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Purpose: To evaluate the impact on the lag of accommodation (LOA) in emmetropic children after short-term wear of full-field
Diffusion Optics Technology™ (DOT) spectacle lenses, designed to modulate retinal contrast to control myopia progression.
Patients and Methods: This was a single-visit, prospective, randomized, subject-masked study of emmetropes (ametropes +1.00D
or less in each meridian) with no history of myopia control treatment. Unaided logMAR visual acuity was measured, and ocular
dominance was determined using the sighting method. In a randomized order, participants wore plano full-field contrast management
(DOT) spectacles (no clear central aperture) or control spectacles (standard single vision spectacle lenses). Each participant was given
5 minutes for adaptation to the respective lenses before open field autorefraction measurements were taken at 6 meters and 40 cm. Ten
measurements were taken for each eye. Data were evaluated from the right eye and the dominant eye separately.

Results: A total of 30 participants (20 females and 10 males) with a mean age of 10.4 + 2.8 (7 to 17) years completed the study. There
was no significant difference in right eye mean LOA with contrast management spectacles 0.57 + 0.39D versus control spectacles 0.62
+ 0.34D; Wilcoxon test, p = 0.37. For dominant eyes, LOA values were 0.60 £ 0.40D and 0.68 £ 0.33D with contrast management
spectacles and control spectacles, respectively (p = 0.14). Additionally, no significant difference was observed in mean LOA between
males and females or between age groups (7-11 years vs 12—17 years) for either right or dominant eyes with contrast management or
control spectacles (all p > 0.05).

Conclusion: Full-field contrast management spectacle lenses had no significant effect on LOA compared to standard single vision
spectacle lenses, indicating no differential impact on accommodative response over the short period of lens wear tested.
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Introduction

Understanding the drivers of myopia onset and progression is essential to developing appropriate tools to prevent and/or
control it — whether by optical, physical or pharmaceutical means. Accommodation, and specifically lag of accommoda-
tion (LOA) has been identified as a potential influence in both the onset and progression of myopia, though the literature
is full of contradictions, as summarized in the paper on accommodation by the International Myopia Institute (IMI)."
Several studies have shown higher LOA in myopic children compared to emmetropic children, as well as in those
showing faster rates of myopia progression.””’ The concern is that the hyperopic retinal defocus associated with higher
LOA may drive axial elongation of the eye, resulting in myopia and/or myopia progression.>* Other studies suggested
that degradation of the retinal image contrast may instead be the trigger.”'” In either case, not all studies support the

11,12

association of LOA and either onset or progression of myopia, though the interaction between contrast, accommoda-

tion and myopia is complicated. A drastic reduction in contrast results in form deprivation myopia, though ambient
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illumination has been shown to be an important additional factor in modulating the degree of form deprivation myopia,
with a hyperopic shift seen with higher daylight levels of illumination.'*'* A less severe but still significant reduction in
image contrast creates an effectively stimulus-free condition, where accommodation drifts to what has been referred to as
the “tonic” level, of around 1 diopter of accommodation,'® which is at the high end of the range of normal LOA for
children.'®?° Other studies have demonstrated that lower levels of contrast reduction have been shown to have little to
no effect on accommodation.?' >

In terms of optical treatments for myopia, most efforts have been around designing contact lenses and spectacles that
optically reduce or eliminate hyperopic defocus in the periphery, regardless of its cause. These include dual focus,**
extended depth-of-focus,? center distance®® and orthokeratology contact lenses,?” as well as Highly Aspherical Lenslets
(HAL),*® Defocus Incorporated Multiple Segments (DIMS),>® Peripheral Hyperopia Reduction Lens,>® executive
bifocals,’! and Progressive Addition Lens (PAL) spectacle designs.'> A novel concept recently introduced utilizes
contrast management to reduce retinal signals that have been associated with an extension of axial length in high
myopia.*>** This hypothesis arose from studying genetic sequencing in high myopes, where genetic mutations that
changed the functionality of the long-(L) and middle-wavelength (M) cones were associated with high levels of
myopia.** Basically, the mutation caused adjacent cones with differing amounts of functional photopigments to signal
the presence of contrast, even when there was no contrast in the image. The theory maintains that the natural outdoor
environment provides a low natural contrast visual experience that elicits a low-level of activity in the bipolar cells of the
retina. Subjecting humans to long exposures to high artificial contrast environments such as that encountered in urban
settings and when reading books and utilizing digital devices, along with insufficient time outdoors, can cause an
overstimulation of bipolar cells in the retina, leading to axial elongation.***

Based on the contrast management hypothesis, SightGlass Vision (Los Altos, California, USA) developed Diffusion
Optics Technology (DOT) spectacle lenses, designed to reduce and modulate the retinal contrast to decrease the signal for
eye elongation. The lenses correct the refractive error and are combined with a proprietary pattern of thousands of
microscopic dots to slightly lower contrast by softly scattering the light which passes through the lens, thereby
modulating the contrast throughout the treatment zone of the lenses. The contrast management results in reduced
signaling disparities between adjacent cones, while maintaining good visual acuity and functional peripheral vision.
The commercially available lenses incorporate a 5-mm central aperture to assist in lens power verification and is
positioned centered at the intermediate pupillary distance (PD) of each wearer so that near and far viewing will be
primarily through the area of the lens with reduced contrast.>*>*3>*® Two-year results from an ongoing study showed
promising results in reducing the rate of myopia progression.’’ Contrast management spectacle lenses are designed to
reduce the retinal image contrast, which had been theorized to impact myopia onset and/or progression.”'° However,
there is currently no existing literature on how the contrast reducing pattern might impact the LOA.

