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Abstract

Purpose

To determine the binocular vision status in normally-sighted school aged children who used

digital devices.

Methods

A cross-sectional study was conducted at B.P. Koirala Lions Center for Ophthalmic Studies,

Kathmandu, Nepal for a duration of one year. One hundred and eighty school aged children

(71 female and 109 male) aged 7 to 17 years were included in the study. All the children

underwent detailed ophthalmic and binocular vision examinations. The duration of the use

of digital devices by the children were asked to either the parents or guardians present at

the time of the study. The study participants were divided into two groups: children who

used digital devices for the last six months (users group) and those who hadn’t used digital

devices for the last six months (non users group). The users group was again divided into

two subgroups: children who used digital devices for less than 3 hours per day and a day

per week (low digital device users subgroup) and children who used digital devices for more

than 3 hours per day and all days in a week (high digital device users subgroup).

Results

Accommodative amplitudes, accommodative facility, and positive fusional vergence for

both near and distance were significantly reduced in the high digital device users group than

in the low digital device users subgroup (p <0.01). Stereo acuity, near point of convergence,

and negative fusional vergences for both near and distance were not statistically signifi-

cantly different between the two subgroups. Prevalence of accommodative and vergence

anomalies (except convergence insufficiency) was more in the high digital device users sub-

group than in the low digital device users subgroup (p<0.01).
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Conclusions

Children who used digital devices for a significantly greater amount of time had significantly

reduced amplitudes of accommodation, accommodative facility, and positive fusional ver-

gence both at near and distance.

Introduction

The use of digital devices (desktop, laptop and tablet computers, smartphones and electronic

reading devices) have increased exponentially in recent years due to their necessity for both

vocational and avocational purposes among all age groups [1, 2]. Parents also encourage chil-

dren at very early years to use computers [3]. An investigation of over 2000 American children

between 8 and 18 years of age found that, in an average day, they spent approximately 7.5

hours viewing entertainment media (comprising 4.5 hours watching television, 1.5 hours on a

computer and over an hour playing computer games) [4]. Home or school computer access is

also commonplace in many countries including urban and suburban areas of Nepal [5, 6].

With the rise in use of digital devices, there is increased demands for three dimensional per-

ception, in particular stereopsis, and binocular single vision [7–10]. Binocular single vision

requires coordinated use of both eyes, so that separate and slightly dissimilar images arising in

each eye are appreciated as a single image by the process of fusion [11, 12]. For efficient single

binocular vision to occur, the retinal images for the two eyes must be in good focus and of sim-

ilar size and shape. This is promised by the good functioning of accommodative and vergence

systems and also by the absence of any misalignment of the eyes and sensory anomalies.

The focusing mechanism in human eyes does not seem to work well with electronically gen-

erated characters as it works with printed characters that have well-defined edges with good

background and contrast between the background and the letters [3, 13]. The characters on a

computer screen are made of tiny dots called pixels. Each pixel is bright at its center and the

brightness gradually decreases towards the outer edges. Therefore, electronically generated

characters have blurred edges compared to letters on a printed page. Thus, the human eye

finds it very difficult to maintain focus on pixel characters. This happens because when an

attempt to focus on the plane of the computer is made, the eye fails to sustain the focus and

relaxes to focus behind the screen [14]. This point is known as the resting point of accommo-

dation or the dark focus. The eyes are therefore constantly relaxing to resting point of accom-

modation and straining to refocus on to the screen, ultimately leading to eye strain and fatigue

[3, 15]. Thus, visual work on digital devices is challenging and includes frequent ocular motil-

ity, accommodation, and vergence demands [16]. The impairment of vergence and accommo-

dative systems results in visual discomfort. This interferes significantly with visual attention,

visual performance thereby limiting work capacity [17, 18].

Digital eye strain, commonly known as computer vision syndrome, is the combination of

eye and vision problems associated with the use of computers and other electronic displays [7,

19]. It is a commonly observed syndrome in adults [20] but the concern is no less in children.

