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Introduction: Spectacle lens design for myopia control incorporates either lenslet or diffusion technology to slow down the eye
growth, which may impact the binocular vision functions of a myopic child. This study aimed to investigate the changes in
accommodation and binocular functions in myopic children over 12 months wear of myopia control spectacle lenses.

Methods: 21 myopic children aged 7-12 years were prescribed with Defocus Incorporated Multiple Segments (DIMS) lenses and
assessed at baseline, 1, 3, 6, 9, and 12 months. The parameters measured were refractive error, axial length (AL), visual acuity (VA),
accommodative lag (LA), amplitude of accommodation (AA), negative/positive relative accommodation (NRA/PRA), stereoacuity,
near point of convergence (NPC), phoria, negative/positive fusional vergence (NFV/PFV), and accommodation convergence per
accommodation ratio (AC/A).

Results: Mean spherical equivalent (SE) and AL increase from —2.90 + 1.15 D and 24.51 + 0.99 mm to —3.19 + 1.25 D and 24.60 +
0.97 mm at 12 months respectively. Visual acuity (VA) significantly improved (p < 0.001) in both high-contrast and low-contrast
conditions at distance and near. Regarding accommodation and binocular functions, significant improvements were observed in lag of
accommodation (LA), stereoacuity and gradient AC/A ratio (p < 0.001). The NPC reduced slightly but was still within normal limits.
Distance and near phoria shifted toward esophoria with changes less than 1 PD. Additionally, distance NFV and near PFV recovery
points increased significantly.

Conclusion: This study demonstrated insignificant changes in accommodation and binocular functions in myopic children after 12
months of wearing DIMS lenses. However, the absence of a control group limits causal interpretation, as observed changes may be
influenced by natural development, repeated testing, or regression to the mean. Further research with controlled designs is warranted to
clarify these effects.
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Introduction

Myopia has emerged as a significant global public health concern, with projections suggesting that nearly 50% of the
world’s population could be affected by 2050." The increasing prevalence of myopia is particularly alarming among
children, especially in East Asian countries. The myopia prevalence has been reported to reach 85.6% among children
aged 6-12 years in China, 77% in Taiwan, 62.2% in Singapore, and 36.2% in Hong Kong.> > A recent meta-analysis of
276 studies involving over 5.4 million participants from 50 countries further demonstrated a steady global increase in
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myopia prevalence, rising from 24.3% in 1990 to 35.8% in 2023.° This rapid increase of myopia prevalence is
concerning because progressive myopia, if left uncontrolled, can lead to high myopia, which significantly increases
the risk of sight-threatening complications such as retinal detachment, glaucoma, and myopic maculopathy.”®

One of the significant risk factors for myopia progression is hyperopic defocus, a condition where light focuses
behind the retina, causing a blurred retinal image and often resulting from high accommodative demands and prolonged
near-work activities. These visual tasks, such as reading, writing, and excessive screen time, could cause strain on the
accommodative system and disrupt the synergistic relationship between the accommodation and vergence systems.'®'?
When the eye struggles to maintain clear focus while doing near work, it often results in blurred retinal images due to
unstable accommodative response. This persistent retinal blur due to hyperopic defocus, signals the eye to grow longer to
improve focus, leading to myopia progression.'® Over time, excessive axial elongation increases the risk of developing
high myopia and associated ocular complications. These potential risks of visual impairment emphasize the need for
effective myopia control strategies to slow down myopia progression and protect long-term eye health.

Various approaches have been introduced to control myopia progression, including optical interventions, pharmacological
agents, and behavioral modifications. Among them, atropine, orthokeratology, and multifocal contact lenses have all shown strong
efficacy in controlling myopia progression, with reductions of up to 50-60% reported in clinical studies.'*"'” However, both
pharmacological and contact lens interventions may carry side effects such as conjunctivitis, keratitis, photophobia, allergies, or
systemic toxicity.''? Spectacles, being non-invasive and safe, remain the most practical treatment option for children.

