
Journal of Optometry 15 (2022) 305�312

www.journalofoptometry.org
ORIGINAL ARTICLE
Visual performance with multifocal corneal gas-
permeable contact lenses in young adults: A pilot study
Muteb Alanazia,b,*, Patrick Carolineb, Matthew Lampab, Maria Liuc
a Optometry Department, College of Applied Medical Sciences, King Saud University, Riyadh, Saudi Arabia
b College of Optometry, Pacific University, Forest Grove, OR, United States
c UC Berkeley School of Optometry, Berkeley, CA, USA
Received 16 August 2021; accepted 11 January 2022

Available online 2 February 2022
* Corresponding author at: King Sa
Arabia 11451.

E-mail address: mkalanazi@ksu.edu

https://doi.org/10.1016/j.optom.202
1888-4296/© 2022 Spanish General Co
NC-ND license (http://creativecommo
Abstract
Objectives: To evaluate the performance of four experimental multifocal gas permeable contact
lens (MFGPCL) designs and their impact on visual function in young adults.
Methods: Seventeen young adults (age, 23.17 § 4.48 years) enrolled in the study. Each partici-
pant was randomly assigned to wear two of four MFGPCL designs. They wore the first type of the
assigned lens binocularly for one week and, after one week of washout period, wore another
design on both eyes for another week. The four MFGPCL designs were as follows: design A (dis-
tance zone [DZ] 1.5 mm / add 3.0 D), B (DZ 1.5 mm / add 1.5 D), C (DZ 3.0 mm / add 3.0 D), and
D (DZ 3.0 mm / add 1.5 D). Baseline visual acuity, contrast sensitivity function, and accommoda-
tion data were collected at baseline and repeated after one week of MFGPCL daily wear.
Results: Distance and near visual acuities were not significant affected with the four MFGPCL
designs. Contrast sensitivity was significantly lower in design A across all measured spatial fre-
quencies (p < 0.05), with no significant impact from other designs on all frequencies. No signifi-
cant effect was observed on accommodation measured at 33 cm (p > 0.05).
Conclusions: Three of the investigated MFGPCL designs preserve satisfactory visual perfor-
mance. Lens design A incorporated with higher add and smaller center zone diameter had a
stronger impact on the visual performance.
© 2022 Spanish General Council of Optometry. Published by Elsevier España, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Introduction

Myopia prevalence worldwide has become a public health
concern, particularly due to its associated risks of
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developing serious ocular pathologies such as retinal detach-
ment, cataract, and glaucoma.1

It is established from landmark animal studies and clinical
studies that imposed hyperopic retinal defocus has been
identified to promote ocular growth while myopic defocus,
either imposed with a strong bias towards peripheral retina
or superimposed with hyperopic defocus, may inhibit
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excessive ocular growth and control myopia. Consistent with
findings from experimental myopia models, converging evi-
dence from clinical studies have shown significant myopia
inhibiting effect of optical treatments such as overnight
orthokeratology or daytime multifocal contact lenses
(MFCL), which shared common features of inducing myopic
defocus to the retina while correcting central myopia.

Comparing to that achieved with spectacle corrections,
the use of contact lenses is preferred because of their gaze-
independent property hence providing a relatively constant
peripheral myopic defocus.2 In recent years, the use of
MFCLs for myopia management has increased dramatically
both off-label or with official FDA approval.

Although MFSCL with a center distance (center D) design is
more commonly used clinically for myopia control, lenses with
center near (center N) design, which impose opposite defocus
profiles and patterns of spherical aberrations relative to a cen-
ter D design, have also been shown to be highly effective in
slowing axial elongation in animal models.3,4 Additionally,
although it tends to be positive dose-dependent relationships
between the overall anti-myopia effect and both the magni-
tude of plus power incorporated into the lenses and allocated
area, higher add power in MFCLs may lead to adaptation
issues, reduced vision, and induced optical aberrations.5 As a
result, it is critical and highly clinically relevant to study the
ideal balance in MFCL designs in which the add power and the
relative area distribution between the distance and near
optics offer effective anti-myopia dosage without inducing a
significant impact on visual performance.