Since adults have adopted and integrated digital devices in their lives, children have learned

the same. This has led to children experiencing similar symptoms (such as eye ache, eye strain,

double vision, lacrimation, burning eyes, blurring of vision, dryness and irritation) [21–23]

related to computer use as by adults. However, when children use computers, they are more

susceptible to developing problems than adults because of their unawareness towards the

symptoms they are suffering, prolonged viewing without taking a break, or increased viewing
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angle when using digital devices set up for adults [2]. The visual discomfort caused by digital

devices interferes with attention, academic performance, and limit ability to work [12, 17, 18].

It is reported that children with accommodative or vergence anomalies who use electronic

devices for a significant amount of time have significantly lower GPA [21, 24].

Though it is suggested that the digital devices impact a child’s binocular single vision, only

limited number of studies have been reported till date regarding it [25]. Various studies have

addressed the subjective symptoms associated with the use of digital devices or have associated

academic performance with the binocular vision findings (measuring the various parameters

of binocular single vision) [21, 26]. However, only a few studies have correlated the refractive

and binocular vision findings in school aged children who used digital devices [27, 28].

Methods

The study was approved by the Institutional Review Committee of the Institute of Medicine,

Tribhuvan University, Nepal, and adheres to the tenets of declarations of Helsinki. Informed

verbal consent was taken from children and their parents or guardians who were present at the

time of examination.

Study design and subjects

This was a hospital based cross-sectional study conducted at B.P. Koirala Lions Center for

Ophthalmic Studies (BPKLCOS), Institute of Medicine, Kathmandu, Nepal between Decem-

ber 2018 and November 2019. School aged children (n = 180), aged 7–16 years (mean age

13.01 ± 2.63 years), who had corrected monocular distance visual acuity of 6/6 with Snellen’s

visual acuity chart were included. Subjects with any ophthalmic diseases, systemic diseases that

are known to affect the eyes, or those with history of ocular surgery were excluded. A well illu-

minated room was used to carry out all the procedures and the subjects wore their habitual

refractive correction (if present) during the procedures.

Monocular visual acuity

Internally illuminated rotating drum with Snellen’s chart (Clement-Clarke Haag-Streit, Har-

low, UK) was used to measure monocular visual acuity at 6 meters in a well illuminated room.

Near chart (Roman test types, Drishti, Kathmandu, Nepal) was used to measure near visual

acuity binocularly at 40 centimeters.

Manifest distance refraction

Objective distance refraction was performed with a retinoscope (Heine Beta 200, Gilching,

Germany) while the subject fixated at 6 meters with their accommodation relaxed. Following

objective refraction, subjective refraction was performed to determine the final refraction for

the subjects.

Cover test

Cover/uncover test was done to assess any phoria or tropia if present. No movement on cover/

uncover test was considered as orthophoria. Inward movement of the eye when cover was

removed was considered as exophoria; whereas, outward movement was considered as eso-

phoria [29]. Prism cover test was performed to measure the amount of phoria when present.

Subjects with intermittent or manifest tropia were excluded from the study.
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Near stereoacuity

Titmus stereo test (stereo fly test, Stereo Optical company, Chicago, USA) was performed at 40

centimeters with the patient wearing polarized spectacles. Three sets of five animals is consid-

ered useful for young children [30] which was used to demonstrate and practice. The circles

were then used to note the near stereoacuity.

Near point of convergence

Royal air force rule (RAF, model ASF- ER300, India) was used to measure near point of con-

vergence by push up method. Accommodative target (N5) was slowly pushed towards the sub-

ject at the recommended linear rate of about 1 ± 2 centimeters per second until subjects first

noticed blur or diplopia. Three measurements were taken and the average was noted.

Accommodative amplitude

Accommodative amplitude was measured using Royal air force rule by push up method. Near

point of accommodation was measured by slowly towards the subject [31]. Subjective blur

point was noted. It was repeated thrice and the average measurement was noted. The

accommodative amplitude in centimeters was then converted to amplitude of accommodation

in diopters by dividing it by 100 [32]. The procedure was done both monocularly and

binocularly.