Myopia control spectacle lenses incorporates either lenslet or diffusion technology to control the growth of axial
length.?° Defocus Incorporated Multiple Segments (DIMS) lenses were designed with a 9 mm diameter central optical
zone to correct the distance refractive error, and are surrounded by 33 mm concentric multiple small segments (lenslets)
with +3.50 diopters (D) addition power in the mid-peripheral zone, which aim to slow axial elongation while
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simultaneously providing clear vision. Previous studies have demonstrated the efficacy of DIMS lenses in reducing 52%
of myopia progression and 62% of axial elongation in children over two years of study period compared to single vision
lenses.?’ This myopia control effect was sustained in the third- and six-years following lens wear, with no significant
adverse effects reported.”***

While the effectiveness of DIMS lenses in slowing myopia progression is well-documented, their impact on
accommodation and binocular functions remains uncertain. Myopia control interventions, including orthokeratology
(OK) and multifocal (MF) lenses, have been shown to cause various responses in the accommodation and vergence
systems, with some interventions inducing significant changes in these functions. This raises concerns about potential
disruptions to visual comfort and performance following DIMS lens wear. The dual-power design of DIMS lenses,
incorporating +3.50 D lenslets, has the potential to disrupt accommodation and vergence, particularly due to under-
accommodation when viewing through these lenslets.'” However, findings from a study on Chinese children in
Hong Kong suggest that DIMS lenses successfully control myopia progression without causing significant disruptions
to binocular functions.?'** Despite the overall stability in binocular vision with DIMS lens wear, some accommodative
changes have been reported. Specifically, two years of DIMS lens wear was associated with a reduction in amplitude of
accommodation (AA),24 whereas OK lenses have been shown to increase AA.> Additionally, studies on MF, OK, and
DIMS lenses have consistently reported a reduction in accommodative lag (LA), suggesting an improvement in
accommodative response.”***?” However, no significant changes in phoria have been observed with OK, DIMS, or
MF lens wear.”**®2° These variations effects of myopia control strategies on accommodation and vergence parameters,
highlight the need for further research to comprehensively evaluate overall binocular functions.

Thus, this study aimed to evaluate the 12 months effect of DIMS lens wear on myopia progression, binocular vision,
and accommodative functions among Malay myopic primary schoolchildren. All parameters were measured while
participants were wearing their DIMS spectacle lenses, representing the visual experience of actual lens wear. This
approach offers a more accurate reflection of patient outcomes in daily life and provides clinicians with stronger evidence
to support informed, evidence-based decisions when prescribing DIMS lenses.

Material and Methods

Study Design and Participants

The Myopia Control Study in Kuala Lumpur (MyCOSKL) is an ongoing longitudinal study that evaluates myopia
progression following DIMS lens wear among Malay primary schoolchildren. In this study, the effects of myopia-control
spectacle lens wear on accommodation and binocular functions were evaluated at baseline and after the spectacle lenses
intervention.>® The data collection and follow-up assessments were conducted over a 12-month period to evaluate
longitudinal changes in accommodative and binocular functions with DIMS lens wear.

This paper specifically reports on changes in accommodation and binocular vision parameters at baseline, as well as
at 1, 3, 6,9, and 12 months of DIMS spectacle lens wear. Based on sample size calculations, 24 myopic children were
enrolled in this study. The sample size was determined using G*Power software (version 3.1.9.4) for an ANOVA
repeated measures statistical test with an alpha level of 0.05. A minimum of 19 subjects was required to achieve 80%
power in detecting a 0.25 D difference in visual function and accommodation measurements. To account for an estimated
20% dropout rate, the study aimed to recruit at least 24 participants.

The eligible criteria for the MyCOSKL study were Malay primary school students, aged 7 to 12 years, with spherical
equivalent (SE) between —0.50 D and —5.00 D, astigmatism and anisometropia of less than 1.50 D, and a monocular best-
corrected visual acuity (VA) of 6/6 or better. Prior to enrolment, none had undergone any myopia control treatment, and
all participants were free from ocular or systemic abnormalities as well as binocular vision disorders. Participants were
prescribed with DIMS spectacle lenses and were instructed to wear them at all times, with a minimum requirement of
10 hours per day. All assessments were conducted while the participants were wearing their DIMS lenses.

This study was carried out at the Optometry Clinic, Faculty of Health Sciences, Universiti Kebangsaan Malaysia,
Kuala Lumpur Campus, following ethical approval from the Human Subjects Ethics Subcommittee of Universiti
Kebangsaan Malaysia (UKM PPI/111/8/JEP-2020-667). The study complied with the principles outlined in the
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Declaration of Helsinki, and informed consent was obtained from both the participants and their parents before the study
commenced.

Study Procedures

Refraction and Axial Length

This study assessed the changes in refraction and axial length (AL) to monitor myopia progression. The refraction was
measured following cycloplegia to ensure accuracy. Two drops of 1% cyclopentolate were instilled in each eye at a five-
minute interval, and measurements were taken 30 minutes later. Cycloplegic autorefraction was performed using the
Shin-Nippon NVision-WAM 5500 open-field autorefractor (Ajinomoto Trading Inc., Tokyo, Japan), followed by sub-
jective refraction. The spherical equivalent refraction (SER) was determined by combining the spherical component with
half of the cylindrical value. Axial length (AL) was measured using the Lenstar LS900 (Haag-Streit AG, Switzerland),
with the final value derived from the average of five consecutive measurements for each eye.