Therefore, this study aimed to evaluate the influence of full-field DOT spectacle lenses on LOA. The hypothesis was
that there would be no impact of DOT spectacles on accommodative response or accuracy when compared to control
single vision spectacles. The full-field DOT spectacle lenses were used in this study rather than the commercially
available DOT spectacle lenses with Smm. Since the study aimed to test the effect of contrast reducing pattern on LOA,
full-field DOT spectacles lenses were used. These lenses lacked the distinct clear central zone which is present in the
commercially available DOT spectacles.

Materials and Methods

Study Design

This study was conducted in accordance with the Declaration of Helsinki and the University of Waterloo Guidelines for

Research with Human Participants. Ethics clearance was obtained through the University of Waterloo Research Ethics

Board (# 44567). An assent form was completed by all participants and the informed consent signed by parents/guardians

prior to enrollment in the study. This study was registered with ClinicalTrials.gov (clinical trial identifier NCT05617794).
This was a prospective, randomized and subject-masked, pilot study involving 30 participants. The participants were

enrolled in the study based on the following inclusion criteria (main criteria only): Age 6 to 18 years (inclusive);
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emmetropic by non-cycloplegic auto-refraction (both principal meridians £1.00 Diopters inclusive). Participants were
excluded if they had any history of myopia control treatment in the past year, any active ocular disease or infection, any
binocular vision disorders such as amblyopia and accommodative insufficiency or any systemic condition that may affect
the study outcome variables (including diabetes mellitus and hyperthyroidism), any use of systemic or topical medication
that may affect the study outcome variables including atropine eye drops or previous strabismus, refractive error or
intraocular surgery. Participants were recruited from the clinical research site’s volunteer database and from the
community using marketing materials approved by the University of Waterloo Research Ethics Board. This study was
conducted at the Centre for Ocular Research and Education (CORE), at the School of Optometry and Vision Science,
University of Waterloo, Canada.

This was a single-visit study including the screening. At screening, participant eligibility was determined, and the
following measurements taken: High contrast logMAR visual acuity at 6-meters, non-cycloplegic autorefraction and
keratometry using a WAM 5500 open-field autorefractor (Grand Seiko, Fukuyama, Japan) at 6 meters, and ocular
dominance assessed using the sighting method. Following the screening, eligible participants wore the study spectacles in
randomized order. The lenses were fitted in the spectacle frame and all spectacle lenses were made from Trivex material
and had no optical power. The contrast management spectacle lens pair (DOT) consisted of light scattering dots 0.14
+0.03 mm in size applied uniformly over the entire lens surface. Unlike the commercially available product, the test lens
used in this study did not have a clear central 5-mm aperture to ensure the subjects were looking through the contrast
modulated design. The control spectacle lens pair used standard single-vision lenses with plano power.

Measurement of Lag of Accommodation
The participants were given 5 minutes of adaptation time, where the participants were asked to look at their surroundings
while wearing each study spectacle design before conducting a distance target autorefraction at 6 meters and near target
autorefraction at 40 cm. According to the literature, 40 cm is considered as a standard viewing distance and at this
distance accommodation is expected to have a minimal influence.*®? To test the LOA, the participant was asked to focus
at the 20/50 line on the near VA chart provided with the WAM 5500 held at 40 cm by a bar holder. Ten measurements
were taken for each eye separately (right eye first, left eye second) and both eyes were uncovered while taking the
measurements. These measurements were taken while the participants were wearing study spectacles. The average of
these 10 measurements was used to calculate the LOA.

The participants were given 10 minutes of washout time between each type of spectacle wear. The instrument was
calibrated before each participant. The accommodative lag was calculated as the difference between accommodative
stimulus and the accommodative response as shown in the formula below:

Accommodative response = Distance spherical equivalent refraction (DSER)—Near spherical equivalent refraction (NSER)

LOA = Accommodative stimulus — Accommodative Response

Statistical Analysis

Analysis was conducted using GraphPad Prism 8 (Dotmatics, San Diego, USA). Data for the right and dominant eyes
only are reported. Descriptive statistics are provided on baseline variables (age, sex, VA distribution and refractive error
distribution). The data for LOA were tested for normality based on the Shapiro—Wilk test (a level = 0.05). Data with
normal distributions are displayed as mean + standard deviation and were analyzed with a ¢-test. Data with a non-normal
distribution were analyzed with the Wilcoxon test and median values provided. The exploratory analysis on the
difference in LOA between age group and sex was conducted using the Wilcoxon test. Study data are presented as
mean, median described, individual participant data will not be shared.

