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Abstract
Purpose: The aim of this study is to present the normative data collected by Plusoptix S12 photoscreener, among children in Israeli
kindergartens, in order to determine a good estimate of average pupil size and incidence of anisocoria among the pediatric population.

Methods: This is a retrospective study of 101,417 Israeli children between ages 4 - 5 years old, examined using the Plusoptix S12

photoscreener. The examinations were carried out at kindergartens in major cities in Israel. Data collected included age, sizes of both
pupils and magnitude of anisocoria obtained between the years 2013 - 2018.

Results: The size of the pupil, in our study group, was measured separately for the right and left eyes. The calculated results were

5.83 mm ± 0.87, and 5.82 mm ± 0.88 respectively. 13.26% (13,448 children) were found with anisocoria ≥ 0.4mm; of these, 6.23%
(6,314 subjects) had anisocoria of 0.5 - 0.9 mm, and 0.66% (669 subjects) had anisocoria of > 1.0 mm. There was no difference in
pupil size between sexes, or between different cities.

Conclusion: The presented data, which is the largest study group to the best of our knowledge, gives an estimate of normative pupil
size, and anisocoria prevalence. Further examinations in other geographic areas and in other age groups should be continued.
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Introduction
Anisocoria and pupil size have been a subject of interest in

ophthalmology for decades. Measuring children’s pupil size can

be a difficult task due to limited cooperation and pupillary hippus
causing inconsistent pupillary size. There are many measurements

presented in the literature that have tried to estimate the average
pupil size. Results differ from source to source and vary between
ages. A notable anisocoria is defined as a pupil size difference of ≥

0.4 mm in a low ambient illumination environment [1-3]. According to various studies, about 20% of healthy people meet this criterion [1-3].

Our study intended to determine an estimate of average pupil

size and incidence of anisocoria in Israeli children, by collecting a
large dataset of pupil size surveys using the Plusoptix S12 photoscreener.

Methods
Study design
A retrospective cross-sectional study was used to assess the

population group. The original purpose of the examinations was
to detect young children with amblyopia and amblyogenic risk fac-

tors. Examinations were approved by the Israeli Ministry of Health

and took place at kindergartens between the years 2013 - 2018.

The examination rooms were adjusted uniformly. The measure-

ments were carried out by placing the child one meter away from
the device, in a semi-darkened, minimally illuminated room. Both

eyes, with undilated pupils, were measured simultaneously as the
child fixated on a “smiling face”. The measurements were taken by
volunteers from Lions Clubs Israel.

The data was automatically stored in the device’s memory, from

which we extracted and processed the data needed for our study.
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Children who wore glasses and children that did not have parental

and a positive value indicates a wider right pupil. In our study, an-

Subjects

between sexes, or between different cities.

signed consent form were excluded.

We studied 101,417 Israeli children residing in major Israeli cit-

isocoria was normally and symmetrically distributed with no significant laterality (Figue 1). There was no difference in pupil size

ies, aged 4 - 5 years old, by the Plusoptix S12 device. 50.3% were

Discussion and Conclusion

Variables

pia risk factors. Photoscreening is commonly used for screening

females. The study population represented urban Israeli children.

Plusoptix S12 device provided measurement values of an

undilated pupil size, full refraction recording (i.e. sphere, cylinder,

and axis), vector gaze, and interpupillary distance [4]. The device
is known to have sufficient sensitivity and specificity [5]. There is

a strong correlation between the refractive results received by this
device and retinoscopy, which is the gold standard [6].
Ethical issues

Examinations were approved by the Israeli Ministry of Health

and the local ethical committees. Informed consent was obtained

from all participants’ parents. All data collected is completely anon-

ymous, with no source through which patients or their details can
be traced.

Results

Mean pupil size was measured simultaneously for the right and

left eyes. Calculated results were 5.83mm ± 0.87, and 5.82mm ±
0.88 respectively.

