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summary ophthalmology. 2018; 15 (4): 433-438
The article discusses in detail the multifactorial mechanisms of the effect of glasses with perifocal defocus on the progression of myopia in children. The impact on the 
local retinal mechanisms of neuroregulatory control of eye growth is currently the most effective in preventing the development and progression of myopia. Optical 
correction of relative peripheral hyperopia with the formation of peripheral myopic defocus affects the manifestation of the biochemical cascade from the retina to 
the choroid and to the sclera, which restrains the growth of the eye. Optical methods of myopia control, including glasses, are widely used in domestic and foreign 
ophthalmic practice. Glasses with Perifocal-M lenses have been used in Russia since 2011, providing greater functionality of impact on the myopic eye in comparison 
with foreign counterparts. The design features of such spectacle lenses have a complex effect on different optical and physiological structures of the eye, each of 
which contributes to refractogenesis. Perifocal glasses take into account the features of the central and peripheral refraction characteristic of the myopic eye along 
the horizontal and vertical meridians. They have a stronger horizontal refraction, which eliminates the optical imbalance characteristic of the myopic eye and creates 
an emmetropic optical profile. The design of perifocal spectacle lenses allows you to correct the relative peripheral hyperopia, create a myopic defocus in the 
horizontal meridian, influence the ratio of the refraction values   of the nasal and temporal half of the retina. This is due to the earlier onset and more pronounced 
optical impact on the nasal half of the retina relative to the temporal. Glasses with perifocal defocus induce positive spherical aberration in the eye, increase the 
accommodative ability of the eye, maintain high binocular visual acuity, improve binocular interaction when working close, and prevent the development of 
heterophoria. The optical properties of Perifocal-M glasses create conditions for a multifaceted functional effect on various structures of the eye, which leads to 
restraint of the process of myopia progression. Glasses with perifocal defocus induce positive spherical aberration in the eye, increase the accommodative ability of 
the eye, maintain high binocular visual acuity, improve binocular interaction when working close, and prevent the development of heterophoria. The optical properties 
of Perifocal-M glasses create conditions for a multifaceted functional effect on various structures of the eye, which leads to restraint of the process of myopia 
progression. Glasses with perifocal defocus induce positive spherical aberration in the eye, increase the accommodative ability of the eye, maintain high binocular 
visual acuity, improve binocular interaction when working close, and prevent the development of heterophoria. The optical properties of Perifocal-M glasses create 
conditions for a multifaceted functional effect on various structures of the eye, which leads to restraint of the process of myopia progression.
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abstraCt ophthalmology in russia. 2018; 15 (4): 433-438
There is a detailed review of multi-factoral mechanisms of spectacles with peripheral defocus influence in children with progressive myopia in 
this article. At present local retinal mechanisms of neuro-regulatory control of eye growth are most effective in prevention of myopia 
development and progression. Optical correction of relative peripheral hyperopia with following peripheral myopic defocus affects the 
biochemical cascade from retina to choroid and sclera, which constrains an eye growth. Optical methods of myopia control, including 
spectacles, widely used in native and foreign ophthalmology practice. Since 2011, in Russia Perifocal-M spectacles are using, said spectacles 
provides bigger functionality of influence on myopic eye comparing to foreign analogues. Construction features of said spectacle lens have a 
complex influence on different optic-physiological eye structures and each of said structures affects refractogenesis. Perifocal spectacles takes 
into account specific for myopic eye features of central and peripheral refraction along horizontal and vertical meridians. They have stronger 
refraction in horizontal, which allows to eliminate specific optical disbalance in myopic eye and to create optical balance in the eye. Perifocal-M 
lens construction with asymmetric horizontal progression allows to correct relative peripheral hyperopia, to create myopic defocus in 
horizontal and to affect relations between refraction of nasal and temporal halves of retina. The latter is due to the fact that optical influence 
starts earlier and has bigger effect on nasal half of retina relative to temporal. Perifocal spectacles are inducing positive spherical aberrations 
in the eye, increasing accommodation functions, supporting high binocular visual acuity, improving binocular interaction during near work, 
fighting against heteroforias. Thus, optical features of Perifocal-M spectacles for the first time creates conditions for versatile functional 
influence on main myopogenic factors simultaneously, it effectively stops myopia progression.
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At the 16th International Myopia Conference (IMC), 
held in September 2017 in Birmingham (Great Britain), 
it was once again noted that local retinal mechanisms 
of neuroregulatory control of eye growth in model 
experiments on animals, previously identified by J. 
Wallman [1], have now been widely confirmed in 
clinical practice. Methods affecting these mechanisms 
proved to be the most effective in preventing the 
development of myopia [2, 3]. Optical correction of 
relative peripheral hyperopia with the formation of 
peripheral myopic defocus affects the manifestation of 
the biochemical cascade from the retina to the choroid 
and to the sclera, which inhibits the growth of the eye. 
Optical methods of influencing progressive myopia by 
creating a peripheral myopic defocus are widely used 
in foreign and domestic ophthalmological practice. In 
this case, both contact methods [4–6] and spectacle 
correction [7, 8] are used.