Visual Acuity

Visual acuity (VA) assessment was conducted for both distance and near vision using standardized LogMAR charts.
Distance high-contrast (100% contrast) VA (HCVA) and low contrast (10%) VA (LCVA) were measured with the
LogMAR ETDRS chart (Precision Vision Inc., Woodstock, IL, USA) placed on an illuminated cabinet at 4 m, while near
VA was assessed at 40 cm using the Mixed Contrast European-Wide Near Vision Card (Precision Vision Inc., Woodstock,
IL, USA). Each letter on the chart corresponded to a logMAR value of 0.02. Participants were instructed to read the
letters starting from the largest line until they misread three or more letters in a row. VA measurements were performed
under standardized room illumination (500 cd/m?) and recorded both monocularly and binocularly.

Accommodation and Binocular Functions

The accommodation and binocular functions tests were administered in a structured sequence to maintain data accuracy
and minimize visual fatigue. The evaluated parameters included lag of accommodation (LA), stereoacuity, near point of
convergence (NPC), monocular and binocular amplitude of accommodation (AA), horizontal phoria at distance and near,
negative and positive relative accommodation (NRA/PRA), as well as fusional vergence at both distances. All measure-
ments were performed while the participants wore their best-corrected prescription to ensure reliable results.

Accommodative response was assessed using an open-field autorefractor (Shin-Nippon NVision-WAM 5500;
Ajinomoto Trading Inc., Tokyo, Japan) while participants viewed a 6/9 letter target binocularly at 40 cm. The lag of
accommodation was then calculated as the difference between the measured accommodative response and the accom-
modative stimulus (2.50 D).**3°

Stereoacuity was evaluated using the Frisby stereotest (Clement Clarke International Ltd., Haag Streit UK Ltd.,
Harlow, Essex), which allows for stereopsis evaluation without the need for additional filter glasses. The test consisted of
three transparent plates with varying thicknesses of 6 mm, 3 mm, and 1.5 mm, each containing four squares. Only one of
these squares featured a circular target printed on the opposite side, creating a real-depth effect. Participants were
instructed to identify the square in which the circle appeared to stand out stereoscopically. Their responses were recorded
in seconds of arc (arcsec) to quantify their level of stercoacuity.

The NPC, monocular, and binocular AA were assessed using the Royal Air Force (RAF) ruler. For NPC measure-
ment, participants fixated on a small circle target as the examiner gradually moved it toward their nose. The NPC
distance (in cm) was determined when the participant either reported double vision or when the examiner observed an
eye deviation. The push-up method was used to measure both monocular and binocular AA. Participants were instructed
to keep an N5 word target clear while the examiner slowly moved the chart towards them. The measurement was
recorded in diopters when the participant first experienced a sustained blur, even after blinking. Each test was performed
three times, and the average value was used for analysis.

Horizontal distance and near phoria were assessed using Howell phoria cards positioned at 3 m and 33 cm,
respectively. To determine the magnitude and direction of the phoria, a 6-prism diopter (PD) base-down was
placed over the right eye, and participants were asked to report the arrow’s pointing position on the chart.
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Esophoria values, represented by odd numbers in the yellow box, were recorded as positive, while exophoria
values, shown as even numbers in the blue box, were recorded as negative. Phoria measurements were repeated at
near with a +2.00 D lens added to both eyes. The AC/A ratio was determined using the gradient method by
calculating the difference between the near phoria and the near phoria with the +2.00 D lens.

Fusional vergence was assessed in free space using a prism bar, with base-out prisms used for positive fusional vergence
(PFV) and base-in prisms for negative fusional vergence (NFV). The prism strength was increased gradually until
participants reported the “break point” where they could no longer maintain single vision, followed by the “recovery
point” where single vision was regained. Measurements were taken at both distance and near with 0.2 logMAR target, with
NFV tested before PFV to minimize prism adaptation. Due to the young age of the participants, “blur point” measurements
were excluded to ensure result reliability. Each test was conducted three times, and the average value was recorded in PD.

Negative relative accommodation (NRA) was measured by introducing plus lenses in 0.25 D increments while
participants focused on a 0.2 logMAR target at a distance of 40 cm. The process continued until the participant reported
sustained blur, at which the total amount of plus lenses added was recorded. Similarly, positive relative accommodation
(PRA) was evaluated using the same method but with minus lenses, and the total amount of minus lenses added was
recorded. To minimize any potential influence on accommodation, NRA was assessed before PRA.

