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Purpose: To study the effect of near-vision reading task on optical quality of the eye
when performed on a computer monitor and on printed paper, and to identify which
of the two results in greater changes.

Methods: Two groups of subjects performed a 30-min reading task in two different
conditions: on a computer monitor and on printed paper. Ocular, corneal, and internal
wavefront aberrations (Zernike coefficients up to 6™ order), root-mean-square of
low- and high-order aberrations, spherical equivalent, vectoral components of ocular
astigmatism (J45 and JO), and the compensation factor between internal and corneal
aberrations were measured before and after the tasks. Their changes were analyzed
in each group and between groups.

Results: Statistically significant changes in wavefront aberrations and in root mean
square of low- and high-order aberrations were observed in both groups which was
significantly greater when the task was performed on printed paper. Partial loss of
compensation mechanism and variation in spherical equivalent in a negative direction
occurred after both reading tasks; however, it was statistically significant only with
printed paper reading task. The vectoral components of ocular astigmatism did not
show statistically significant changes in either groups.

Conclusion: Near-vision reading tasks can change the optical quality of the eye,
especially when the task is performed on printed paper.
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The use of near vision to perform different tasks
is currently increasing, both at work and during
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entertainment. The use of digital devices such as
computers, tablets, and smartphones to perform
these tasks is also rising exponentially. Due to the
excessive use of these devices, many studies have
been conducted to address issues related to health
and safety of the users.
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Many ocular symptoms including eye strain,
headache, ocular discomfort, double vision, and
blurred vision at near and far distance are linked
to the use of these devices."? These symptoms
are more common in subjects who spend over 4
hr on electronic devices and increase significantly
in individuals who use electronic devices for more
than 7 hr a day!?! Some studies were designed to
explain the cause for these symptoms that affect
around 90% of the electronic device users."3]
Some studies™ reported the effect of computer
screen use on visual system, and others!” ' about
the same parameters but on the paper. In the study
by Chu et al,®l the subjects performed two reading
tasks on paper and on computer display at 50 cm
distance for 20 min. The subjects then classified
the intensity of the symptoms between 0 and 10. All
symptoms were more intense during the reading
task on computer except for blurred vision at far,
which was worse for the task performed on paper.
Therefore, it is important to understand if these
symptoms are specific to the use of digital devices
or they are manifestation of the increased use of
near vision.

The accommodative response also changes
with near vision tasks. There are studies about the
changes in accommodative response after a near
reading task on a digital device and on printed
paper; however, the results are inconclusive.
Penisten et al® and Ferreira et al' noted a higher
accommodative response on computer reading
task compared to paper. On the other hand,
Wick and Morsel® measured the accommodative
response in five emmetropic subjects reading a
text on a computer screen and on hard copy.
The accommodative lag showed more increase
with the reading task on computer. Hue et al also
found a higher increase in accommodative lag
with computer use compared to printed copy.m
However, Collier and Rosenfield claimed that there
were no changes in ocular accommodation of their
20 subjects after performing a reading task on
computer for 30 min.!

Moulakaki et al concluded that the
accommodative response appears to be
independent of the type of electronic device
used™ They analyzed the accommodative
response in 18 subjects for different
accommodative demands (O, 1, 2, 3, and 4 D)
after a 10-min reading task on two different
electronic devices (tablet and smartphone) and
did not find any statistically significant differences.

On the other hand, Phamonvaechavan et al found
a decrease in accommodation amplitude in 40
subjects after a 20-min continuous reading task
which was more significant when the subjects used
a tablet compared to when they used a computer
screen.” However, the focus of these studies was
only on changes in ocular accommodation and the
symptoms present in its use, and the results are
still inconclusive.