Accommodative facility

Lens flipper (±2D) was used to measure the monocular and binocular accommodative facility

with N8 target at 40 centimeters. All the participants had N6 or better near visual acuity, so

they could fixate on the N8 line without any problem. Subjects were asked to read the letter

when clear (were made to wait until the letter was clear with the lens) with the lenses and then

flipped as soon as it got clear and they read out the letter. One cycle was noted when focusing

through minus lens and plus lens was done. After a practice session of 30 seconds, monocular

accommodative facility for right eye was noted and then repeated binocularly.

Accommodative response

Monocular estimation method retinoscopy was performed on the right eye with the printed

letters placed at 40 centimeters from the subject’s spectacle plane. Subjects were made to read

the words and required lens power was quickly interposed to neutralize the movement

observed by the retinoscope. The power of the neutralizing lens was noted.

Fusional vergence

Horizontal prism bar was used to measure both negative and positive fusional vergences at

near (40 centimeters) and distance (6 meters), assuming optical infinity. The prism bar was

placed before the subject’s one eye and the power of prism was gradually increased. The test

was stopped at the point of consistent diplopia or break. Positive fusional vergence was mea-

sured by placing base out prism and negative fusional vergence was measured by placing base

in prism. Negative fusional vergence was measured before positive fusional vergence to avoid

effect of convergence testing on vergence recovery [33].
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Questionnaire

A questionnaire asking the duration of digital devices used and the types of digital device was

filled by parents/ guardians. These questionnaires were in English language. It was translated

to Nepali language and asked by the optometrist to record the response, if necessary.

Digital devices consisted of desktop, laptop and tablet computers, televisions, and smart-

phones. All types of digital devices were placed in same category as children were using multiple

devices throughout the day and it was not easy to separate one versus the others’ viewing time.

The participants were divided into two groups:

□Non—users group (n = 10): children who hadn’t used digital devices for the last six months

□Users group (n = 170): children who had used digital devices for the last six months

The users group was again divided into two subgroups:

■ Low digital devices users (n = 87): children who used the digital devices for less than 3 hours

per day and only a day per week

■High digital devices users (n = 83): children who used the digital devices for 3 hours or more

than 3 hours per day and all days in a week

Statistical analyses

• Independent samples t test was used to compare the means of the parameters of BSV among

the two groups namely low digital device users subgroup and high digital device users

subgroup.

• Paired samples t test was used to compare the means of near point of accommodation

between the right and left eye of the subjects; and also for comparing the means of monocu-

lar accommodative facility between the right and left eye of the subjects. Since no significant

difference was found between the two eyes, data from right eye only is used for comparing

with the normative data.

• The Chi- square test was used to compare the prevalence of convergence insufficiency,

accommodative insufficiency, accommodative infacility and fusional insufficiency among

different groups of digital device users.

• One sampled z test was used to compare the binocular vision findings of present study with

the normative data provided by the BAND study.

• P-value of less than 0.05 was considered statistically significant.

Results

Refractive error

Out of 180 subjects, majority of the children (n = 104) were emmetropic (± 0.25 Diopters).

There were 42 myopic subjects (-0.50 to -2.00 Diopters), 21 subjects were astigmatic (-0.50 to

-1.00 Diopters) and 13 subjects were hyperopic (+0.50 to +1.00 Diopters).

Binocular vision findings of the non-users group

Since the number of children in the non-users group was significantly lower compared to the

users group, the non-users group was not compared with the users group. The binocular vision
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findings of the non-users group were compared to the normative data taken from the BAND

study [33] is shown in Table 1.

Comparison of binocular vision findings of low digital device users

subgroup with the normative data taken from the BAND study

In our study, Table 2 shows the comparison of our findings with the normative data given by

the BAND study [34].

Table 1. Parameters of Binocular Vision (BSV) in non-users group.