Even though MFCL in soft materials are more commonly
prescribed in children for myopia management,6,7 lenses
made in gas permeable materials (MFGPCL) provide a viable
alternative in certain myopes. First of all, MFGPCL offers
great potential for customization comparing to MFSCL. Both
the size of each optic zone and the magnitude of the plus
power can be easily modified with great reproducibility and
fast turnover. Additionally, the back surface toric design
enables ideal fitting and minimizes large residual astigma-
tism in patients with significant corneal toricity, who are
often excluded from MFSCL studies or clinical treatment.
Finally, like MFSCL, MFGPCL provides full distance correction
to a wide range of myopia, which can be challenging in over-
night OrthoK treatment. Overall, the unique combination of
its customizability and its application to a wide range of
astigmatic and myopic refractive errors made MFGPCL an
essential option in the whole myopia management toolbox.
Despite all of its advantages, the popularity of MFGPCL is
mostly limited by its initial discomfort and longer adaptation
periods compared to soft lenses. More importantly, the lack
of efficacy of standard single vision (SV) GP lenses as a
myopia controlling option had left an impression among
clinicians that GPCL was ineffective as an anti-myopia treat-
ment. It is worth clarifying that the optical design of SVGPCL
is drastically different than that of MFGPCL, in which no
competing myopic defocus is incorporated in the optics of
the lens and is believed to be the underlying reason of its
apparent lack of anti-myopia efficacy.8,9 Nonetheless,
recent studies demonstrated the efficacy of MFGPCL in gen-
erating a significant myopic shift in peripheral refraction,
which was greater than the magnitude produced by
MFSCLs.10,11 With its great potential as an anti-myopia
option, a complete assessment of visual performance
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functions provided by MFGPCLs is critical to improve
MFGPCLs’ tolerance and long-term compliance.

The present study, which was the first phase of a two-phase
project, aimed to investigate the effect of several center-dis-
tance MFGPCL designs on visual performance and optical qual-
ity. Its short-term impact on the change of the choroidal
thickness, a potential surrogate marker for the long-term axial
inhibiting effect, will be reported elsewhere.
Methods

Subjects

The participants had a range of racial backgrounds, includ-
ing Caucasian (n = 9), Asian (n = 4), and Hispanic (n = 4). The
refractive error and ocular health of the participants were
assessed by performing non-cycloplegic subjective refrac-
tion and slit-lamp examination. Only participants with best-
corrected distance visual acuity of 0.0 logMAR were
recruited. The maximum value of astigmatism was �1.75 D.
All participants had no history of past ocular surgeries and
were not using any systemic or topical medications known to
contraindicate contact lens wear.

Study design

Study protocol
This prospective randomized incomplete balanced block
design study tested the visual performance in young adults
with four center-distance multifocal GP lenses; each lens
design varies in the center zone diameter or the add powers.
Only two lens designs were randomly assigned for each subject
to minimize incomplete data and unnecessary drop-out. They
wore each allocated lens for 7 days over four scheduled visits
(baseline/dispense lens 1, one week lens 1, baseline/dispense
lens 2, one week lens 2) with a one-week washout period
between the two lens types. Baseline measurements were
obtained at the beginning prior to dispensing the lenses. Pupil
size and angle kappa were measured using Nidek OPD Scan III
(Nidek Technologies, Gamagori, Japan). To allow for adapta-
tion, the follow-up measurements were taken after one week
of lens wear. Subjects were instructed to wear the lenses for
at least 4 h per day and not to sleep with the lenses. During
the one-week-long washout period between the two lens-
wearing treatments, subjects wore their spectacles.

This study followed the tenets of the Declaration of Hel-
sinki, and approval was obtained from the Institutional Review
Board (IRB) of Pacific University before the commencement of
the study. All participants gave their informed written consent
prior to study participation after being informed about the
nature and possible consequences of participating in the
study. Subjects were screened before enrolment and found to
be in good ocular health and free from ocular disease.