Statistical Analysis

Statistical analyses were performed using SPSS software version 21.0 (SPSS Inc., Chicago, IL). The normality of data
distribution was assessed using Shapiro—Wilk test. For normally distributed data, repeated measures analysis of variance
(RM-ANOVA) was applied to evaluate differences over time, while the Friedman test was used for non-normally
distributed data. A p-value of less than 0.05 was considered statistically significant. In cases where RM-ANOVA or the
Friedman test indicated a significant difference, post-hoc pairwise comparisons or the Wilcoxon signed-rank test with
Bonferroni correction were performed, with a significance threshold of p < 0.008 for comparisons between visits.

Results

Baseline Demographic Data

A total of 24 myopic children aged 7 to 12 years were initially enrolled in the study and prescribed DIMS spectacle
lenses. However, 3 participants were excluded from the analysis as they did not meet the requirement of wearing the
lenses for a minimum of 10 hours per day. As a result, data from 21 participants (mean age: 9.90 + 1.45 years) were
included in the final analysis. Among them, 5 (24%) were male, and 16 (76%) were female. A post-hoc power analysis
based on the final sample confirmed that the study retained 86% power, indicating sufficient statistical strength to detect
meaningful differences in the targeted visual function parameters.

A comparison of monocular data between the right and left eyes showed no statistically significant differences (p >
0.05) and demonstrated a strong and significant relationship for cycloplegic SE refractive power (» = 0.94, p <0.001) and
AL (r=10.98, p <0.001). As a result, only data from the right eye were included in the statistical analysis. The mean SE
before wearing DIMS lenses was —2.90 + 1.15 D, and AL was 24.51 £ 0.99 mm.

Myopia Progression

After 12 months of wearing DIMS spectacle lenses, there was a significant progression in myopia, as indicated by
changes in SE and AL. The cycloplegic refractive error increased by —0.29 + 0.41 D over the study period (F;4459 =
3.48, p = 0.03), with a statistically significant difference (p < 0.05) observed at 12-month lens wear compared to baseline.
Additionally, AL showed a significant elongation of 0.08 + 0.15 mm over 12 months (t,g = 2.47, p = 0.023). Detailed
changes in SE and AL across the study period are presented in Figure 1.

Visual Acuity Changes
Significant improvements in both distance and near VA were observed over the study period (Table 1). At 4 m, HCVA
improved by approximately one line after 12 months compared to baseline for both monocular (Fs ;oo = 17.59, p <0.001)
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Figure | Cycloplegic refraction (a) and axial length (b) changes over 12 months wearing DIMS spectacle lenses.

and binocular (F5 4654 = 25.76, p < 0.001). Similarly, monocular LCVA (F3 599 = 8.06, p < 0.001) and binocular LCVA
(Fs.100 = 9.18, p < 0.001) also improved significantly over time. The improvements in monocular and binocular HCVA at
4 m became statistically significant (p < 0.05) from the third month onward, whereas LCVA improvements were evident
from the sixth month. Near VA at 40 cm also improved significantly for monocular HCVA (F3 467, = 5.45, p = 0.001)
and binocular HCVA (Fs 190 = 11.13, p < 0.001), as well as monocular LCVA (F; 467 = 8.96, p < 0.001) and binocular
LCVA (F34681 = 9.59, p < 0.001). All near VA improved significantly (p < 0.05) from the sixth month of lens wear
onward compared to baseline.

Accommodation and Binocular Functions Changes

Table 2 shows the changes in accommodation and binocular functions parameters over 12 months. For accommodation function,
only LA demonstrated a statistically significant change (F, 5503 =3.13, p = 0.04), with an overall decrease of 0.20 £ 0.31 D after
12 months of DIMS lens wear. However, no significance difference was observed between visits. Meanwhile, monocular AA
(F5.1612=0.65, p=0.59), binocular AA (F3,637=1.66, p=0.18), NRA (F5550=1.37, p=0.26), and PRA (F,753,=1.97,p=
0.14) did not show significant changes throughout the study period. Although binocular AA showed an initial decline in the first
month of lens wear, it increased in the third month and remained stable until the end of the study.
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Table | Visual Acuity Changes Over |12 months Wearing DIMS Spectacle Lenses (n=21)

