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ABSTRACT

Introduction: To report the 1-year efficacy of
Myofix Defocus spectacles, designed to control
the progression of myopia in childhood.

Methods: A total of 47 children with myo-
pia aged 7-15 years were enrolled. Cyclople-
gic objective refraction (spherical equivalent
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refraction, SE) and axial length (AL) were meas-
ured at baseline, 6 months, and 12 months.
Linear regression models were used to identify
risk factors of 12-month changes in SE and AL.
For comparison, two virtual control groups of
children were included. Tolerance was assessed
through a questionnaire at each follow-up visit.
Results: Of the initial cohort, 11 participants
were lost to follow-up after 6 months due to
reasons unrelated to lens design (77.1% reten-
tion rate). Over 12 months, the mean SE change
in all eyes was — 0.21+0.30 D, and AL change
was 0.19+0.13 mm. Progression was signifi-
cantly different in participants who reported
good compared to poor compliance (p<0.001).
At the 12-month follow-up, participants with
good compliance had a mean SE progression
of - 0.12+£0.25 D and a mean AL change of
0.17+£0.11 mm. In virtual controls, the mean
annual SE progression was — 0.47+£0.36 D, and
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AL change was 0.26+£0.17 mm (both p<0.001).
In compliant participants, Myofix Defocus lens
demonstrated a 75% reduction in SE and 37%
reduction in AL compared to virtual controls.
Conclusions: After 1 year, Myofix Defocus
spectacles slowed myopia progression in chil-
dren, demonstrating comparable efficacy to
other defocus-incorporated spectacle designs.
Greater compliance resulted in better treatment
effect. Further long-term studies are warranted
to confirm these findings.

Trial Registration: ClinicalTrials.gov identi-
fier: NCT07092072. Registered retrospectively
on July 29, 2025.

Keywords: Myopia control spectacles; Full-
field defocus design; Tolerance; Efficacy

Key Summary Points

Why carry out this study?

To evaluate the efficacy of a full-field periph-
eral defocus spectacle lens (Myofix, Novar)
for myopia control.

The study tested the hypothesis that this new
lens would be as effective as other commer-
cially available options developed for myopia
control.

What was learned from the study?

After 12 months of prospective follow-up,
tull-field defocus spectacles were effective in
reducing myopia progression.
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The straightforward design and demon-
strated effectiveness of this lens suggest that
it represents a practical option for managing
myopia.

INTRODUCTION

Refractive errors are considered the second
leading cause of visual impairment worldwide
[1]. Highly educated populations tend to have
higher rates of myopic refractive errors [2, 3],
highlighting the need to develop effective
treatments to ensure that the next generations
can pursue advanced education without an
increased risk of developing myopia. In 2001,
Saw et al. [4], reported a marked increase in the
prevalence of myopia among Singapore con-
scripts within a single generation, suggesting
that environmental rather than genetic factors
were primarily responsible for this rapid rise
[2]. Since then, a myopia epidemic has clearly
emerged in East and Southeast Asia. Numerous
studies have confirmed this trend, with alarming
projections for the development of high myo-
pia in large segments of the population [5-7]. In
contrast, Latin-American countries such as Bra-
zil and Argentina have reported myopia preva-
lence rates of approximately 15-30% in adults
[8], with urban youth populations reaching up
to one-third affected [9]. Despite the relatively
low prevalence among adults in the city of Bue-
nos Aires, it is important to acknowledge that
myopia progression can lead to pathological
changes in ocular structures such as the retina,
choroid and macula, being the leading cause
of legal blindness in large urban settings [10,
11]. These degenerative changes are among
the leading causes of irreversible vision loss
and blindness, particularly in individuals with
refractive error exceeding — 5.00 to — 6.00 diop-
ters [6, 12]. In Buenos Aires, a study conducted
among office workers at the beginning of this
century reported a prevalence of high myopia
less than 2% [13], yet despite its low prevalence,
it remains a leading cause of visual impairment
in the region [10].
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Low-dose atropine (0.01-0.05%) has been
used as a first-line treatment to slow myopia
progression [14-17]. However, despite its low
concentration, some pediatric ophthalmologists
remain concerned about the potential long-term
effects of daily use over several years. Therefore,
there is growing interest in developing less inva-
sive therapeutic methods for myopia control
[14, 18]. Recent randomized controlled trials
have demonstrated promising outcomes with
various designs of peripheral defocus or con-
trast modulation spectacles and contact lenses
[19]. These specially designed spectacles may
serve as alternative spectacles to standard single-
vision lenses for children with myopia, as these
may promote myopia progression by imposing
peripheral hyperopic defocus [20]. This study
investigated compliance and myopia progres-
sion over a 1-year period using a new defocus
spectacle design (Myofix, Novar) [21].