Results
In total, 39 participants were enrolled in the study and 30 participants were included in the analyses cohort (Table 1). A total of
nine participants were excluded from the study. Two participants failed the screening due to prescription range, and one
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Table | Participant Characteristics (n = 30)

oD Dominant Eye

Refractive error (mean *+ SD) | Sphere 0.43 + 0.30 0.42 + 0.30
(min, max) (-0.50, 0.87) (-0.25, 0.87)

Cylinder | —0.42 + 025 | —0.42 + 0.24
(~1.00, 0.00) | (~1.00, -0.12)

Visual Acuity (unaided)
(logMAR) —0.05 + 0.07 —0.07 £ 0.14

(min, max) (-0.18,0.12) | (-0.80, 0.12)

participant discontinued from the study as they had difficulty understanding the instruction provided by the investigator. One
participant’s data were not included in the analysis due to a major protocol deviation noticed after the participant completed the
study. Data from five participants were excluded from all analyses due to lead of accommodation or no accommodative response
during the study. The mean age of all participants included in the analyses cohort was 10.4 + 2.81 years (range 7 to 17 years).

Lag of Accommodation with Contrast Management and Control Spectacles

Right Eyes — All Participants Included in the Analyses Cohort

Data for LOA from the right eyes were not normally distributed for either spectacle lens design (Shapiro-Wilk p = 0.03

for contrast management spectacles and p = 0.05 for control spectacles). The LOA data from the right eye were not

statistically significantly different between contrast management and control spectacle lenses (Wilcoxon test, p = 0.37).

Figure 1 shows a moderate level of correlation between contrast management and control spectacle lenses (R* = 0.61).
A box and whisker plot (Figure 2) shows the 5™ and 95™ percentiles with mean LOA of 0.57D + 0.39D for the contrast

management spectacles and 0.62D + 0.34D for the control spectacles in the right eyes. The plot indicates a positively skewed

data distribution for both contrast management and control spectacles. The 25™ and 75 percentile were at 0.29D and 0.84D
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Figure | The scatter plot shows the correlation of LOA between the contrast management and control spectacles in the right eyes of each participant (n=30).
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Figure 2 The Box and Whisker plot shows the distribution of LOA with contrast management and control spectacles in the right eye. The circles represent the outliers for
the contrast management spectacles and the triangles represent the outliers for the control spectacles.

for the contrast management spectacles and 0.40D and 0.74D for the control spectacles. The graph also shows the

interquartile range (IQR) of 0.55D for the contrast management spectacles and 0.34D for the control spectacles.

Dominant Eyes — All Participants Included in the Analyses Cohort

As for the right eyes, data for the dominant eyes were not normally distributed (Shapiro—Wilk p = 0.02 for contrast
management spectacles and p = 0.02 for control spectacles). Lag of accommodation data from contrast management
spectacles and control spectacles for the dominant eye were not statistically significantly different (Wilcoxon test, p=0.14)
and showed a moderate level of correlation between both spectacle designs (R*=0.52) (Figure 3).

A box and whisker plot (Figure 4) was plotted at the 5th and 95th percentiles with the mean LOA of 0.60D + 0.40D
for the contrast management and 0.68D + 0.33D for the control spectacles in the dominant eye. The plot indicates
a positively skewed data distribution for both the contrast management spectacles and control spectacles. The 25th and
75th percentiles were at 0.27D and 0.96D for the contrast management spectacles and 0.47D and 0.82D for the control
spectacles. The graph also shows the interquartile range (IQR) of 0.69D for the contrast management spectacles and
0.35D for the control spectacles.

Though this was a pilot study with a relatively small sample size, it was of interest to conduct additional exploratory
analyses to determine if there was any effect of age or sex on the LOA between contrast management and control spectacles.

LOA in Younger Vs Older Participants

The right and dominant eye data were analyzed to test the difference in the mean LOA between the age groups 7-11
years (n = 19) and 12-17 years (n = 11) for the contrast management and control spectacles (Table 2). There were no
significant different differences by age or spectacle lens design.
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Figure 3 The scatter plot shows the correlation of LOA with contrast management and control spectacles in the dominant eye of each participant.
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Figure 4 The Box and whisker plot shows the distribution of LOA between contrast management and control spectacles in the dominant eye. The circles represent the
outliers for the contrast management spectacles and the triangles represent the outliers for the control spectacles.
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Table 2 Lag of Accommodation with Contrast Management and Control Spectacles in the Right Eye and Dominant Eye for the Age
Groups 711 Years (n=19) and 1217 Years (n=I1); Mean * SD, (Median)

Lag of Right Eye Dominant Eye
Accommodation
Age 7-11 years Age 12-17 years p-value Age 7-11 years Age 12-17 years p-value
Sph:0.45 + 0.23 Sph: 0.27 + 0.38 Sph: 0.46 * 0.20 Sph:0.22 * 0.38
Cyl:-0.31 £ 0.16 Cyl:-0.57 * 0.27 Cyl:-0.30 £ 0.13 Cyl:-0.57 * 0.28
Contrast management 0.52D + 0.29D 0.67D = 0.51D 0.17 0.52D + 0.32D 0.73D % 0.50D 0.23
(0.46D) (0.42D) (0.46D) (0.77D)
Control 0.58D * 0.28D 0.66D * 0.47D 0.65 0.61D + 0.23D 0.79D % 0.44D 0.18
(0.51D) (0.44D) (0.55D) (0.72D)
p-value 0.32 0.71 0.23 0.45