Baseline I Month 3 Months 6 Months 9 Months 12 Months | p Value
HCVA at 4 m (logMAR)
Monocular | 0.02 £ 0.03 | 0.00 £ 0.04 | —0.02 + 0.05 | —0.04 £ 0.05 | —0.06 + 0.06 | —0.06 £ 0.05 | < 0.001
Binocular | 0.02 + 0.04 | —0.02 + 0.05 | —0.04 + 0.05 | —0.06 + 0.05 | —0.08 + 0.06 | —0.09 £ 0.05 | < 0.001
LCVA at 4 m (logMAR)
Monocular | 0.13 £0.06 | 0.11 £ 0.05 0.10 £ 0.06 0.07 £ 0.05 0.07 £ 0.05 0.07 £ 0.05 < 0.001
Binocular | 0.09 £ 0.06 | 0.06 + 0.04 0.05 + 0.04 0.03 £ 0.05 0.03 £ 0.05 0.02 £ 0.05 < 0.001
HCVA at 40 cm (logMAR)
Monocular | 0.02 £ 0.05 | 0.03 £ 0.05 0.00 £ 0.07 | —0.01 £ 0.04 | 0.00 £ 0.04 | —0.01 £0.04 | <0.00I
Binocular 0.0l £0.04 | 0.0l £0.04 | —0.02 £ 0.06 | —0.04 + 0.04 | —0.05 + 0.06 | —0.04 £ 0.05 | < 0.001I
LCVA at 40 cm (logMAR)
Monocular | 0.15 £ 0.06 | 0.16 + 0.07 0.13 £ 0.07 0.10 £ 0.05 0.09 + 0.04 0.09 £ 0.04 | <0.00I
Binocular 0.12£0.05 | 0.12 £0.08 0.08 + 0.07 0.07 £ 0.05 0.06 + 0.05 0.05 £ 0.06 | <0.00l

Abbreviations: HCVA, high contrast visual acuity; LCVA, low contrast visual acuity.

Table 2 Binocular Vision and Accommodation Changes Over |2 months Wearing DIMS Spectacle Lenses (n = 21)

Baseline I Month 3 Months 6 Months 9 Months 12 Months | p Value
Monocular AA (D) 1490 £ 2.11 | 1449 £ 190 | 1443 £ 1.54 | 1484+ |1.50 | 1476 + 1.23 | 14.68 + 1.33 0.589
Binocular AA (D) 16.83 £ 2.15 | 15.65 +2.64 | 16.17 £2.11 | 16.16 £ 1.62 | 16.14 £ 1.38 | 16.25 + 1.28 0.183
LA (D) 1.15 +£0.32 1.02 + 0.35 1.1 £0.33 1.00 + 0.27 0.98 + 0.24 0.95 + 0.29 0.041
NRA (D) 2.75 £ 0.45 271 £ 034 2.88 + 0.42 2.73 £ 0.35 2.77 £ 0.33 2.82 £ 0.29 0.263
PRA (D) —2.70 £ 0.65 | —2.77 £ 049 | —2.73 £ 0.50 | —2.62 + 0.42 | —2.60 + 0.38 | —2.50 + 0.45 0.136
NPC (cm) 498 t 1.16 5.46 + 1.00 551 £ 1.16 5.65 £ 1.29 541 £ 1.12 537 %+ 1.14 0.013
Stereoacuity (arcsec) 31.90 £ 7.50 | 35.00 £ 8.06 | 27.86 £ 9.02 | 27.14 £+ 7.84 | 23.33 £ 5.77 | 20.95 + 3.0l < 0.001
Distance binocular vision
Phoria (PD) -0.10£1.09 | 0.10£ I.14 0.38 + 0.97 0.19 £ 0.75 0.19 £ 0.68 0.10 £ 0.83 0.335
NFV break (PD) 7.52 £ 3.94 8.76 £ 422 8.57 + 3.36 8.76 £ 2.72 8.76 + 3.06 8.38 +2.33 0.015
NFV recovery (PD) 5.57 + 3.88 6.76 £ 422 6.57 £ 3.36 6.76 £ 2.72 6.76 + 3.06 6.29 £ 2.39 0.022
PFV break (PD) 12.67 £ 772 | 13.10 £ 8.0l 13.90 £ 798 | 13.62 +733 | 13.57 £7.20 | 13.76 + 6.66 0.355
PFV recovery (PD) 9.90 + 6.91 10.24 + 697 | 1090 + 6.60 | 10.86 £ 6.15 | 11.33 £ 658 | 11.38 £ 5.85 0319
Near binocular vision
Phoria (PD) 135+ 182 | —1.00+209 [ -083+192 | —1.09+ 181 | —1.09+1.70 | —0.96 + 2.06 0.146
NFV break (PD) 1386 + 484 | 1429 £ 452 | 1433 £532 | 1495 +583 | 1400 £ 482 | 13.24 £ 355 0515
NFV recovery (PD) 11.71 £ 453 | 11.90£3.77 | 1205+ 461 | 1257 £507 | 11.76 £ 436 | I1.14 £ 3.50 0.486
PFV break (PD) 19.00 £+ 938 | 1943 £765 | 1976 £+ 7.74 | 2038 £ 7.63 | 21.33 £7.27 | 22.8] £ 736 0.093
PFV recovery (PD) 1524 +773 | 1633 +645 | 1676 + 648 | 1752+ 654 | 1790 £ 593 | 19.24 £ 6.11 0.021
Gradient AC/A (PD/D) | 0.98 £ 0.66 1.48 £ 0.77 1.71 £ 0.51 1.74 + 0.58 1.67 £ 0.60 1.74 + 0.58 <0.001

