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multifocal and multifocal center-distance soft contact lenses, dual-focus soft contact lenses, and
single vision soft contact lenses for four days.

Methods: The eyes of 34 young, healthy adults ages 20-35 were analyzed while the participants
wore progressive-multifocal and multifocal center-distance soft contact lenses (ArtMost SoftOK

Multifocal
And Dual-Focus Soft Contact Lenses SMR and SEED 1ldayPure UP Multistage daily disposable, respectively), dual-focus soft contact
Myopia Control lenses (CooperVision MiSight 1 Day), and single vision soft contact lenses (iLens Aqua Bi-weekly).

Non-cycloplegic central and relative peripheral refractions were determined at 10, 20, 25, and 30
degrees along the nasal and temporal meridians of the horizontal visual field. In addition, visual
acuity, stereoacuity, accommodative amplitude, accommodative posture, spherical aberration,
and horizontal coma were measured.

Results: Relative peripheral refractions showed that myopic defocus and myopic Jy astigmatism
both were highest with the SoftOK and the MiSight contact lenses. Accommodative amplitude was
slightly reduced with the MiSight contact lens and spherical aberration was significantly higher
with the SoftOK lens compared to the other lenses. Horizontal coma was higher and more variable
with the SoftOK lens compared to the other lenses, although no statistical significance was
determined.

Conclusions: The contact lenses used in this study displayed differences in relative peripheral
defocus and myopic Jp astigmatism, accommodative amplitude, and spherical aberration. The
relevance of these differences in the context of myopia progression control remains to be
determined.
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1. Introduction

Myopia is a refractive error that occurs when distant images are focused in front of the retina. It’s also a common cause of blindness.
Holden et al. predicted in 2016 that by 2050, the prevalence of myopia would rise to 49.8 % of the global population, with 9.8 %
suffering from high myopia, posing a significant risk of developing eye diseases such as myopic maculopathy and retinal detachment.
[1] Controlling the progression of myopia has become an important topic for eye care practitioners in recent years in order to reduce
the risk of eye diseases caused by myopia [2].

Animal studies have shown that myopic peripheral defocus caused by wearing plus power lenses can reduce axial length elon-
gation. [3,4] According to Smith and Arumugam, the central retina’s image quality has less of an effect on refractive development than
the peripheral retina’s image quality [5-7].

According to Mutti et al., relative peripheral hyperopia defocus can be used to predict the occurrence of myopia, and according to
Faria Ribeiro et al., relative peripheral hyperopia defocus can be used to predict the progression of myopia. [8,9] Furthermore, Mutti
et al. and Queiros et al. found that peripheral retinal myopic defocus and astigmatism could help to slow the progression of myopia and
axial elongation. [8,10] Variations in relative peripheral retinal defocus are caused by wearing contact lenses with different optical
designs. As a result, these differences may have an additional impact on the effectiveness of myopia control [11-15].

Clinical trials have shown that orthokeratology effectively slows the progression of a myopic refractive error while also reducing
axial elongation. [16,17] Orthokeratology alters the corneal profile, causing peripheral retinal myopic defocus. Soft multifocal contact
lenses with a center-distance design also produce peripheral myopic defocus, the amount of which depends on their add power. [18]
When compared to single-vision contact lenses, wearing multifocal, center-distance soft contact lenses can reduce myopia progression
and delay axial elongation in children. [11,19,20] Walline et al. proposed that a more pronounced peripheral retinal myopic defocus
caused by multifocal center-distance contact lenses may result in a better myopia control effect based on the findings of the BLINK
study [12].

Dual-focus contact lenses have a central distance zone, surrounded by multiple concentric alternating zones of add power and
distance refractive power. These lenses also demonstrated their efficacy in slowing myopia progression and axial elongation compared
to single-vision contact lenses. [11,21] Extended depth of focus contact lenses utilizes a front surface design that provides alternating
areas of positive and negative power and induces primary and secondary spherical aberration. In one study, these lenses demonstrated
myopia control potential, though it was not as pronounced as with the previously mentioned contact lens modalities [21].