13.26% (13,448 children) were found with anisocoria ≥ 0.4mm,

of these 6.23% (6,314 subjects) had anisocoria of 0.5 - 0.9 mm, and
0.66% (669 subjects) had anisocoria of > 1.0 mm.

We defined anisocoria as a negative or positive value based on

which pupil was larger. A negative value refers to a wider left pupil,

Amblyopia is a major visual problem with an incidence of 3 - 5%

[7,8], hence the importance of identifying amblyopia and amblyoamblyopia [9-14], with the Plusoptix device being one of the in-

struments suitable for this purpose [15,16]. Because the Plusoptix S12 uses infrared lighting, the pupil size remains unchanged
throughout the measuring process, minimizing the effect of hippus.

It is also able to measure both pupils simultaneously, making it an

ideal instrument to assess pupil size and anisocoria. The examina-

tion is objective, simple to perform, and well tolerated by the tested
children and their parents.

There have been only a few reports on normative data concern-

ing pupil size, anisocoria and laterality in children. Utilizing an in-

frared pupillometer, Silbert and colleagues [17] published a series
on 1,306 children < 17 years of age (average, 5.4 years). The au-

thors found an average pupil size for 4 - 7 years of 5.92 mm. There

was no significant difference in size of left and right pupils. 219
(16.77%) had anisocoria of 0.5 - 0.9 mm, 30 (2.3%) had anisoco-

ria of > 1.0 mm. Boev and colleagues [18] published a series on

90 children < 18 years of age. The authors found average pupillary
resting diameter in ambient lighting conditions to be 4.11 mm for
2 - 6 years.

Our study of 101,417 children shows that mean pupil size was

5.83 mm. 6.23% (6,314 subjects) had anisocoria of 0.5 - 0.9 mm,
and 0.66% (669 subjects) had anisocoria of > 1.0 mm. Laterality
was not statistically significant. In conclusion, the results obtained

in our study, both pupil size and anisocoria prevalence, are similar
to Silbert and colleagues [17], who also used the Plusoptix device
for measurements. Boev and colleagues [18] made their measurements with a different pupillometer, the NeurOptic device, which
can explain the difference between the results in our studies.

This study has several drawbacks. It is a retrospective study in

nature, relevant to Israeli children, at kindergartens in main cities.
Thus, the results might not reflect the general pediatric population.
Figure 1: Distribution of anisocoria’s results.

We do not have data regarding the medical status of the children,

or medications they may have been taking, which might affect pu-

pil sizes. Yet, it is the largest study group to our knowledge, so it
can give a good estimate of pupil size, and anisocoria prevalence.
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In addition, our examinations focused on a specific age population,
4 - 5 years of age, so we could not check the dynamics of changes

throughout the children's maturity. The lack of dark adaptation

could represent another potential disadvantage of this study, although Cetinkaya and colleagues [19] reported that photoscreening does not necessarily require dark adaptation. In fact, they reported that after 10 minutes of dark adaptation the mean pupillary

diameter decreased. In our study, photoscreening was performed
in a semi-darkened uniformly screening room.

Although a pupil size varies under varying ambient lighting, Et-

tinger and colleagues [20] showed that a tenfold change in luminance caused no more than a 1 mm change in pupil size, implicating that such variability should not significantly affect this study.

More data from other geographic areas and among other age

groups is indicated to further establish normative data, so the data
could be used worldwide.

Bibliography
1.
2.
3.

4.
5.

6.
7.
8.
9.

Lam BL., et al. “Effect of light on the prevalence of simple anisocoria”. Ophthalmology 103.5 (1996): 790-793.

Lam BL., et al. “The prevalence of simple anisocoria”. American
Journal of Ophthalmology 104.1 (1987): 69-73.

