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Recent advancements have enhanced the evaluation of vision in children. The review
aimed to assess the techniques and instruments used for measuring visual acuity (VA)
in children, assisting pediatric ophthalmologists and optometrists in choosing an
effective and fast screening approach. The authors used PRISMA 2020-guidelines to
assess the vision measurement techniques in childhood, from PubMed, Medline, Web
of Science, Google Scholar, Cochrane Library (Wiley interface), and ResearchGate,
excluding articles that were non-childhood, non-English, case studies, and incomplete
texts. The review found subjective VA tests in children with variant challenges due
to communication limits and risk of overestimation. They require diverse and age-
appropriate methods. Meanwhile, objective VA measurement aids in diagnosis but
challenged by cost and accuracy issues. Visual evoked potential is a non-invasive tool
for visual assessment, effective in children and amblyopia, yet face non-standardization
and low accuracy conditions. In addition, optokinetic nystagmus assesses visual function
through eye-tracking, integrating objective and subjective methods. In conclusion,
assessing children’s vision requires a multi-instrumental approach, balancing subjective
tests with objective, technology-based methods for accurate, parent-informed
evaluations, and effective treatment of vision impairments.

Introduction

adapting to using their unaffected eye, they face a lower quality
of life and fear losing vision in the non-amblyopic eye.?** The

The prevalence of low vision is a significant global concern,
with myopia affecting 22.9% of the population in 2000 and
projected to rise to 49.8% by 2050.!") Approximately 18.9 million
children under 15 years who experience visual impairment!?! and
require vision correction to preserve their visual and cognitive
development.** Among children with learning disabilities,
around 5.6% also have vision impairments, excluding specific
learning difficulties like dyslexia.’s) Amblyopia, affecting 3-5% of
children with low vision globally, is characterized by a deficit in
visual system stimulation, arising from insults during the critical
maturation period (4 months to 3 years of age).®” Recent
modalities have identified abnormalities in photoreceptor
structures and ocular axis.”? Amblyopes complain of reduced
contrast sensitivity and delayed development of stereo acuity,*'*!
leading to a decline in local contrast sensitivity and increased

19-22

spatial pooling, resulting in vernier acuity loss.'*??] Despite
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review aims to assess the efficacy, challenges, and pitfalls of
methods, for visual acuity (VA) measurement in children.

Materials and Methods

This systematic review was conducted as per the PRISMA 2020
(Preferred Reporting Items for Systematic Reviews).]

Eligibility criteria

Studies were eligible if they (1) investigated the properties,
functionality, and pitfalls of VA measurements methods and (2)
been utilized and deployed on the children. Reasons for exclusion
as shown on the flowchart, reason 1: Studies conducted among
adults, reason 2: Non-full text articles (only abstract), and reason

3: Non-English articles.
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Information source

Articles were retrieved from, PubMed, Medline, Web of Science,
Google Scholar, Cochrane Library (Wiley interface), and

research gate.

Search strategy

The authors reviewed the literature for available data on
the methods of VA measurement in children as well as any
advancement and Pitfalls of these tools. Then, the first
author removed 13 duplicated articles and sorted studies
independently as eligible, or ineligible, possibly eligible based on
aforementioned criteria. The search strategy was created using
controlled data terms (below mentioned) and was matched for
each of the databases. Any discrepancies that arose during the
process were reviewed by the author J. T and a further 12 articles
were excluded. Books and clinical trials were also retrieved and
examined for eligibility using the exact sort out way. Out of the
initial 190 records, 81 studies met the inclusion criteria and
search terms for analysis [Figure 1].

Subjective versus objective methods for visual acuity measurement

Results

VA measurement by subjective tests

Approaching young children often encounters significant
challenges, particularly when using subjective methods such
as the cover test, refraction, Hirschberg test, or Bruckner
reflex. This complexity arises because neonates lack advanced
communication skills and do not easily cooperate with the
examiners.”). When screening children aged between 18
and 24 months, vision screeners commonly use preliterate
figures, such as Allen cards or LEA symbols. These symbols are
advantageous as children, especially those with speech difficulties
can more easily match them. The ease of matching these shapes
helps in identifying amblyopes, particularly Allen’s pictures with

27291 However, when

crowding bars around isolated figures.!
utilizing preliterate figures or symbols, caution is necessary as
there is a tendency for vision screeners to overestimate the VA
in amblyopic individuals. Amblyopic individuals often recognize
single shapes more effortlessly than a sequence of figures, a

phenomenon known as the crowding effect.?”?*) Additional

Identification of new studies via databases and registers

(=3
o
E Records identified from: Records removed before screening:
L= Databases (n = 190) Duplicate records (n = 12)
g
k]
A
Records screened Records excluded
(n=176) il (n=12)
2 A
£ Reports sought for retrieval Reports notretrieved
§ (n=NA) (n =NA)
Reports excluded:
Reports assessed for eligibility | Reason1 (n =55)
(n=164) Reason2 (n =19)
Reason3 (n =9)
§ New studies included in review
§ (n=81)

Figure 1: Methods of systemic review and studies selection. (Reason 1): Studies conducted among adults. (Reason 2): Non-full text articles