Table 3 Lag of Accommodation with Contrast Management and Control Spectacles in the Right Eye and Dominant Eye for Male
(n=10) and Female (n=20) Participants (Mean * SD, (Median))

Lag of Accommodation Right Eye Dominant Eye
Male Female p-value Male Female p-value
Sph: 0.47 + 0.21 Sph:0.32 * 0.39 Sph:0.50 * 0.20 Sph:0.25 * 0.37
Cyl: —-0.36 £ 0.23 Cyl: —0.38 £ 0.20 Cyl:-0.39 * 0.22 Cyl: —0.40 £ 0.20
Contrast management 0.44D £ 0.25D(0.46) | 0.64D * 0.43D(0.44) 0.15 0.49D £ 0.33D(0.40) | 0.65D * 0.43D(0.58) 0.19
Control 0.62D £ 0.16D(0.60) | 0.61D +0.42D(0.51) 0.99 0.58D £ 0.13D(0.55) | 0.72D * 0.39D(0.69) 0.93
p-value 0.06 0.47 0.49 0.24

LOA in Male vs Female Participants

The right and dominant eye data were further analyzed to test the difference in the mean LOA between male (n = 10) and
female (n = 20) participants when wearing both spectacle designs. There were no significant differences by sex or
spectacle lens design (Table 3).

Discussion

These data confirmed the hypothesis that the mild decrease in contrast associated with the contrast management in the
test design did not significantly impact LOA over a short period of wear of this novel design.*’ Further, elimination of the
central clear aperture in the research design used in this study confirms that the effect is indeed relevant to the contrast
reduction feature in the product intended for commercial use.’” The levels of LOA found for both groups in this study
were within the expected ranges published in recent and historical studies using a variety of measurement
techniques.'®'®'%*! A recent study found that LOA remains constant from 5 to 40 years of age and ranges between
0.00 and +1.00D." Similar findings were reported in school age children aged 4 to 15 years using Nott retinoscopy and
real targets at varied distances,'® and in subjects from 3 to 40 years using an open-field autorefractor and minus lenses."®
An earlier study reported a LOA of 0.28 + 0.44D in 4-year-old children and 0.45 + 0.30D in 12-year-old children with
a weak dependency on age using the Monocular Estimate Method (MEM) of dynamic retinoscopy.! There was
a consensus across studies that LOA increased with increasing demand. The results of a study of young adults confirmed
a significantly higher LOA in myopic subjects compared to emmetropic subjects and cautioned that since the measure-
ment of LOA is affected by method with differences as large as 0.50D, care should be taken when comparing values
across studies with different methodologies.”® Other studies have compared LOA results with different techniques and
have found agreement between autorefractors and MEM and Nott retinoscopy,**** but not with an infrared retinoscope.**
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For identifying myopic children with very high accommodative lags (LOA > 1.00D), neither MEM nor Nott retinoscopy
provided adequate sensitivity and speciﬁcity.44

This study used an open-field autorefractor widely used in clinical myopia studies that has been shown to be reliable
and efficient.** The distance fixation target is positioned in the distance and therefore reduces the potential stimulus to
accommodation, while the near target is placed in the required reading distance. It can also take multiple measurements
in a short period of time.

While literature exists confirming small differences in accommodative amplitude and facility between dominant and
non-dominant eyes,*>*® differences in LOA were not confirmed in those reports. Though sub-group sample sizes were
small in this study, thereby limiting statistical power to detect differences, no statistically nor clinically significant
differences were found in this study for LOA for any subgroup analysis (right eye versus dominant eye, age, sex).

Although the IMI report on the impact of accommodation on myopia suggested that it is more probable that the
increased hyperopic defocus from LOA may be a consequence rather than a cause of myopia,' the lack of impact on
accommodative measures in the low ametropes studied while wearing the contrast modulated spectacle design is still
reassuring. Results for LOA with contact lens designs for myopia control that incorporate zones of relative plus power
that could interfere with accommodation have been as varied as the designs available.>**"~>! Interestingly, orthokeratol-
ogy has shown to be associated with a decreased LOA over time, as well as versus non-myopia control soft contact lens

wearers and spectacles,’>>

while increased LOA with MEM retinoscopy following 6 months of daily dosing of 0.125%
atropine drops was reported.’® When considering spectacle designs for myopia control, a significant decrease in LOA
after 2 years of wearing DIMS spectacles compared to single vision glasses when measured using an open-field
autorefractor was reported in one of the few studies reporting LOA

This study was limited by the fact that all the participants involved in the study were emmetropic or had a very low
prescription and therefore primarily represents children that are at a very early-stage of their onset of myopia or who may
remain emmetropic. Additionally, the sample size was small, particularly for the exploratory sub-group analyses. The
spectacles differed slightly from those used in clinical trials to determine efficacy, in that they had no clear center as is seen
in the commercial product and were worn only for a short period of time. To better understand the implications of LOA and

myopia with this novel design, future studies should focus on evaluating the long-term effect of LOA in an at-risk population.

Conclusion
The current study suggests that the contrast management lenses do not significantly impact LOA after short-term wear.