METHODS

The Myofix Defocus Study was a longitudinal,
prospective, interventional, non-randomized
research study developed to evaluate the tol-
erability, compliance, safety, and effectiveness
of specially designed spectacles for myopia
control in children. Baseline data and meth-
ods have been published previously [21]. This
study included children aged 7-15 years who
voluntarily agreed to use the Defocus spectacles
for 1 year. Eligible participants were a consecu-
tive series of children diagnosed with myopia,
attending accredited private practice ophthal-
mology clinics across Argentina. Inclusion
criteria were the absence of ocular pathology
other than myopia, with spherical equivalent
(SE=sphere + [cylinder/2]) between<- 0.50 D
and - 5.00 D, astigmatism less than — 2.00 D,
anisometropia less than — 1.00 D, and keratom-
etry less than 47.00 D in the steepest meridian.
The corrected distance visual acuity based on
subjective refraction was required to be 0.1 log-
MAR (20/25 Feet Snellen) or better in each eye.
Exclusion criteria included myopia with onset
before the age of 6 years, any genetic syndromes,
or current medical treatment for myopia other

than single vision spectacle correction. Subjects
who had previously undergone any form of
myopia control treatment were excluded.

At the baseline visit, all participants under-
went a comprehensive ophthalmological evalu-
ation, including subjective refraction and cyclo-
plegic refraction [21]. Cycloplegia was induced
with two drops of 1% cyclopentolate, instilled
5 min apart, and the refractive assessment was
performed 45 min after the first drop. Cyclo-
plegic refraction and axial length (AL) meas-
urements (using optical biometry) were con-
ducted at baseline, 6 months, and 12 months.
A detailed questionnaire was administered to
collect data on lifestyle habits and family his-
tory, including reading and outdoor exposure,
hours of schooling, age of first prescription, and
family history of high myopia. Besides, bedtime
use of smartphones, and use of inverted contrast
in electronic devices were also explored. Com-
pliance with spectacle use was assessed through
two methods at the 6- and 12-month visits. First,
a structured questionnaire administered during
follow-up visits asked whether the child wore
the spectacles full-time or only part of the day
(morning or afternoon), and whether they used
them at home, outdoors, or both. The question-
naire also included a question on tolerance, ask-
ing whether the spectacles were well accepted.
In addition, at both follow-up visits, children
were asked three specific questions to assess tol-
erance: whether they experienced any discom-
fort or difficulty when moving their head while
reading, walking, or during lateral gaze. Second,
the ophthalmologist independently evaluated
and recorded overall compliance as ‘good’ or
'poor’ in the clinical history, providing explana-
tory comments in the ‘observations’ section.

All participants received a pair of spectacles
(Myofix, Novar, USA) with frames (Usual, Argen-
tina) at no cost for the duration of the 1-year
study. Children were instructed to wear the spec-
tacles every day full-time and were evaluated at
6-month intervals. The Myofix lens design con-
sists of a 9-mm central optical zone for distance
correction, surrounded by a peripheral zone
providing approximately +3.50 D of additional
power to induce peripheral myopic defocus
(Fig. 1). A preliminary questionnaire taken by
45 children who were fitted for 1 month with
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these spectacles at La Piramide Optics (Mendoza,
Argentina) reported good tolerance in 80% of
cases [21]. While most participants experienced
some initial adaptation difficulties during
the first 2 days, tolerance improved markedly
thereafter.

Participants were recruited from 13 optical
centers and 15 ophthalmological institutions.
These institutions were included after confirm-
ing that their affiliated pediatric ophthalmolo-
gists were equipped to perform standard myopia
assessments, including cycloplegic autorefrac-
tion and AL measurements using the Lenstar
(Haag Streit), Aladdin (Zeiss), or Myah (Topcon)
biometers. Both ophthalmologists and opticians
received 6 h of training to ensure standardized
adherence to the study protocol, including the
procedures for refraction, biometry, and fitting
of Myofix spectacles. Training also covered data
entry using a secure, encrypted online platform
developed by Novar, which was used to record
clinical information. Opticians received addi-
tional online instructions focused on accurate

centration of the lenses and the selection of
appropriate frames to ensure proper position-
ing of the peripheral treatment zone around the
visual axis.

Reference Data

For the virtual control group, data were obtained
from 114 children followed with cycloplegic
refractions by the Pandemic Study Group dur-
ing 2018-2019 [22]. In addition, another virtual
control group was derived from a U.S.-based
randomized clinical trial that publicly reported
cycloplegic refraction and biometry data in a
comparable sample of children with myopia.
The untreated arm in that study served as the
control group for evaluating the effect of low-
dose atropine [23]. As both control datasets
included younger participants, only those aged
7 years or older at baseline were selected for this
analysis to match the age distribution of the cur-
rent study cohort. This resulted in the inclusion
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Fig. 1 Myofix design with a 9-mm central zone for distance myopic correction and peripheral add
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of 70 children for the Pandemic Study (Argen-
tina) [22] and 41 children from the U.S.-based
study [23] . Additionally, AL growth in our study
cohort was compared to recently published
emmetropic growth curves from age-matched
white children [24].

