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The prevalence of myopia has been steadily increasing worldwide. The role of optical
methods for controlling progressive myopia control in children is still important.
Therefore, the purpose of this study was to review current optical methods for
controlling progressive myopia control in children. It is well established that myopic
children wearing full optical correction are less prone to the progression of the
disease. It has been reported that the undercorrected group of myopic school children
showed a 1.3 times greater rate of progression over 24 months as compared to the
Sfully corrected group. Correction of myopia with spectacles is common in children.
Many clinicians share the opinion that myopic peripheral defocus has a positive
effect on axial elongation, and peripheral defocus spectacles have been increasingly
used for this purpose. Optical correction with spectacles, however, may have some
disadvantages. Some children wearing spectacles may feel psychological discomfort
due to negative peer comments and/or have problems with compliance. Soft contact
lenses with myopic defocus and othokeratology (OK) lenses are of special value
for myopia progression control. It has been reported that myopia progression was
controlled by 38.6% and 66.6% in children wearing Multistage + 1.50D and Proclear
+3.00D multifocal contact lenses, respectively, in comparison to children wearing
single-vision control lenses over an 18-month period. Refractive therapy with
orthokeratology lenses has become an increasingly popular technique for controlling
the progression of myopia. It has been reported that orthokeratology lenses are more
effective than spectacles or soft contact lenses at reducing myopia progression. The
review provides evidence that myopia control devices utilizing the myopic defocus
principle are the first-line means for optical correction in children with progressive
myopia.

progressive myopia in children and active attention from

Myopia is one of the most common eye conditions and
still a major public health issue worldwide [1, 2]. The prev-
alence of mild and moderate myopia among school children
and students in Ukraine has been estimated to range from
30% to 68% [3, 4]. Progressive myopia not only is charac-
terized by vision loss and axial elongation, but also is asso-
ciated with complications like retinal detachment, macular
and peripheral retinal degeneration, choroidal thinning and
neovascularization, macular hemorrhage and retinal tear
[5-8]. This justifies efforts by ophthalmologists to continue
a search for methods of stabilization of the course of myo-
pic eye growth [4, 9].

In recent decades, the interest in research on the mecha-
nisms affecting the course of myopia has increased due to
the use of orthokeratology lenses. Attention is also drawn
to studies on the use of soft contact lenses and specially
designed glasses not only as means for correcting visual
acuity, but also means for therapeutic impact on the course
of myopic progression in children [10, 11]. This called for
regular reviewing of some issues of the management of

ophthalmologists.

The purpose of this study was to review current opti-
cal methods for controlling progressive myopia control in
children.

Spectacle correction is a traditional and still the most
widely used form of optical correction in children. Data
from prospective clinical trials suggest that undercorrec-
tion of myopia increases myopia progression [11-13]. Full
optical correction of myopia allows more precise image fo-
cusing on the retina, eases the visual load on the eye, and,
consequently, may slow further axial elongation. In a study
by Chung and colleagues [12], myopic school children
were randomly allocated to an undercorrected group or a
fully corrected control group to assess the effect of myo-
pic defocus on myopia progression. The undercorrected
group showed a 1.3 times greater rate of progression over
24 months as compared to the fully corrected group [12].
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Consequently, full correction of myopia is the current stan-
dard of care, as offered by contemporary optometric clini-
cians [11].

Currently, prescribing spectacles in myopic children
aims not only to correct for a myopic refractive error and
enable a clear image on the retina, but also to slow down
the progression of myopia. Peripheral defocus spectacles
have been increasingly used for this purpose [13]. Myopic
peripheral defocus has a special role in the regulation of
refractive eye growth and development of myopia. It has
been established that it is the image focusing on the periph-
eral retina that impacts eye growth and, consequently, the
course and progression of myopia. Currently, many clini-
cians share the opinion that myopic peripheral defocus has
a positive effect on axial elongation whereas hyperopic de-
focus may stimulate eye growth and contribute to the pro-
gression of myopia [12, 14]. Among progressive spectacle
optic lenses, MyCon lens (Rodenstock GmbH, Munich,
Germany) has been given special attention. The Roden-
stock MyCon lens has a central vision zone that corrects the
child’s ametropia with asymmetrical nasal (+2.00D) and
temporal (+2.50D) progressions, which reflect the more
hyperopic nasal hemifield. Therefore, light in the periphery
is refracted to hit in front of the retina, slowing eye elonga-
tion [15, 16].