Several studies found a transient myopia caused
by near vision work, between -0.12 D and -
1.30 D.I*%] Resolution of symptoms occurs 30/60
min after completing the task in symptomatic
subjects.l®: ]

It has been suggested that the eyelid forces,
during near vision tasks, causes significant
changes in eye aberrations."® Buehren et al noted
that there was an increase in ocular high-order
aberrations (HOA) following a 2-hr reading task
which was more significant in myopic subjects and
in eyes with large pupil diameters (4 and 5 mm).l'”)

The changes in ocular aberrations depend also
on the requirements of the tasks. The recent study
of Jimanez et al found a higher increase in RMS
astigmatism when subjects performed a task with
higher-cognitive demands which persisted 10 min
after completing the task.l?%!

Previous studies showed that ocular aberrations
change significantly with accommodation and
the RMS of ocular low-order aberrations (LOA)
and HOA increases.?"?’l The most significant
change is in the fourth-order spherical aberration,
which is positive in the relaxed state and becomes
negative with accommodation.”* The direction
of the changes in coma and astigmatism is not
clear?? 2% These changes in optical aberrations
with  accommodation can be explained by
alterations in the shape and position of the lens
during accommodation.”" 28l Since most current
daily tasks require ocular accommodation which in
particular results in changes in eye aberrations, it
is important to understand the effect of near-vision
tasks on ocular, corneal, and internal optics.

It is already known that there is a partial
compensation between cornea and internal
optics.?>=331 Artal et al found a compensation of
the corneal coma and spherical aberration by
the lens, leading to a better optical quality.?"
A significant compensation of horizontal and
vertical astigmatism, coma, and spherical
aberration between cornea and lens were also
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observed in other studies.*»32 Some natural

(such as agel*3%) and artificial (such as ocular
surgeries®®~38)) factors can alter this compensation
effect and decrease the optical quality of the eye.
As ocular accommodation during near-vision
tasks changes the optical properties of the lens,
the compensation mechanism might also be
altered.?V

There is evidence that near-vision tasks cause
adverse symptoms and can lead to changes
in spherical equivalent and accommodative
response, and consequently might result in
changes in wavefront aberrations and their
balance between corneal and internal surfaces.
However, it is not clear whether these changes
are greater when the task is performed on paper
or on digital devices. Studying the changes in
optical quality of the eye with near-vision tasks can
provide a better understanding of their effect on
visual system. It can also help to understand which
condition, paper or digital device, is more harmful.
In addition, the origin of symptoms, which appears
to be different on paper and electronic device
reading tasks, can be explained by differences in
optical quality.

The purpose of this study was to assess the
effect of a near-vision task in different conditions
(computer screen and paper) on ocular, corneal,
and internal aberrations and on compensation
mechanism. It was also intended to observe which
condition affects these parameters more.

The subjects were recruited from the students of
the University of Minho. In a preliminary session,
each one received a comprehensive optometric
evaluation to ensure suitability for inclusion in the
study. The examination included the assessment
of visual acuity, objective and subjective refractive
error, binocular vision, accommodation, and ocular
health condition.

Two groups of subjects participated in the study;
a group with 19 subjects (mean age 22.7 years;
range, 19-25 years) who performed a reading task
on a computer screen and another group with 34
subjects (mean age 20 years; range, 18-27 years)
who performed the same task on printed paper.
The sampling method was simple random.
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All subjects in both groups were emmetropic
with monocular uncorrected distance visual acuity
of 20/20 or better. The emmetropic error was
defined as a mean spherical equivalent ranging
from —0.50 D to +0.50 D, and an astigmatism <0.50
D. The mean spherical equivalent of the subjects
was +0.02 + 0.27 D and +0.11 + 0.25 D, and
astigmatism —-0.31 = 0.15 D and 0.16 + 0.18 D for
computer and paper groups, respectively.

Moreover, subjects had no binocular and/or
accommodative dysfunctions, history of ocular
pathology or surgery, systemic disease, and they
were not on any medication affecting vision.
Normal binocular vision was defined according
to Sheard criteria in cases with exophoria, and
Percival criteria in subjects with esophoria.*?

An informed consent was obtained from each
subject after providing a verbal explanation of
the nature and possible consequences of the
study. The study was approved by the Ethics
Subcommittee for the Life Sciences and Health of
University of Minho.