Ethics

The study protocol was approved by the Ethics
Committee of the Argentine Society of Ophthal-
mology and the Government of Buenos Aires
City (March 2023; Registration No. 8638). The
study was also registered with the ClinicalTrials.
gov Identifier Number: NCT07092072. https://
clinicaltrials.gov/study/NCT07092072?cond=
myofix&rank=1

Patients who exhibited a myopia progres-
sion of — 0.50 D or more within 6 months were
excluded from further follow-up. As recom-
mended by the ethics committee, these par-
ticipants were transitioned to treatment with
low-dose atropine. The study was conducted
in accordance with the Declaration of Helsinki
and its amendments, Good Clinical Practice
(GCP) guidelines, and Resolution 1480/11 of the
Argentine Ministry of Health. Both parents were
verbally informed about the study objectives,
and written informed consent was obtained
from both parents and children. Participant ano-
nymity was strictly preserved, with all identify-
ing information removed from the dataset prior
to statistical analysis.

Statistical Analysis

Continuous variables are presented as
mean tstandard deviation, and categorical vari-
ables are reported as absolute frequencies and
percentages. The sample size was estimated at
40 participants [21] based on detecting a mean
difference of 0.25 D in myopia progression com-
pared with virtual controls, assuming a standard
deviation of 0.50 D, an a level of 0.05, and a sta-
tistical power of 80%. This calculation resulted
in a minimum of 31 subjects required. Consider-
ing a potential 20% loss to follow-up, the target
sample size was increased to 38-40 participants.
The final sample included 36 participants. There

was a strong correlation between SE values of the
right and left eyes at baseline (R=0.875, p<0.001),
with no significant difference between them
(paired t test, p=0.085). The statistical analysis was
based on the average change in SE or AL across
both eyes following similar methods in a previous
atropine trial [25]. This approach was supported
by similar correlations between the two eyes
observed for AL at baseline and for changes in SE
and AL during follow-up (data not shown). Differ-
ences in myopia progression (SE and AL) between
the study group and virtual control groups were
analyzed using Student’s t test. To identify predic-
tors of 12-month change in SE and AL, multiple
linear regression models were constructed, adjust-
ing for relevant covariates including age, sex,
baseline SE, AL, compliance, and parental history
of high myopia. To reduce the risk of overfitting
due to the relatively small sample size, the num-
ber of predictors in each model were limited and
progressively simplified in the models across three
steps: Model 1 included five predictors: parental
history of myopia, age at baseline, sex, mean base-
line SE (for the SE model) or mean baseline AL
(for the AL model), and treatment compliance at
12 months; Model 2 excluded parental history of
myopia for the SE model and mean baseline AL
for AL model, retaining four predictors. Model
3 further excluded variables based on statistical
insignificance or model fit criteria, leaving three
core predictors: mean baseline SE, sex, compli-
ance at 12 months for the SE model, parental his-
tory of myopia, age at baseline, and compliance
at 12 months for the AL model. A p<0.05 was
used to determine statistical significance. Statisti-
cal analyses were conducted using Microsoft Excel
(Microsoft Corp., Redmond, WA, USA), SPSS Sta-
tistics version 25 (IBM Corp., Armonk, NY, USA),
and R (R Foundation for Statistical Computing,
Vienna, Austria) for data visualization.

RESULTS

A total of 47 patients were enrolled between
June 2023 and April 2024, with a planned
follow-up duration of 1 year. By the 6-month
visit, 11 children were lost to follow-up (77.1%
retention rate). Of these, four discontinued
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their participation due to personal reasons or
relocation to another city or country. Among
the remaining seven, one child discontinued
use of the spectacles for esthetic reasons, spe-
cifically dissatisfaction with the frames, and
did not return for replacement. The other six
were young children with low baseline myo-
pia (- 0.50 to - 1.00 D), who were not regular
spectacle users and did not wear the study spec-
tacles at all. These children showed a myopic
progression of — 0.50 D over the first 6 months
and, in accordance with the Ethics Committee’s
guidance, were withdrawn from the study. They
were prescribed standard single-vision spectacles
and initiated low-dose atropine. This subgroup
represented 12.5% of non-users at the 6-month
follow-up. The flow chart is shown in Fig. 2.