Modern possibilities of optical production, in 
particular, free form technologies, allow creating new 
designs of free non-axisymmetric forms of optical 
surfaces, which predetermined the

the appearance of new spectacle lenses for myopia 
control, providing differentiated correction of axial 
and off-axial refraction. Currently, three lenses of this 
type are best known in world practice.

Since 2011, mainly in Southeast Asia, the Myovision 
radial progression lens has been used, in the creation 
and study of the effectiveness of which the famous 
Australian scientist participated
B. Holden. The design feature of this lens is a central 
aperture of stable refraction with a diameter of 20 mm 
with an additional positive refraction of 1.9 diopters at 
the periphery 25 mm from the optical center. The lens 
design is asymmetrical, with lens separation for the right 
and left eyes. The results of a study conducted in 2009, in 
which 210 children participated, showed that in the 
treatment group during the year the progression of 
myopia according to the data of refractometry and 
measurement of the PZO was 30% less than in the 
control group [9] ... The authors also noted that the 
greatest effect of restraining the progression of myopia 
when using glasses with Myovision lenses was in children 
of myopic parents.

At the above-mentioned XVI International Conference 
on Myopia (The 16th International Myopia Conference, 
IMC), in the section on optical methods of con-
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Troll myopia, CSY Lam, T. Chi-ho and HG Leong 
presented the results of clinical studies of the use of a 
multi-segment lenses in children with progressive 
myopia. The lens was developed with the participation 
of specialists from the Hong Kong Polytechnic 
University. The design features of the lens are in the 
original approach of creating a rapid progression from 
the border of 10 mm of the central zone due to 
numerous point micro-segments with a diameter
1.5 mm, each with an additional refractive power of 
3.5 diopters. According to the results of the presented 
two-year randomized clinical study, which involved 
160 children divided into treatment (79 children) and 
control (81 children) groups, it was noted that children 
wearing glasses with multisegment lenses had 59% (p 
< 0.0001) less progression according to refractometry 
data and 60% (p < 0.0001) lower axial elongation of the 
eye in comparison with the control group using 
glasses with monofocal lenses [10].

Almost simultaneously with the Myovision lens, 
they began to use the Perifocal lens, developed by a 
well-known specialist in the field of optical design of 
spectacle lenses, Professor J. Alonso (University 
Complutense of Madrid). The optical design features 
of the Perifocal lens provide more functionality in the 
impact on the near-sighted eye, in contrast to the 
described lenses. The optical design of the Perifocal 
lens provides stable refraction at the geometric center 
and asymmetric progression of refraction on one side 
and the other with respect to the vertical passing 
through the geometric center of the lens. The 
enhancement of refraction for each side has an 
asymmetrical origin relative to the geometric center. 
Refraction along the vertical meridian is comparable in 
magnitude with refraction in the geometric center. 
The lens has a nasal and temporal halves relative to 
the position in front of the eye. The addition in the 
nose part of the lens begins 6 mm from the optical 
center, in the temporal part - 4 mm, reaches its 
maximum value by 25 mm, which is 2.0 diopters in the 
nasal half, and 2.5 diopters in the temporal half.

The study of the influence of the Perifocal-M lens on the 
optical system and functions of the eye showed that the 
optical design of the Perifocal lens creates conditions for 
influencing various etiopathogenetic factors of myopia [7, 8].

The following mechanisms of the therapeutic effect of 
Perifocal-M glasses on the progression of myopia in children 
should be emphasized.

Spectacles with Perifocal lenses take into account the 
features of the central and peripheral refraction 
characteristic of the myopic eye along the horizontal and 
vertical meridians.