(only abstract). (Reason 3): Non-English articles
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subjective tests such as HOTV or LEA symbols are adept at
detecting amblyopes and refractive errors in children aged
3-S5 years, while the KM chart is deemed suitable for 6 years. It
is crucial to employ these tests simultaneously and not relying
exclusively on a single method could lead to inaccuracies in VA

30321 There are also challenges in accurately gauging

calculations.!
VA in preverbal children, individuals with functional visual
impairments, or those with intellectual disabilities in which
subjective techniques can impede the reliable assessment of

V. A.[33‘34]

VA measurement by objective tests

Introduction

Objective measurement of VA is especially beneficial for
patients with cognitive, attentional, or language challenges and
cannot follow the vision screener guidelines. These tests could
evaluate visually impaired patients before and after surgery and
assist in diagnosing amblyopia in young children with a short
consultation time.”! The introduction of computer-operated
machines such as autorefractors and photo-screeners marks a
significant advancement in identifying refractive errors. These
devices provide rapid and efficient results by recording precise
refractive data for both eyes in a few seconds.** Photo-screening
tools have become an alternate method for early amblyopia
detection, refractive error diagnosis, and identifying conditions
of ocular misalignment.’”) However, the EUSCREEN project
Country Reports highlight some limitations in cost-effectiveness
compared to traditional chart-based VA screenings. In addition,
there is limited evidence that photo-screening services could
reduce the incidence of amblyopia or strabismus or enhance
prognosis.’®) Further progress is seen as these instruments
have been enhanced with eccentric photorefraction methods
and calibrated for additional diagnostic functions, similar to

3942 Tt is essential to

retinoscopy, in eyes without cycloplegia.!
acknowledge that inaccurate myopic readings and an increase
in over referrals may occur due to the impact of proximal

accommodation in young children based on Johnson’s book.

Visual evoked potential (VEP)

Visual Evoked Potential (VEP) is considered to be one of the
psychophysical or electrophysiological methods, it is a non-
invasive electrophysiological technique for evaluating the
human visual system’s function. VEP works by presenting visual
stimuli to subjects and measuring the resulting electrical activity
from the visual cortex, which does not require conscious focus or
#-45] Experimentally, the invisibility degree of visually
evoked responses to stimuli of varying contrast levels and

awareness.[

sensitivity is significant. These observations aid in assessing VA,
amblyopia, and refractive errors.l*s*) Standards for using VEPs
in children highlight the importance of establishing normal age-
related benchmarks. For infants, a sweep duration of at least 500
post-stimulusisrecommendedto capture the complete waveform.
By 6 months, the distinct positive peak in pattern-reversal VEPs
(1 checks) usually approaches within 10% of adult levels.>"’

Clinical and Experimental Vision and Eye Research e Vol.7:1 e Jan-Jun 2024

Alashwal and Turuwhenua

Previous suggestions have been made regarding the variability in
VA testing using EEG and VEP methods, including comparisons
between different VEP types such as sweep VEPs (sVEPs),
steady-state VEPs (SSVEPs), and pattern VEPs (PVEPs).l5!
Odom et al. 2010 have described that the VEP’s ability to linearly
measure the decline in contrast sensitivity with spatial frequency
makes it a non-invasive diagnostic tool for assessing VA in
non-verbal infants through basic electrophysiological labs.[%?]
Simon et al. studied 122 children and showed a 94% successful
completion rate of the test, including participation from infants
as young as 5 months. The study also noted low VEP response
magnitude in amblyopic eyes across all spatial frequencies,
except for one false-negative case.[* In addition to the diagnostic
support, Nakamura et al. 2001 employed VEP in identifying six
malingered individuals who might exaggerate symptoms for
compensation. They found a superiority of VEP results than
subjective VA measurement.’* Even when patients feigned VA
levels between 20/60 and no light perception on the ETDRS
chart, their VEP responses to pattern-induced stimulation under
maximum contrast and constant luminance were normal.*s! In
contrast, Jeon et al. used the PVEP to affirm legally blind status in
non-malingering head trauma patients without obvious opticl**!
disc pallor or other signs.*¢! They identified a VEP amplitude
over 5.77 WV as significant (P < 0.0001) when they correlated
the VEP-estimated VA among patients with amblyopia and optic
neuritis to their logMAR Snellen VA.” An advanced version
of VEP, sVEP, measures the response to continuously varied

visual stimuli instead of a fixed value.[5"%

1 It employs a series
of stimuli with changing grating pattern widths and contrasts.
The VEP curve’s highest spatial frequency response at the visual
system’s threshold is zero, allowing VA measurement by plotting
a regression line on the amplitude-spatial frequency function for
each frequency.[¢! Validation studies are crucial for confirming
the reliability and effectiveness of the logMAR sVEP method.
Vesely investigated an adult through logMAR sVEP who had
no eye diseases nor refractive errors, showing a significant
positive correlation (P < 0.0S, r = 0.72) between logMAR sVEP
measurements and Snellen values. Moreover, a t-test comparing
average sVEP and Snellen values was significant (P < 0.01), and
significant correlations were found between repeated sVEP
measurements in 32 normal adults (P < 0.0, r = 0.69).[6) Ridder
and Rouse concluded that sVEP acuity is an accurate prediction
of post-amblyopia therapy Snellen acuity (P < 0.00001), with an
interclass correlation coefficient of 0.73. The average difference
in sVEP acuity estimate and final Snellen VA was +0.002 £ 0.123
logMAR acuity lines.*”) Dotto et al. published 2 articles about
usage a new digital sSVEP system confirming visual impairment
in children with brain tumors and West syndrome. The patients
were unable to undergo subjective recognition acuity tests, such
as Teller grating acuity, though researchers validated the sVEP
system with a cutoff value 0f 0.10 logMAR, based on variations in
grating visual acuities among 10 healthy children with a normal
VA 0f 0.00 logMAR; children with conditions showed decreased