Findings of a retrospective study showed a significant negative correlation of spherical aberration and axial elongation in school-
age children. [22] In this context, it has been suggested that the presence of wavefront aberrations in human eyes is linked to the
development of the central refractive error, however, the findings of different studies are inconclusive. [23-25] Ocular aberrations are
typically expressed as Zernike polynomials and are grouped into lower-order aberrations and higher-order aberrations. Relevant
lower-order aberrations are defocus M and refractive astigmatisms Jy and J45. A number of articles proposed analyzing relative pe-
ripheral defocus and higher-order aberrations in multifocal or bifocal contact lenses, as well as the interaction between peripheral
retinal defocus and higher-order aberrations for myopia development. [26-30] Positive spherical aberration will be increased in a
multifocal contact lens design that provides a progressive increase in positive power across the wearer’s entrance pupil. Since this lens
design also provides an extended depth of focus, it may be useful in controlling myopia progression. [31] Spherical aberration and
horizontal coma are higher-order aberrations with analytical importance in eyes wearing contact lenses, according to the literature.
[32,33] Therefore, consideration should be given to how soft contact lenses affect spherical aberration and horizontal coma of the eye
when assessing their optical performance.

With the continuous innovation of multifocal and bifocal contact lens designs, it was pointed out that poor visual quality is one of
the possible reasons for myopia progression. [32] Visual quality is influenced by visual acuity, contrast sensitivity, aberrations,
stereoacuity, glare, visual field, accommodative amplitude, and accommodative posture. [34-38] Schulle et al. discovered no sig-
nificant difference in visual acuity between spectacle lenses and soft multifocal contact lenses when the distance power of the
multifocal contact lenses was increased by — 0.50 D to — 0.75 D. [39] Gong et al. found that, in addition to better accommodative
amplitude and facility, single-vision lenses improved visual acuity, contrast sensitivity, and phoria status when compared to multifocal
lenses in high and low illuminance settings. Wearing multifocal contact lenses, on the other hand, resulted in reduced accommodative
responses and more exophoria at increasing accommodative demands than single vision contact lenses. [40] If multifocal or bifocal
contact lenses can maintain visual quality comparable to single vision lenses, patient satisfaction and compliance will almost certainly
ensure long-term use of these lenses for myopia progression management.

The purpose of this study was to compare relative peripheral refractions, spherical aberration, horizontal coma, and visual quality
in young myopic adults wearing progressive multifocal and multifocal center-distance soft contact lenses, dual focus contact lenses,
and single vision soft contact lenses for four days, based on the findings and recommendations of previous studies.

2. Methods
A single-blinded, randomized prospective study was conducted to measure relative peripheral refractions, spherical aberration,

horizontal coma, and visual quality in healthy, young myopic adults wearing two different types of multifocal, center-distance soft
contact lenses, one dual-focus soft contact lens, and one single vision soft contact lens.
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2.1. Research subjects

Healthy adults between the ages of 20 and 35 were recruited from Chung Shan Medical University, Taichung, Taiwan, participated
in this study. The inclusion criteria were spherical refractive error >-6.00 D, astigmatism >-1.00 D, monocular and binocular visual
acuity <0.1 logMAR, and normal binocular visual function. The exclusion criteria were (a) the sphere-equivalent difference between
right eye and left eye > 1.00D, (b) current wearing of rigid contact lenses, (c) eye surgery, (d) eye-related diseases, and (e) systemic
diseases. Using G*Power analysis, a sample size of 32 patients was determined, with an effect size of d = 0.8, a = 0.05, power (1-p)
= 0.95. A total of 35 subjects were enrolled in the study: 12 males and 23 females. The average age of all subjects was 21.86 (SD

+ 2.14). Two eyes were excluded because the refractive errors did not meet the inclusion criteria. Therefore, 34 right eyes with an
average spherical equivalent power of — 3.58 (SD =+ 1.68) and 34 left eyes with an average spherical equivalent power of — 3.45 (SD

+ 1.80) were included. The study was conducted in accordance with the Declaration of Helsinki and informed consent was obtained

from all subjects prior to their participation in the study. Ethical approval was obtained from the Institutional Review Board of the
Chung Shan Medical University Hospital, Taichung, Taiwan. (Approval number: CS2-20089).

2.2. Subjective refraction and visual quality measurements

A Topcon VT-10 phoropter (Topcon, Tokyo, Japan) and a View-M digital visual acuity chart were used to measure subjective
refraction and visual acuity in a typically lit examination room (Quan Chin Industrial Co., Taiwan). The subjective refraction approach
employed the Jackson cross-cylinder technique and maximum plus to maximum visual acuity procedure. To measure near visual
acuity at a distance of 40 cm, a TMV near point card (Brighten Optix Co., Taiwan) was utilized. The near point card’s stimulus was a
20/25 letter size.

Visual quality was assessed through monocular distance and near visual acuities, monocular accommodative amplitude, binocular
accommodative posture, and stereoacuity. Using the Topcon VT-10 Phoropter and TMV Near Point Card, we employed the fused cross-
cylinder technique to assess the accommodative posture. During this test, the near stimulus was a letter with a size of 0.1 logMAR. The
accommodative amplitude was measured with an RAF ruler (Bernell Co., Mishawaka, IN) using the binocular push-up method while
the individuals wore their subjective refractions in a trial frame. A Titmus Stereo Test was then used to test the stereoacuity (Bernell
Co., Mishawaka, IN).