The baseline characteristics of the 36 included
children are given in Table 1. Among partici-
pants, 5 had mothers with high myopia and 4
had fathers with high myopia. Most children
(23/36; 63.9%) attended school for only 4 h per
day. Half of the children (18/36, 50.0%) lived
in houses with gardens, while the remainder
resided in homes without gardens or high-rise
buildings. Seven children attended extracur-
ricular tutorial classes (19.4%). The baseline
characteristics of the two virtual control groups
(Pandemic [22] and US atropine group [23]) were
10.8+£2.0 and 10.7£1.4 years of age, and a SE of
-2.17+1.38 D and - 2.87+1.01 D, respectively.

Daily screen time with tablets or smartphones
averaged 2.41+0.79 h per day. Regarding bed-
time habits, 17 out of 33 children (51.5%)
reported going to bed with their mobile phone,
and 13 (39.4%) reported using inverted contrast
settings on their devices (dark mode).

The mean change in SE from baseline to
12 months was — 0.21+0.30 diopters, and the
mean AL change was 0.19+0.13 mm. SE progres-
sion was significantly different in participants
with good compliance compared with children
with poor compliance (Student’s £ test, p<0.001,
Fig. 3). In the good compliance group, children
had a mean SE progression of — 0.12+0.25 D
and a mean AL change of 0.17+0.11 mm over
12 months. No significant differences were
found in SE progression for sex, family history of
high myopia, schooling, type of housing, read-
ing at night with smartphones, age at baseline,

or tutorial classes in the univariate analysis.
Children who used inverted contrast settings on
electronic devices showed a trend for lower SE
progression compared to those using standard
contrast settings, although this difference did
not reach statistical significance (Student’s f test,
p=0.214; - 0.11 D vs. - 0.23 D, respectively, see
Supplementary Fig. 1). When participants were
divided into two age groups (<11 years and>12
years), no significant difference was found in the
proportion of children who reported going to
bed with their smartphones (40.0% vs. 69.2%,
7#=2.69, p=0.101). There was also a trend for
lower SE progression in children who used spec-
tacles the whole day vs. half a day (Student’s t
test, p=0.127; - 0.10 vs. — 0.25 D, respectively).

Among the 36 children who completed the
12-month follow-up, there were 11 children
classified as having poor compliance with spec-
tacle use. To further explore compliance, we
compared questionnaire responses regarding
spectacle tolerance with reported compliance
levels. Notably, 77.8% of children classified as
having poor compliance still reported that they
tolerated the lenses well (93.8% of the whole
sample tolerated the spectacles well). Over-
all, 75.4% of children reported no difficulties
while walking around or moving their head
when reading. When asked about wearing hab-
its, seven children (18.9%) indicated that they
did not use the spectacles at home, and eleven
(29.7%) reported they were not wearing them
outdoors. Reported reasons for non-compliance
at the 12-month follow-up (n=11) included
esthetical concerns in two female children who
switched to their previous frames, lost or break-
age of spectacles in two children who felt embar-
rassed to request a replacement and reverted to
use their previous prescription, and two children
who independently chose to wear standard con-
tact lenses (not designed for myopia control),
using the Myofix spectacles only few hours per
day. The remaining cases of poor compliance
involved children with low levels of myopia and
irregular spectacle use.

Supplementary Figures S2-S4 illustrate the
mean changes in SE, AL and AL/corneal cuz-
vature over 12 months in children wearing
Myofix defocus spectacles compared to a vir-
tual control group from Repka et al. [23] At
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[ Enrollment

Assessed for eligibility (n=53)

Excluded (n= 6)
+ Not meeting inclusion criteria (n= 3)

A 4

+ Declined to collect spectacles (n= 2)
+ Other reasons (n=1)

[ Allocation ]

!

Allocated to intervention (n= 47)

¢ Received allocated intervention (n=47)

I

[ Follow-Up ]
2

Lost to follow-up at 6 months (n=4)
+ Due to personal reasons/relocation

Discontinued intervention (n=7)

+ Esthetical concems (n=1)

¢ Poor compliance & progression >0.50 D at 6 months
(switched to atropine as per study protocol; n=6)

! [

Analysis

Analysed (n=36)

Included poor compliance at 12-month analysis (n=11)

+ Switched to contact lenses (n=2)

+ Switched to previous spectacles for aesthetic reasons (n=2)
+ Spectacles lost or broken and not replaced (n=2)

+ Low myopia with minimal dependence on spectacle use
(n=5)

Virtual controls
» The Pandemic Study Group, Argentina (n= 70)

- Repka et al. PEDIG Study, USA (n=41)

Fig.2 Flowchart of the Myofix spectacles for the control of myopia progression study

12 months, the mean SE progression in the
Myofix group was-0.21 D, substantially lower
than the-0.47 D observed in the control group
(p<0.001, Fig. S2a). A clear divergence in SE pro-
gression emerged after the 6-month mark, with
the Myofix group showing consistently slower
progression throughout the follow-up period.
Similarly, the mean axial elongation in the Myo-
fix group was 0.19 mm at 12 months, compared
to 0.26 mm in the US control group (p<0.01,

Fig. S2b). Although the difference in AL progres-
sion was less pronounced than that observed for
SE, the trend also significantly favored the Myo-
fix group.