Parameters of BSV in non-users group Current Study Normative data taken from the BAND study [33] P-value

Stereo acuity 51 ± 15.95 seconds of arc 40 ± 15 seconds of arc 0.20

Monocular NPA (RE) (in centimeters) 7–10 years: 6.50 ± 0.58 7–10 years: 13 ± 3 <0.01�

11–17 years: 6.40 ± 0.55 11–17 years: 11 ± 2 <0.01�

Binocular NPA (in centimeters) 7–10 years: 6.50 ± 0.58 7–10 years: 13 ± 3 <0.01�

11–17 years: 6.40 ± 0.55 11–17 years: 11 ± 3 <0.01�

MAF (RE) (cycles per minute) 7–12 years: 12.08 ± 1.79 7–12 years: 11 ± 4 0.55

13–17 years: 9.40 ± 2.33 13–17 years: 14 ± 5 0.04�

BAF (cycles per minute) 7–12 years: 12.30 ± 2.33 7–12 years: 10 ± 4 0.20

13–17 years: 9.00 ± 3.08 13–17 years: 14 ± 5 0.03�

Lag of Accommodation 0.13 ± 0.13 Diopters 0.4 ± 0.2 Diopters <0.01�

NPC (in centimeters) 7.00 ± 1.41 3 ± 3 <0.01�

PFV for distance (prism diopters) 15.00 ± 4.24 17 ± 8 0.43

PFV for near (prism diopters) 25.00 ± 7.07 26 ± 10 0.75

NFV for distance (prism diopters) 9.14 ± 0.74 8 ± 2 0.71

NFV for near (prism diopters) 19.00 ± 1.41 15 ± 4 <0.01�

BAF = Binocular Accommodative Facility, LE = left eye, MAF = Monocular Accommodative Facility, NFV = Negative Fusional Vergence, NPA = Near Point of

Accommodation, NPC = Near Point of Convergence, PFV = Positive Fusional Vergence, RE = right eye

https://doi.org/10.1371/journal.pone.0266068.t001

Table 2. Comparison of binocular vision findings of low digital device users subgroup with the normative data taken from the BAND study.

Parameters of BSV Low digital device users subgroup (n = 87) Normative data Taken from the BAND study [33] P- value

Stereo acuity 52.35 ± 31.25 seconds of arc 40±15 seconds of arc <0.01�

Monocular NPA (RE) (in centimeters) 7–10 years: 6.56 ± 0.78 7–10 years: 13 ± 3 <0.01�

11–17 years: 6.96 ± 1.50 11–17 years: 11 ± 2 <0.01�

Binocular NPA (in centimeters) 7–10 years: 6.56 ± 0.78 7–10 years: 13 ± 3 <0.01�

11–17 years: 6.69 ± 1.12 11–17 years: 11 ± 3 <0.01�

MAF (RE) (cycles per minute) 7–12 years: 10.62 ± 2.63 7–12 years: 11 ± 4 0.57

13–17 years: 10.91 ± 3.52 13–17 years: 14 ± 5 <0.01�

BAF (cycles per minute) 7–12 years: 9.33 ± 2.49 7–12 years: 10 ± 4 0.32

13–17 years: 10.07 ± 3.50 13–17 years: 14 ± 5 <0.01�

Lag of Accommodation (diopters) 0.43 ± 0.40 0.4 ± 0.2 1.62

NPC (centimeters) 7.08 ± 2.39 3 ± 3 <0.01�

PFV for distance (prism diopters) 16.01 ± 7.17 17 ± 8 0.25

PFV for near (prism diopters) 31.00 ± 10.89 26 ± 10 <0.01�

NFV for distance (prism diopters) 9.48 ± 3.55 8 ± 2 <0.01�

NFV for near (prism diopters) 14.19 ± 4.29 15 ± 4 0.06

� = p value less than 0.01.

Abbreviations: BAF = Binocular Accommodative Facility, LE = left eye, MAF = Monocular Accommodative Facility, NFV = Negative Fusional Vergence, NPA = Near

Point of Accommodation, NPC = Near Point of Convergence, PFV = Positive Fusional Vergence, RE = right eye.

https://doi.org/10.1371/journal.pone.0266068.t002
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Comparison of binocular vision findings of high digital device users

subgroup with the normative data taken from the BAND study

In our study, Table 3 shows the comparison of our findings with the normative data given by

the BAND study [34].