2.3. Objective refraction and aberration measurements

The baseline central and peripheral refractions were determined using a Shin-Nippon K5001 open-field autorefractor (Rexxam Co.,
Osaka, Japan). All subjects were instructed to fixate luminous visual targets (Fig. 1) with sizes corresponding to 0.3 logMAR visual
acuity. The central visual target’s fixation distance was 7.5 m. To ensure adequate pupil diameters, the measurements were performed
in a dark room without cycloplegia (Fig. 1). Following the measurement of the central refraction, peripheral refractions were measured
at 10, 20, 25, and 30 degrees in the nasal and temporal visual fields across the horizontal meridian. To avoid decentration of the
contact lenses, participants were asked to turn their heads toward the peripheral target during these measurements. Spherical aber-
ration and horizontal coma were measured for a 5 mm pupil diameter under central fixation using a Nidek OPD Scan 3 wavefront
aberrometer (Nidek Inc., Tokyo, Japan).

2.4. Contact lenses, wearing sequence, and measurements over contact lenses

Four types of soft contact lenses were used in this study. The iLens Aqua Bi-weekly soft contact lens (Seinoh Optical Co., Taipei,
Taiwan) served as the single vision control lens. The progressive multifocal, center-distance soft contact lens was the ArtMost SoftOK

Fig. 1. Luminous visual targets in an illuminated room and in a dark room. Non-cycloplegic objective refraction measurements were conducted in
the dark room.
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SMR (Seinoh Optical Co., Taipei, Taiwan). The multifocal, center-distance soft contact lens was the SEED 1 day Pure UP Multistage
daily disposable (SEED Co., Tokyo, Japan). The dual-focus soft contact lens was the MiSight 1 Day (Coopervision, San Ramon, CA).
Throughout this article, the different lenses will be referred to as follows: iLens (iLens Aqua Bi-weekly soft contact lens), SoftOK
(ArtMost SoftOK SMR soft contact lens), Pure UP (SEED 1dayPure UP Multistage daily disposable soft contact lens), and MiSight
(MiSight 1 Day soft contact lens).

It is noteworthy that the add power of the SoftOK lens increases dynamically with its distance power, whereas the Pure UP and
MiSight lenses have fixed add power values of + 1.50 D and + 2.00 D, respectively. This dynamic change mimics the peripheral add
power effect achieved by orthokeratology. Specifications of the contact lenses used in this study are listed in Table 1.

The radial power value distributions of the different contact lenses with distance power values of — 2.00 D and — 5.00 D were
analyzed with a Contest Plus lens analyzer (Rotlex, Omer, Israel). The findings are shown in Fig. 2 and are summarized below.

The iLens, shown in panel A, is a single-vision contact lens. Its power profile shows an increase in negative power in the periphery of
the optic zone. For the — 2.00 D iLens, this increase in negative power starts at a radius of 1.8 mm from the optic center, while for the
— 5.00 D lens it starts at the center.

The SoftOK lens, shown in panel B, is a progressive multifocal, center-distance contact lens that generates dynamic add power
values based on its surface asphericity. Its power profile shows a constant increase in positive power from the center toward the
periphery of the optic zone. For the — 2.00 D SoftOK lens, the add power is up to + 6.50 D. For the — 5.00 D SoftOK lens, the add power
is up to + 10.00 D.

The Pure UP lens, shown in panel C, is a multifocal, center-distance contact lens. For the — 2.00 D lens, the add power reaches a
maximum of + 2.00 D at a radius of 1.7 mm and then reduces to + 1.25 D at the periphery of the optic zone. For the — 5.00 D lens, the
add power reaches a maximum of + 1.00 D at a radius of 1.6 mm, returns to the distance power at a radius of 2.3 mm, followed by an
increase in negative power in the periphery of the optic zone.

The MiSight lens, shown in panel D, is a dual-focus contact lens. For the — 2.00 D lens, the add power shows two peaks. The first
peak is at a radius of 1.7 mm, with an add power of + 1.75 D at a radius of 1.7 mm, after which the lens power reduced to the distance
power, followed by an increase in negative power of up to — 2.25 D. The second peak is at a radius of 3.5 mm with an add power of
+ 5.00 D. For the — 5.00 D lens, the add power also shows two peaks. The first peak is at a radius of 1.7 mm, with an add power of
+ 1.50 D at a radius of 1.7 mm, after which the lens power reduces to the distance power, followed by an increase in negative power of
up to — 7.00 D. The second peak is at a radius of 3.5 mm with an add power of + 1.00 D.