Figure 4 shows individual trajectories of
SE (diopters) plotted against age (years) for
two study groups: the US atropine study con-
trol group and in the Myofix-treated group
(similar data for the Pandemic Study control
group and Myofix-treated group are provided
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Table 1 Descriptive statistics of the 36 included partici-
pants

Mean age (SD) (years) 109+1.9
Sex (female/male; 7) 18/18
Mean interval 6 months follow-up (days) ~ 182+30
Mean interval 12 months follow-up (days) 375+33
Mean spherical equivalent at baseline -272+1.02
(diopter)
Median spherical equivalent at baseline -272
(diopter)
Mean keratometry at baseline (diopter) 43.37+1.08
Mean axial length at baseline (mm) 24.57+0.75
Mean age of first spectacle prescription 7.58+1.86
(years)
Time per day spent on homework (h/day) 1.31+0.68
Time per week spent outdoors (h/day) 20.06+6.55
)
73]
E 0,004
=
% 0,12
o =
o 0201
=
w
2
040
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=
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GOOD POOR

REPORTED ADHERENCE AT 12 MONTHS

Fig.3 Mean
12 months of participants with good or poor compliance.
Whiskers represent the 95% confidence intervals

spherical  equivalent  progression in

in Supplementary Figure S5). In the control
group (left panel), most children showed a
clear trend toward increasing myopia over the

12-month follow-up, with relatively consist-
ent rates of progression across individuals.
In contrast, the Myofix-treated group (right
panel) demonstrated more varied responses
over 12 months. While some children experi-
enced minimal progression, others, particularly
those with poor compliance (indicated by dot-
ted lines), exhibited greater myopic shifts. These
findings suggest that Myofix lenses may help
slow myopia progression, especially when worn
consistently.

Figure 5 shows the individual axial growth
trajectories of boys and girls compared to
recently developed emmetropic axial growth
curves for European children. These curves were
designed to facilitate comparison of the slopes
of axial growth between normal, compensated
axial growth, and myopic progression in studies
lacking control groups.

The results of the multiple linear regression
are shown in Table 2. Across all three models,
treatment adherence at 12 months was con-
sistently associated with significant changes in
both SE and AL. Poor compliance was linked to
a greater AL elongation and a more myopic SE,
indicating worse myopia control. Age at baseline
showed a negative association with AL change,
suggesting that younger age was linked to
greater axial elongation. Other variables, includ-
ing parental history of high myopia, sex, and
baseline SE or AL, were not significantly associ-
ated with SE or AL changes in any of the models.

DISCUSSION

The Myofix Defocus Study was designed to
evaluate the tolerance and effectiveness of a
novel design of full-field peripheral defocus
spectacles developed in Argentina. These find-
ings show promising outcomes, with good
tolerance reported among children under the
age of 15 years (an age group known for its
great neural plasticity and adaptability when
receiving anisometropic or high astigmatic
prescriptions in pediatric ophthalmology prac-
tice). In the present trial, children with good
compliance (whole day users) and a mean age
of 11 years showed minimal progression of
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Fig.4 Individual trajectories of spherical equivalent
refractive error (diopters) plotted against age (years) for
two study groups. Left panel: Control group from the USA
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Table 2 continued

Mean difference AL (mm) at 12 months

Mean difference SE (D) at 12 months

Variables

Coef. (B) 95% CI Lower 95% CI Upper pvalue Coef.(B) 95% CI Lower 95% CI Upper p value

0.412

0.221

-0.093
-0.445

0.064
Complianceat - 0.274

Sex

0.003 0.122 0.050 0.193 0.002

-0.103

12 months

Bold values indicate the statistical significance (p < 0.05)

—-0.12 D over 12 months. These findings high-
light the critical role of adherence in influenc-
ing the efficacy of the myopia control inter-
vention over 12 months. As shown in Table 3,
when compared with other published studies,
this progression rate ranks among the lowest
reported in similarly aged cohorts over 1 year.