Acknowledgments

A special thanks to Dr Debbie Jones for her enormous support in study participant recruitment. I would like to thank
Dr Vivian Choh for her help in analyzing the study results and I also acknowledge the general support I received from
Dr Elizabeth Irving in the conduct of this study.

Disclosure
Jennifer S Hill is an employee of SightGlass Vision.

All other authors are members of CORE, who received partial funding from SightGlass Vision to conduct this work.
Over the past 3 years, CORE has received research support from Alcon, Azura Ophthalmics, Bausch & Lomb Corp,
CooperVision, Essilor, Hoya, iMed Pharma, Johnson & Johnson Vision, Menicon, Novartis, Ophtecs, Ote Pharma,
Santen, SightGlass, SightSage, Topcon and Visioneering.

Lyndon Jones reports grants from SightGlass, during the conduct of the study; grants, personal fees from Alcon, grants
from Azura Ophthalmics, grants from Bausch + Lomb, grants, personal fees from CooperVision, grants from Essilor,
grants from Hoya, grants from IMedPharma, personal fees from Johnson & Johnson, grants, personal fees from Menicon,
grants, personal fees from Novartis, personal fees from Ophtecs, grants from Ote Pharma, grants from Santen, grants
from SightGlass, grants from SightSage, grants from Topcon, grants, personal fees from Visioneering, outside the
submitted work. Jill Woods reports personal fees from SightGlass Vision, outside the submitted work. The authors
report no other conflicts of interest in this work.

1188 "= Clinical Ophthalmology 2024:18

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Jabeen et al

References

—_

. Logan NS, Radhakrishnan H, Cruickshank FE, et al. IMI accommodation and binocular vision in myopia development and progression. Invest
Ophtl Vis Sci. 2021;62(5):4. doi:10.1167/i0vs.62.5.4
2. Gwiazda J, Bauer J, Thorn F, Held R. A dynamic relationship between myopia and blur-driven accommodation in school-aged children. Vision Res.
1995;35(9):1299-1304. doi:10.1016/0042-6989(94)00238-H
Gwiazda JE, Hyman L, Norton TT, et al. Accommodation and Related Risk Factors Associated With Myopia Progression And Their Interaction
With Treatment in COMET children. Invest Opht Vis Sci. 2004;45(7):2143-2151. doi:10.1167/i0vs.03-1306
4. Gwiazda J, Thorn F, Held R. Accommodation, accommodative convergence, and response AC/A ratios before and at the onset of myopia in
children. Optometry Vision Sci. 2005;82(4):273. doi:10.1097/01.0PX.0000159363.07082.7D
. Abbott ML, Schmid KL, Strang NC. Differences in the accommodation stimulus response curves of adult myopes and emmetropes. Opht Physiol
Opt. 1998;18(1):13-20. doi:10.1046/j.1475-1313.1998.97000720.x
6. Schmid KL, Strang NC. Differences in the accommodation stimulus response curves of adult myopes and emmetropes: a summary and update.
Opht Physiol Opt. 2015;35(6):613—621. doi:10.1111/0po.12255
7. Koomson NY, Amedo AO, Opoku-Baah C, Ampeh PB, Ankamah E, Bonsu K. Relationship between reduced accommodative lag and myopia
progression. Optometry Vision Sci. 2016;93(7):683. doi:10.1097/0PX.0000000000000867
. Troilo D, Smith ELIII, Nickla DL, et al. IMI — report on experimental models of emmetropization and myopia. Invest Opht Vis Sci. 2019;60(3):
M31-MS88. doi:10.1167/i0vs.18-25967
9. Sreenivasan V, Aslakson E, Kornaus A, Thibos LN. Retinal image quality during accommodation in adult myopic eyes. Optom Vis Sci. 2013;90
(11):1292-1303. doi:10.1097/0OPX.0000000000000068
10. Hung GK, Ciuffreda KJ. Incremental retinal-defocus theory of myopia development—Schematic analysis and computer simulation. Comput Biol
Med. 2007;37(7):930-946. doi:10.1016/j.compbiomed.2006.10.004
. Berntsen DA, Mutti DO, Zadnik K. The effect of bifocal add on accommodative lag in myopic children with high accommodative lag. Invest Opht
Vis Sci. 2010;51(12):6104-6110. doi:10.1167/i0vs.09-4417
12. Berntsen DA, Sinnott LT, Mutti DO, Zadnik K. A randomized trial using progressive addition lenses to evaluate theories of myopia progression in
children with a high lag of accommodation. Invest Opht Vis Sci. 2012;53(2):640-649. doi:10.1167/iovs.11-7769
13. Smith EL, Hung LF. Form-deprivation myopia in monkeys is a graded phenomenon. Vision Res. 2000;40(4):371-381. doi:10.1016/S0042-6989(99)
00184-4
14. EL S 111, Hung LF, Huang J. Protective effects of high ambient lighting on the development of form-deprivation myopia in rhesus monkeys. /nvest
Ophthalmol Visual Sci. 2012;53(1):421-428. doi:10.1167/iovs.11-8652
15. Rosenfield M, Ciuffreda KJ, Hung GK, Gilmartin B. Tonic accommodation: a review . basic aspects. Oph Phys Optics. 1993;13(3):266-283.
doi:10.1111/j.1475-1313.1993.tb00469.x
16. Anderson HA, Glasser A, Stuebing KK, Manny RE. Minus lens stimulated accommodative lag as a function of age. Optometry Vision Sci. 2009;86
(6):685. doi:10.1097/0OPX.0b013e3181a7294f
17. Brookman KE. Ocular Accommodation in Human Infants. Optometry Vision Sci. 1983;60(2):91-99. doi:10.1097/00006324-198302000-00001
18. McClelland JF, Saunders KJ. Accommodative lag using dynamic retinoscopy: age norms for school-age children. Optometry Vision Sci. 2004;81
(12):929. doi:10.1097/01.0PX.0000147681.94971.28
19. Leén A, Rosenfield M, Estrada JM, Math B, Medrano SM, Marquez MM. Lag of accommodation between 5 and 60 years of age. Optometry Vis
Perform. 2017;5(3).
20. Kaphle D, Varnas SR, Schmid KL, Suheimat M, Leube A, Atchison DA. Accommodation lags are higher in myopia than in emmetropia:
Measurement methods and metrics matter. Ophthalmic Physiol Opt. 2022;42(5):1103—1114. doi:10.1111/0po.13021
. Tucker J, Charman WN, Ward PA. Modulation dependence of the accommodation response to sinusoidal gratings. Vision Res. 1986;26
(10):1693-1707. doi:10.1016/0042-6989(86)90056-8
22. Ward PA. The effect of stimulus contrast on the accommodation response. Ophthalmic Physiol Opt. 1987;7(1):9-15. doi:10.1111/j.1475-1313.1987.
tb00985.x
23. Schmid KL, Gifford KL, Atchison DA. The effect of concentric and aspheric multifocal soft contact lenses on binocular vision in young adult
myopes. Contact Lens Anterior Eye. 2023;46:101588. doi:10.1016/j.clae.2022.101588
24. Anstice NS, Phillips JR. Effect of dual-focus soft contact lens wear on axial myopia progression in children. Ophthalmology. 2011;118
(6):1152-1161. doi:10.1016/j.0phtha.2010.10.035
25. Sankaridurg P, Bakaraju RC, Naduvilath T, et al. Myopia control with novel central and peripheral plus contact lenses and extended depth of focus
contact lenses: 2 year results from a randomised clinical trial. Ophthalmic Physiol Opt. 2019;39(4):294-307. doi:10.1111/0po.12621
26. Walline JJ, Giannoni AG, Sinnott LT, et al. A randomized trial of soft multifocal contact lenses for myopia control: Baseline data and methods.
Optom Vis Sci. 2017;94(9):856-866. doi:10.1097/0PX.0000000000001106
27. Cho P, Wan Cheung S, Edwards M. The Longitudinal Orthokeratology Research in Children (LORIC) in Hong Kong: A pilot study on refractive
changes and myopic control. Current Eye Res. 2005;30(1):71-80. doi:10.1080/02713680590907256
28. Bao J, Yang A, Huang Y, et al. One-year myopia control efficacy of spectacle lenses with aspherical lenslets. Br J Ophthalmol. 2021. doi:10.1136/
bjophthalmol-2020-318367
29. Lam CSY, Tang WC, yin TDY, et al. Defocus Incorporated Multiple Segments (DIMS) spectacle lenses slow myopia progression: a 2-year
randomised clinical trial. Br J Ophthalmol. 2020;104(3):363-368. doi:10.1136/bjophthalmol-2018-313739
30. Sankaridurg P, Donovan L, Varnas S, et al. Spectacle lenses designed to reduce progression of Myopia: 12-month results. Optometry Vision Sci.
2010;87(9):631-641. doi:10.1097/OPX.0b013e3181eal9c7