An independent clinical study examining the progres-
sion of myopia in European children aged 7 to 14 over a
5-year period has shown that myopia control lenses based
on Rodenstock MyCon™ principles can reduce myopia
progression by up to 40%. In addition, the axial length
(AL) of the eye could be reduced by up to 56% after 2 years
and by up to 35% after 4 to 5 years [16].

Radhakrishnan and colleagues [17] and Atchison and
colleagues [18] also believe that progressive lens specta-
cles offer an effective approach for reducing hyperopic de-
focusing and, consequently, slowing myopia progression.
Special design of progressive spectacle lenses facilitates
reductions in the load on the accommodation system of
the eye, asthenopic symptoms and negative effects of near
work on futher development of myopia in children [18].

The patented Cylindrical Annular Refractive Elements
(C.AR.E.) Technology incorporates alternating defocus
and correction zones expanding towards the periphery of
the lens. The signal originating in these microstructures
causes slower axial elongation. In addition, ZEISS Myo-
Care features a ClearFocus design — a unique free-form
optimised back surface aimed to minimize the hyperopic
defocus, while maintaining myopic defocus for all gaze
angles [19].

Ohlendorf and colleagues [19] evaluated the perfor-
mance of spectacle lenses (SPL) with CARE (ZEISS Myo-
Care and MyoCare S) after 1-year of SPL wear with metrics
based on age-related physiological eye growth. The former
lens design (with CARE mean surface power of +4.6 D and
a central clear zone of 7 mm) is recommended for chil-
dren younger than 10 years and the latter lens design (with
CARE mean surface power +3.8 D and 9 mm central clear

zone), for children 10 years and older. In myopic eyes, AL
growth decreased from 0.60 £ 0.25 mm/yr at 7 years to
0.30 = 0.15 mm/yr at 12 years, whereas in emmetropes, AL
growth was lower at 0.18 + 0.13mm/yr at 7 years and 0.07
+ 0.10/yr mm at 12 years. For all ages, 1-year AL growth
with MyoCare and MyoCare S was lower than in myopes
and closer to emmetropes. It was concluded that MyoCare
and MyoCare S reduced myopic AL growth by an aver-
age of 70% and 68% compared to emmetropic eye growth.
Seven of ten eyes wearing MyoCare or MyoCare S had eye
growth similar to or equivalent to emmetropic eyes [19].

Therefore, optical corrections with spectacles of this
and similar designs seem promising for slowing down my-
opia progression [20]. Optical correction with spectacles,
however, may have some disadvantages. Some children
wearing spectacles may feel psychological discomfort
due to negative peer comments and/or have problems with
compliance, which contributes to the risk of myopia pro-
gression [21].

Contact lenses are another means of optically correct-
ing myopia in children. Soft contact lenses incorporating
myopic defocus and orthokeratology lenses may slow
down myopic progression. These modalities are not only
helpful in correcting vision, but also enable managing myo-
pic progression and slowing down AL growth [22, 23]. Soft
contact lenses incorporating myopic defocus are helpful in
reducing visual load on the central retina and thus slow
down AL growth.

Of note, concentric bifocal lenses, extended depth of
focus lenses and multifocal lenses are the three major types
of soft contact lenses (SCL) that have been found to be ef-
fective in managing pyopia progression. The first two types
have been acknowledged in Europe as reliable modalities
for slowing down myopia progression [22, 24, 25]. Al-
though studies have confirmed the efficacy of multifocal
lenses, these lenses may be inappropriate in junior school
children due to possible instability of vision in this age. The
impact of wearing SCL in young children is not yet fully
understood [22, 25].