Abbreviations: AA, amplitude of accommodation; LA, lag of accommodation; NRA, negative relative accommodation; PRA, positive relative accommodation;
NPC, near point of convergence; NFV, negative fusional vergence; PFV, positive fusional vergence; AC/A, accommodative convergence to accommodation.

For binocular functions, stereoacuity significantly improved after 12 months of wearing DIMS lenses (x°s = 52.84,

p < 0.001). A transient decreased in stercoacuity was noted after one month, but subsequent improvements were
observed. Post-hoc analysis using the Wilcoxon test with Bonferroni correction revealed a significant improvement in
stereoacuity by the third month compared to the first month (p = 0.008), with a mean difference of 7.14 + 10.44
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arcseconds. The NPC also showed a significant increase over 12 months of DIMS lens wear (F3,63 = 3.79, p = 0.01),
with an overall increase of 0.38 £ 0.92 cm compared to baseline. However, no significant differences were detected
between visits (p > 0.05). Phoria values at both distance (F,7536 = 1.15, p = 0.34) and near (F5 622 = 1.68, p = 0.15)
remained unchanged over the 12-month study period. A significant increase in the gradient AC/A ratio was observed
with +2.00 DS lenses over 12 months of DIMS lens wear (F3s5696 = 7.15, p < 0.001), with the first notable change
occurring at three months (p = 0.002). Additionally, significant increase were found in some fusional vergence
parameters, including distance NFV break point (x°s = 14.08, p = 0.02), distance NFV recovery point (x°s = 13.19,
p = 0.02), and near PFV recovery point (x’s = 13.24, p = 0.02). However, no significance difference was observed
between visits (p > 0.008). Other fusional vergence measures, such as distance PFV break and recovery points, near NFV
break and recovery points, and near PFV break point, showed no significant changes over the study period (p > 0.05).

Discussion

This study examined the impact of wearing DIMS spectacle lenses on accommodation and binocular functions among
myopic Malay schoolchildren. The findings indicate that wearing DIMS lenses for 12 months effectively controlled myopia
progression without disrupting binocular vision balance, with recorded SE progression after 12 months was —0.29 + 0.41
D and AL elongation was 0.08 = 0.15 mm. Although significant changes were observed in several accommodation and
binocular functions, such as receded NPC and improvement in LA, stereoacuity, AC/A ratio, distance NFV and near PFV,
these changes remained within normal clinical limits.>'

121-332% which reported no adverse effects on visual

These results are aligned with previous research by Lam et a
functions such as VA, phoria, AA, LA and stercopsis following long-term DIMS lens wear. However, these prior studies
had limitations in the range of accommodation and binocular functions assessed, and only reported findings after 6
months of lens wear.”* Furthermore, single-vision correction was used during testing to eliminate any potential influence
of the DIMS lenses. In contrast, the present study evaluated the effects of DIMS lenses on accommodation and binocular
functions by having participants wear them as they would in their daily activities. This approach allowed for a more
comprehensive understanding of how DIMS lenses impact accommodation and binocular functions, with changes
observed as early as one month after lens wear, and assessments conducted at three-month intervals up to 12 months.

A significant improvements in VA using both high-contrast and low-contrast charts were found following DIMS lens
wear in myopic Malay schoolchildren, aligning with previous study that reported improvement in distance HCVA
following DIMS lens wear.* The improvement in VA was observed over time, with distance HCVA significantly change
by the third month and distance LCVA, near HCVA, and near LCVA by the sixth month. This pattern may be influenced
by measurement protocols, learning effects from repeated testing, and high blur adaptation among myopes.**** The

micro-lenslet design of DIMS lenses may initially reduce VA in the mid-peripheral region,*-*

contributing to a longer
adaptation period for near vision improvements.