63,64]

contrast sensitivity using sVEP. Furthermore, Chang

et al. 2007 noted a decrease in contrast sensitivity in 14 children
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with neurofibromatosis type 1.1! Vernier acuity, the ability to
perceive misalignments or separations of lines, dots, segments,
edges, or gratings, can also be studied using psychophysical or
electrophysiological methods like VEP.[66¢7
validated that the reduction of vernier and optotype acuities in
amblyopes who do not use both eyes did show reduced making
vernier acuity measurement important in their follow-ups and
evaluations.l®®) There is a significant correlation between sVEP
Vernier and grating acuities with their respective psychophysical
acuities (P < 0.001) when measured with swept-parameter
VEPs.[®! Supporting the accuracy of sVEP in estimating VA,
Kasikei et al. 2022 compared normal and amblyope children
using the smallest pattern size; they elicited that a response to
estimate SVEP showed only a £0.11 logMAR difference between
best corrected VA and mean sVEP VA.[®! However, Hamilton’s
review documented how scientists and since 1970 have been
improving the VEP functionality and developing standardized
protocols for VA measurement.’) Apart from some recent

1 Hou et al. have

guidelines, there is a lack of standardization which remains a
challenge.""72 VEP pitfalls have been claimed by researchers
at University Medical Center Freiburg who compared the
Freiburg VA with SSVEP in amblyopic eyes found that the latter
overestimated psychophysical acuity by more than 0.3 logMAR
in most cases, making it unreliable for amblyopic eyes.”> Another
investigation by Strasser et al. analyzed two sVEP recording
systems finding both overestimated predicted VA for low
subjective visual acuities and underestimated it for high subjective
visual acuities.” Lauritzen et al. 2004 have detected a variability
during examining infants with the sVEP system, and it showed
multiple thresholds because the mean of several acuity thresholds
was less variable than a single best threshold.[”” A retrospective
analysis of 141 patients was conducted by Hamurcu, it showed a
weak positive correlation (r = 0.267, P < 0.001) between Snellen
chart VA and sVEP-measured VA.U¢ Zheng ef al. concluded that
behavioral acuity was more accurate than VEP acuity for patients
with macular, optic nerve, or cerebral diseases.””’ Similarly,
Greenstein ef al. 1998 estimated a decrease in VEP responses in
chromatic contrast and luminance contrast conditions among
15 patients with open angle glaucoma.” Heinrich ef al. found
that acuity estimates in a 1-second condition were about twice
as high as in a 0.1-s standard, equivalent to a 3-line increase in
VA estimates. Extending the presentation duration to 10 s has
improved the VA.”’]

Optokinetic nystagmus (OKN)

OKN is an involuntary eye movement phenomenon, typically
observed in mammals, triggered by moving patterns or stimuli.
It leads to a repetitive cycle of eye movement, where the eye
follows a moving visual feature and then resets (saccade) to

80-82] Tt is also known as

a new segment of the stimulus OKN.!
optokinetic response or reflex, is detected through an eye-
tracking system that records a sequence of slow phases where
the eyes track a moving stimulus feature and quick phases where
the eyes rapidly move in the opposite direction.® Millodot

and Harper 1969 was an early investigator who addressed the

Subjective versus objective methods for visual acuity measurement

benefits of eye movement in VA assessment.®* Cheng and
Outerbridge 1975 have compared OKN-based VA (an objective
method) with subjective measurement techniques in children,
like the Teller cards.® Han et al. 2011 have investigated
71 patients with different ocular diseases, and they used the
computerized objective VA test using the OKN.FY They
concluded that subjective VA and objective VA (OKN induction
and suppression) had a significant association.’®) Among all age
groups as well, Aleci et al. 2019 found the OKN as a worthwhile
objective method to assess VA in non-cooperating individuals
with cataract or macular degeneration.®”’ Hu Zongzi’s patent
aimed to integrate the eye-tracking technology with systems that
correlate objective and subjective vision measurements and it
was beneficial for young children and patients who struggle with
cognitive, attentional, and linguistic skills, or those unable to
follow standard test instructions.®! Turuwhenua et al. deployed
a simple and cheap technology that had a 93% accuracy rate
in detection the presence and direction of OKN. They used
a limbal masking strategy to estimate limbal velocity.® With
the acknowledgment of OKN as a marker of visual function/
response in humans, substantial progress has been made in
evaluating children’s visual function and retinal sensitivity.**%!]
That comparison is crucial for early detection and improved
treatment outcomes for visual impairments in amblyopic
children.”” In addition, OKN techniques offer a rapid and
reliable assessment of VA in young children and adults with
various disabilities or dysfunctions in cognitive, neurological, and

92951 One way to

visual systems or due to substance intoxication.!

stimulate OKN involves displaying a series of visual stimulus

patterns, such as striped shapes with a specific spatial frequency,
moving horizontally or vertically.*! To measure OKN-related

VA, the width or area of the moving stimulus is decreased until

there is a noticeable reduction in OKN gain.’**”! Boop et al.