The use of bifocal SCL is an alternative modality for
optical correction of myopia. A centre-distance design has
the central portion of the optical zone for distance vision,
which is surrounded by an area containing the near pow-
er. The lens that features commonly is a centre-distance,
concentric design, simultaneous vision bifocal with an add
power of +1.50 D to +2.00 D [26, 27]. This strategy for the
use of bifocal SCL has been applied in the Bifocal Lenses
In Nearsighted Kids (BLINK) study which reported on the
reduction in the rate of myopia progression [24, 26]. This
opinion has been supported by a 6-year multicenter clinical
trial on the long-term effect of dual-focus contact lenses
(DFCL) on myopia progression in children. The trial con-
cluded that dual-focus soft contact lenses continue to slow
the progression of myopia in children over a 6-year period
revealing an accumulation of treatment effect. Eye growth
of the initial control cohort with DFCL was slowed by 71%
over the subsequent 3-year treatment period [28].
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There have been reports evaluating the efficacy of mul-
tifocal soft contact lenses (MFSCL) in slowing the progres-
sion of myopia in children. It is believed that administra-
tion of these lenses slows down the progression of myopia.
A study by Raffa and colleagues aimed to establish the
outcome of MFSCL (Multistage + 1.50D and Proclear +
3.00D) on myopia progression and AL elongation in myo-
pic children aged 13-15 years over an 18-month period.
Myopia progression was controlled by 38.6% and 66.6% in
children wearing Multistage + 1.50D and Proclear +3.00D
MFSCL, respectively, in comparison to children wearing
single vision contact lenses (SVCL) over an 18-month pe-
riod. In terms of axial elongation, the study found a 31.1%
and 63.2% control in axial elongation over 18 months of
treatment in comparison to the SVCL group [29].

Refractive therapy with orthokeratology (OK) lenses
has become an increasingly popular technique for control-
ling the progression of myopia [13, 30-32]. Orthokeratol-
ogy may be defined as the planned, temporary reduction in
myopia by the wearing of flat-fitting rigid contact lenses.
This is achieved by flattening the central corneal and steep-
ening the peripheral cornea [33-35].

There are several potential mechanisms of myopia con-
trol with OK such as a myopic shift in peripheral refractive
error that results in peripheral myopic defocus after OK
[14,35].

Other researchers hypothesize that OK lenses slow
down myopia progression by impacting accommodative
response and aberration which become spherically positive
due to an increase in peripheral refraction. Song and col-
leagues [36] concluded that, after switching from specta-
cles to OK lenses, myopic children showed improvements
in accommodative function, stereopsis, and ocular motility;
and a decrease in the binocular horizontal vergence range.
In a study by Ding and colleagues [37], myopic children
were divided into an OK group and a single-vision spec-
tacles (SVS) group to investigate the effect of OK on ac-
commodative function and aberrations. They concluded
that increased high-order aberrations and improved accom-
modative accuracy were observed during OK treatment,
but began to regress after the cessation of OK. A significant
positive correlation between improved accommodative
accuracy and slowed axial elongation was only observed
during the first 6 months of treatment. Therefore, further
research is required to elucidate the association between
changes in accommodation and slowing down myopia pro-
gression with refractive therapy.

The hypothesis of the involvement of choroidal thick-
ening in myopic eyes has been suggested with regard to
the impact of OK lenses on myopia progression. Research-
ers advocating this hypothesis view choroidal and retinal
changes as a compensatory mechanism preventing exces-
sive axial elongation in myopic eyes treated with OKL [38,
39].

Orthokeratology efficacy issues have been debated
over years. It has been reported that orthokeratology effi-
cacy may depend on the patient’s baseline characteristics

like age, corneal asphericity, and pupil diameter, and well
as refraction of the lens [40]. Wang and colleagues [41],
however, found no significant associations between gender,
mean corneal power, corneal toricity, central corneal thick-
ness, white-to-white corneal diameter and pupil size with
AL elongation after OK lens wear.

Others compared myopia progression among children
wearing different types of orthokeratology lenses and chil-
dren wearing SVS. Nakamura and colleagues [23] evaluat-
ed factors related to myopia progression in children wearing
either three types of OK lenses or SV for 2 years. Regard-
less of OK lens design, myopia progression in school-aged
children was suppressed. The myopia control effect by OK
lenses was found to be 0.85 D over the 2-year period. These
findings have demonstrated that, regardless of OK lens de-
sign and type, orthokeratology has an advantage over SVS
in the impact on myopia progression.

Swarbrick and colleagues [42] concluded that overnight
OK inhibits AL growth and myopia progression compared
with conventional rigid gas-permeable (GP) lenses. In a
12-month randomized, contralateral eye crossover study,
AL elongation and myopia progression with OK were com-
pared with conventional daytime rigid contact lens wear.
Subjects were fitted with overnight OK in 1 eye, chosen at
random, and conventional rigid gas-permeable (GP) lenses
for daytime wear in the contralateral eye. Lenses were worn
for 6 months. After a 2-week recovery period without lens
wear, lens-eye combinations were reversed and lens wear
was continued for further 6 months, followed by another
2-week recovery period without lens wear. After 6 months
of lens wear, AL had increased in the GP eye but showed no
change in the OK eye. During the second 6-month phase of
lens wear, in the OK eye there was no change from baseline
in AL at 12 months. However, in the GP eye, the 12-month
increase in AL was significant. AL change in the GP lens-
wearing eye during phase 2 was approximately double the
change found during phase 1, and this difference reached
statistical significance. The GP lens-wearing eye showed
progressive AL growth throughout the study. The study
provided further confirmation that orthokeratology is an ef-
fective treatment modality for progressive myopia in chil-
dren [42].