Each participant received a comprehensive eye examination. The distance power for each contact lens power was determined based
on the corresponding refractive error. Then trial lenses were fitted and allowed to settle for 20 min. After the correct fit and centration
of each lens were confirmed, an over-refraction was conducted to determine the final lens power. The corresponding contact lenses
were then selected for each participant.

If the subjects wore contact lenses, the wash-out interval was 3 days prior to wearing the study lenses [41]. Each type of contact lens
was worn for a period of 4 days for at least 6 h per day. The wearing sequence for the different contact lenses was randomly assigned. At
the end of each wearing period, non-cycloplegic central and peripheral objective refractions and central ocular aberrations were
obtained. The subjects’ follow-up measurements were scheduled for the same times of day each time to ensure consistency.

2.5. Data analysis
For the purpose of data analysis, the sphero-cylindrical refractive errors that were obtained as sphere S, minus-cylinder C, and axis

a were transposed into rectangular Fourier form and expressed as power vectors defocus M, astigmatism Jy, and astigmatism Jys [42]
as follows:

Table 1
Lens specifications of the four types of contact lenses used in the study.
Contact lenses Lens design Add power (D) Material Water Base curve (mm) Diameter (mm)
content
(%)
iLens Single vision 0.00 Ocufilcon D 55 8.6 14.4
(spherical)
SoftOK Progressive multifocal, center Depends on distance power  Ocufilcon D 55 9.0 14.4
distance
(aspheric)
Pure UP Multifocal, center-distance 1.50 2-HEMA 58 8.8 14.2
(concentric)
MiSight Dual-focus, center-distance 2.00 Omafilcon A 60 8.7 14.2
(concentric)
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Fig. 2. Radial power profiles of the iLens (panel A), SoftOK (panel B), Pure UP (panel C), and MiSight (panel D) soft contact lenses. Power profiles
were measured with a Contest Plus lens analyzer (Rotlex, Omer, Israel). Each graph displays the average power profile starting at the center of the
lens (0.0 mm) and progressing toward the periphery of the optical zone, up until a radius of 3.7 mm. A decreasing slope indicates an increase in
negative power. An increasing slope indicates an increase in positive power (add power). The small, colored images next to each power profile
display a frontal view of the power distribution at the measured zone. This zone is 7.4 mm in diameter. The color scale utilizes blue for the lowest
power measured at that lens and red for the highest power. The center of each lens corresponds to the distance power of the lens. Data shown on the
left were obtained at lenses with a distance power of — 2.00 D. Data shown on the right were obtained at lenses with a distance power of — 5.00 D.
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Table 2

Relative peripheral defocus M data. Each cell displays the mean and standard deviation.

Condition

Visual field angle

Nasal (degrees)

Temporal (degrees)