1987 utilized Catford drum, employing monitors with various

stimulus shapes beyond the standard vertical stripes, including

dots.”® Data extraction is being advanced by observing the
subject’s gaze or using electro-oculographic recordings through

a camera, noting that changes in the target’s size, shape, contrast,

velocity, or application can affect the reflex.*>!°] Eye-tracking

systems now enable the recording and analysis of optokinetic
responses, including the components, presence, and strength of

OKN.[1%2] There are two primary techniques for recording VA

using OKN:

¢ The induction method begins by showing patterns (typically
stripes or dots) to the patient, gradually reducing the pattern’s
brightness, and increasing the spatial frequency until OKN
ceases when patterns become undetectable under normal
conditions. The VA is calculated using the highest spatial
frequency and the smallest pattern size that elicits an OKN
response.

e The suppression method involves displaying moving patterns
that inhibit OKN. Initially, patterns with a spatial frequency
above the threshold, insufficient to evoke optokinetic
responses, are used. In contrast to the induction method, VA
is gauged based on the lowest spatial frequency and minimal
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size or brightness of patterns (dots/stripes) that suppress the

OKN response.!%!

Hyon et al. suggested using the induction method for
patients with poor vision, while the suppression method seems
more effective for those with better VA.®! The induction
method is influenced by the central and peripheral retina,
but the suppression depends mainly on the central retina.
Therefore, combining both methods offers a satisfactory means
of objective VA assessment.[*5'*) Aleci et al. developed a novel
stimulator method, Oktotype, using symbols in a linear periodic
pattern moving horizontally to stimulate the optokinetic reflex,
illustrating that the induction OKN method provides a broader
insight into the visual system compared to the suppression
method.”” These approaches, combining biology, engineering,
and optics, aim to refine VA measurement techniques in young
amblyopic children or those at risk of amblyopia. They involve
adjusting the contrast and frequency of visual stimuli to identify
the threshold where OKN is absent or falls below a certain
level. Subsequently, an image processing system analyzes the
footage to determine the presence or strength of OKN.[%
Despite some uncertainty surrounding the variability of OKN
components, Waddington and Harris discovered a significant
correlation between the initiation, termination, and amplitude of
OKN phases, recorded using a binocular head-mounted limbus
tracker.[*"!

Discussion

This systematic review delves into the methods and challenges
of measuring VA in children, it underscored the importance
of early detection of vision impairments. The thoughtful
integration of objective and subjective methods is pivotal
in enhancing early detection and thereby improving overall
outcomes and quality of life for visually impaired children.
Subjective methods are crucial in their role but rely on the
participation of examinees and are hampered by inaccuracies
and overestimations, particularly in young or non-verbal
children. Objective methods, on the other hand, leverage
technological advancements to offer more reliable and efficient
evaluations. From a technical perspective, VEP remains an
objective vision measurement method, but examiners need to
consider factors like optimal retinal image quality for better VA
recordings during longer viewing periods or other technical
settings/variables. A notable example is OKN, which employs
eye-tracking systems to record involuntary eye movements in
response to moving stimuli. This technique is efficient for young
children and those with cognitive or linguistic limitations.

Conclusion

There are many strengths of subjective and objective methods,
but the review reveals that neither approach is flawless, with
the precision of objective methods, they still face challenges,
such as standardization issues and the risk of over-referrals,
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can be moderated with subjective assessments. This finding
underscores the importance of an integrated approach that
synergizes subjective and objective methodologies, providing a
holistic and accurate measuring of pediatric VA.

Conflict of Interest

The authors declare no conflict of interest related to the content
of the systemic review.

Funding

The authors did not receive any external funding related to the
systemic review.

References

1. Holden BA, Fricke TR, Wilson DA, Jong M, Naidoo KS,
Sankaridurg P, et al. Global Prevalence of myopia and high
myopia and temporal trends from 2000 through 2050.
Ophthalmology 2016;123:1036-42.

2. World Health Organization. World Report on Vision 2019.
Switzerland: World Health Organization; 2019.

3. World Health Organization. WHO Programme for the Prevention
of Blindness and Deafness. Consultation on Development
of Standards for Characterization of Vision Loss and Visual
Functioning. Geneva: World Health Organization; 2003.

4. RahiJS, Cable N, British Childhood Visual Impairment Study
Group. Severe visual impairment and blindness in children in
the UK. Lancet 2003;362:1359-65.

5. Emerson E. Deprivation, ethnicity and the prevalence of
intellectual and developmental disabilities. ] Epidemiol
Community Health 2012;66:218-24.