The data collection encompassed two sessions:
pre-task and post-task. For each subject, three
measures of ocular and corneal wavefront
aberrations of right eye were taken in each
session and the mean was determined. After
the first measurement, the subjects were seated
comfortably and instructed to read a text at 50 cm
distance (2.00 D of accommodative demand) in
an illuminated room (photopic conditions) for 30
min. The text was a prose fiction in black letters
and 12 font size, on a white background. In the
computer group, the eye level was at the top of the
computer screen, whereas in the paper group the
printed text was placed on a table and therefore
the subjects had downward gaze. All subjects
were supervised to maintain the same position
throughout the procedure.

Immediately after performing the reading task,
the wavefront ocular aberrations were remeasured.

The acquisition was implemented under
mesopic lighting conditions (150 lux) and natural
pupil size (without mydriatic medication), ensuring
a pupil diameter close to 5.0 mm during far and
near distance measurements. For all procedures,
ocular and corneal aberrations were then exported
for a 5 mm pupil in the form of Zernike coefficients
up to the sixth order.
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The ocular and corneal aberrations were
obtained before and after the task with Visionix VX
120 (Visionix Luneau, Chartes, France) analyzer, a
closed view aberrometer. The repeatability of the
measures intra-sections using this equipment was
reported by a previous study™® and showed high
levels for this parameter. The results of this study
showed that all within-subject standard deviation
(§,) for corneal power measurements were
<0.26 D, with Intraclass Correlation Coefficient
(ICC) >0.982. The S, for corneal astigmatism at
different areas (3, 5, and 7 mm) was <0.21 D, with
ICC >0.913. Regarding the axis of astigmatism,
its S, was <11.27°, with ICC >0.975. The S,
and ICC for corneal eccentricity were 0.067 and
0.957, respectively. The S,, and ICC for HOA root
mean square (RMS) were <0.048 pm and >0.901,
respectively. third- and fourth-order aberrations,
all' S,, were <0.037 pm and all ICC were >0.84,
except for quadrafoil RMS (ICC = 0.689). Moreover,
according to Irene Sanchez et al, VX 120 device
showed good reproducibility results, suggesting
that this equipment is suitable for patients’ follow-
up, due to small differences between sessions.*!!

The values were exported in the form of Zernike
coefficients up to sixth order, for 5 mm pupil
diameter. The values were analyzed for this pupil
diameter because it was the most approximate
value of the natural pupil in our subjects. The
first three Zernike terms were excluded from the
analysis since they do not affect the image quality.

As the refraction based on wavefront aberration
maps can accurately determine the sphero-
cylindrical refraction,*? the spherical equivalent
(M) was calculated using the paraxial curvature
matching (i.e., the second-order paraxial focus, the
fourth-order SA, and the sixth-order SA Zernike
coefficients), using Equation (1):14?)

M = (—4xV/3x Z0+12x V5% Z0~24x \/Tx 20,
(1
where r is the radius of the pupil.
The two components of astigmatism, J45 and JO,
were estimated by the least-squares fitting method,
using Equations (2) and (3),*? respectively.

J45 = (=2 x V6 x Z;2)1r, 2)

JO = (=2 x V6 x Z2)/r. (3)

The RMS of high-order ocular aberrations (HOA)
were also calculated.

The contribution of the internal wavefront
aberrations to the overall eye aberrations was
investigated by subtracting corneal aberrations
from the ocular aberrations.

Moreover, the compensation factor (CF) was
calculated as:*?

CF =(RMS,,,,, — RMS,, ;. )JRM S (4)

cornea cornea*

A positive CF indicates a compensation; values
around zero, a lack of compensation; and negative
values, addition of aberrations by the lens.

Data were analyzed using the IBM SPSS
Statistics, Version 24.0. (IBM Corp, Armonk, NY;
USA). The normality of the data was tested using
the Shapiro—Wilk test. To compare the mean values
between pre and post tasks in each study group,
paired t-test was applied when the data followed
a normal distribution; otherwise, Wilcoxon test
was used. To evaluate the differences between
groups, t-test and Mann-Whitney U-test were
used for normal and non-normal distribution data,
respectively. P-values < 0.05 was considered
statistically significant.

