relax the AR fully following

the near-vision demands. Patients’ symptoms frequently

relate to near-visual activities, and inappropriate

responses, whether under or over-accommodation relative

to the object of regard are a common cause of astheno-

pia.39 Indeed, amongst a group of symptomatic computer

users, accommodative infacility was the most common

oculomotor anomaly found.40

However, the evidence for a difference in the AR

between computer and hard-copy tasks is not compelling.

For example, Wick and Morse41 used an objective infra-

red optometer to measure the accommodative response

(AR) in five emmetropic subjects when viewing either a

VDT or printed copy of the same text displayed on the

monitor. They reported that four subjects showed an

increased lag of accommodation to the VDT (mean

increase = 0.33 D) when compared with the hard copy

condition. Later, Penisten et al.42 used dynamic retinos-

copy to assess the AR when subjects viewed a printed

card, a VDT or a simulated computer display. The exam-

iners do not appear to have been masked during this

study, i.e. they were aware of the findings for each test

condition. Results were presented for two examiners, and

the observed differences were relatively small although a

significantly reduced lag of accommodation was observed

with the simulated computer display when compared

with the printed target. For examiner 1, the mean lag of

accommodation for the printed card and VDT was 0.63

and 0.72 D, respectively, while for the second observer

the mean lags were 0.92 and 0.75 D, respectively. These

differences were smaller than the observed levels of inter-

and intra-examiner repeatability. Results from our labo-

ratory found no significant difference in the AR as a

function of symptom score during the course of a 30 min

computer task performed at a distance of 50 cm.43 The

mean AR for the most and least symptomatic subject

groups was 1.04 D (S.D. = ±0.12) and 1.10 D (S.D.

= ±0.14), respectively. The mean ARs during the trial are

shown in Figure 2.

In a recent paper, Tosha et al.44 examined the relation-

ship between visual discomfort and the AR. They observed

an increased lag of accommodation in subjects reporting

higher discomfort, which became manifest with extended

viewing (typically after at least 30 s of sustained fixation).

This was attributed to accommodative fatigue. However,

these differences were apparent for the 4 and 5 D accom-

modative stimulus conditions, but were not significant for

the 2 or 3 D stimulus levels. Accordingly, for the lower

stimulus demands typically found with desktop and laptop

computers, these differences may not be relevant. Given the

closer viewing distances commonly adopted with hand held

smartphone-type instruments as noted earlier, accommo-

dative fatigue may become significant, and future studies

should examine whether any change in ARs result when

viewing these devices for sustained periods of time.

Accommodative facility is a standard clinical test that

stimulates rapid changes in the accommodative stimulus.

Computer vision syndrome M Rosenfield
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Indeed, Sheedy and Parsons40 reported that in a retro-

spective review of clinical records from CVS patients,

accommodative infacility, i.e. an inability to complete 20

cycles in 90 s using a ± 1.50 D flipper was the most com-

mon diagnosis. One might predict that computer use

would produce a decline in the ability to make dynamic

oculomotor changes, possibly due to fatigue. In addition,

a reduced facility finding could be predictive of subjects

with CVS. Accordingly, Rosenfield et al.45 measured mon-

ocular and binocular accommodative facility with

±2.00 D flippers before and immediately after a 25 min

computer task performed at a viewing distance of 50 cm.

No significant change in either monocular or binocular

accommodative facility was observed following the task.

These results are shown in Table 2. Furthermore, no

significant correlation was found between the mean

symptom score during the task and any of the pre- or

post-task accommodative facility findings. These results

are consistent with the findings of Tosha et al.44 who also

reported no significant difference in either monocular or

binocular accommodative facility in groups of subjects

reporting high or low visual discomfort during nearwork.

The accommodative facility test is a standard clinical

procedure which produces rapid changes in the accom-

modative stimulus. While different results might have

been found had more rapid shifts in the accommodative

stimulus been created in the laboratory, and more reliable

results might have been obtained if these changes in AR

were measured objectively, the facility test has the advan-

tage of being a simple and inexpensive test that can easily

be performed in the clinical environment.

There is little experimental evidence to support the

notion that CVS is associated specifically with accommo-

dative abnormalities in young healthy patients, since no

significant relationship was found between symptoms,

and either the AR or accommodative facility findings.