Comparison with Previous Studies and
Virtual Control Data

Conducting randomized controlled trials with
untreated control groups in myopia research
has become increasingly challenging due to
ethical concerns and loss of follow-up [26]. As
low-dose atropine (e.g., 0.01%) is now widely
recognized and endorsed by clinical guide-
lines as a first-line intervention, withhold-
ing treatment in control groups is no longer
considered acceptable in many settings [16,
17]. Consequently, studies employing natural
history control groups often experience high
dropout rates, as participants or their guard-
ians seek available therapeutic options to slow
myopia progression at nearby ophthalmology
centers. This trend reflects an evolving stand-
ard of care and highlights the need for alter-
native control strategies in future research,
such as the use of virtual control groups and
normative emmetropic growth curves [24,
27, 28]. For comparison, two virtual control
groups were used instead. First, a pre-pandemic
cohort of 70 Argentine children, with a mean
age of 11 years and myopia less than-4.00 D,
which were followed with cycloplegic refrac-
tions between 2018 and 2019. In this group,
the mean one-year progression was—0.48+0.52
D [22]. Moreover, a well-characterized control
group that received no treatment from a U.S.-
based randomized clinical trial on atropine
treatment in similarly-aged children [23] was
used as it provided publicly available data on
cycloplegic spherical equivalent and biometric
changes over 1 year. These two cohorts repre-
sent some of the best-documented examples
of untreated myopia progression and were
thus selected for comparison. The present
study compares its outcomes against one of
these groups, showing the change in SE over
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Table 3 Change in spherical equivalent (SE) and axial length (AL) at 12 months in different studies and virtual control
groups

First author Mean Baseline SER  Change Baseline AL Change
baseline inSE 12 inAL 12
age months months

Studies with treated groups

Myofix trial (only good compliance Iribarren 11.0 -2.86 -0.12 24.64 0.16
group)

Dot spectacles (USA) treated group Rappon 8.1 -2.00 -0.14 24.09 0.15
[29]

Indian Atom Study (INDIA) (Atropine Saxena 10.8 -3.50 -0.16 - 0.22
Group) [30]

Myosmart trial treated group (China) ~ Lam 10.2 -2.97 -0.17 24.60 0.11
(31]

Myofix trial of all included participants  Iribarren 11.0 -2.86 -0.21 24.64 0.19
(Argentina)

Myocare Treated Group (Spain) [32] Alvarez 10.0 -2.17 -0.20 24.34 0.09

Stellest Trial Treated Group (China) Bao 8.7 -2.70 -0.27 24.76 0.13
(33]

Lamp Study Atropina 0.05% (China) ~ Yam 8.5 -3.98 -0.27 24.85 0.20
(25]

Iranian Atropine Study Treated Group ~ Nangia 9.6 - 432 -0.31 - 0.29
(Iran) [30]

Mycon Lenses Treated Group (Russia) ~ Tarutta - - -0.33 - -
(34]

Shamir Lenses Treated Group (Isracl) ~ Cohen 9.9 -2.53 -0.48 24.27 0.21
(35]

Studies with control groups

Myocare Control Group (Spain) [32]  Alvarez 10.0 -1.90 - 041 24.17 0.23

Atropine study control group (USA) Repka 10.7 -2.87 -0.47 24.57 0.26
[23]

Pandemia control group (Argentina) Picotti 9.5 -2.17 -0.48 - -
[22]

Mycon Control Group (Russia) [34] Tarutta - - -0.53 - -

Dot Lenses Control Group (USA) [29] Rappon 8.1 -1.95 - 0.54 24.03 0.30

Myosmart Lenses Control Group Lam 10.0 -2.76 -0.55 24.70 0.32
(China) [31]

Myocare Control Group (China) [36]  Liu 8.5 -2.67 -0.56 24.65 0.26
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Table 3 continued

First author Mean Baseline SER  Change Baseline AL Change
baseline in SE 12 in AL 12
age months months
Lamp Study Control Group (China) Yam 8.4 -3.85 -0.59 24.82 0.36
[25]
Shamir Lenses Control Group (Isracl) ~ Cohen 9.9 -274 -0.64 24.39 0.32
[35]
Stellest Controls (China) [33] Bao 8.7 -2.46 -0.81 24.77 0.36
Myovison Controls (Japan) [37] Kanda 9.8 -3.36 -0.96 24.70 0.39

12 months between our treated cohort and the
U.S. control group. The second control group
exhibited similar, but slightly higher, SE pro-
gression at 12 months, suggesting that our
results would have appeared more favorable if
that group had been used for comparison.

Table 3 summarizes the outcomes of several
comparable studies conducted in Asia, allowing
for comparison of age ranges and progression
in both SE and AL. Our study was intention-
ally benchmarked against trials with the low-
est reported progression rates in untreated con-
trol groups of similarly aged children. Despite
this conservative comparison, the Myofix lens
demonstrated a 75% reduction in SE change
(= 0.35 D less progression) and a 37% reduction
in axial elongation (98 pm less elongation)
among children with good compliance, relative
to the natural history control group reported
by Repka et al. [23] Notably, the Myofix lens
differs from other myopia control spectacles
in its simplicity of design and manufacturing.
Unlike lenses that require pre-molded treat-
ment zones or proprietary blocks, the Myofix
design can be digitally carved using standard
equipment and locally sourced lens blanks in
any digital lab. This makes it a scalable and
accessible option for widespread implemen-
tation across countries without the need for
complex imports.