had

W

fore]

—_
—_

2

—_

31. Cheng D, Woo GC, Drobe B, Schmid KL. Effect of bifocal and prismatic bifocal spectacles on myopia progression in children: three-year results of
a randomized clinical trial | global health | jama Ophthalmol | jama network. JAMA Ophthalmol. 2014;132(3):258-264. doi:10.1001/
jamaophthalmol.2013.7623

Clinical Ophthalmology 2024:18 htps: 1189

Dove:


https://doi.org/10.1167/iovs.62.5.4
https://doi.org/10.1016/0042-6989(94)00238-H
https://doi.org/10.1167/iovs.03-1306
https://doi.org/10.1097/01.OPX.0000159363.07082.7D
https://doi.org/10.1046/j.1475-1313.1998.97000720.x
https://doi.org/10.1111/opo.12255
https://doi.org/10.1097/OPX.0000000000000867
https://doi.org/10.1167/iovs.18-25967
https://doi.org/10.1097/OPX.0000000000000068
https://doi.org/10.1016/j.compbiomed.2006.10.004
https://doi.org/10.1167/iovs.09-4417
https://doi.org/10.1167/iovs.11-7769
https://doi.org/10.1016/S0042-6989(99)00184-4
https://doi.org/10.1016/S0042-6989(99)00184-4
https://doi.org/10.1167/iovs.11-8652
https://doi.org/10.1111/j.1475-1313.1993.tb00469.x
https://doi.org/10.1097/OPX.0b013e3181a7294f
https://doi.org/10.1097/00006324-198302000-00001
https://doi.org/10.1097/01.OPX.0000147681.94971.28
https://doi.org/10.1111/opo.13021
https://doi.org/10.1016/0042-6989(86)90056-8
https://doi.org/10.1111/j.1475-1313.1987.tb00985.x
https://doi.org/10.1111/j.1475-1313.1987.tb00985.x
https://doi.org/10.1016/j.clae.2022.101588
https://doi.org/10.1016/j.ophtha.2010.10.035
https://doi.org/10.1111/opo.12621
https://doi.org/10.1097/OPX.0000000000001106
https://doi.org/10.1080/02713680590907256
https://doi.org/10.1136/bjophthalmol-2020-318367
https://doi.org/10.1136/bjophthalmol-2020-318367
https://doi.org/10.1136/bjophthalmol-2018-313739
https://doi.org/10.1097/OPX.0b013e3181ea19c7
https://doi.org/10.1001/jamaophthalmol.2013.7623
https://doi.org/10.1001/jamaophthalmol.2013.7623
https://www.dovepress.com
https://www.dovepress.com