However, it is of interest that several recent investigations

have reported an association between contraction of the

ciliary muscle and either musculoskeletal symptoms10,12

or specifically trapezius muscle activity.46 Accordingly, the

discomfort reported by VDT operators in the shoulder-

neck region could be related to oculomotor function. For

example, Lie and Watten47 noted that altering the accom-

modative and vergence demands produced changes in

electromyographic responses from muscles in the head,

neck and shoulder region. Similarly, Richter et al.46 used

plus and minus lenses and changes in target position to

vary the accommodative stimulus, and observed that an

increase in the accommodative response was coupled with

a positive shift in trapezius muscle activity in a dose-

response manner. Further, in an investigation of symp-

toms in 1183 call-centre operators, Wiholm et al.10 found

a significant positive association between eyestrain and

neck-shoulder symptoms. The authors conjectured that

either these complaints are physiologically inter-related,

or alternatively, the visual demands of the workstation

may result in a change in posture leading to musculoskel-

etal difficulties. Alternatively, oculomotor fatigue may

lead to a secondary change in innervation to the postural

muscles in the neck, shoulder and upper back, resulting

in discomfort in these areas. However, these findings do

not explain why differences in symptoms are reported

when viewing materials on either electronic screens or

printed hardcopy.

An alternative hypothesis was proposed by Wilkins and

co-workers,48,49 who suggested that visual discomfort

could result from certain patterns of striped lines giving

rise to symptoms of eyestrain and headaches. They also

proposed that ‘visual hypersensitivity’ could be amelio-

rated by the use of coloured lenses and/or overlays. How-

ever, the mechanism whereby these coloured filters could

reduce symptoms is unclear. Both Ciuffreda et al.50 and

Simmers et al.51 reported that the filters did not produce

a significant change in the accommodative stimulus-

response function (although Simmers et al.51 observed a
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Figure 2. Mean values of accommodative response during the course

of a 30 min computer task performed at a viewing distance of 50 cm

for the 10 subjects reporting the most and fewest symptoms, respec-

tively. No significant difference in responses was observed between

these two subgroups. Error bars have been removed for clarity. Data

from Collier and Rosenfield.43

Table 2. Mean values of monocular (RE and LE) and binocular (BE)

accommodative facility (cycles per minute) measured before and

immediately after a 25 min computer reading task performed at a

viewing distance of 50 cm

Accommodative

facility

(RE or OD)

Accommodative

facility

(LE or OS)

Accommodative

facility

(BE or OU)

Pre-task 11.00 (0.81) 10.54 (0.90) 8.25 (0.86)

Post-task 11.54 (0.73) 10.50 (0.80) 9.04 (0.97)

Change 0.54 (0.79) )0.04 (0.67) 1.22 (0.56)

p 0.51 0.95 0.16

Figures in parentheses indicate 1 S.E.M.
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reduction in low frequency accommodative microfluctu-

ations with the tinted lenses). Nevertheless, an increase in

reading performance has been reported with the coloured

filters,52 and changes in the colour of the text and/or back-

ground of the computer display may reduce symptoms of

CVS. The latter is worthy of further investigation.

In addition, patients with accommodative anomalies

(especially accommodative insufficiency and infacility53)

would be expected to exhibit similar symptoms to those

experienced when viewing hard copy materials, and prac-

titioners examining patients presenting with CVS should

perform a full assessment of the accommodative system.

The clinical parameters which should be examined are

listed in the later section on treatment.

Vergence

While few studies have examined the vergence response

during the course of VDT work, several investigators have

measured vergence parameters before and after periods of

computer usage. For example, Watten et al.54 measured

positive and negative relative vergence (or vergence

ranges)55 at near both at the beginning and end of an 8-h

workday. They observed significant decreases in both

parameters, implying that computer use decreased one’s

ability to converge and diverge appropriately. In contrast,

Nyman et al.56 found no significant change in positive or

negative relative vergence at near after 5 h of VDT work.

They also reported no significant change in either dis-

tance and near heterophoria or the near point of conver-

gence (NPC) following the work period. Similarly, Yeow

and Taylor57 also observed no significant change in NPC

after short term VDT use (up to 2.35 h of continuous use

or an average of 4 h intermittent use in a normal working

situation). In a subsequent longitudinal study, Yeow and

Taylor58 monitored NPC, near horizontal heterophoria

and associated phoria (AP), i.e. the prism to eliminate

fixation disparity, over a 2-year period in both VDT and

non-VDT workers in the same office environment. While

both the VDT and control groups exhibited a decline in

NPC with age, no significant difference was observed

between these groups. Similarly, no significant change in

either near heterophoria or AP was found.

