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ABSTRACT

Background and Objectives: We aimed to investigate the variation of heterophoria
during a day in students with a normal visual system.

Methods: This cross-sectional observational study was conducted on 15 students aged
19 to 22 years with 20/20 visual acuity and normal binocular vision. Heterophoria was
measured with a prism bar and alternate cover test at near and far distances (40 cm and 6
m). The measurement was performed from 8 to 10 PM in one day with 2 hours intervals.

Results: The Mean+SD age of students was 21.6+0.87 years (63% women and 37%
men). The mean deviation in far and near order was 1.93 and 3.75 prism diopter,
respectively. The Greenhouse-Geisser test concluded no significant difference between
the measurements of distant heterophoria during the day (F=1.362, df=3.066, P=0.267).
However, the near-distance results were significant (F=15.17, df=7, P<0.05). The paired
t-test results showed that the highest amount of exophoria was observed near 4 PM,
which was significantly different from the initial value, and the difference increases at the
end of the day so that the mean difference of the initial near exophoria value from 4 to 10
PM reached from -1.254 to -3.508.

Conclusion: Changes in refractive error or high order aberration increase near work and
decrease the illumination during a day can induce force on accommodation and vergence.
So, at the end of the day, the exophoria increases. Thus, it is preferable to perform eye
examinations at the end of the day to make more accurate decisions about the diagnosis
and treatment of patients.

Keywords: Diurnal variations of exophoria, Heterophoria, Accommodation

Use your device to scan
and read the article online

W IOETIEEER Mirzaee Saba L, Dehghanian Nasrabad F, Aleshi N, Jafarzadehpur E. Diurnal Variations of Exo-
phoria in Subjects With Normal Vision. Function and Disability Journal. 2022; 5:ESS5. http://dx.doi.org/10.32598/fdj.5.55

http://dx.doi.org/10.32598/£dj.5.55

* Corresponding Author:
Ebrahim Jafarzadehpur, PhD.
Address: Department of Optometry, School of Rehabilitation Sciences, Rehabilitation Research Center, Iran University of Medical Sciences,
Tehran, Iran.

Tel: +98 (21) 22228051-2

E-mail: Jafarzadehpour.e@iums.ac.ir



http://fdj.iums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://fdj.iums.ac.ir

https://orcid.org/0000-00012345-6789
https://orcid.org/0000-0001-9377-4248
 0000-0001-61303126  https://orcid.org/
https://orcid.org/0000-0002-4451-800X
http://fdj.iums.ac.ir/page/131/Open-Access-Policy
https://crossmark.crossref.org/dialog/?doi=10.32598/fdj.5.55
http://fdj.iums.ac.ir/page/131/Open-Access-Policy
http://dx.doi.org/10.32598/fdj.5.55

2022, Volume 5

9
<

° 7
f/ > . =
uncticn &LW o=

f What is “already known” in this topic:

—» What this article adds:

tion and time of most visual symptoms.

Exophoria is the most common type of heterophoria in young people. It may cause some symptoms in daily visual
tasks, but usually it seems completely normal in conventional visual examination.

Exophoria is an important clinical issue that is not the same in different times of day. It seems it can be signifi-
cantly changed in different time of day. However, it is very important to consider and report the time of examina-

Introduction

eterophoria is a deviation from the ortho-

phoria position, defined as the intersec-

tion of visual axes relative to the desired

target without a fusional response [1].

Measuring near and far heterophoria is a
standard part of any optometric examination. Distance
heterophoria is a function of tonic vergence. Near het-
erophoria depends on the tonic, accommodative, and
proximal convergence as well as vergence adaptation
[2]. Heterophoria is routinely measured by prism bar, al-
ternating covert-test, Maddox Rod, using Bernell muscle
imbalance card, Turner card, or Van Graaf methods [3-
5]. Heterophoria causes asthenopia or eye strain in many
people. Exophoria is the most common cause of eye dis-
comfort, especially in close work. There is a feeling of
heaviness of the eyelids, tension, stretching of the eye
muscles, fatigue from close work, and headache [6]. The
clinical examination of binocular vision evaluates the
degree of binocular vision stress that can lead to symp-
toms or suppression. Symptoms related to binocular vi-
sion stress are reported more at the end of a working day
than in the morning after a night’s rest. Many common
causes of asthenopia during the study are related to the
condition of binocular vision along with the position of
heterophoria of the eyes [7, 8]. Changes in heterophoria
because of low light conditions, for example, in the eve-
ning and night, may cause asthenopia. Low-level light
and heterophoria position are associated with eye strain
[9, 10]. Because the dim light reduces contrast, reading
in dim light causes eye strain [11].