6. Ramesh PV, Steele MA, Kiorpes L. Attention in visually typical
and amblyopic children. ] Vis 2020;20:11.

7. Kiorpes L, Voyles A, Ziemba C, Movshon JA. Perceptual and
neural deficits in processing naturalistic image structure in
amblyopia. ] Vis 2016;16:565.

8. Holmes JM, Clarke MP. Amblyopia. Lancet 2006;367:1343-51.

9. Ding K, Liu Y, Yan X, Lin X, Jiang T. Altered functional
connectivity of the primary visual cortex in subjects with
amblyopia. Neural Plast 2013;2013:612086.

10. Wiesel TN, Hubel DH. Single-cell responses in striate cortex
of kittens deprived of vision in one eye. J Neurophysiol
1963;26:1003-17.

11. Gunton KB. Advances in amblyopia: What have we learned
from PEDIG trials? Pediatrics 2013;131:540-7.

12. Wright KW, Spiegel PH. Pediatric Ophthalmology and
Strabismus. 1 ed. Berlin: Springer Science and Business
Media; 1999. p. 195-229.

13. Billson FA, Fitzgerald BA, Provis JM. Visual deprivation in
infancy and childhood: Clinical aspects. Aust N Z ] Ophthalmol
1985;13:279-86.

14. Birch EE, Salomio S. Infant random dot stereoacuity cards.
] Pediatr Ophthalmol Strabismus 1998;35:86-90.

15. Ciner EB, Schanel-Klitsch E, Herzberg C. Stereoacuity
development: 6 months to 5 years. A new tool for testing and
screening. Optom Vis Sci 1996;73:43-8.



Alashwal and Turuwhenua

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Zhao PF, Zhou YH, Wang NL, Zhang J. Study of the wavefront
aberrations in children with amblyopia. Chin Med ] (Engl)
2010;123:1431-5.

Birch EE. Amblyopia and binocular vision. Prog Retin Eye Res
2013;33:67-84.

Cleary M, Moody AD, Buchanan A, Stewart H, Dutton GN.
Assessment of a computer-based treatment for older amblyopes:
The Glasgow pilot study. Eye (Lond) 2009;23:124-31.

Levi DM, Klein S. Differences in vernier discrimination for
grating between strabismic and anisometropic amblyopes.
Invest Ophthalmol Vis Sci 1982;23:398-407.

Levi DM, Klein SA, Wang H. Amblyopic and peripheral vernier
acuity: A test-pedestal approach. Vision Res 1994;34:3265-92.
Grant S, Conway ML. Reach-to-precision grasp deficits in
amblyopia: Effects of object contrast and low visibility. Vision
Res 2015;114:100-10.

Giaschi D, Chapman C, Meier K, Narasimhan S, Regan D. The
effect of occlusion therapy on motion perception deficits in
amblyopia. Vision Res 2015;114:122-34.

Carlton J, Kaltenthaler E. Amblyopia and quality of life:
A systematic review. Eye (Lond) 2011;25:403-13.

Levi DM, Knill DC, Bavelier D. Stereopsis and amblyopia:
A mini-review. Vision Res 2015;114:17-30.

Page M]J, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, et al. The PRISMA 2020 statement: An updated
guideline for reporting systematic reviews. Syst Rev 2021;10:89.
Loh AR, Chiang ME Pediatric vision screening. Pediatr Rev
2018;39:225-34.

Holmes JM, Beck RW, Repka MX, Leske DA, Kraker RT,
Blair RC, et al. The amblyopia treatment study visual acuity
testing protocol. Arch Ophthalmol 2001;119:1345-53.

Clarke MP, Wright CM, Hrisos S, Anderson JD, Henderson J,
Richardson SR. Randomised controlled trial of treatment
of unilateral visual impairment detected at preschool vision
screening. BMJ 2003;327:1251.

Cotter SA, Cyert LA, Miller JM, Quinn GE, National Expert
Panel to the National Center for Children’s Vision and Eye
Health. Vision screening for children 36 to <72 months:
Recommended practices. Optom Vis Sci 2015;92:6-16.
Gyllencreutz E, Chouliara A, Alibakhshi A, Tjornvik M,
Aring E, Andersson GroZ M. Evaluation of vision screening
in five- to eight-year-old children living in Region Vistra
Gotaland, Sweden - A prospective multicentre study. Acta
Ophthalmol 2019;97:158-64.

Moutakis K, Stigmar G, Hall-Lindberg J. Using the KM
visual acuity chart for more reliable evaluation of amblyopia
compared to the HVOT method. Acta Ophthalmol Scand
2004;82:547-51.

Tongue AC, Cibis GW. Briickner test. Ophthalmology
1981;88:1041-4.

Paysse EA, Williams GC, Coats DK, Williams EA. Detection of
red reflex asymmetry by pediatric residents using the Briickner
reflex versus the MTI photoscreener. Pediatrics 2001;108:E74.
Mathew JA, Shah SA, Simon JW. Varying difficulty of Snellen
letters and common errors in amblyopic and fellow eyes. Arch
Ophthalmol 2011;129:184-7.

Egan DE Brown R. Vision testing of young children in the
age range 18 months to 4 % years. Child Care Health Dev
1984;10:381-90.