Jaschinski-Kruza59 measured both accommodation and

fixation disparity during the course of a 30 min computer

task at viewing distances ranging from 25 to 85 cm. No

significant change in either of these parameters was

observed over time. However, no assessment of visual

symptoms was made during the task, and he noted that

‘subtle oculomotor effects’ could contribute to difficulties

in performance or visual fatigue in the workplace. Subse-

quently, Jaschinski60 used fixation disparity as a measure-

ment of near vision fatigue following work at a computer

workstation. Near vision fatigue was associated with

greater exo (or less eso) fixation disparity as the target

was brought closer to the observer. In order to examine

the within-task vergence response and its relationship to

CVS symptoms, Collier and Rosenfield43 measured AP

during a period of sustained VDT fixation. The mean AP

for the subjects who reported the least and greatest

discomfort during the task was 1.55D exo and ortho,

respectively (p = 0.02). These findings are illustrated in

Figure 3. CVS was significantly worse in subjects exhibit-

ing zero fixation disparity when compared with those

subjects having exo AP.

The increased vergence response in those subjects who

converged accurately on the monitor (as shown by zero

AP) may be responsible for the greater symptoms when

compared with those individuals who had a lower symp-

tom score and small amounts of exo AP. The notion that

having exo fixation disparity at near may be more com-

fortable than accurate vergence differs from earlier work

indicating a positive relationship between AP and symp-

toms.39,61–63 It should be noted that the range of exo AP

found in the low symptom group was relatively small

(mean = 1.55D; range = 0.78–2.33D). Interestingly, the

Optometric Extension Program (OEP) system of case

analysis regards exophoria at near as desirable, since it

provides a ‘buffer’ to overconvergence.64 The minimum

vergence response necessary to place the retinal images

within Panum’s fusional area (thereby allowing binocular

single vision) may provide a more comfortable oculo-

motor posture than precise ocular alignment.

CVS and dry eye

Dry eye has previously been cited as a major contributor

to CVS. For example, Uchino et al.65 observed symptoms

–5.00

–4.00

–3.00

–2.00

–1.00

0.00

1.00

2.00

0 5 10 15 20 25 30

A
ss

oc
ia

te
d 

ph
or

ia
 (P

D
)

Time (mins)

Most symptoms (n = 10)
Fewest symptoms (n = 10)

Figure 3. Mean values of associated phoria in prism dioptres (PD)

during the course of the 30 min computer task performed at a view-

ing distance of 50 cm for the 10 subjects reporting the most and few-

est symptoms, respectively. A significant difference in vergence

response between the two groups was observed. Error bars indicate

1 S.E.M. Data from Collier and Rosenfield.43
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of dry eye in 10.1% of male and 21.5% of female

Japanese office workers using VDTs. Furthermore, longer

periods of computer work were also associated with a

higher prevalence of dry eye.3 In an extensive review,

Blehm et al.66 noted that computer users often report eye

dryness, burning and grittiness after an extended period

of work. They suggested that these ocular surface related

symptoms may result from one or more of the following

factors:

(1) Environmental factors producing corneal drying.

These could include low ambient humidity, high

forced-air heating or air conditioning settings or the

use of ventilation fans, excess static electricity or air-

borne contaminants.

(2) Reduced blink rate. Several investigations have shown

that blink rate is reduced during computer operation.

For example, Tsubota and Nakamori67 compared the

rate of blinking in 104 office workers either when

they were relaxed, reading a book or viewing text on

a VDT. Mean blink rates were 22 per min while

relaxed, but only 10 and 7 per min when viewing the

book or VDT, respectively. Additionally, Patel et al.68

observed mean blink rates prior to and during VDT

operation of 18.4 and 3.6 per min, respectively. In

addition, they noted a significant relationship

between the stability of the precorneal tear film and

the interval between blinks. Schlote et al.69 found that

the reduced blink rate associated with VDT use was

also accompanied by distinct patterns of blinking. For

example, some patients (all of whom had symptoms

of dry eye) exhibited alternating inter-blink periods

of longer and shorter duration. These authors

hypothesized that the change in inter-blink duration

during the course of VDT operation represented cog-

nitive adaptation to the computer task. Further, no

significant correlation was observed between clinical

measurements of the ocular tear film (tear breakup

time, Schirmer I or Jones tests) and the observed

blink rate during computer operation.