30 25 20 10 10 20 25 30
Baseline (A) +2.02D +1.42D +1.07D +0.21D +0.06 D +0.39D +0.67 D +1.33D
+ 1.06 + 0.86 +0.75 +0.43 +0.31 + 0.61 + 0.78 +1.10
ILens (B) + 222D +1.83D +1.13D +0.23D +0.04 D +1.01D +0.72D +0.13D
+221 +1.45 +0.99 +0.43 +0.34 +1.89 +2.70 +2.88
SoftOK (C) -5.80D + 2.10 -6.68 D -3.45D -0.32D -2.43D -7.49D -5.73D -2.50 D
+1.78 + 1.64 + 0.56 + 0.50 +1.19 + 3.26 + 2.24
Pure UP (D) +1.60 D +1.34D +0.75D +0.38D -0.32D +0.40 D +1.35D +1.47D
+1.44 +1.06 +0.97 +0.56 +0.48 +1.23 +2.30 +2.48
MiSight (E) +0.72D +0.52D +1.02D +0.20D +0.32D -1.46 D -1.68 D -1.07D
+1.55 +0.97 +0.86 +0.63 +0.64 +1.05 +1.62 +1.53
ANOVAF F F F F F F F F
=81.176 P < 0.001 =192.954 P < 0.001 = 87.638 P < 0.001 =6.093 P < 0.001 =142.178 P < 0.001 =159.202 P < 0.001 =42.914 P < 0.001 =9.211P < 0.001
Post Hoc C< ABDE C< ABDE C< ABDE C< ABDE C< ABDE C< ABDE C< ABDE C< ABD
Significant E<B D<E E < ABD E < ABD E<AD
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For each condition (baseline, iLens, SoftOK, Pure Up, and MiSight), relative values for M, Jy, and J45 values were calculated for each
eccentricity as the difference between the central refraction and the peripheral refraction. Independent and repeat measure one-way
ANOVA with Bonferroni post-hoc comparison and Chi-square analysis were performed using SPSS 26.0 statistical software (IBM Corp.,
Armonk, NY). A value of P < 0.05 was considered statistically significant.
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Fig. 3. Average values of relative power vectors measured as baseline and with iLens, SoftOK, Pure UP, and MiSight contact lenses. (A) relative
peripheral defocus M; (B) relative astigmatism Jp; (C) relative astigmatism J4s. The bars show the margin of error around the point estimate,
representing the 95 % confidence interval.
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Table 3
Relative peripheral J, astigmatism data. Each cell displays the mean and standard deviation.
Condition Visual field angle
Nasal (degrees) Temporal (degrees)
30 25 20 10 10 20 25 30
Baseline (A) -0.20 D -0.41D -0.28 D -0.14D -0.17D -0.72D -0.97 D -0.86 D
+0.77 + 0.36 +0.30 +0.15 +0.15 +0.36 + 0.59 +0.92
ILens (B) -0.21 D -0.12D -0.19D -0.08 D -0.13D -0.48 D -1.07D -1.01 D
+1.29 + 0.81 + 0.40 +0.16 +0.27 +1.17 + 1.69 +1.89
SoftOK (C) -2.55D -4.61 D -2.72D -0.45D -1.50D -4.57 D -2.14D -0.43D
+1.81 + 0.82 +0.92 + 0.24) + 0.33 + 1.02 + 2.82 +1.79
Pure UP (D) -0.32D -0.11 D -0.25D -0.10D -0.25D -0.45D -0.19D -0.70 D
+0.81 + 0.64 + 0.36 + 0.24 +0.26 +0.88 + 1.65 +1.53
MiSight (E) -0.47 D -0.83D -0.30D -0.09 D +0.16 D -1.73D -1.59D -1.37D
+1.11 +0.78 +0.78 + 0.39 + 0.67 + 0.97 +1.63 +1.17
ANOVA F F =12.063 P < 0.001 F =190.600 P < 0.001 F = 80.746 P < 0.001 F =9.685 F =70.787 P < 0.001 F =73.684 P < 0.001 F =4.378 F =0.868
P < 0.001 P =0.002 P =0.485
Post Hoc C < ABDE C < ABDE C < ABDE C < ABDE C < ABDE C < ABDE C<D X
Significant E<BD A<E E < ABD E<D
D<E
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Table 4

Relative peripheral J45 astigmatism data. Each cell displays the mean and standard deviation.

Condition

Visual field angle

Nasal (degrees)

Temporal (degrees)

30 25 20 10 10 20 25 30
Baseline (A) 0.00 D -0.05D -0.06 D + 0.01 D 0.00 D + 0.03 D -0.03 D -0.06 D
+ 0.39 + 0.32 +0.27 +0.21 + 0.19 + 0.47 + 0.62 + 0.68
ILens (B) -0.07 D -0.01 D -0.06 D + 0.02 D -0.05D -0.05D -0.30 D -0.18 D
+0.50 +0.41 +0.34 +0.18 +0.22 +0.62 +0.75 +0.82
SoftOK (C) -0.30 D -0.51 D -0.29D -0.05D -0.12D -0.31D -0.19D -0.15D
+ 0.54 +0.78 + 0.52 +0.23 +0.31 + 0.69 + 0.95 +1.17
Pure UP (D) +0.16 D -0.06 D -0.03D 0.00 D -0.02D -0.02D +0.09D -0.05D
+0.72 +0.46 +0.37 +0.37 +0.29 +0.67 +0.94 +0.96
MiSight (E) +0.13D +0.02D -0.04 D -0.02D -0.02D -0.05D -0.08 D -0.14D
+0.88 +0.76 +0.63 +0.82 +0.67 +0.74 +0.86 +0.90
ANOVA F F=1.743P=0.144 F =3.502 P = 0.009 F=1.418 F=0.115P = 0.977 F =0.419P = 0.795 F =1.137 F =0.823 F = 0.057
P =0.230 P =0.340 P =0.512 P =0.994
Post Hoc X C <BE X X X X X X
Significant
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3. Results

A total of 35 subjects were enrolled in the study: 12 males and 23 females (70 eyes). The average age of all subjects was 21.86 (SD
=+ 2.14). Two eyes were excluded because the refractive errors did not meet the inclusion criteria. Therefore, 34 right eyes with an
average spherical equivalent power of — 3.58 (SD + 1.68) and 34 left eyes with an average spherical equivalent power of — 3.45 (SD
+ 1.80) were included (68 eyes).