Multifocal gas-permeable lens (MFGPCL) designs and
fitting
Four experimental center-distance MFGPCL designs (A, B, C,
and D) were investigated in this study. All designs have a
total optic zone diameter of 9 mm with a distance zone (DZ)
that has the full distance correction. With these four optical
designs, two add powers (+ 1.50 vs. + 3.00 D), and two
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center zone diameters (1.5 mm vs. 3.0 mm) were tested.
Lens design A and B have an identical DZ diameter of 1.5 mm
with the add power starting at the central geometric end-
point of DZ and provide +3.00 D (design A) or +1.50 D (design
B) add plus power (5.0-mm chord diameter) to achieve
approximately +4.00 D add (design A) and +2.50 D add
(design B) at the edge of the optical zone (9-mm chord diam-
eter). Lens designs C and D shared a 3.0 mm DZ diameter
with the add power starting at the central geometric end-
point of DZ and providing +3.00 D (design C) or +1.50 D
(design D) add plus power (5.0-mm chord diameter) to
achieve approximately +4.00 D (design C) or +2.50 D (design
D) at the edge of the optical zone (9-mm chord diameter).
Fig. 1A and B show the schematic diagrams of the four
designs and their power profiles. ConTest II (Rotlex, Omer,
Israel) was used to confirm the contact lens power profile.
Figure 1 Schematic diagram of optical zone geometries and
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All MFGPCLs were made of Boston XO (Hexafocon A) material
with Dk of 100 (ISO/FATT cgs unit) and a refractive index of
1.415. The overall diameter of the MFGPCLs was 0.80 mm
less than the participant’s horizontal visible iris diameter.
The fluorescein pattern and the topographic map of the lens
anterior surface are presented in Fig. 2.

The MFGPCL was fitted based on the participant’s subjective
refraction, corneal curvature, and visible iris diameter. The
corneal topography was obtained using a Medmont E300 cor-
neal topographer (Medmont Pty, Ltd., Melbourne, Australia).
Over-refraction was done at the trial visit and adjustments to
the final prescription were made, and a new lens was ordered
if discrepancies greater than§ 0.25 D were found. The lens fit-
ting was evaluated for centration on lateral gaze movements
using the slit-lamp biomicroscope. All lenses were fitted within
the desired limits of less than 0.50 of decentration on blink.
power profile (B) of the MFGPCL designs used in the study.



Figure 2 An image illustrates the fluorescein pattern with an optimal fittinig of large diameter MFGPCL (A) and a topographic map
of the MFGPCL anterior surface (B).

M. Alanazi, P. Caroline, M. Lampa et al.
Measurements and data collection procedures

Visual acuity (VA) and contrast sensitivity (CS)
Visual acuity and contrast sensitivity measurements were
obtained after one week of lens wear and were compared
with the subject’s best spectacle correction. Distance visual
acuity was measured monocularly using a ClearChart 2
(Reichert, Inc.) subtended 4.75° x 6.05° at 3.6 m. Snellen
optotypes were presented for the subject to identify (dis-
play luminance was approximately 220 cd/m2). Near visual
acuity was measured with Lighthouse Near Visual Acuity
Card (2nd ed.; Lighthouse International) placed at 40 cm.

Contrast sensitivity test was performed monocularly
using static sinusoidal gratings (stimulus size: 1.8° x 1.8°) at
five spatial frequencies of 1.5, 3.0, 6.0, 12, and 18 cycles
per degree using ClearChart 2. The stimuli were presented
under photopic conditions (the display luminance was
approximately 85 cd/m2) in three possible orientations: ver-
tical and tilted 45 ° to the left or right. Each of the tested
spatial frequencies had 14 different levels of contrast. The
threshold value was determined using a descendent psycho-
physical procedure. The subjects were asked to identify the
orientation of the sinusoidal gratings. The contrast level of
the last correct response was defined as the contrast thresh-
old. The results were recorded as contrast sensitivity levels
and subsequently expressed as logarithmic values for each
spatial frequency. The area under the logarithmic contrast
sensitivity function (AULCSF) was calculated as an index of
the overall contrast sensitivity.