It has also been reported that blink rate decreases as

font size and contrast are reduced,70 or the cognitive

demand of the task increases.71,72 Additionally, Sheedy

et al.73 noted that voluntary eyelid squinting reduced the

blink rate significantly. Therefore, the poorer image qual-

ity of the electronic text (as evidenced by increased

reports of blurred vision during the course of a computer

task when compared with printed materials20) may

adversely affect the blink rate. Interestingly, the applica-

tion of topical elastoviscous solutions to the cornea does

not modify the reduced blink rate associated with VDT

use.74 Reduced blinking may also exaggerate the symp-

toms of pre-existing dry eye, which could be exacerbated

by other aspects of the work environment as noted above,

as well as factors such as contact lens wear and increasing

age (particularly in females).

(3) Incomplete blinking. While blink rate has been shown

to decrease significantly with computer use,68,69,74 an

additional factor to consider is the completeness of

the blink, i.e. does the upper lid cover the exposed

cornea completely during the blink process. Himeb-

augh et al.71 analyzed the blink amplitude during a

number of tasks including computer operation and

observed that incomplete blinking was common, task

dependent and present in all subjects. These included

both individuals with symptoms of dry eye and aged-

matched normals. It is unclear whether incomplete

blinking is undesirable. Harrison et al.75 noted that

partial blinking is associated with staining of (and

presumably damage to) the inferior cornea.76,77 Yet

incomplete blinking is commonly found in asymp-

tomatic patients77 and provided that portion of the

cornea covering the pupil is covered by the upper

eyelid, one would expect to find uninterrupted clear

vision. A recent study by Portello et al.78 examined

both the completeness of the blink during computer

operation and post-task symptoms. A significant

positive correlation was observed between the per-

centage of blinks deemed incomplete and the total

symptom score. This is illustrated in Figure 4. These

findings suggest that incomplete blinking leading to

ocular dryness may be a significant cause of CVS.

Additionally, Chu et al.79 noted both a higher preva-

lence of incomplete blinking and higher symptom

score in subjects following a reading task performed

on a VDT, when compared with subjects undertaking

the same task from hard copy material. These find-

ings also imply that incomplete blinking may be a

0 

10 

20 

30 

40 

50 

60 

0.0 10.0 20.0 30.0 40.0 50.0 60.0

To
ta

l s
ym

pt
om

 s
co

re

% Incomplete blinks

Figure 4. Total symptom score plotted as a function of the percent-

age of blinks that were deemed incomplete during the course of a

15 min computer task performed at a viewing distance of 50 cm in

21 subjects. A significant positive correlation was observed (r = 0.63;

p = 0.002). Even if the two outlying subjects with more than 50% of

their blinks being incomplete are removed from the analysis, the cor-

relation is still statistically significant (r = 0.63; p = 0.004). Data from

Portello et al.78
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partial cause of CVS symptoms. Interestingly, Harri-

son et al.75 observed that partial blinking may be

advantageous since it does not interrupt concentra-

tion on a visual task as much as complete blinks.

This is consistent with the findings of Portello and

Rosenfield80 who reported that increased conscious

blinking during computer operation interfered with

the subjects’ ability to perform the task satisfactorily.

(4) Increased corneal exposure. Desktop computers are

commonly used with the eyes in the primary posi-

tion, whereas hardcopy text is more commonly read

with the eyes depressed. The increased corneal expo-

sure associated with the higher gaze angle could also

result in an increased rate of tear evaporation. It

should also be noted that laptop computers are more

typically used in downward gaze while smartphone

type devices can be held in primary or downward

gaze. Variations in the angle of gaze may also alter

either the accommodative and/or vergence

response,81–83 and therefore the level of symptoms

experienced.

(5) Age and gender. The prevalence of dry eye increases

with age and is higher in women than men.13,84–90

The estimated prevalence of dry eye in women and

men over 50 years of age in the USA is 7.8% and

4.3%, respectively.89,90

(6) Systemic diseases and medications. While a review of

this topic is beyond the scope of this paper, Moss et

al.91,92 reported that the incidence of dry eye was

greater in subjects with arthritis, allergy or thyroid

disease not treated with hormones. Additionally, the

incidence was higher in individuals taking antihista-

mines, anti-anxiety medications, antidepressants, oral

steroids or vitamins, as well as those with poorer self-

rated health. A lower incidence of dry eye was found

with higher alcohol consumption levels.