3.1. Relative peripheral defocus M

The data are shown in Table 2 and Fig. 3A. Compared to the central refraction, the iLens produced a relative peripheral hyperopic
defocus at each position. The SoftOK lens provided relative peripheral myopic defocus values for all eccentricities, which went up to a
maximum value of —7.49 D + 1.19 at the 20-degree temporal location. This was the largest relative peripheral myopic defocus
produced by any of the lenses. The Pure UP lens showed a relative peripheral hyperopic defocus except at the 10-degree temporal
location where it reached an average value of — 0.32 D + 0.48. The MiSight lens provided relative peripheral myopic defocus values of
—1.46 D +£1.05, — 1.68 D + 1.62, and — 1.07 D + 1.53 only at the 20-, 25-, and 30-degree temporal locations, respectively.

3.2. Relative peripheral Jy astigmatism

The data are shown in Table 3 and Fig. 3B. The iLens data were relatively consistent with the baseline data. The SoftOK lens showed
a substantial myopic increase in Jy astigmatism. It peaked at the 20-degree temporal and 25-degree nasal locations with measurements
of —4.57 D 4+ 1.02 and — 4.61 D + 0.82, respectively. The Pure UP lens data were relatively consistent with the baseline data and
showed the least myopic Jy astigmatism compared with the other groups. The MiSight lens showed a moderate increase in myopic Jy
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Fig. 4. Visual quality indicators for baseline and with iLens, SoftOK, Pure UP, and MiSight contact lenses. (A) Accommodative amplitude, (B)
Accommodative posture, (C) Spherical aberration, (D) Horizontal coma aberration. The box and whisker plots show the values for the median (—),
mean (x), interquartile range ([J), minimum and maximum values (), and outliers (*).
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astigmatism with peak values of — 1.73 D + 0.97, — 1.59 D + 1.63, and — 1.37 D + 1.17 at the 20-, 25-, and 30-degree temporal
locations, respectively.

3.3. Relative peripheral J45 astigmatism

The data are shown in Table 4 and Fig. 3C. In general, measurements obtained with all lens groups were relatively consistent with
the baseline measurements. The iLens showed a slight increase in myopic J45 astigmatism at the 25-degree temporal location with a
value of — 0.30 D £ 0.75. The SoftOK lens showed a slight increase in myopic J45 astigmatism at the 20-degree temporal, and 20-, 25-,
30-degree nasal locations with values of — 0.31 D + 0.69, — 0.29 D 4+ 0.52, — 0.51 D + 0.78, — 0.30 D + 0.54, respectively.

3.4. Visual acuity

For the distance visual acuity, the average baseline value was — 0.04 logMAR =+ 0.05. When wearing the study lenses, the average
values were — 0.05 logMAR =+ 0.05 for the iLens, — 0.04 logMAR =+ 0.05 for the SoftOK lens, — 0.04 logMAR =+ 0.04 for the Pure UP
lens, and — 0.04 logMAR =+ 0.04 for the MiSight lens. One-way ANOVA analysis showed no statistically significant difference in
distance visual acuity between baseline and the four contact lenses (F = 0.321, P = 0.864). For the near visual acuity, the average
baseline value was 0.00 logMAR =+ 0.06, 0.01 logMAR = 0.04 for the iLens, 0.02 logMAR =+ 0.05 for the SoftOK lens, — 0.03 logMAR
=+ 0.05 for the Pure UP lens, and 0.01 logMAR =+ 0.03 for the MiSight lens. One-way ANOVA analysis showed no statistically significant
difference in near visual acuity between baseline and the four contact lenses (F = 1.175, P = 0.321).

3.5. Stereoacuity

The average value of baseline stereoacuity was 43.7” + 6.6. When wearing the study lenses, the average stereoacuity values were
41.6" + 2.7 for the iLens, 40.5” & 1.0 for the SoftOK lens, 41.6” + 2.8 for the Pure UP lens, and 40.5” + 1.0 for the MiSight lens. This
indicates that all average values were clustered close to approximately 40”, which is considered a clinically normal value. For analysis,
the data were grouped into 40" and less as well as greater than 40”. According to Chi-square analysis (y> = 1.718, P = 0.787), ster-
eoacuity was not significantly affected by the different lenses.