Accommodative response
The monocular accommodative response was measured in
the right eyes with the multifocal GP lens designs. The
accommodation measurements were obtained while occlud-
ing the left eye and the subjects reading a high contrast text
presented at 33 cm (3 D) subtended 8.6° x 1.7°. The size of
the text used was adjusted to ensure the letters subtended
at 7.5 min arc (20/30). Target luminance was 25 cd/m2.
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Refraction was measured using an open-field Grand Seiko
WAM-5500 auto-refractor (Grand Seiko Co. Ltd., Hiroshima,
Japan). Subjects were instructed to view the target and
keep the text as clear as possible at all times. When the sub-
ject reported that the target was clear, 20 readings were
taken with the auto-refractor. The accommodative response
was taken as the recorded spherical equivalent with the sign
reversed. It, therefore, included the combined effects of
the eye and any lens worn. The accommodation measure-
ments were compared to ones obtained with single vision
soft contact lenses (SVSCL). All SVSCLs were comfilcon A Si-
Hy material (BiofinityTM, CooperVision, Rochester, NY) and
contained the subject’s distance correction. Participants
with astigmatic refractive error < �0.75 D, Biofinity toric
single vision soft contact lenses were used.

Subjective response
After seven days of lens wear, participants rated each lens
design binocularly for comfort and vision using a question-
naire developed by Fedtke et al.12,13 The questionnaire con-
tained seven questions evaluating distance, intermediate
and near vision, as well as visual performance in dim illumi-
nation and overall comfort. The questionnaire used a
numeric rating scale, ranging from 0 to 10 in 1-unit steps,
where 0 indicates worst visual performance, and 10 indi-
cates best performance.

Statistical analysis

Descriptive statistics were calculated for demographic and
baseline data. A within-subject analysis of variance of score
change was performed to assess changes in visual acuity,
contrast sensitivity, and accommodative response by
MFGPCL type. Post-hoc multiple comparisons with Bonfer-
roni adjustment were used to compare differences between
four MFGPCLs. A p-value of < 0.05 was considered to be sta-
tistically significant. All statistical analyses were conducted
using SPSS version 26 (SPSS, Chicago, IL).
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Results

Seventeen healthy young adults with a mean age of
23.17 § 4.48 years and a spherical equivalent of
�3.18 § 2.59 D were recruited.

Effects on distance and near visual acuities (VAs)

The change in distance VA and near VA (logMAR) obtained
with each MFGPCL design are presented in Table 1. All four
experimental MFGPCLs showed no statistical significant dif-
ference on distance visual acuity (main effect: F (3, 44) = 1.5,
p = 0.22). All MFGPCL designs did not impact near VA (main
effect: F (3, 53) = 1.5, p = 0.21). Means of change § standard
errors are shown in Table 1.

Effects on distance contrast sensitivity

In Table 1, which represented the change in area under the
logarithmic contrast sensitivity function (AULCSF) with
each MFGPCL design, it was noticeable that the mean
change contrast sensitivity was significantly reduced (main
effect of lens design: F (3,50) = 10.1, p < 0.001). The posthoc
test showed that a significant reduction in AULCSF occurred
only with lens design A, which had high add (+3.00 D) and a
small center zone (1.50 mm) when compared to the other
three tested designs. Change score analysis was also per-
formed to investigate the impact of the lenses on five spatial
frequencies. The change in each of the five spatial frequen-
cies (Fig. 3) showed that the deterioration of distance con-
trast sensitivity in the case of lens A (main effect of lens
design: F (3260) = 19.7, p < 0.001). It also showed that lens
designs were independent of spatial frequency (lens design
x frequency interaction: F(12,271) = 0.30, p = 0.99). The pupil
size and angle kappa data were collected and included in
the analysis. Our results showed pupil size and angle kappa
tested not significant on visual acuity and distance contrast
sensitivity (p = 0.36 and p = 0.12, respectively). Considering
the highly clinical importance of those two variables, it is
worth pursuing the potential association in a larger study.

Effects on accommodation

The change in accommodative lag was recorded with the sin-
gle vision soft contact lens (SVSCL) and the four MFGPCL
designs at a 33 cm test distance. Subjects exhibited no sig-
nificant change in accommodative lag between the four
experimental MFGPCL designs (main effect: F (3,21.7) = 0.90,
p = 0.46) (Table 2).
Table 1 Mean and SE of change in DVA, NVA, and AULCSF with the

DVA (logMAR)

mean § SE p-value mea

A (DZ1.5/add3.0) 0.058§0.058 0.22 0.01
B (DZ1.5/add1.5) 0.022§0.022 0.00
C (DZ3.0/add3.0) 0.034§0.034 0.00
D (DZ3.0/add1.5) 0.027§0.027 0.00