The ocular, corneal, and internal aberrations up
to sixth order were measured before and after
the reading tasks in both groups and their
differences were analyzed and compared between
the groups. The changes with the task for all
Zernike coefficients from third to sixth order in both
groups are shown in Table 1, and the statistically
significant differences between the changes in
both groups are marked.

In the computer group, no statistically significant
differences were found in the ocular Zernike
coefficients; however, corneal Z (5,-5) (p = 0.016),
Z (5-3) (p = 0.027), and Z (6,2) (p = 0.016)
terms changed significantly. The same Zernike
coefficients also showed statistically significant
differences in the internal optics (p = 0.016, p =
0.031, and p = 0.012, respectively), as well as the
term Z (6,4) (p = 0.049).
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On the other hand, the paper group had
statistically significant differences in ocular,
corneal, and internal aberrations. Cornea suffered
significant differences in Z (3,-1) (p = 0.013) and Z
(4,4) (p = 0.028) terms, internal optics in Z (3,-1) (p
=0.035), Z (3,1 (p < 0.001), Z (4,2) (p = 0.049), and
Z (5,3) (p = 0.049) terms and ocular in Z (3,-3) (p
= 0.019), Z (3,-1) (p = 0.027), Z (4,0) (p = 0.013), Z
(4,2) (p=0.018), Z (4,4) (p =0.023)and Z (5,-1) (p =
0.046) terms.

The alterations caused by the task were
compared between paper and computer groups
[Table 1. The changes observed after the task
were greater in the paper group in several areas
[ocular Z (4,2) (p = 0.004), Z (4,4) (o = 0.01), and Z
(5,3) (p = 0.024); internal Z (3,1) (p = 0.025), Z (4,0)
(p = 0.007), Z (4,4) (p = 0.033)], when compared
to the changes in the computer group. On the
other hand, corneal Z (6,2) (p = 0.014) and internal
Z (6,2) (p = 0.006) and Z (6,4) (o = 0.001) showed
greater changes in the computer group than in
the paper group. Another Zernike terms showed
no statistically significant differences between the
changes observed with the task in the paper and
computer groups.

It was also interesting to note that all corneal
and internal Zernike coefficients of both groups,
except Z (3,1) for the computer group and Z (3,1),
Z (4,0), and Z (4,—2) for the paper group, changed
in opposite directions. In other words, when the
corneal aberration became more negative, the
internal aberration became more positive, and
vice versa. These opposite changes led to less
alterations in ocular aberrations, despite some
significant ocular and internal changes.

The changes of ocular, corneal, and internal RMS
of LOA, HOA, and third, fourth, fifth, and sixth orders
were calculated in both groups and compared with
each other [Figure 1].

In the computer group, the corneal and internal
RMS of LOA and HOA, and the third, fourth,
fifth, and sixth orders increased after the task;
however, no statistically significant differences
were observed.

On the other hand, in the paper group, ocular
RMS of LOA (p = 0.001), fourth (p = 0.01), fifth
(p < 0.001), and sixth (p < 0.001) orders had
a statistically significant increase after the task.
Moreover, corneal RMS of fifth (p = 0.01) and sixth
(p = 0.025) order and all internal orders (p < 0.001
in all orders) changed significantly in this group.

The changes in RMS of ocular fifth (p = 0.001) and
sixth (p = 0.007) orders, corneal third (p < 0.007)
and fourth (p < 0.001) orders, and internal LOA (p <
0.001), HOA (p = 0.002), and third (p = 0.002), fourth
(p = 0.006), fifth (p = 0.027), and sixth (p = 0.007)
orders were significantly greater in the paper group
than the changes found in the computer group. The
values of the differences between the changes of
these two groups are shown in Table 2, and the
statistically significant differences are identified.