(7) Contact lens wear. The presence of a contact lens on

the anterior surface of the cornea has been shown to

alter the blink rate significantly. This may result from

irritation by the lens or a more unstable tear film.69

York et al.93 examined the effect of contact lenses

on blink rate during conditions of varying levels of

difficulty. Subjects were required to view either an

audio-visual film strip, read graded material or read

material while determining how many times the letter

‘a’ appeared in the text. The authors observed that

while the mean blink rate decreased with increasing

task difficulty for all conditions, wearing contact

lenses increased the blink rate. However, the subjects

in this study were all new contact lens wearers, and

the authors speculated that over time, increasing

adaptation to the lenses could lessen the effect of

contact lenses on blink rate. Indeed, an investigation

by Pointer94 on new hydrophilic contact lens wearers

observed that over a 1 month lens adaptation period,

task difficulty became the predominant stimulus for

blink rate.

A recent report by Jansen et al.72 examined the effect

of task difficulty in adapted contact lens wearers. In com-

paring the inter-blink interval when either listening to

music or playing a video game, a significantly longer

inter-blink interval was noted for the video game when

contact lenses were not worn. However, when subjects

wore their habitual contact lenses, no significant differ-

ence in blink rate was observed as a function of task diffi-

culty. These results suggest that soft contact lenses, even

in a fully adapted wearer provide sufficient ocular surface

or lid stimulation to increase the rate of blinking. Based

on these results, one might speculate that if CVS is pro-

duced by a decreased blink rate, symptoms should be less

severe in adapted contact lens wearers. However, this pro-

posal contradicts the finding that contact lens wearers are

12 times more likely than emmetropes and five times

more likely than spectacle wearers to report dry eye

symptoms.95 For a much fuller discussion on the topic of

dry eye and contact lens wear, see the report of the defi-

nition and classification subcommittee of the Interna-

tional Dry eye workshop.96

As noted previously, the presence of relatively small

amounts of uncorrected astigmatism (<1.0 D) may pro-

duce a significant increase in symptoms of CVS.26,27

Common clinical practice is to provide patients seeking

contact lenses who have astigmatism of this magnitude

with spherical lenses. Accordingly, increased symptoms

might occur in these individuals, not as a result of the

contact lens inducing or enhancing problems associated

with dry eye, but rather as a result of the uncorrected

refractive error. The use of toric contact lenses or a spec-

tacle overcorrection to eliminate the uncorrected astigma-

tism may be appropriate here.

(8) Ocular conditions. An extensive review of dry eye dis-

ease96 noted that this condition could either be

caused by decreased lacrimal tear secretion or exces-

sive evaporation. Either of these causes could lead to

symptoms of CVS. Decreased secretion could be due

to Sjogren’s syndrome, an autoimmune condition

which affects both the lacrimal and salivary glands.97

Alternatively, reduced tear output could result from

either primary or secondary deficiencies or obstruc-

tion of the lacrimal glands, reflex hyposecretion

resulting from reduced sensory input from the tri-

geminal nerve or damage to the facial nerve. Evapora-

tive dry eye could be extrinsic, resulting from

Meibomian gland dysfunction, an increase in exposed

ocular surface area or a low blink rate or extrinsic,

being due to ocular surface disorders (including
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vitamin A deficiency) or diseases including allergic

conjunctivitis.

Potential treatments for CVS

Potential therapeutic interventions for patients with

symptoms of CVS can be divided into three main areas

namely:

(1) Refractive and accommodative disorders

(2) Vergence anomalies

(3) Dry eye

Refractive and accommodative anomalies

As noted earlier, the presence of uncorrected ametropia

may lead to an increase in symptoms. Given that indi-

viduals may spend many hours (often continuously)

viewing electronic screens, it is important that they are

able to maintain a clear image of the target over time.