3.6. Accommodative amplitude

The average value of the baseline accommodative amplitude was 10.67 D + 1.53. When wearing the study lenses, the average
accommodative amplitude values were 9.38 D + 1.21 for the iLens, 9.14 D + 2.48 for the SoftOK lens, 9.89 D + 2.97 for the Pure UP
lens, and 8.88 D + 2.34 for the MiSight lens. The data are visualized in Fig. 4A. One-way ANOVA analysis showed a statistically
significant difference between baseline measurements and measurements with the four lenses (F = 2.562, P = 0.040). Using Bon-
ferroni’s post-hoc comparison, only the MiSight lens showed a statistically significant change in accommodative amplitude compared
to the baseline value (P = 0.047).

3.7. Accommodative posture

The average value of the baseline accommodative posture was 0.53 D + 0.48. When wearing the study lenses, the average
accommodative posture values were 0.64 D + 0.43 for the iLens, 0.49 D + 0.28 for the SoftOK lens, 0.34 D + 0.32 for the Pure UP lens,
and 0.68D =+ 0.41 for the MiSight lens. As shown in Fig. 4B, SoftOK, Pure UP, and MiSight lenses showed less variation. For analysis,
the data were grouped into normal accommodation (+0.25 D to +0.75 D), accommodative lag (greater than +0.75 D), and accom-
modative lead (less than +0.25 D). According to Chi-square analysis (y? = 1.718, P = 0.787), there was no statistically significant
difference between the baseline values and the values measured with the four lenses.

3.8. Spherical aberration

The average value of the baseline spherical aberration was + 0.0404 um + 0.0551. When wearing the study lenses, the average
spherical aberration values were — 0.0037 um + 0.0824 for the iLens, + 0.2497 pm =+ 0.0775 for the SoftOK lens, + 0.0017 um
+ 0.0800 for the Pure UP lens, and — 0.0469 um =+ 0.0910 for the MiSight lens. The data are visualized in Fig. 4C. Since the baseline
spherical aberration of the uncorrected eye will be changed after correction, it is reasonable to only include the four lenses in the
statistical analysis. With this approach, one-way ANOVA showed a statistically significant difference between the four lenses (F =
51.672, P < 0.001). The high positive spherical aberration of the SoftOK lens was statistically significantly different from the spherical
aberration values of the iLens (P < 0.001), the Pure Up lens (P < 0.001), and the MiSight lens (P < 0.001).

3.9. Horizontal coma

The average value of baseline horizontal coma aberration was — 0.0158 um + 0.0434. When wearing the study lenses, the average
coma aberration values were + 0.0084 ym + 0.0794 for the iLens, 0.0478 um =+ 0.2779 for the SoftOK lens, — 0.0019 ym + 0.0837
for the Pure UP lens, and + 0.0003 um =+ 0.0877 for the MiSight lens. The data are visualized in Fig. 4D. Although the standard
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deviation was wider for the SoftOK lens, one-way ANOVA indicated that there was no statistically significant difference between the
four lenses (F = 0.818, P = 0.515).

4. Discussion

The history of peripheral refractive measurement can be traced back to Ferree et al. in 1931. [43] Over the course of almost a
century, both the measuring equipment and the measuring method have substantially changed. In the last 20 years, open-field
autorefractors became available, which allow the assessment of peripheral refractions up to 40 degrees. [44] When using optical
treatment strategies such as multifocal contact lenses and orthokeratology to manage myopia progression, these measurements are
critical.

Multifocal center-distance and dual-focus soft contact lenses have demonstrated their efficacy in decreasing the progression of
myopic refraction as well as reducing axial elongation. Multifocal center-distance contact lenses are also known to produce relative
peripheral myopic defocus, which, among other factors, is hypothesized to be linked to the myopia control exhibited by these lenses
[26,45].

The analysis of peripheral refraction patterns showed that the myopic subjects at baseline had relative hyperopic peripheral re-
fractions, which is consistent with findings reported in the literature. [9,46-48] When wearing the iLens single-vision contact lenses,
the relative peripheral refractions remains hyperopically defocused. This is in accordance with findings of other single-vision soft
contact lens studies and may be a possible cause of myopia progression. [49] It is known that single-vision contact lenses do not slow
down the progression of myopia, which is why these lenses are used as controls in clinical trials.

In this study, the progressive-multifocal, center-distance SoftOK lenses demonstrated a pronounced shift toward relative peripheral
myopic defocus all locations. The dual-focus MiSight lenses and the multifocal, center-distance Pure Up lenses created slight peripheral
myopic defocus values at some, but not all locations. Findings on orthokeratology patients published by Kang and Swarbrick indicate
that peripheral myopic defocus may result in a dose-dependent slowing of myopia progression. That is, the greater the peripheral
myopic defocus, the more effectively myopia progression slows. [13] In multifocal, center-distance soft contact lenses, the peripheral
myopic defocus increases when the add powers of the lenses increase. Since multifocal, center-distance soft contact lenses with higher
add power values have shown an improved myopia control effect compared to lenses with lower add power values, it is reasonable to
assume that a more pronounced peripheral myopic defocus obtained with soft contact lenses will have the same effect. [12].