The CF was calculated to evaluate the
compensation or addition of corneal aberrations
by the internal optics before and after the task
and to identify which task condition, computer
or paper, cause more changes in this parameter.
Their changes for LOA, HOA, and third, fourth,
fifth, and sixth-order aberrations in both groups are
represented in Figure 2. This parameter decreased
in all orders after the task, except for the fifth order
in the computer group, which has remained almost
unchanged. However, the changes were only
statistically significant in the LOA (p = 0.048) and
fourth (p = 0.043) and sixth (p = 0.043) orders in the
paper group.

Although the paper group showed more
significant differences than the computer group,
the differences between the two groups were not
statistically significant, that is, none of the groups
had variations in the CF significantly higher than
the other.

The changes with the task of two vectoral
components of ocular astigmatism (J45 and JO)
were not statistically significant in either group
[Figure 3]. Furthermore, none of the groups showed
significantly greater differences than the other.

The spherical equivalent (M) was also calculated
in pre and post task conditions and the mean
differences were obtained in both groups [Figure
3]. The spherical equivalent became more negative
after the task. Although, the changes were only
statistically significant (p < 0.001) in the paper
group, there were no statistically significant
differences between the changes observed with
the task in the paper and computer groups.

The focus of this study was to investigate the
changes in eye optical quality after a near reading
task in two different conditions, on a computer
screen and on printed paper, and to compare them
to each other.
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*Statistically significant difference

For this purpose, the subjects in both groups
read the same text for 30 min, and the ocular and
corneal wavefront aberrations were measured
before and after the task. Through Zernike
coefficients, spherical equivalent, two vectoral
components of astigmatism (J45 and JO), and RMS
of HOA were calculated. Furthermore, the effect
of near-vision tasks on compensation mechanism
between corneal and internal optics was also
investigated.

Changes in some corneal and internal Zernike
coefficients were observed in the computer group
[Table 1]. However, depending on how the corneal

626

-0.016
*0.153
*~0.066

*-0.020 *-0.010 -0.015
-0.009 —-0.0048 -0.066
*-0.046 *-0.033 *-0.165

and internal aberrations changed in opposite
directions, the increase of ocular aberrations
was attenuated. Corneal and internal aberrations
changed more significantly in the paper group, and
caused variations in ocular aberrations, despite the
reverse changes that had also occurred in this

group.

The corneal wavefront variations found in this
study are supported by the variations noted in
previous studies,™® ! which showed changes in
the corneal topography after reading, caused by
the eyelid forces. However, as the position of the
eyelids is different during the reading tasks on
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Figure 2. Compensation factor mean changes of LOA, HOA, and third, fourth, fifth, and sixth-order aberrations with the reading
task in the computer and paper groups and the differences between their changes, with 95%- confidence-interval error bars. CF
decreased with the task, and statistically significant changes were found in the paper group. There were no statistically significant
differences between the changes found in the paper and computer groups with the task.
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Figure 3. Changes of vector components of ocular astigmatism J45 and JO and spherical equivalent of computer and paper
group and the differences between their changes, with 95%-confidence-interval error bars. There were no statistically significant
changes of astigmatism J45 and JO. Spherical equivalent became more negative with statistically significant change in the paper
group. The changes found in both groups were not statistically significantly different.
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paper and on a computer screen, the differences of
wavefront aberrations might be in different Zernike
polynomials, depending on the position of the eyes
during the task.

Furthermore, according to Ghosh et al the
changes in ocular aberrations are greater when
the subjects perform a task in downward gaze,
(reading a paper) than when they perform a task
in primary gaze (using a computer screen) which is
in accordance with the results of this study.**!

On the other hand, the variations in internal
aberrations are attributed to the alterations
resulted by ocular accommodation during near-
vision task, which seems to maintain residual
changes following the task.

The compensatory effect of wavefront
aberrations between cornea and lens, already
known in relaxed state,** was also observed in
this study; however, some changes were noticed
following the task. The CF indicates that the
task caused a general loss of compensation
between corneal and internal aberrations which
was statistically significant in the paper group
[Figure 2].