Jabeen et al Dove

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

Neitz J, Neitz M Methods for diagnosing and treating eye-length related disorders, Available from: https:/patents.google.com/patent/
US10487361B2/en?q=(method+and+apparatus+for+limiting+myopia)&inventor=neitz%2c&oq=neitz%2c+method+and+apparatus+for+limiting
+myopia. Accessed August 16, 2023.

Neitz J, Neitz M Method and apparatus for limiting growth of eye length, Available from: https://patents.google.com/patent/US11048102B2/en?q=
(method+and+apparatus+for+limiting+myopia)&inventor=neitz%2c&oq=neitz%2c+method+and+apparatus+for+limiting+myopia. Accessed
August 16, 2023.

Neitz M, Neitz J. Intermixing the OPN1LW and OPNIMW genes disrupts the exonic splicing code causing an array of vision disorders. Genes.
2021;12(8):1180. doi:10.3390/genes12081180

Neitz J, Neitz M Diffusion Optics Technology White Paper, Available from: https://www.sightglassvision.com/wp-content/uploads/2023/08/
DOTWhitePaper2023.pdf. Accessed August 17, 2023.

Kuo HY, Ke CH, Chen ST, Sun HY. The impact of clinical atropine use in Taiwanese schoolchildren: changes in physiological characteristics and
visual functions. Children. 2021;8(11):1054. doi:10.3390/children8111054

Rappon J, Neitz J, Neitz M, Chung C, Chalberg TW. Two-year effectiveness of a novel myopia management spectacle lens with full-time wearers.
Invest Ophthalmol Visual Sci. 2022;63(7):408.

Huurneman B, Boonstra FN. Assessment of near visual acuity in 0-13 year olds with normal and low.vision: a systematic review. BMC
Ophthalmol. 2016;16(1):215. doi:10.1186/s12886-016-0386-y

Hamm LM, Mistry K, Black JM, CG C, Dakin SC. Impact of children’s postural variation on viewing distance and estimated visual acuity. Trans/
Vis Sci Technol. 2019;8(1):16. doi:10.1167/tvst.8.1.16

SightGlass vision - diffusion optics technology, Available from: https://www.sightglassvision.com/diffusion-optics-technology/. Accessed 11,
December, 2023.

Rouse MW, Hutter RF, Shiftlett R. A normative study of the accommodative lag in elementary school children. Am J Optom Physiol Opt. 1984;61
(11):693-697. doi:10.1097/00006324-198411000-00008

Nguyen AT, Wayne JL, Ravikumar A, Manny RE, Anderson HA. Accommodative accuracy by retinoscopy versus autorefraction spherical
equivalent or horizontal Meridian power. Clin Exp Optometry. 2018;101(6):778-785. doi:10.1111/cx0.12678

Aldaba M, Gomez-Lopez S, Vilaseca M, Pujol J, Arjona M. Comparing Autorefractors for Measurement of Accommodation. Optometry Vision Sci.
2015;92(10):1003. doi:10.1097/0OPX.0000000000000685

Correction of Myopia Evaluation Trial 2 Study Group for the Pediatric Eye Disease Investigator Group. Progressive-addition lenses versus
single-vision lenses for slowing progression of myopia in children with high accommodative lag and near esophoria. Invest Ophthalmol Vis Sci.
2011;52(5):2749-2757. doi:10.1167/i0vs.10-6631

Momeni-Moghaddam H, McAlinden C, Azimi A, Sobhani M, Skiadaresi E. Comparing accommodative function between the dominant and
non-dominant eye. Graefes Arch Clin Exp Ophthalmol. 2014;252(3):509-514. doi:10.1007/s00417-013-2480-7

Odigie OM, Uwagboe PN, Okpaghoro OP. Evaluation of accommodative function in the dominant and non dominant eye. Int J Res Med Sci.
2019;7:2250. doi:10.18203/2320-6012.ijrms20192507

Aller TA, Liu M, Wildsoet CF. Myopia control with bifocal contact lenses: a randomized clinical trial. Optometry Vision Sci. 2016;93(4):344.
doi:10.1097/0OPX.0000000000000808

Gong CR, Troilo D, Richdale K. Accommodation and phoria in children wearing multifocal contact lenses. Optometry Vision Sci. 2017;94(3):353.
doi:10.1097/0OPX.0000000000001044