Wearing DIMS spectacle lenses for 12 months significantly changes accommodation and binocular functions of myopic
Malay children. The LA decreased by 0.20 D (p < 0.05), indicating an improvement in accommodative response over time.
This improvement suggests better focusing ability, which can enhance visual comfort during near work tasks. Similar

1?* where a reduction in LA was noted among Chinese children after 24 months of DIMS

findings were reported by Lam et a
lens wear. However, the decrease in LA was not significantly different to that seen in single-vision lens wearers, suggesting
that factors such as accommodative adaptation and lens compliance may also play a role.>**> The AA remained stable, with
a binocular AA reduction of 0.57 D after 12 months, aligning with expected age-related changes, as previous studies have
reported that AA decreases with increasing age.>**® Similarly, NRA and PRA showed no significant changes (p > 0.05),
reinforcing the idea that DIMS lenses do not negatively impact accommodative function.

An improvement in stereoacuity was recorded between the third and twelfth months of lens wear, correlating with
near VA improvements. However, the temporary reduction observed at one month indicates an adaptation period,
aligning with previous research on visual function changes associated with myopia control lenses.’” This initial decline
in stereoacuity may reflect the adjustment process to lens-induced visual modifications, while the subsequent improve-
ment is likely attributed to enhanced binocular vision control and alignment, leading to better coordination and depth
perception over time. A slight receded in NPC of 0.38 cm was detected over 12 months, indicating a minor reduction in

334 https: Clinical Optometry 2025:17



Norazman et al

convergence amplitude. This change, along with the reduction in AA, suggests possible adaptations in accommodative-
vergence interactions. Despite this, NPC remained below the clinical cut-off value of 7.5 cm, which is considered the
threshold for symptomatic convergence insufficiency.”® Although the observed NPC changes in this study were not
clinically significant, annual assessments are recommended when using DIMS lenses to ensure that prolonged wear does
not negatively affect vergence function.

In this study, both distance and near phoria showed a slight shift from exophoria toward esophoria after 12 months of
DIMS lens wear. However, these changes were less than 1 PD, making them clinically insignificant. Statistical analysis
also revealed no significant differences in phoria values, suggesting that binocular alignment remained stable throughout
the study period. These findings align with previous research on myopic children wearing myopia control.***’

Significant changes in fusional vergence were observed after 12 months of DIMS lens wear, with notable increases in
distance NFV break points, distance NFV recovery points, and near PFV recovery points. Other vergence parameters remained
stable, likely due to sample size limitations. Although the increase in distance NFV were statistically significant, it was less
than 1 PD, making it clinically insignificant. The increase in PFV aligns with the slight shift toward esophoria, indicating
improved vergence stability and the ability to maintain single binocular vision even when convergence demands increase.”'
This finding is consistent with previous research showing that individuals with esophoria tend to have greater PFV
amplitudes.>® Notably, the PFV improvements observed in this study reflects patterns reported in hyperopic individuals,
suggesting that DIMS lenses may enhance vergence function to levels closer to emmetropic norms.*’

Additionally, the gradient AC/A ratio showed a significant increase, suggesting an adaptive response to DIMS lenses
in maintaining binocular vision stability. After 12 months of lens wear, the AC/A ratio shifted toward normative values,*'
reflecting improved accuracy in the accommodation-convergence interaction in children. The use of +2.00 DS lenses in
measuring the AC/A ratio using gradient method enhances the convergence-accommodation response. The +2.00 D lens
functions to relax the accommodation system by reducing the accommodative demand, but the contraction of the
extraocular muscles needs to be increased to adjust to this change and maintain binocular alignment. The contraction
of the vergence system muscles to support an increase in accommodative response is reflected by the increase in the AC/
A ratio value.*' According to Singh, Mani, and Hussaindeen,*? adaptation to the use of positive lenses leads to an
increase in the AC/A ratio using the gradient method. The increase in AC/A with +2.00 D lens indicates that the vergence
system has adapted to the use of DIMS lenses. This adaptation helps sustain single binocular vision by enhancing the
convergence-accommodation response.