Changes in the optical quality of eye
components and loss of compensation can cause
adverse symptoms in subject after performing a
near-vision task. A previous study found more
adverse symptoms with a task performed on a
computer monitor compared to paper; however,
blurred distance vision was more intensified
with the task performed on printer paper® This
finding is in accordance with the results of the
present study that found more optical quality
loss after the near-vision task on paper. A future
study can also be conducted to evaluate and
correlate the symptomatology during different
vision tasks with the changes in optical quality.
Furthermore, the decrease in pupil diameter
induced by the luminance of the screen during
the computer task (according to a previous
study,*®! there is a reduction of up to 20% in
pupil size with tasks performed on electronic
devices compared to printed paper) helps reduce
high-order RMS and decrease blurred vision;
contrary to the tasks performed on paper, during
which the pupil diameter is larger, therefore
resulting in a greater decrease in optical quality.
Moreover, the reduction in pupil size caused by the
luminance of the computer screen increases focus
depth and thus decreases the accommodative
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effort necessary to maintain the text unblurred.
Therefore, the changes in internal optics (caused
by accommodation) are minor when the task is
performed on a screen which does not occur on
printed paper. The results of this study also support
the above as the changes in internal optics were
greater with paper compared to the computer.

The aberrations of the eye can be affected
by several factors, such as accommodation® #7]
and pupil diameter.*®! According to Artal et al,[*°!
this dynamic of ocular optics may compromise
the efficiency of a refractive surgery that is only
customized for static eye. This study also showed
that near-vision tasks can change the corneal and
internal optics of the eye and may affect the
outcomes expected by refractive surgery.

Changes in compensation between corneal
and internal aberrations were also reported
by Qingzhong et al, who investigated this
parameter during orthokeratology.®?! In addition,
they observed changes in internal and corneal
aberrations in opposite direction for some Zernike
polynomials [Z (3,-1), Z (3,1), Z (4,0), and Z (6,0)].

The changes in corneal wavefront aberrations
caused by refractive surgery or orthokeratology
may affect the compensation effect, not only in
relaxed states, but also with near-vision tasks.
Thus, these variations should be considered for
the aberrometry performed to evaluate optical
aberrations before and after the refractive
surgery and orthokeratology.*®! Furthermore,
the compensatory effect between corneal and
internal optics should be taken into account to
improve vision quality after refractive surgery or
orthokeratology.

The spherical equivalent became more negative
after the reading task in this study, although
this alteration was only statistically significant in
the paper group [Figure 3]. These findings are
consistent with previous studies™ " and suggest
that the transient myopia can occur when the task
is performed on paper or on computer. Ghosh
et al found changes in spherical equivalent in
the negative direction during a task performed
in downward gaze, even when there is no
accommodation.*3! As the paper task is performed
in downward gaze, their finding is in agreement
with the greater change in this group observed in
our study. Several studies argue that this effect is
involved in the development of myopia.l'> 95 52

There were no statistically significant differences
in the vector components of astigmatism J45 and
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JO in either group. However, analyzing the small
changes that occurred, JO became more negative
with the task on computer (primary gaze) and more
positive when the task was performed on paper
(downward gaze). On the other hand, J45 became
more positive in the computer group and more
negative in the paper group. These findings were
supported by the results of Ghosh et al’s study™!
that observed a similar trend even when the task
was performed with no accommodation. Therefore,
the eyelid forces, depending on their position
during visual tasks, appear to be responsible for
the changes in ocular astigmatism.

As previously mentioned, a study found highest
increase in ocular astigmatism after tasks with
higher cognitive demands.??! Future studies are
required to analyze the changes in wavefront
aberrations with more exigent tasks, to maintain
a higher concentration of the subjects in the
task, and the changes may be more significant.
Moreover, it is important to understand the duration
that these changes remain effective after the
task is completed, and the impact on the eye of
continuous.

In summary, near-vision tasks can affect ocular,
corneal, and internal aberrations and ocular
compensation. Consequently, these changes can
cause adverse symptoms that are reported in this
study. The changes are more significant when the
subjects perform the task on a printed paper than
when the task is performed on a computer screen.
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