* p < 0.05.
y statistically significant difference compared to other MFGPCL design
ment (p-value<0.05).
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Subjective response to vision and comfort

Fig. 4 shows significant effect of lens design on the subjec-
tive ratings of lens performance after one-week lens adapta-
tion (F(3,20.5) = 5.73, p < 0.01). Post hoc comparison showed
that distance vision and vision while walking were signifi-
cantly worse with design A (DZ1.5/add3.0) than with other
designs. No significant effect of MFGPCL design was observed
on intermediate and near vision performance.
Discussion

MFSCLs are one of the evidence-based optical treatments
used for myopia control. The use of center distance with
peripheral add designs has been increasing in recent years.
The impact of MFSCL on visual function was investigated in
several studies; however, similar optical concepts applying
to GP modality and their impact on myopia progression and
visual functions have been poorly explored. It has been
reported that acceptable visual performance with MFCLs is
critical to good long-term compliance. This pilot study
aimed to examine the effect of several center-distance
peripheral-near MFGPCLs, designed specifically for myopia
control, on visual functions including visual acuity, contrast
sensitivity, and accommodation, using four MFGPCL optical
designs with two different peripheral near additions (+1.50
and +3.00 D) and two center zone sizes (1.5 and 3.0 mm).

This pilot study did not find a significant impact of either
the add power or the relative area of distance vs. center
optics on DVA, likely due to the smaller sample size hence
reduced statistical power. However, the subjective rating
showed that design A deteriorated distance vision more than
other lens designs. Kang et al.14 found a reduction of 3.5 let-
ters in distance VA with MFSCL with +3.00 D add power.
Another study by Sanchez et al. noticed one line decline in
distance VA when MFSCL with low and high add powers
(+1.50 D and +2.50 D) were used in young adults.15 Schulle
et al. found that an overcorrection of 0.50 to 0.75 D is
required to improve the declined distance VA with MFSCLs
with +2.50 D add power to best-corrected VA.16 All MFGPCL
designs in the current study showed no significant reduction
in near visual acuity. Participants’ responses to intermediate
and near vision showed similar performance scores among
all designs.

The discrepancy between change in distance VA and CS
with lens A could primarily be explained by the fact that it
was easier to resolve fine details at distance. It also indi-
cated that distance VA only measured the ability of the eye
four MFGPCL designs.

NVA (logMAR) AULCSF

n § SE p-value mean § SE p-value

7§0.006 0.21 �4.3 § 0.67y <0.001*
6§0.005 �1.5 § 0.58
5§0.006 �1.9 § 0.64
2§0.005 �0.9 § 0.58

s based on Post-hoc multiple comparisons with Bonferroni adjust-



Figure 3 Mean § SE of change in contrast sensitivity as a function of spatial frequency measured with four MFGPCL designs. Error
bars represent standard errors, the asterisk (*) symbols indicate a statistically significant difference compared to other MFGPCL
designs based on Post-hoc multiple comparisons with Bonferroni adjustment (p-value<0.05).

Table 2 Mean and SD (standard deviation) of accommoda-
tive lag with SVCL and Mean and SE (standard error) of
change in accommodative lag obtained with the four MFGP
lens designs.