There is little evidence to support the proposal that the

accommodative demands of the VDT differ from view-

ing printed materials at the same distance and gaze

angle. However, the presence of any refractive or accom-

modative anomaly (e.g. accommodative infacility or

insufficiency53) could impact upon the patient’s level of

visual comfort during the task. In examining patients

with CVS, the following clinical parameters should

be assessed [with all near testing being performed at the

distance(s) at which the electronic screen(s) are posi-

tioned]:

(1) Best corrected visual acuity

(2) Refractive error (including binocular balancing)

(3) Accommodative error (lag) at the appropriate work-

ing distance

(4) Monocular and binocular amplitude of accommoda-

tion

(5) Monocular and binocular accommodative facility

(6) Negative and positive relative accommodation

Patients with accommodative anomalies may benefit

from measures to improve the accuracy and dynamics of

their accommodative response, including vision therapy

and/or the provision of lenses to provide a clear image of

the target at the required viewing distance and gaze angle.

If adjustments can be made to optimize the design of the

workstation, these should also be discussed with the

patient.

In addition, patients should be advised regarding their

working times. Fixation on any near object for a sus-

tained period of time, whether a computer screen or

printed material may lead to asthenopia. Indeed, Henning

et al.98 compared computer workers typing performance

at baseline, when they were allowed three 30 s breaks plus

a 3 min break each hour, and a rest break plus exercise

condition where stretching exercises were introduced dur-

ing the breaks. A 5% and 15% improvement in produc-

tivity was observed for the breaks and breaks plus

exercise conditions, respectively. Accordingly, it seems

reasonable that any patient should be advised to take

breaks and to look into the distance periodically in order

to reduce the accommodation and vergence responses.

Vergence anomalies

It has been demonstrated that subjects reading text on a

computer were most symptomatic when they converged

accurately on the screen, i.e. having ortho associated phoria

(AP), when compared with individuals having exo AP who

were less symptomatic (see Figure 3).43 Given this finding,

one might conjecture whether intentional correction of a

subject’s AP to an exo posture would reduce asthenopic

symptoms after a computer task. Accordingly, our labora-

tory compared post-task symptoms immediately following

a continuous 20 min reading task from a desktop com-

puter monitor at a viewing distance of 50 cm. Each subject

(n = 40) attended for two trials. In the first session, sub-

jects wore the amount of prism corresponding to their AP

at the computer test distance over their refractive correc-

tion. In the second trial, subjects were given 3D more base-

out prism than their measured AP in order to induce an

AP of 3D exo. No significant difference in total ocular

symptom score between the two groups was observed fol-

lowing these two conditions. However, five individuals

showed a significant preference for the ortho condition,

whereas nine subjects showed a marked preference for the

3D exo condition. Further analysis indicated differences in

binocular accommodative parameters between these two

subgroups. The group whose symptoms were reduced with

exo AP had significantly lower negative relative accommo-

dation (NRA) and a higher accommodative response (i.e.

smaller lag) when compared with the ortho AP preferred

group. No significant difference in either distance or near

heterophoria was observed between the two groups. Thus a

subgroup of patients may exist whose symptoms of CVS

can be alleviated by creating exo AP. This proposal should

be examined further in a larger population.

Any vergence anomaly which would cause difficulty

with maintaining clear and single vision of printed text at

near (e.g. uncompensated heterophoria, convergence

excess or insufficiency or vergence infacility) is likely to

give rise to symptoms during sustained viewing of an

electronic screen at near. Accordingly, when examining

patients with CVS, the following clinical vergence param-

eters should be assessed [with all near testing being per-

formed at the distance(s) at which the electronic screen(s)

are positioned]:

(1) Near point of convergence
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(2) Near heterophoria

(3) Horizontal and vertical fixation disparity and/or asso-

ciated phoria.

(4) Vergence facility

(5) Vergence ranges (negative and positive relative

vergence)

(6) Stereopsis

(7) AC/A and CA/C ratios.

Dry eye

As noted previously, the presence of dry eye may play a sig-

nificant role in the aetiology of CVS. Computer use has

been associated with both a reduced rate of blinking and a

high number of incomplete blinks when compared with

viewing hard copy materials. Additionally, the environ-

ments where computers are located often have low ambient

humidity and forced-air heating or air conditioning which

may exacerbate symptoms of dry eye. Accordingly, practi-

tioners should consider both patient education and a range

of therapies available to attenuate this condition.

Dry eye therapies which have been proposed to mini-

mize symptoms of CVS include the use of lubricating

drops, ointments and topical medications for blepharitis

or allergic conditions. Additionally, blink training to

increase the blink rate during computer use,99 as well as

changes in ambient humidity, hydration (drinking more

water) and redirection of heating and air conditioning

vents have all been proposed.