Hoyt CS. Objective techniques of visual acuity assessment in

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Subjective versus objective methods for visual acuity measurement

infancy. Aust N Z J Ophthalmol 1986;14:205-9.

Miller JM, Lessin HR, American Academy of Pediatrics Section
on Ophthalmology, Committee on Practice and Ambulatory
Medicine, American Academy of Ophthalmology, American
Association for Pediatric Ophthalmology and Strabismus, et al.
Instrument-based pediatric vision screening policy statement.
Pediatrics 2012;130:983-6.

Horwood AM, Griffiths HJ, Carlton ], Mazzone P, Channa A,
Nordmann M, et al. Scope and costs of autorefraction and
photoscreening for childhood amblyopia-a systematic
narrative review in relation to the EUSCREEN project data.
Eye (Lond) 2021;35:739-52.

Blade PJ, Candy TR. Validation of the PowerRefractor
for measuring human infant refraction. Optom Vis Sci
2006;83:346-53.

Aldaba M, Gémez-Lopez S, Vilaseca M, Pujol J, Arjona M.
Comparingautorefractors for measurement ofaccommodation.
Optom Vis Sci 2015;92:1003-11.

Roorda A, Campbell MC, Bobier WR. Slope-based eccentric
photorefraction: Theoretical analysis of different light source
configurations and effects of ocular aberrations. ] Opt Soc Am
A Opt Image Sci Vis 1997;14:2547-56.

Choi M, Weiss S, Schaeffel F, Seidemann A, Howland HC,
Wilhelm B, et al. Laboratory, clinical, and kindergarten test
of a new eccentric infrared photorefractor (PowerRefractor).
Optom Vis Sci 2000;77:537-48.

Erdurmus M, Yagci R, Karadag R, Durmus M. A comparison
of photorefraction and retinoscopy in children. ] AAPOS
2007;11:606-11.

Levi DM. Do visual evoked potentials studies reveal amblyopic
abnormalities not readily apparent in psychophysical tests?
Ann N'Y Acad Sci 1982;388:615-21.

Baiano C, Zeppieri M. Visual evoked potential. In: StatPearls.
Treasure Island, FL: StatPearls Publishing; 2024.

Celesia GG, Peachey NS. In: Schomer DL, Lopes da Silva FH,
editors. Visual Evoked Potentials and Electroretinograms.
Vol. 1. Oxford: Oxford University Press; 2017.

Aminoff MJ. Electro Diagnosis in Clinical Neurology. London:
Churchill Livingstone; 2005.

Campbell FW, Maftei L. Electrophysiological evidence for the
existence of orientation and size detectors in the human visual
system. ] Physiol 1970;207:635-52.

Chung W, Hong S, Lee JB, Han SH. Pattern visual evoked
potential as a predictor of occlusion therapy for amblyopia.
Korean ] Ophthalmol 2008;22:251-4.

Levi DM, Harwerth RS. Contrast evoked potentials in
strabismic and anisometropic amblyopia. Invest Ophthalmol
Vis Sci 1978;17:571-5.

Petersen J. Objective determination of visual acuity by visual
evoked potentials. Optimized procedure and clinical value.
Dev Ophthalmol 1984;9:108-14.

Odom JV, Bach M, Brigell M, Holder GE, McCulloch DL,
Tormene AP, et al. ISCEV standard for clinical visual evoked
potentials (2009 update). Doc Ophthalmol 2010;120:111-9.
Simon JW, Siegfried JB, Mills MD, Calhoun JH, Gurland JE.
A new visual evoked potential system for vision screening in
infants and young children. ] AAPOS 2004;8:549-54.
Nakamura A, Akio T, Matsuda E, Wakami Y. Pattern visual
evoked potentials in malingering. ] Neuroophthalmol
2001;21:42-5.

Clinical and Experimental Vision and Eye Research e Vol.7:1 e Jan-Jun 2024



Subjective versus objective methods for visual acuity measurement

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Clinical and Experimental Vision and Eye Research e Vol.7:1 e Jan-Jun 2024

Soares TS, Sacai PY, Berezovsky A, Rocha DM, Watanabe
SE, Salomio SR. Pattern-reversal visual evoked potentials as
a diagnostic tool for ocular malingering. Arq Bras Oftalmol
2016;79:303-7.

Jeon ], Oh S, Kyung S. Assessment of visual disability using
visual evoked potentials. BMC Ophthalmol 2012;12:36.

Regan D. Rapid objective refraction using evoked brain
potentials. Invest Ophthalmol 1973;12:669-79.

Tyler CW, Apkarian P, Levi DM, Nakayama K. Rapid
assessment of visual function: An electronic sweep technique
for the pattern visual evoked potential. Invest Ophthalmol Vis
Sci 1979;18:703-13.

Ridder WH 3", McCulloch D, Herbert AM. Stimulus duration,
neural adaptation, and sweep visual evoked potential acuity
estimates. Invest Ophthalmol Vis Sci 1998;39:2759-68.

Arai M, Katsumi O, Paranhos FR, Lopes De Faria JM, Hirose T.
Comparison of Snellen acuity and objective assessment using
the spatial frequency sweep PVER. Graefes Arch Clin Exp
Ophthalmol 1997;235:442-7.