Chamberlain P, Peixoto-de-Matos SC, Logan NS, Ngo C, Jones D, Young G. A 3-year randomized clinical trial of misight lenses for myopia
control. Optometry Vision Sci. 2019;96(8):556-567. doi:10.1097/0PX.0000000000001410

Ruiz-Pomeda A, Pérez-Sanchez B, Cafiadas P, Prieto-Garrido FL, Gutiérrez-Ortega R, Villa-Collar C. Binocular and accommodative function in the
controlled randomized clinical trial MiSight® Assessment Study Spain (MASS). Graefes Arch Clin Exp Ophthalmol. 2019;257(1):207-215.
doi:10.1007/s00417-018-4115-5

Tilia D, Sha J, Thomas V, Bakaraju RC. Vision performance and accommodative/binocular function in children wearing prototype extended
depth-of-focus contact lenses. Eye & Contact Lens. 2019;45(4):260. doi:10.1097/ICL.0000000000000570

Yang Y, Wang L, Li P, Li J. Accommodation function comparison following use of contact lens for orthokeratology and spectacle use in myopic
children: a prospective controlled trial. /nt J Ophthalmol. 2018;11(7):1234-1238. doi:10.18240/ij0.2018.07.26

Gifford K, Gifford P, Hendicott PL, Schmid KL. Near binocular visual function in young adult orthokeratology versus soft contact lens wearers.
Contact Lens Anterior Eye. 2017;40(3):184-189. doi:10.1016/j.clae.2017.01.003

Lam CSY, Tang WC, Qi H, et al. Effect of defocus incorporated multiple segments spectacle lens wear on visual function in myopic Chinese
children. Trans Vision Sci Technol. 2020;9(9):11. doi:10.1167/tvst.9.9.11

Clinical Ophthalmology Dove

Publish your work in this journal

Clinical Ophthalmology is an international, peer-reviewed journal covering all subspecialties within ophthalmology. Key topics include: Optometry;
Visual science; Pharmacology and drug therapy in eye diseases; Basic Sciences; Primary and Secondary eye care; Patient Safety and Quality of Care
Improvements. This journal is indexed on PubMed Central and CAS, and is the official journal of The Society of Clinical Ophthalmology (SCO). The
manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.
dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/clinical-ophthalmology-journal

1190 E ¥ in @ Poe Clinical Ophthalmology 2024:18


https://patents.google.com/patent/US10487361B2/en?q=(method+and+apparatus+for+limiting+myopia)&inventor=neitz%2c&oq=neitz%2c+method+and+apparatus+for+limiting+myopia
https://patents.google.com/patent/US10487361B2/en?q=(method+and+apparatus+for+limiting+myopia)&inventor=neitz%2c&oq=neitz%2c+method+and+apparatus+for+limiting+myopia
https://patents.google.com/patent/US10487361B2/en?q=(method+and+apparatus+for+limiting+myopia)&inventor=neitz%2c&oq=neitz%2c+method+and+apparatus+for+limiting+myopia
https://patents.google.com/patent/US11048102B2/en?q=(method+and+apparatus+for+limiting+myopia)&inventor=neitz%2c&oq=neitz%2c+method+and+apparatus+for+limiting+myopia
https://patents.google.com/patent/US11048102B2/en?q=(method+and+apparatus+for+limiting+myopia)&inventor=neitz%2c&oq=neitz%2c+method+and+apparatus+for+limiting+myopia
https://doi.org/10.3390/genes12081180
https://www.sightglassvision.com/wp-content/uploads/2023/08/DOTWhitePaper2023.pdf
https://www.sightglassvision.com/wp-content/uploads/2023/08/DOTWhitePaper2023.pdf
https://doi.org/10.3390/children8111054
https://doi.org/10.1186/s12886-016-0386-y
https://doi.org/10.1167/tvst.8.1.16
https://www.sightglassvision.com/diffusion-optics-technology/
https://doi.org/10.1097/00006324-198411000-00008
https://doi.org/10.1111/cxo.12678
https://doi.org/10.1097/OPX.0000000000000685
https://doi.org/10.1167/iovs.10-6631
https://doi.org/10.1007/s00417-013-2480-7
https://doi.org/10.18203/2320-6012.ijrms20192507
https://doi.org/10.1097/OPX.0000000000000808
https://doi.org/10.1097/OPX.0000000000001044
https://doi.org/10.1097/OPX.0000000000001410
https://doi.org/10.1007/s00417-018-4115-5
https://doi.org/10.1097/ICL.0000000000000570
https://doi.org/10.18240/ijo.2018.07.26
https://doi.org/10.1016/j.clae.2017.01.003
https://doi.org/10.1167/tvst.9.9.11
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Study Design
	Measurement of Lag of Accommodation
	Statistical Analysis

	Results
	Lag of Accommodation with Contrast Management and Control Spectacles
	Right Eyes– All Participants Included in the Analyses Cohort
	Dominant Eyes– All Participants Included in the Analyses Cohort

	LOA in Younger Vs Older Participants
	LOA in Male vs Female Participants

	Discussion
	Conclusion
	Acknowledgments
	Disclosure