Binocular vision findings of the users group

Table 4 represents the binocular vision findings of the users group which was divided into two

subgroups, low and high digital device users subgroups. In our study, we compared our find-

ings with the normative data given by the BAND study [34].

Comparison of prevalence of accommodative and vergence anomalies

between the low and high digital device user subgroups

Among the 180 subjects in the present study, 51 subjects had combined accommodative and

vergence anomalies and 56 subjects had normal binocular vision findings. The prevalence of

accommodative and vergence anomalies between the low and high digital device users sub-

groups when compared to each other showed that the prevalence was significantly different in

terms of accommodative infacility (AIF), accommodative insufficiency (AI) and fusional

insufficiency (FI). But there was no significant difference between the two subgroups in terms

of convergence insufficiency as shown in Table 5.

Discussion

Digital devices have been applied in an increasing amount of work recently [22]. Many studies

have speculated that rising prevalence of asthenopia in the young is due to increased use of

mobile phones [1, 22, 23, 26]. However, most of the studies [21, 26] have subjectively assessed

the various vision related symptoms (such as blurred vision, double vision, etc.) experienced

Table 3. Comparison of high digital device users subgroup with the normative data taken from the BAND study.

Parameters of BSV High digital device users subgroup (n = 83) Normative data taken from the BAND study [33] P -value

Stereo acuity 46.75 ± 14.21 seconds of arc 40±15 seconds of arc <0.01�

Monocular NPA (RE) (in centimeters) 7–10 years: 7.29 ± 1.49 7–10 years: 13 ± 3 <0.01�

11–17 years: 7.69 ± 1.98 11–17 years: 11 ± 2 <0.01�

Binocular NPA (in centimeters) 7–10 years: 7.21 ± 1.53 7–10 years: 13 ± 3 <0.01�

11–17 years: 7.64 ± 1.94 11–17 years: 11 ± 3 <0.01�

MAF (RE) (cycles per minute) 7–12 years: 6.88 ± 3.57 7–12 years: 11 ± 4 <0.01�

13–17 years: 8.52 ± 3.36 13–17 years: 14 ± 5 <0.01�

BAF (cycles per minute) 7–12 years: 6.76 ± 2.77 7–12 years: 10 ± 4 <0.01�

13–17 years: 8.20 ± 3.17 13–17 years: 14 ± 5 <0.01�

Lag of Accommodation (diopters) 0.81 ± 0.26 0.4 ± 0.2 <0.01�

NPC (centimeters) 7.15 ± 2.43 3 ± 3 <0.01�

PFV for distance (prism diopters) 12.31 ± 6.30 17 ± 8 <0.01�

PFV for near (prism diopters) 21.87 ± 9.03 26 ± 10 <0.01�

NFV for distance (prism diopters) 8.59 ± 3.75 8 ± 2 <0.01�

NFV for near (prism diopters) 14.12 ± 5.36 15 ± 4 0.05

Abbreviations: BAF = Binocular Accommodative Facility, LE = left eye, MAF = Monocular Accommodative Facility, NFV = Negative Fusional Vergence, NPA = Near

Point of Accommodation, NPC = Near Point of Convergence, PFV = Positive Fusional Vergence, RE = right eye

� = p value less than 0.01.

https://doi.org/10.1371/journal.pone.0266068.t003
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with increased use of digital devices and doesn’t include the changes in the binocular vision

with the use of digital devices. This study has associated the binocular vision findings of chil-

dren using digital devices and showed adverse impact on accommodative amplitude,

accommodative facility and positive fusional vergences with the increased use of digital

devices.

In this study, there were only 10 non usersand 170 digital device users. Users group was

divided into low and high digital device users subgroup. This study compared the binocular

vision findings with the normative data provided by BAND study done in Tamil Nadu, India

[35]. Since there were only 10 subjects in the non users group, the binocular vision findings of

the non users group was not compared with the users group. The binocular vision findings

were within normal limits in the non users group when compared to the normative data as

shown in Table 1. However, due to the limited data from the non-users group, the comparison

is unreliable.