A recent study of day length changes in tonic accom-
modation shows that the amount of accommodation
decreases from the morning to the beginning of the
evening and approaches the morning value near the
evening, and subsequently, there is an increase in the
late evening [12]. Also, the effect of lighting on phoria,

tonic accommodation during the day, and the use of dif-
ferent tools in measuring phoria have been investigat-
ed. However, no study still documents the changes in
exophoria during the day. The changes of heterophoria
affect the range of fusional verges and then accommo-
dation system because of special interactions between
the vergence and this system [13]. Therefore, these
changes affect refractive error and the level of binocu-
lar vision can change the results of examinations [14].
So, the results of this study can help know the changes
of heterophoria, determine the best time of optometric
examinations for the patient, and consequently have a
better and more accurate prescription.

Materials and Methods

This cross-sectional observational study was conduct-
ed on 15 students of the Faculty of Rehabilitation of Iran
University of Medical Sciences with an age range of 19
to 22 years. The sampling method was simple and non-
random. This study followed the principles of the Hel-
sinki Declaration, and informed consent was obtained
from all subjects. The inclusion criteria were the absence
of tropia, symptoms such as headache and eye pain dur-
ing near working, pathologic ocular diseases, and the
presence of normal fusion reserves mentioned in a ref-
erence [15]. Also, uncorrected visual acuity was 20/20.
Refractive states less than 0.5 diopters in all types of
refractive errors, including myopia, hypermetropia, and
astigmatism, were determined as emmetropia. Before
the examinations, the amount of accommodation and
convergence of the subjects were measured by the pen-
cil push-up method, and if the values were normal, the
subjects were included in the study. The normal range of
convergence was obtained with a breakpoint of at least
6 cm or less and a recovery point of up to 9 cm. The
mean amplitude of accommodation is considered at least
10 diopters or more. The refraction was done with the
phoropter device (Hovitz HDR 7000) and retinoscopy
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method (Heine Beta 200), and visual acuity was mea-
sured in decimal form and with Snellen’s vision chart at
a distance of 6 m.

In the same clinical conditions, the heterophoria of
people was done at 8 different times with an interval of
2 hours during the day. The measurement started at 8
AM and continued until 10 PM. The demand of hetero-
phoria was measured by the alternating cover test and
prism bar at two distances of 40 cm and 6 m while the
person looked at the appropriate fusion target (line of
20/30 Snellen acuity chart). Next, the data were entered
into SPSS version 24 software (IBM Corp, Armonk, NY,
USA). The normality of the data was checked with the
Shapiro-Wilk test. The paired t-test was used to compare
heterophoria between each pair measurement, and the
ANOVA test was used to check the heterophoria differ-
ences along the day. P<0.05 values were considered as a
criterion for significant differences.

Results

The Mean+SD age of students was 21.6+0.87 years
(63% women and 37% men). The most common het-
erophoria near and far are exophoria and orthophoria,
respectively. Their mean deviation in far and near order
was 1.9340.36 and 3.7540.48 prism diopter. The results
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of ANOVA, which was carried out to investigate the
changes of heterophoria during the day, showed a lack
of sphericity in the data (Mauchly’s test of sphericity),
and the results of the Greenhouse-Geisser test were as
follows: F=1.362, df=3.066, P=0.267. Thus, there is no
significant difference between the measurements of dis-
tant heterophoria during the day. The paired t-test re-
sults also confirmed this, and there was no difference
between the initially measured deviation value and other
measurements in the following hours (P>0.05) (Table 1).
Only at 4 and 6 PM the highest amount of exophoria
was observed, but this value was similar to the amount
of heterophoria at 8 AM (P<0.05).

Regarding the amount of near heterophoria, the results
of ANOVA showed the presence of sphericity in the data
(P>0.05). According to the sphericity assumed test, there
is a significant difference between near heterophoria
measurements in the early hours of the morning and oth-
er hours of the day (F=15.17, df=7, P<0.05). According
to the results of the paired t-test, the value of the differ-
ence of the near phoria at 4 PM is significantly different
from the initial value, and the difference increases at the
end of the day. Actually, at the end of the day, the amount
of exophoria and the difference from the initial amount
increases (Table 1). The average difference between the

Table 1. Results of difference between heterophoria from 8 AM to 10 PM (paired t-test)

Difference Time MeaniSD P
Farl - Far2 -0.067+0.458 0.582
Farl - Far3 0.067+0.799 0.751
Farl - Far4 -0.133+0.834 0.546
Farl - Far5 -0.533+0.915 0.041
Farl - Faré -0.333+1.234 0.313
Farl - Far7 -0.267%1.163 0.389
Farl - Far8 -0.200+1.207 0.531

Nearl - Near2 -0.200+1.146 0.510
Nearl - Near3 0.067+1.335 0.849
Nearl - Near4 -0.533+1.302 0.135
Nearl - Near5 -1.200+1.207 0.002*
Nearl - Near6 -1.667+1.234 0.000*
Nearl - Near7 -1.667+0.976 0.000*
Nearl - Near8 -2.600+1.639 0.000*

*P<0.05
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initial near exophoria value between 4 PM and 10 PM
has reached from -1.254 to -3.508.