Furthermore, in this study, myopic relative peripheral Jy astigmatism increased significantly with the SoftOK lens and moderately
with the MiSight lens, whereas relative peripheral J45 astigmatism remained largely unchanged with all lenses. The findings obtained
with the SoftOK lens have also been reported in patients wearing orthokeratology lenses. [50] Since the SoftOK lens is designed to
mimic the peripheral add power effect achieved by orthokeratology, this similarity is not surprising.

There was no significant difference in distance and near visual acuity between baseline measurements and when the four study
lenses were worn in this study. Especially for the multifocal and dual-focus contact lenses, this is an important outcome since these
lenses possess optical designs that place different power zones in front of the wearers’ entrance pupils. Even with these intricate optical
designs, visual acuities must be good to ensure patient satisfaction and long-term use of these lenses. This study’s findings are
consistent with those of Schulle et al. and Przekoracka et al., who concluded that multifocal contact lenses should not cause significant
changes in visual acuity or vision decline. [39,51] Stereoacuity was also unaffected by any of the contact lenses used in the current
study. This is consistent with the findings of Kang and Wildsoet, who compared the visual quality of young patients fitted with
single-vision and multifocal soft contact lenses. [52].

Contrary to the findings of Ruiz-Pomeda et al., the MiSight contact lens was found to have an average reduction in accommodative
amplitude by 1.79 D from baseline. The average accommodative posture was also lower in the current study, both at baseline and with
all study lenses. The age difference between the subjects in both studies could be one explanation for the disparate outcomes. The
MiSight group in the Ruiz-Pomeda et al. study had an average age of 10.94 years (SD + 2.14), but the average age in the current study
was 21.86 years (SD + 2.14). Furthermore, the techniques used to measure accommodative posture differed between the two studies.
While the subjective fused cross-cylinder technique was used in this study, the accommodative posture was calculated using objective
measurements obtained with a Grand Seiko WAM-5500 autorefractor by Ruiz-Pomeda et al. [53].

Furthermore, the current study showed a significant increase in positive spherical aberration with the SoftOK lenses, which is due
to the progressive-multifocal design of these lenses. It is known that increased positive spherical aberration is associated with reduced
myopia progression. [54] Since an increase in positive spherical aberration will extend the depth of focus, it was suggested using soft
contact lenses with positive spherical aberration to enhance the effectiveness of myopia control. [55] This makes the SoftOK lens an
excellent choice for myopia control in children, although a randomized clinical trial is required to investigate whether this lens design
has better myopia control efficacy compared to multifocal and dual-focus contact lenses. In this study, no significant difference was
found in horizontal coma between wearing lenses and baseline, even though the standard deviation increased with wearing the lenses.

The type of equipment and its measurement accuracy, the environmental setting, and the subjects’ pupil sizes all have an impact on
the data collected when measuring peripheral refractions and higher-order aberrations in a clinical study. While calibrated equipment
and standard measurement procedures were used, there are several limitations to this study:

(1) The measurements of relative peripheral refractions, higher-order aberrations, and visual quality indicators were limited to
four-day intervals per lens type, rather than the one- or two-year intervals reported in most myopia control studies. (2) Peripheral
refractions were measured without cycloplegia. To facilitate natural mydriasis, the environment was dark. Measurements at the 30-
degree nasal and 30-degree temporal locations, however, were difficult to conduct and might be prone to measurement errors.
[56] (3) The Shin-Nippon NVision K5001 autorefractor’s measurement spot is approximately 2.3 mm in diameter. Because the MiSight

12



M.C.-W. Yeh et al. Optik 273 (2023) 170401

lens’s power is provided by an alternating concentric ring design, the autorefractor’s measurement spot will overlap the concentric
rings, influencing the amount of detected defocus. (4) Subjective visual quality measures such as contrast sensitivity and the perception
of halos and glare may vary when wearing multifocal contact lenses with different optical designs. These indicators were not assessed
in this study. (5) Stereoacuity was measured with a traditional stereoscopic vision test that was limited to a minimum angle of 40 s of
arc. Its accuracy might not be enough to produce true analytical differences.

How the variations in relative peripheral refraction, spherical aberration, and amplitude of accommodation found with the contact
lenses used in this study, especially with the SoftOK lens, influence the course of myopia progression remains to be investigated in
future studies.
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