The myopia progression rate observed in the
Argentine Pandemic Study cohort (-0.48 D per
year) [22] closely aligns with that reported in
the control group of the U.S.-based Repka trial
(-=0.47 D) [23], which served as a benchmark
for comparison in the present study. These

progression rates, observed in children aged
10-11 years, are consistent with the values
reported in International Myopia Institute (IMI)
publications for similarly-aged groups [14, 38].
Notably, this rate of progression is lower than
that typically observed in East Asian popula-
tions, which may be partly explained by higher
levels of outdoor activity among Argentine chil-
dren. Previous research conducted in the same
region has shown that children spend, on aver-
age, more than 20 h per week outdoors, similar
to the children included in the present study
[39]. However, in our current regression analy-
sis, no significant association was found between
individual differences in outdoor exposure and
the rate of myopia progression within the study

group.

Additional Factors Potentially Influencing
Treatment Outcomes

Interestingly, none of the commonly recognized
risk factors were significantly associated with
myopia progression in this treatment group. In
this prospective study, myopia progression was
studied in relation to the habit of going to bed
with a smartphone in darkness and the use of
inverted contrast settings on electronic devices.
While recent research has indicated that read-
ing with defocus spectacles in dark environ-
ments may fail to trigger a choroidal thickening
response [40], a signal associated with slowed
eye growth, the lack of a clear effect on progres-
sion in our study underscores the need for fur-
ther investigation in this area. Notably, a small
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but non-significant trend toward reduced myo-
pia progression was observed in children who
used inverted contrast. This preliminary finding
supports the rationale for future clinical trials
investigating the impact of visual contrast polar-
ity [41] or red-in-focus strategies [42, 43], which
have already shown promising outcomes induc-
ing short-term choroidal thickening in experi-
mental settings over the past several years [44,
43].

When considering compliance and poten-
tial adverse effects of myopia control strategies,
spectacle-based interventions with peripheral
defocus zones offer a non-invasive alternative
that avoids the long-term ocular exposure to
pharmacological agents, such as atropine, which
may be required daily over many years. In the
present study, treatment was limited to children
aged 7 and older, with myopia onset after age
6 years, to exclude those with very early onset
who are at highest risk for rapid progression to
high myopia. Despite this criterion, the mean
age of first spectacle prescription was 7 years,
suggesting that the cohort may still include
many children with a predisposition to rapid
progression. It remains unclear whether geneti-
cally driven early-onset myopia (onset before
6 years) is responsive to environmental inter-
ventions such as increased outdoor exposure.
In this sense, outdoor exposure was notably
high in our sample, averaging 20 h per week.
Children with onset at 3-5 years likely represent
genetically determined cases who may require
more intensive or combined treatment strate-
gies. Several studies in East Asian populations
have included children with early-onset myopia
and reported less favorable outcomes in these
subgroups, in contrast to the more encouraging
results observed in our present study.

In both the present and previous studies,
myopia control appeared more effective when
measured by changes in SE than by changes
in AL. This relative stability in refractive error,
despite continued axial elongation, suggests a
possible compensatory mechanism involving
lens power loss, a phenomenon that remains
largely unexplored. The underlying biological
basis for how myopia control strategies, such as
defocus spectacles or low-dose atropine, might
influence crystalline lens power is not well

understood. To date, one study from India [46]
has reported increased lens power loss in atro-
pine-treated children, which may have partially
offset axial elongation and contributed to refrac-
tive stability in that group. It is possible that
defocus lenses and atropine exert their effects
by modulating retinal signaling pathways that
regulate ocular growth [44]. It is well established
that myopic eyes tend to have lower crystalline
lens power compared to emmetropic eyes [47],
and that progressing myopic eyes often exhibit
an accelerated loss of lens power at myopia onset
[48]. This reduction in power has been linked
to both increased zonular tension and internal
remodeling of the lens. Axial lens thickness dur-
ing growth is maintained by a delicate balance
between the addition of new fibers at the sur-
face and the compaction of older fibers in the
deeper layers [47]. These structural changes can
influence the gradient index profile of the lens.
Specifically, a slower-growing lens undergoing
constant age-related compaction may develop a
steeper gradient index, as has been predicted in
optical models. [47]

A recent in vivo study assessing the elastic
modulus of the crystalline lens in myopic and
emmetropic eyes confirmed that myopic lenses
exhibit a steeper gradient of increasing stiffness
[49]. This suggests that the growing, compacting
lens in myopic eyes may possess a form of bio-
mechanical inertia that limits its ability to adapt
to changes in axial elongation. Consequently,
increased lens power loss could partially com-
pensate for axial elongation, particularly during
the first year of treatment with interventions
such as defocus spectacles or low-dose atropine.
This may be the reason why some studies have
reported better outcomes in the first year. Future
myopia control studies should consider includ-
ing calculations of lens power loss as part of
their evaluation metrics. Unfortunately, this was
not possible in the present study because the
biometers used did not measure anterior cham-
ber depth or lens thickness.