Loewenfeld IE. “Simple central” anisocoria: a common condition, seldom recognized”. Transactions. Section on Otolaryngology American Academy of Ophthalmology and Otolaryngology
83.5 (1977): 832-839.
De Juan V., et al. “Advantages, limitations, and diagnostic accuracy of photoscreeners in early detection of Amblyopia: a
review”. Clinical Ophthalmology 10 (2016): 1365-1373.
Vaughan JM., et al. “The accuracy of the PlusoptiX S12 and the
Spot photoscreening measurements when screening for astigmatism in an ethnically diverse population”. Journal of American Association for Pediatric Ophthalmology and Strabismus
21.4 (2017): e46-e47.

Fogel-Levin M., et al. “A comparison of plusoptiX A12 measurements with cycloplegic refraction”. Journal of AAPOS 20.4
(2016): 310-314.
Elflein HM. “Amblyopie: Epidemiologie, Ursachen, Risikofaktoren”. Ophthalmologe 113.4 (2016): 283-288.
Tailor V., et al. “Childhood amblyopia: Current management
and new trends”. British Medical Bulletin 119.1 (2016): 75-86.

Teed RG., et al. “Amblyopia Therapy in Children Identified by
Photoscreening”. Ophthalmology 117.1 (2010): 159-162.

10. Silverstein E and Donahue SP. “Preschool Vision Screening:
Where We Have Been and Where We Are Going”. American
Journal of Ophthalmology 194 (2018): xviii-xxiii.

39

11. O’Leary J and Vautier A. “Guest editorials”. Nursing Administration Quarterly 27.1 (2003): 3-6.

12. Bregman J and Donahue SP. “Validation of photoscreening
technology in the general pediatrics office: A prospective
study”. Journal of AAPOS 20.2 (2016): 153-158.

13. Arnold RW., et al. “The positive predictive value of smartphone
photoscreening in pediatric practices”. Journal of Pediatric
Ophthalmology and Strabismus 55.6 (2018): 393-396.
14. Romano PE. “Binocular Vision Amblyopia”; Photoscreening
Devices, Accommodation (Convergence) following Myopic
PRK and Atropine for Amblyopia...or Epigenetic Myopia”. Binocular Vision and Strabology Quarterly, Simms-Romano 28.1
(2013): 80-87.
15. Clausen MM and Arnold RW. “Pediatric eye/vision screening.
Referral criteria for the pediavision plus optix s 04 photoscreener compared to visual acuity and digital photoscreening. Kindergarten computer photoscreening”. Binocular Vision
and Strabismus Quarterly 22.2 (2007): 83-89.

16. Zhang X., et al. “Diagnostic test accuracy of Spot and Plusoptix
photoscreeners in detecting amblyogenic risk factors in children: a systemic review and meta-analysis”. Ophthalmic and
Physiological Optics 39.4 (2019): 260-271.

17. Silbert J., et al. “Pupil size and anisocoria in children measured by the plusoptiX photoscreener”. Journal of AAPOS 17.6
(2013): 609-611.

18. Boev AN., et al. “Quantitative pupillometry: Normative data in
healthy pediatric volunteers”. Journal of Neurosurgery 103.6
(2005): 496-500.
19. Cetinkaya A., et al. “The impact of dark adaptation on photoscreening”. The Journal is the official publication of the American Association for Pediatric Ophthalmology and Strabismus
6.5 (2002): 315-318.

20. Ettinger ER., et al. “Anisocoria: Variation and clinical observation with different conditions of illumination and accommodation”. Investigative Ophthalmology and Visual Science 32.3
(1991): 501-509.

Assets from publication with us
• Prompt Acknowledgement after receiving the article
• Thorough Double blinded peer review
• Rapid Publication
• Issue of Publication Certificate
• High visibility of your Published work
Website: www.actascientific.com/
Submit Article: www.actascientific.com/submission.php
Email us: editor@actascientific.com
Contact us: +91 9182824667

Citation: Daniel Bahir and Itay Ben-Zion. “Anisocoria and Pupil-Size Normative Data in Israeli Children”. Acta Scientific Ophthalmology 3.10 (2020):
37-39.