The mean stereo acuity between the two subgroups of users were compared with the nor-

mative data taken from the BAND study and it showed significantly reduced stereoacuity in

both low and high digital device users subgroup as shown in Tables 3 and 4. This is similar to

the findings of the study by Rechichi et al where the video game group had significantly lower

percentage of stereo acuity when compared to the non users group of their study [1]. The

accommodative amplitude was significantly better than the normative data taken from the

BAND study as shown in Tables 3 and 4; however, the accommodative amplitude was reduced

in the high digital device users subgroup than in the low digital device users subgroup as

shown in Table 4; The presence of accommodative insufficiency was more in the high digital

device users subgroup (31.71%) than in the low digital device users subgroup (16.28%) as

shown in Table 5. This finding of low digital device users subgroup is twice as greater as that of

Shrestha et al.’s findings (9.7%) [29] and almost equal to the findings of Davis et al. [36] How-

ever, our study’s finding was in contrast to the findings by Amit et al. [28] where there was no

accommodation insufficiency in a group of children using digital devices for more than 4

Table 4. Binocular vision findings between low and high digital device users subgroup.

Parameters of BSV Low digital device users subgroup (n = 87) High digital device users subgroup (n = 83) P-value
Stereo acuity 52.35 ± 31.25 seconds of arc 46.75 ± 14.21 seconds of arc 0.15

Monocular NPA (RE) (in centimeters) 7–10 years: 6.56 ± 0.78 7–10 years: 7.29 ± 1.49 0.46

11–17 years: 6.96 ± 1.50 11–17 years: 7.69 ± 1.98 <0.01�

Binocular NPA (in centimeters) 7–10 years: 6.56 ± 0.78 7–10 years: 7.21 ± 1.53 0.45

11–17 years: 6.69 ± 1.12 11–17 years: 7.64 ± 1.94 <0.01�

MAF (RE) (cycles per minute) 7–12 years: 10.62 ± 2.63 7–12 years: 6.88 ± 3.57 <0.01�

13–17 years: 10.91 ± 3.52 13–17 years: 8.52 ± 3.36 <0.01�

BAF (cycles per minute) 7–12 years: 9.33 ± 2.49 7–12 years: 6.76 ± 2.77 <0.01�

13–17 years: 10.07 ± 3.50 13–17 years: 8.20 ± 3.17 0.02�

Lag of Accommodation (diopters) 0.43 ± 0.40 0.81 ± 0.26 0.03�

NPC (centimeters) 7.08 ± 2.39 7.15 ± 2.43 0.99

PFV for distance (prism diopters) 16.01 ± 7.17 12.31 ± 6.30 <0.01�

PFV for near (prism diopters) 31.00 ± 10.89 21.87 ± 9.03 <0.01�

NFV for distance (prism diopters) 9.48 ± 3.55 8.59 ± 3.75 0.22

NFV for near (prism diopters) 14.19 ± 4.29 14.12 ± 5.36 0.94

�p value less than 0.05.

Abbreviations: BAF = Binocular Accommodative Facility, LE = left eye, MAF = Monocular Accommodative Facility, NFV = Negative Fusional Vergence, NPA = Near

Point of Accommodation, NPC = Near Point of Convergence, PFV = Positive Fusional Vergence, RE = right eye.

https://doi.org/10.1371/journal.pone.0266068.t004
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hours per day. Most parents claimed that their children had a habit of using digital devices

while doing their homework. The constant change of focus from the digital screen to their

required homework copies needs good accommodative system. Prevalence of accommodative

insufficiency as high as our findings is alarming to the caretakers of the children at school and

at home [37].

Current study suggested that the monocular accommodative facility is decreased with the

increased use of the digital devices in school aged children as shown in Table 4. But even the

mean monocular accommodative facility of the low digital device users subgroup for age range

13–17 was significantly lower than the normative range as shown in Table 2. This points that

the monocular accommodative facility is significantly reduced by the use of digital devices for

a considerable amount of time.

Likewise, the mean binocular accommodative facility in the two subgroups showed signifi-

cant differences as shown in Table 4. It suggests that with the increased use of digital devices,

supposedly more than 3 hours all days in a week, would reduce the binocular accommodative

facility in school aged children. In addition, when the low digital device users subgroup of age

range 13–17 was compared with the normative data as shown in Table 2, it was lower than the

normal range.