Recent evidence suggests that Defocus Incor-
porated Multiple Segments (DIMS) spectacles
reduce myopia progression by decreasing the
detection of high spatial frequency contrast in
the perifoveal region [50-52]. Similarly, studies
have shown that both positive [53] and negative
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defocus lenslets [31] in specially designed spec-
tacles can slow ocular growth, likely through a
shared mechanism involving contrast modula-
tion rather than the simple direction of defo-
cus [50]. This shifts the prevailing theory away
from the idea that positive defocus alone mimics
the effects of plus lenses in animal models, and
toward the notion that reduced contrast sensitiv-
ity of high frequencies may be key to signaling
growth arrest [54]. By limiting high-frequency
input, these lenses may leave the perifoveal zone
more responsive to low-frequency cues, which
are thought to be critical for defocus detection
and ocular growth regulation. Interestingly, the
Myofix lens design appears to incorporate both
mechanisms: it reduces high-frequency contrast
through peripheral blur and introduces a low-
level full-field positive defocus, with a 9-mm
central zone dedicated to clear distance correc-
tion, as if it were a positive lens with a central
hole in front of the eye [55-57].

Limitations

This study has several important limitations.
First, the absence of a randomized control group
limits the strength of causal inferences. However,
this study is among the first to adopt the use of
virtual control groups in regions where ethical
guidelines no longer permit untreated children
to follow the natural course of myopia progres-
sion. In settings where short-term observational
control periods are still permitted, future trials
could consider randomization. Notably, the
Myofix lens has an aesthetically conventional
appearance because the peripheral positive add
carving produces less myopic peripheral cor-
rection and a thinner lens structure with less
frame margin prismatic effects, making it dif-
ficult to distinguish from standard spectacles,
an advantage in minimizing potential bias in
a masked trial. To support lens identification in
clinical settings, simple verification methods
were developed, for instance, viewing the lens
against an Amsler grid or showing the shadow
produced when a beam of light is directed
towards the spectacle, which clearly reveal
the distinct distance and peripheral treatment
zones. Future research should aim to evaluate

the non-inferiority of Myofix lenses in compari-
son with established myopia control interven-
tions such as atropine or orthokeratology.

Another limitation of this study is the lack
of investigator masking; researchers knew that
participants were using a treatment lens. Nev-
ertheless, the use of objective outcome meas-
ures, cycloplegic autorefraction, and optical
biometry helps to mitigate this potential bias.
Additionally, the marked difference in progres-
sion between children with good versus poor
compliance further reinforces the likely treat-
ment efficacy of the Myofix lenses. Further
limitations are a small sample size with drop-
outs and the inclusion of several ophthalmo-
logical centers with different biometers. How-
ever, each participant was measured with the
same biometer at different time points.

The sample size was determined based on
a power calculation conducted before recruit-
ment, which indicated that 31 participants
would be sufficient to detect a statistically
significant difference in myopia progression
between the treated and control groups. The
main reason for the small sample size in this
study is that Argentina has one of the lowest
prevalences of myopia worldwide, making it
challenging for eye care practitioners to recruit
children with early-onset myopia. This sub-
group, which is more likely to develop high
myopia in adulthood, represents less than 2%
of the pediatric population. For this reason,
multiple centers were involved, each contrib-
uting a small number of participants, which
inevitably reduced the overall statistical power
of the study.

Another important limitation is the retro-
spective registration of the study in an inter-
national clinical trials database. Although the
registration was completed retrospectively,
ethical approval had been obtained from the
Ethics Committee of the Argentine Society
of Ophthalmology and the Government of
Buenos Aires City prior to the start of recruit-
ment. Therefore, all study procedures were
conducted in accordance with approved ethi-
cal standards.

In our setting, the average annual myo-
pia progression among 10-year-old children
is approximately -0.48 D, meaning that a
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progression of —0.50 D over 6 months would
represent roughly twice the expected rate.
Such rapid progressors are uncommon in our
clinical practice, therefore, we believe this cri-
terion did not introduce bias, as the enrolled
sample accurately reflects the characteristics of
the local pediatric myopic population.

CONCLUSIONS

In conclusion, Myofix lenses demonstrated good
tolerability and effectiveness in controlling myo-
pia progression in white children over 1 year.
Among those with good compliance, most
were able to continue using the same spectacles
throughout the study duration. Importantly,
non-compliance was not attributed to the spec-
tacle design, indicating that the lens was gener-
ally well accepted by the pediatric population.
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