Discussion

This study investigated the changes in heterophoria
during the day. The results show that the amount of het-
erophoria at a far distance was almost constant through-
out the day, but the amount of near exophoria increased
from 6.27 prisms at 8 AM to 8.87 prisms at 10 AM. From
4 PM, exophoria gradually increased until the day’s final
hours. Although an increase in exotropia was seen before
4 PM, it was still not significant. These results are similar
to Palomo Alvarez et al., in which the mean exophoria
is 0.3 to 0.6, and this value does not change significantly
during the person’s life and is stable [16]. However, the
type of heterophoria often changes from exophoria in the
near to orthophoria at a distance.

Nevertheless, due to the significant changes in near
exophoria during the day, changes in the visual sys-
tem or the people’s lifestyle can affect heterophoria.
As observed in previous articles, during the day, the
amount of refractive error of the eyes tends to myo-
pia, which is caused by changes in the curvature of
the cornea. Furthermore, this issue can cause less ac-
commodation in the near and then increase the amount
of exophoria [17]. Another hypothesis can be accom-
modation changes during the day and their effect on
near heterophoria. Studies have shown that during the
day, high-order ocular aberrations, especially coma
and fourth-order spherical or Z24 (vertical secondary
astigmatism), increase accommodation response dys-
function [18, 19]. Due to the interactions between the
vergence and accommodation system, increasing these
errors can disturb the vergence responses indirectly
and increase the near exotropia. According to Park
et al., the accommodation decreases in the afternoon
compared to the morning, and the lowest amount has
been seen from 3 PM to 4 PM, which is the same cur-
rent study that the difference near exophoria between
primary and 4 hours has become significant [20].

By reducing the accommodation range during the day,
the amount of convergence of the eyes decreases at near,
and more exophoria is observed [20]. Low brightness is
another hypothesis. Research shows that this decrease in
brightness can change the value of accommodation de-
mand from 6.34 diopters to 4.35 diopters. The main cause
of this is not only the increase in depth of focus caused
by pupil meiosis, but the low brightness also causes a de-
crease in the retina’s brightness, which affects the neural
pathway of accommodation [21]. It can be said that by
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reducing accommodation stimuli at close distances and
at the end of the day, the amount of convergence is also
reduced and creates more exophoria. Although in this
research, the measurements of heterophoria were in the
same light and clinical conditions, the activities and light
conditions that the person did and were in other times
can affect measurements.

From another point of view, increased close work dur-
ing the day, accommodation fatigue and changes in the
vergence system cause a higher amount of exophoria at
the near distance. Lee et al. investigated the relationship
between visual discomfort and visual system responses
in students [22]. They showed that long-term near work
could affect increasing the accommodative lag and near
exophoria. So the near point of convergence decreases
after doing near work. The amount of exophoria after
30 minutes near work reaches from 4.70 to 5.2 prism
diopters, which was statistically significant. This is
caused by insufficient light in the work environment
and the pressures on the visual system. Studies indi-
cate changes in the vergence system and accommoda-
tion after close work during the day [23-26]. So even
the use of small screens such as mobile phones have
a greater effect on increasing exophoria, near point of
convergence, and accommodative lag [27]. This study
was conducted on students that read books and used
electronic devices more. Also, with the advancement
of technology and the increasing use of mobile phones,
more stress on the visual system is induced, which
causes fatigue and reduces the mean accommodation
and its responses, as well as an increase in exophoria at
near. In the early morning and after, the visual system
is at a level of refreshment, and the possibility of visual
dysfunction in these people is low. However, the visual
system is under stress during the day, and this stress
increases in the final hours of the day because of the
decreasing brightness of the surrounding environment,
and eventually, exophoria increases at a near distance.
Therefore, it is preferable to perform eye examinations
at the end of the day to make accurate decisions regard-
ing the diagnosis and treatment of patients.

The number of samples and the lack of accommodation
and refractive error measurement, which can play a role
as interfering factors, were the limitation of this study.
If these variables were investigated, we could find more
specific reasons for increasing near exophoria.

Conclusion

According to the results of this article, which show an
increase in near exophoria during the day, it is prefer-
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able to perform eye examinations at the end of the day
so that we can make more accurate decisions regarding
the diagnosis and treatment of patients.
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