The benefit of many of these therapies for minimizing

CVS symptoms is unproven. For example, Acosta et al.74

observed that topical instillation of an elastoviscous solu-

tion did not produce a significant change in the com-

puter-induced reduction in blink rate. Mean blink rates

for the computer condition with and without instillation

of the elastoviscous solution were 6.4 and 6.1 blinks

min)1, respectively. Accordingly, it is uncertain whether

the use of lubricating or rewetting drops will indeed

reduced CVS symptoms. With regard to increasing the

blink rate, Portello and Rosenfield80 compared post-task

symptoms when subjects were either allowed to blink

voluntarily or when the blink rate was consciously

increased using a metronome during computer use.

Although a significantly increased blink rate was recorded

in the metronome condition (23.5 vs 11.3 blinks min)1

in the control session), no significant difference in post-

task CVS symptoms was found either in the entire popu-

lation tested (n = 23) or in those subjects reporting the

highest symptom scores in the control condition. Fur-

thermore, several subjects stated that increased conscious

blinking interfered with their ability to perform the task

satisfactorily, which may limit the practicality of this

advice.

Furthermore, Acosta et al.74 noted that blowing an air

stream onto the face while subjects were playing a com-

puter game did not produce a significant change in blink

rate. Accordingly, to date there appears to be little experi-

mental evidence to support many of the therapeutic inter-

ventions that have been proposed. Further work is

required to determine what aspects of dry eye treatments

will indeed reduce CVS symptoms.

Conclusions

As noted above, the use of electronic devices to view small

type for many hours, frequently at close working distances,

has become commonplace in modern society in patients of

all ages. Many individuals use multiple devices such as a

desktop and laptop computer as well as one or more hand-

held devices. These present a variety of visual demands that

are significantly different from those of printed materials in

terms of working distances, gaze angles and text sizes. It is

no longer reasonable to assume that a patient will read text

at a viewing distance of approximately 40 cm with their

eyes depressed. Accordingly, a significant change in both

optometric testing methods and the design of ophthalmic

lenses (particularly for the correction of presbyopia) will

probably be required.

Given that the prevalence of symptoms (including eye-

strain, headaches, ocular discomfort, dry eye, diplopia and

blurred vision) may be as high as 90%, it is likely that an

increasing number of patients will present for eye examina-

tions due to symptoms associated with CVS. Practitioners

need to consider what are appropriate examination proce-

dures and treatment regimens for these individuals. Near

testing at a single distance and gaze angle such as is com-

monly employed when a nearpoint card is positioned in

the primary position at a viewing distance of 40 cm is not

adequate. The assessment of oculomotor functions at mul-

tiple viewing distances and gaze angles may be required.

One should note that this cannot be achieved when the

patient is viewing through a phoropter, and nearpoint test-

ing in free space, with the patient wearing a correction

mounted in a trial frame is required.

In addition, prescribing routines may need to be recon-

sidered. For example, small refractive errors (such as astig-

matism between 0.50 and 1.00 D), which might have been

left uncorrected in the past (particularly in contact lens

wearers), should be corrected in a patient who is viewing an

electronic screen for an extensive period of time. Similarly,

instances of low to moderate oculomotor anomalies or cases

of dry eye, which might previously have been left uncor-

rected may be of sufficient magnitude to cause significant

symptoms when combined with prolonged computer use.

It is worth noting that the symptoms of CVS associated

with accommodation and vergence disorders do seem, in
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most cases, to be a result of viewing a visually demanding

near target for an extended period of time and not spe-

cific to the electronic monitor. In contrast, symptoms of

dry eye do appear to be directly related to computer use

due to the position of the monitor (producing increased

corneal exposure), reduced blink rate, increased partial

blinking and other environmental factors. Further

research is required to determine the efficacy of dry eye

treatments in reducing symptoms of CVS.

Given the remarkably high number of hours per day

that many (or perhaps most) individuals now spend

viewing small text on electronic screens at close working

distances and varying gaze angles, it is incumbent upon

all eye care practitioners to have a good understanding

of the symptoms associated with, and the physiology

underlying CVS. As modern society continues to move

towards greater use of electronic devices for both work

and leisure activities, it seems likely that the visual

demands that these place upon our patients will only

continue to increase. An inability to satisfy these visual

requirements could present significant lifestyle difficulties

for patients.
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