The impact of orthokeratology lens wear on progres-
sive myopia in chilfren has been investigated by Ukrainian
researchers, too. Bushueva and Maliieva contributed sig-
nificantly to the research on the efficacy of OK lens wear
on myopic refraction in children. They conducted a 3-year
study to assess the impact of orthokeratology lens wear on
myopic refraction in children with mild to moderate my-
opia. Increases in myopic refraction to 0.50D and 0.75D
to 1.75D were noted in 28.57% and 7.14% of children,
respectively. In addition, myopic refraction stabilized in
64.29% of children [43]. Malieva developed the criteria for
diagnostic assessment of axial, refractive, mixed and com-
binatory myopias on the basis of studies on the morphomet-
rical, biometrical and functional characteristics of the eye.
The rate of myopia stabilization was found to be 1.8 times
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higher in patients with refractive myopia than in patients
with axial myopia. In the late period of the study, the posi-
tive effect of orthokeratology lens wear on the course of
myopic eye growth was preserved in 77% of subjects [44].

Bezditko and Parkhomets [40] assessed the efficacy of
OK lens wear depending on the pupil diameter and optical
zone of the lens. They concluded that while examining a
child with progressive myopia, attention should be given
to the diameter of the pupil under photopic conditions be-
cause it is a potential predictor of myopia progression, and
recommend using an individualized approach for selecting
the optical correction. A negative correlation between the
pupil diameter and gradient of myopia progression was
found for a group of myopic children wearing OK lenses
but no correlation for a group of of myopic children wear-
ing full correction spectacles. Bezditko and Parkhomets
found that refractive therapy with OK lenses enabled the
most efficient myopia control in progressive myopia and a
baseline pupil diameter smaller than 4.52 mm [40].

Parkhomenko, Mogilevsky and Prisiazhna [45] report-
ed on a pediatric high-myopia case where OK correction
combined with soft contact lens correction, but not spec-
tacle correction alone resulted not only in the stabilization
of myopic progression, but also in the disappearance of
amblyopia.

Kovalev [46] put forward an interesting opinion on
the impact of OK lenses on spherical aberrations and ac-
commodation reserves in myopic eyes. He concluded that
OK correction for myopia induces negative spherical aber-
rations, resulting in a reduction in the depth of focus and
contributing to the development of accommodative re-
serves, which is a component of the mechanism underly-
ing the stabilization of myopia. Kovalev [46] reviewed the
medical records of patients of myopic patients wearing OK
lenses and demonstrated the advantages of OK correction
compared with full optical correction with spectacles in the
impact on the visual system.

Of the myopic children wearing OK lenses over two
years, 57% showed a 1.4-times reduction in the rate of my-
opia increase and the rate of axial elongation [47].

As research and development in the OK lens industry
continue to evolve alongside improved understanding of
the myopia control mechanism of OK lenses, there is likely
to be improved efficacy and better consistency with design-
ing more customized lenses based on the patients' age, level
of myopia, corneal shape, pupil size, and angle k, among
other factors [48]. Customized OK lenses (Paragon CRT
(Corneal Reshaping Technology) or Paragon CRT Dual
Axis (DA) lenses) are Food and Drug Administration ap-
proved for overnight wear without age restrictions for the
temporary reduction of myopia may be helpful for patients
with refractive problems, especially in those with astigma-
tism of 1.5-1.75D and/or unusual corneal shape, by induc-
ing the required peripheral myopic defocus and providing
the optimal optic zone size for a particular patient.

Conclusion

Our review of the recent literature on current optical
treatment modalities for control of myopic progression in
children demonstrated a variety of opportunities offered for
solving the issue. The selection of an appropriate optical
treatment modality requires a comprehensive approach,
with consideration of baseline refractive, axial length and
accommodative facility measures, psychological commit-
ment of child and parents, and the course of myopic pro-
gression. The review provides evidence that myopia con-
trol devices utilizing the myopic defocus principle are the
first-line means for optical corr
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