Single vision Contact lens (mean § SD) 0.64 § 0.23 D

Contact Lens Design Mean § SE

A (DZ1.5/add3.0) 0.37 § 0.19 D
B (DZ1.5/add1.5) 0.64 § 0.15 D
C (DZ3.0/add3.0) 0.43 § 0.17 D
D (DZ3.0/add1.5) 0.34 § 0.15 D
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to resolve details at a specific distance with high contrast.
Studies have indicated that VA alone is less informative to
assess visual function than contrast sensitivity.17 Distance
contrast sensitivity (CS) provides more insights in evaluating
the visual function. In this study, distance CS function was
measured at five spatial frequencies. As expected, contrast
sensitivity function was higher for single vision spectacles
than MFGPCLs. A significant reduction in contrast sensitivity
function was found with MFGPCL design A (DZ1.5/add3.0).
Similar findings have been reported in other studies. It
seems the contrast sensitivity function is largely dependent
on MFCL design and add power. Sanchez et al. found a
reduced contrast sensitivity function in subjects wearing
MFSCLs with low to medium add power (+1.50 and +2.50
D).15 A similar reduction was reported in children wearing
MFSCL (center distance with +2.50 D add).18 Przekoracka
and colleagues19 investigated the effect of MFSCL designs
with two add powers (2.00 and 4.00 D) as well as two center
zone sizes (3.0 and 4.5 mm) on contrast sensitivity. Add
power of 2.0 D reduced contrast sensitivity function signifi-
cantly but not with 4.0 D add. The two zone diameters did
not differ in contrast sensitivity function. Paun�e et al. tested
contrast sensitivity function with MFGPCL with 1.50 D add
power and found no significant difference when compared
to single vision GP lens or MFSCL with the same power pro-
file.10 Our results showed a combination of 3D add power
and 1.5 mm zone impacted contrast sensitivity across all
tested frequencies, while the impact from the other three
designs (B, C, and D) did not reach statistical significance.

Generally, myopes exhibit larger accommodative lag
compared to emmetropes and hyperopes.20,21 One of the
hypotheses regarding myopia development in children is
that the retinal hyperopic defocus experienced with
accommodative errors during near work stimulates ocular
elongation. The use of multifocal spectacle and contact lens
may reduce the accommodative focusing error. Some previ-
ous studies reported a reduced accommodative response
(more accommodative lag) with MFSCLs,14,18 whereas others
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found an increased accommodative response (reduced
lag).22 Ruiz-Alcocer et al. and Montes et al. measured
accommodative response measured at different accommo-
dative stimuli with two center- near MFSCLs designs [low (up
to +1.50 D) and high add (greater than +1.75 D)]. Their
results showed non-presbyopic young adults were accommo-
dating normally and found no significant change in accom-
modation with MFSCL compared to single vision soft contact
lens (SVSCL).23,24 The inconsistent findings from previous
studies may have been partially attributable to different
experimental setup and measurement techniques. Nonethe-
less, that suggests accommodative changes with MF optics
may not play an essential role in its myopia controlling
effect. Our data revealed no difference in accommodative
lag measured at 33 cm between all MFGPCL designs. It is
worth noting that single vision GP would offer a closer com-
parison to the tested MFGPCL designs. However, the signifi-
cant lens awareness, reflex tearing, and excessive lens
movement would significantly increase the variability of
accommodative measurements. Future studies in a longer
duration could benefit from a longer run-in period of single
vision GP wear, followed by an accommodative measure-
ment prior to switching to MFGPCL treatment.



Figure 4 Mean scores for the subjective responses obtained on one week of lens wear. Error bars represent 84% confidence interval.
Asterisks denote a statistically significant difference (p <0.05).
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The current study had three important limitations. First,
the longer-term impact of MFGPCL on visual functions was
not measured due to the short follow-up duration of the
study, which should be monitored in future studies since
myopia control treatments typically extend for years during
childhood. Second, the current study only involved young
adults with stable myopia or emmetropia. Same designs
offered to progressing myopic children may show different
behavior in visual performance such as accommodation and
subjective response. Last, this pilot study suffered from
a relatively small sample size nonetheless provided an
overview on how manipulating the add power and center
zone diameter in center-distance MFGPCL designs could
impact visual performance in young adults. Furthermore,
it is noted that this is a preliminary study exploring the
important parameters of MFGP designs in impacting visual
performance. Due to the consequence of dropout, not all
subjects were worn all lens designs which may impact the
power of the analysis. Future studies with a larger sample is
suggested.

To our knowledge, this was the first study to explore the
impact of several experimental center-distance MFGPCL on
visual functions in non-presbyopes. The impact on visual
function was similar to what was found with MFSCLs in visual
acuity, contrast sensitivity function, and accommodation.
The results of this study indicated that MFGPCL in various
distance zone sizes and add powers, fitted to young myopes,
were quickly adapted and well-tolerated without significant
visual compromise as observed by visual acuity and contrast
sensitivity except with design A (DZ1.5/add3.0). A longer
study using the three promising designs (B, C, and D) in the
311
pediatric population is warranted to confirm its long-term
tolerance and anti-myopia efficacy.
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