The prevalence of accommodative infacility, measured binocularly, was 35.5% in a study by

Shrestha et al. [29] In contrast to that, our study showed a prevalence of 67.10% in the high

digital device users subgroup, as shown in Table 5, which is almost as twice. This suggests the

increment in the presence of accommodative problems in the recent days even in school aged

children group.

Current study showed no significant differences in the mean near point of convergence

between the two subgroups as shown in Table 4. This was in contrast to Krasina et al.’s [38]

finding that the increased use of digital devices could impact the convergence system. The

insignificant differences between the two subgroups in terms of near point of convergence

could not explain the impact of use of digital device on vergence system but this might be due

to the fact that phoria at near and distance was not considered to classify the patient with con-

vergence insufficiency.

The prevalence of convergence insufficiency was 18.60% in the low digital device users sub-

group and was 31.71% in the high digital device users subgroup. There was no statistically sig-

nificant difference between the prevalence of convergence insufficiency in the two subgroups

as shown in Table 5. Our findings are in support with the findings of Nyman et al. [39] where

Table 5. Comparison of prevalence of accommodative and vergence anomalies between low and high digital

device users subgroups.

Type of

anomaly

Frequency in low digital device users

subgroup (n = 86)

Frequency in high digital device users

subgroup (n = 82)

P value (Chi

square)

AIF 25 (29.07%) 55 (67.10%) 0.002�

AI 14 (16.28%) 26 (31.71%) 0.004�

CI 16 (18.60%) 26 (31.71%) 0.075

FI 43 (50%) 59 (71.95%) 0.006�

�p value less than 0.01

Abbreviations: AI = Accommodative Insufficiency, AIF = Accommodative Infacility, CI = Convergence

Insufficiency, FI = Fusional Insufficiency

(NOTE: The above mentioned frequencies are single count; thus, the total will not add up to total number of users

group)

https://doi.org/10.1371/journal.pone.0266068.t005
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no significant differences was established between the video display terminal operators and the

referents in terms of convergence capacity.

Our study found significant differences between the means of positive fusional vergence

(sometimes referred to as amplitude of convergence) for both near and distance between the

low digital device users subgroup and high digital device users subgroup. The mean positive

fusional vergence of the low digital device users subgroup at distance and near was lower than

the normative data. This suggests that the use of digital devices reduces the range of positive

fusional vergence, which gets worse with the increased use for a significant amount of time.

In this current study, the presence of fusional insufficiency (reduced positive fusional ver-

gence) was 50% in the low digital device user subgroup and was 71.95% in the high digital

device use subgroup. These values are very high when compared to the findings of Shrestha

et al [29] (which was 14.8%). This suggests that maybe the use of digital devices by school aged

children is increasing day by day and by the same amount, the prevalence of fusional insuffi-

ciency is increasing too.

Although significant difference was established in terms of positive fusional vergence, the

findings of negative fusional vergence for both near and distance between the two subgroups

were not statistically significant as shown in Table 4. The findings were not reduced than the

normative range.

Limitations of the study

Unlike other studies, which mainly focuses on the subjective symptoms [21, 22, 26] or focuses

on the adult population [20, 29], this study included school aged children who were exposed to

digital devices. The limitations of this study was that it didn’t include any assessment of subjec-

tive symptoms experienced by the subjects. So, the quantification of their asthenopic symp-

toms were not addressed in this study. Present study evaluated the objective findings that

could be the underlying cause of visual problems associated with increased usage of digital

devices by children population.

Conclusions

Current study suggested that higher durations of exposure to digital devices (for more than

three hours a day and all days a week) among school aged children from 7 to 17 years of age

might be associated with various eye and vision related problems.

The findings of this study showed that the parameters of binocular vision like accommoda-

tive facility, accommodative amplitude and positive fusional vergences are reduced with the

increased exposure to digital device. This suggests inability to concentrate for longer periods

during near visual work which can reduce the level of student achievement [10, 21].
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