This study also confirms that myopic Malay children wearing DIMS lenses for 12 months experienced significantly
slower myopia progression compared to those without myopia control. The recorded SE progression of —0.29 + 0.41

21,22

D and AL elongation of 0.08 + 0.15 mm align with previous findings, showing greater control than the typical —0.50

D to —1.00 D SE progression and 0.33 mm AL increase per year in children without myopia control.** ¢ The study by

Lam et al*!

reported a 12-month SE progression of —0.23 D and AL elongation of 0.11 mm in children wearing DIMS
lenses, demonstrating a 52% reduction in myopia progression and a 62% decrease in AL elongation compared to single-
vision lenses. Their effectiveness surpasses other spectacle-based interventions, such as bifocal lenses (39%) and
multifocal lenses (20%),*”>' and is also comparable to orthokeratology (60%) and multifocal contact lenses
(50-60%).'">* The success of DIMS lenses is attributed to their myopic defocus design (+3.50 D), which helps slow
myopia progression while maintaining clear vision.”' Compared to other myopia control interventions such as orthoker-
atology and multifocal contact lenses, DIMS lenses offer a non-invasive and easily accessible option. While orthoker-
atology and multifocal contact lenses have shown significant myopia control effects, they require more complex fitting
procedures and may not be suitable for all children. DIMS lenses provide a practical alternative with demonstrated
effectiveness in controlling myopia progression.

Overall, while significant changes were noted in some of binocular vision and accommodation functions, they
remained within normal clinical limits. This study concludes that DIMS lenses do not disrupt binocular vision balance
in myopic Malay primary schoolchildren. Instead, they enhance the adaptability of the accommodation and vergence
systems to the optical changes induced by the lens design. Improved accommodative response was evident through the
reduction in LA, while receded NPC, and increase in NFV and PFV indicate adjustments within the vergence system.
Additionally, the increase in AC/A ratio suggests better coordination between accommodation and vergence functions.
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These adaptations help maintain single, clear, and comfortable vision during lens wear. The myopic defocus design of
DIMS lenses (+3.50 D) creates a peripheral hyperopic blur that signals the eye to slow axial elongation. This mechanism
not only controls myopia progression but also appears to enhance the accommodative response and binocular coordina-
tion, as evidenced by the improvements in LA and the AC/A ratio. These findings highlight the importance of regular
binocular vision assessments, particularly NPC, NFV, and PFV, into myopia management protocols with DIMS lenses.
Furthermore, ensuring proper frame selection based on the wearer’s pupillary distance (PD) is crucial for optimizing the
effectiveness of myopia control. Both factors should be carefully considered by optometrists and ophthalmologists when
prescribing DIMS lenses to ensure long-term success in myopia management.

This study has several limitations. Firstly, the absence of a control group prevents direct comparison of the
intervention’s effectiveness and its impact on binocular functions. Without a comparison group, it is unclear whether
the observed changes resulted from myopia control treatment or other factors. Secondly, the 12-month study duration
may be insufficient to assess long-term effects, as some binocular vision parameters fluctuated but did not show
significant changes. Longer follow-ups are recommended to determine if these trends persist over time. Another notable
limitation is the relatively small final sample size, which may increases the risk of Type II errors, where meaningful
differences may go undetected. However, based on our post-hoc power analysis, the study achieved approximately 86%
power, indicating sufficient statistical strength to detect meaningful effects for the primary outcomes. Nonetheless, the
results should be interpreted with caution and validated in larger cohorts. Lastly, the study focused only on myopic
children with normal binocular vision, limiting its applicability to those with binocular vision disorders. Future research
should explore the effects of DIMS lenses on children with binocular vision anomalies to broaden their clinical relevance.

Conclusion

Wearing DIMS lenses for 12 months successfully controlled myopia progression and resulted in insignificant changes in
accommodation and binocular functions in myopic Malay schoolchildren. These findings suggest that DIMS lenses help
maintain stable binocular vision functions, particularly the accommodation and vergence interactions, reinforcing their
safety and effectiveness for myopia management. However, comprehensive assessments before prescribing DIMS lenses,
proper lens fitting and regular binocular vision evaluations, particularly NPC, PFV, and NFV during follow-up visits are
recommended. It is important to note that the absence of a control group in this study limits causal interpretation, as
observed changes may reflect natural developmental trends, repeated testing effects, or regression to the mean. While the
study demonstrated insignificant changes in accommodation and binocular functions over 12 months, it is unclear
whether these effects would remain stable over several years. Longitudinal studies are needed to assess the sustained
impact of DIMS lenses on visual functions, as prolonged use may lead to adaptive changes not observed in the short
term. Therefore, further research using controlled and larger-scale longitudinal designs is warranted to explore the
sustained impact of DIMS lenses on accommodation and binocular functions stability, as prolonged use may lead to
adaptive changes not observed in the short term wear.
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