Vesely P. Contribution of sVEP visual acuity testing in
comparison with subjective visual acuity. Biomed Pap Med Fac
Univ Palacky Olomouc Czech Repub 2015;159:616-21.

Ridder WH 3", Rouse MW. Predicting potential acuities in
amblyopes: Predicting post-therapy acuity in amblyopes. Doc
Ophthalmol 2007;114:135-45.

De Freitas Dotto P, Cavascan NN, Berezovsky A, Sacai PY,
Rocha DM, Pereira JM, et al. Sweep visually evoked potentials
and visual findings in children with West syndrome. Eur ]
Paediatr Neurol 2014;18:201-10.

Dotto PE, Berezovsky A, Cappellano AM, Silva NS, Sacai PY,
Rocha DM, et al. Grating visual acuity impairment assessed
by sweep visually evoked potentials in children with optic
pathway tumors unable to perform optotype acuity tests. Arq
Bras Oftalmol 2021;84:140-8.

Chang BC, Mirabella G, Yagev R, Banh M, Mezer E, Parkin PC,
et al. Screening and diagnosis of optic pathway gliomas in
children with neurofibromatosis type 1 by using sweep visual
evoked potentials. Invest Ophthalmol Vis Sci 2007;48:2895-902.
Gwiazda J, Bauer J, Held R. From visual acuity to hyperacuity:
A 10-year update. Can ] Psychol 1989;43:109-20.

Westheimer G, McKee SP. Spatial configurations for visual
hyperacuity. Vision Res 1977;17:941-7.

Hou C, Good WV, Norcia AM. Validation study of VEP
Vernier acuity in normal-vision and amblyopic adults. Invest
Ophthalmol Vis Sci 2007;48:4070-8.

Kasikei M, Kusbeci T, Yavas G, Polat O, Inan U. Comparison
of sweep visual evoked potential of visual acuity and Snellen
visual acuity in healthy and amblyopic children. Arq Bras
Oftalmol 2022;86:e2021.

Hamilton R, Bach M, Heinrich SP, Hoffmann MB, Odom]V,
McCulloch DL, et al. VEP estimation of visual acuity:
A systematic review. Doc Ophthalmol 2021;142:25-74.

Brigell M, Bach M, Barber C, Kawasaki K, Kooijman A.
Guidelines for calibration of stimulus and recording parameters
used in clinical electrophysiology of vision. Calibration
Standard Committee of the International Society for Clinical
Electrophysiology of Vision (ISCEV). Doc Ophthalmol
1998;95:1-14.

Odom JV, Bach M, Brigell M, Holder GE, McCulloch DL,
Mizota A, et al. ISCEV standard for clinical visual evoked

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Alashwal and Turuwhenua

potentials: (2016 update). Doc Ophthalmol 2016;133:1-9.
Wenner Y, Heinrich SP, Beisse C, Fuchs A, Bach M. Visual
evoked potential-based acuity assessment: Overestimation in
amblyopia. Doc Ophthalmol 2014;128:191-200.

Strasser T, Nasser F Langrovd H, Zobor D, Lisowski L,
Hillerkuss D, et al. Objective assessment of visual acuity:
A refined model for analyzing the sweep VEP. Doc Ophthalmol
2019;138:97-116.

Lauritzen L, Jorgensen MH, Michaelsen KFE. Test-retest
reliability of swept visual evoked potential measurements
of infant visual acuity and contrast sensitivity. Pediatr Res
2004;55:701-8.

Hamurcu M. Pattern and sweep visual evoked potential in the
objective determination of visual acuity. Ital ] Med 2023.
Zheng X, Xu G, Zhang K, Liang R, Yan W, Tian P, et al
Assessment of human visual acuity using visual evoked
potential: A review. Sensors (Basel) 2020;20:5542.

Greenstein VC, Seliger S, Zemon V, Ritch R. Visual evoked
potential assessment of the effects of glaucoma on visual
subsystems. Vision Res 1998;38:1901-11.

Heinrich SP, Kriiger K, Bach M. The effect of optotype
presentation duration on acuity estimates revisited. Graefes
Arch Clin Exp Ophthalmol 2010;248:389-94.

Waddington ], Harris CM. Human optokinetic nystagmus:
A stochastic analysis. ] Vis 2012;12:5.

Baloh RW, Yee RD, Honrubia V. Optokinetic nystagmus and
parietal lobe lesions. Ann Neurol 1980;7:269-76.

Pulaski PD, Zee DS, Robinson DA. The behavior of the
vestibulo-ocular reflex at high velocities of head rotation. Brain
Res 1981;222:159-65.

Hyon]JY, Yeo HE, Seo JM, Lee IB, Lee JH, Hwang JM. Objective
measurement of distance visual acuity determined by
computerized optokinetic nystagmus test. Invest Ophthalmol
Vis Sci 2010;51:752-7.

Millodot M, Harper P. Measure of visual acuity by means of eye
movements. Am ] Optom Arch Am Acad Optom 1969;46:938-45.
Cheng M, Outerbridge JS. Optokinetic nystagmus during
selective retinal stimulation. Exp Brain Res 1975;23:129-39.
Han SB, Han ER, Hyon JY, Seo JM, Lee JH, Hwang JM.
Measurement of distance objective visual acuity with
the computerized optokinetic nystagmus test in patients
with ocular diseases. Graefes Arch Clin Exp Ophthalmol
2011;249:1379-85.

Aleci C, Cossu G, Belcastro E, Canavese L. The optokinetic
response is effective to assess objective visual acuity in patients
with cataract and age-related macular degeneration. Int
Ophthalmol 2019;39:1783-92.

Hu Z. Apparatus and Method for Objective Visual Acuity
Measurement Using Dynamic Velocity Threshold Filter in
Optokinetic Response Processing. Vol. 351, Vision Research.
United States Patent 10,827,922; 2020 Available from: https://
patents.google.com/patent/us10827922b2/en [Last accessed
on 2024 Mar 22].

Turuwhenua J, Yu TY, Mazharullah Z, Thompson B. A method
for detecting optokinetic nystagmus based on the optic flow of
the limbus. Vision Res 2014;103:75-82.

Aleci C, Scaparrotti M, Fulgori S, Canavese L. A novel and cheap
method to correlate subjective and objective visual acuity by using
the optokinetic response. Int Ophthalmol 2018;38:2101-15.
Cetinkaya A, Oto S, Akman A, Akova YA. Relationship



Alashwal and Turuwhenua

92.

93.

94.

95.

96.

97.

98.

between optokinetic nystagmus response and recognition
visual acuity. Eye (Lond) 2008;22:77-81.

Solebo AL, Cumberland PM, Rahi JS. Whole-population
vision screening in children aged 4-5 years to detect amblyopia.
Lancet 2015;385:2308-19.

McDonald MA, Stevenson CH, Kersten HM, Danesh-
Meyer HV. Eye movement abnormalities in glaucoma patients:
A review. Eye Brain 2022;14:83-114.

Poblano A, Ishiwara K, Ortega P, Mora L, Pineda G, Arriaga E.
Thinner abuse alters optokinetic nystagmus parameters. Arch
Med Res 2000;31:182-5.

Wester ST, Rizzo JF 3%, Balkwill MD, Wall C 3. Optokinetic
nystagmus as a measure of visual function in severely visually
impaired patients. Invest Ophthalmol Vis Sci 2007;48:4542-8.
Shin Y], Park KH, Hwang JM, Wee WR, Lee JH, Lee IB.
Objective measurement of visual acuity by optokinetic
response determination in patients with ocular diseases. Am J
Ophthalmol 2006;141:327-32.

Turuwhenua J, LinTun Z, Norouzifard M, Edmonds M,
Findlay R, Black J, et al. OKN-Fast: Objective Visual Acuity
Threshold Measurement Using the Optokinetic Response.
In: 2023 45" Annual International Conference of the IEEE
Engineering in Medicine and Biology Society (EMBC).
Piscataway: IEEE; 2023. p. 1-4.

Boop JJ, van Dalen JT, Tyner GS. Assessment of the Catford
drum in visual acuity testing and its use as a measurement of
visual performance in low-vision patients. Br ] Ophthalmol

99.

100.

101.

102.

103.

104.

105.

Subjective versus objective methods for visual acuity measurement

1987;71:797-802.

Knapp CM, Proudlock FA, Gottlob I. OKN asymmetry in
human subjects: A literature review. Strabismus 2013;21:37-49.
Tsai CB, Hung WY, Hsu WY. A Fast and effective system for
analysis of optokinetic waveforms with a low-cost eye tracking
device. Healthcare (Basel) 2020;9:10.

Robinson DA. Neurophysiology of the optokinetic system.
Prog Brain Res 2022;267:251-69.

Doustkouhi SM, Turnbull PR, Dakin SC. The effect of
simulated visual field loss on optokinetic nystagmus. Transl Vis
Sci Technol 2020;9:25.

Palidis D], Wyder-Hodge PA, Fooken ], Spering M. Distinct eye
movement patterns enhance dynamic visual acuity. PLoS One
2017;12:e0172061.

Abadi RV, Pascal E. The effects of simultaneous central and
peripheral field motion on the optokinetic response. Vision
Res 1991;31:2219-25.

Sangi M, Thompson B, Turuwhenua J. An optokinetic
nystagmus detection method for use with young children.
IEEE ] Transl Eng Health Med 2015;3:1600110.

How to cite this article: Alashwal SM, Turuwhenua J.
Subjective versus objective methods for visual acuity
measurement in children: A systematic review. Cli Exp Vis
Eye Res ] 2024;7(1):1-8.

This work is licensed under a Creative Commons Attribution 4.0 International License. The images or other third party material in this article are
included in the article’s Creative Commons license, unless indicated otherwise in the credit line; if the material is not included under the Creative
Commons license, users will need to obtain permission from the license hol-der to reproduce the material. To view a copy of this license, visit
http://creativecommons.org/licenses/by/4.0/ © Alashwal SM, Turuwhenua J. 2024

Clinical and Experimental Vision and Eye Research e Vol.7:1 e Jan-Jun 2024