The well-known features of the ellipsoidal shape of the 
myopic eye, in contrast to the spherical shape of the eye in 
emmetropia, create an optical imbalance in it: along

the vertical meridian is mainly determined by the 
relative peripheral myopia, and the horizontal - the 
relative peripheral far-sightedness [11, 12]. In this 
regard, according to the rationale given in the well-
known scientific hypothesisJ. Wallman,the nearsighted 
eye receives conflicting signals along the vertical and 
horizontal meridians. The eye will grow axially until 
the myopic central part of the retina balances the 
relatively far-sighted periphery, ignoring the relative 
peripheral myopia along the vertical meridian [1]. 
Functional and morphological features of the retinal 
topography also indicate the importance of correcting 
relative peripheral hyperopia in the horizontal 
meridian. Thus, the density of cones and ganglion cells 
decreases at a faster rate towards the periphery along 
the vertical meridian, in contrast to the horizontal, 
which reflects the potentially dominant effect of visual 
signals from the retina horizontally relative to the 
vertical [1, 13]. The Perifocal lens has stronger 
horizontal refraction,

Spectacles with Perifocal lenses correct relative 
peripheral hyperopia and create myopic defocus in the 
horizontal meridian.

According to the hypothesis J. Wallman, typical for close
of the small eye, relative peripheral far-sightedness in 
the horizontal meridian contributes to the disruption 
of local homeostasis [1]. Research results show that 
hyperopic defocus in relation to the retina causes 
thinning of the choroid and lengthening of the eyeball; 
in turn, myopic defocus causes a thickening of the 
choroid and a decrease in the axial length of the eye 
[14]. Clinical studies have shown that the design 
features of Perifocal lenses correct relative peripheral 
hyperopia, induce a relative peripheral myopic 
defocus in the eye or significantly reduce hyperopic 
defocus [7, 8], which provides conditions for 
influencing local neuroregulatory mechanisms of eye 
growth control.

Spectacles with Perifocal lenses affect the ratio of 
refractive values   of the nasal and temporal halves

Studies of off-axis refraction during the period of 
myopia progression have shown that the ratio of the 
refraction values   of the nasal and temporal halves is 
asymmetric in most cases, this fact has been noted in 
numerous works since the first descriptions of the 
state of peripheral refraction in myopia [15]. As a 
result of a 24-month clinical study of the dynamics of 
the state of peripheral refraction in 1531 near-sighted 
children under the age of 13, it was revealed that a 
large naso-temporal asymmetry at 30 ° peripheral
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baseline refractive index was associated with lower 
levels of myopia progression in the future [16]. 
According to the authors, these data can help predict 
and manage the progression of myopia. In earlier 
works, it was noted that in the process of myopia 
progression, according to off-axis refractometry and 
off-axis biometrics, the refraction of the nasal half of 
the eye increases more, in contrast to the temporal 
one [17, 18]. In more myopic eyes, in the case of 
anisomyopia, a stronger off-axis refraction in the nasal 
half of the eye relative to the temporal one was also 
revealed. The author believes that when developing 
potential methods to combat progressive myopia, it is 
important to understand the origin of this bias [19]. In 
model experiments on primates with the induction of 
myopia by means of two-zone contact lenses, forming 
a peripheral hyperopic defocus, the development of 
myopia with naso-temporal asymmetry of refraction 
and its large increase in the temporal half of the eye 
was noted. The authors associate the emerging naso-
temporal asymmetry of peripheral refraction with eye 
growth and believe that the resulting asymmetry is a 
compensatory manifestation of axial eye lengthening 
[20].

A study of off-axis refraction in emmetropes revealed 
naso-temporal asymmetry with stronger refraction in the 
temporal half [21], which is also more typical for eyes 
with stable myopia, in contrast to eyes at the onset of 
progression. According to other authors, the detection of 
a stronger refraction in the nasal half, in contrast to the 
temporal, may be a predictor of myopia in children who 
are not yet myopic [22].

Thus, the design features of the Perifocal lens are 
substantiated, which provide an earlier onset and 
more pronounced optical effect on the nasal half of 
the retina relative to the temporal.

In 2014, OOO Art-Optics performed a retrospective 
analysis of the refractometric data of 46 children aged 
7–12 years with myopia from –1.0 to –3.75 diopters, 
who, while wearing glasses with Perifocal lenses, 
within 12 months, axial refraction decreased and 
myopia stabilized (Table 1). The analysis of cycloplegic 
refraction data before and after wearing glasses with 
perifocal defocus was carried out by transforming the 
Fourier of the spherocylindrical component into 
interconnected vectors in order to reduce the 
measurement error caused by oblique fall 
astigmatism and taking into account research data 
indicating that the retina determines defocus sign 
along the sagittal focal plane [23]. Available literature 
data indicate

According to the data given in table 1, in cases of 
weakening of axial refraction or stabilization of 
myopia, there is an increase in peripheral refraction in 
the temporal half of the eye and weakening in the 
nasal half. The results of this study may indicate that 
glasses with Perifocal lenses create conditions for a 
change in the ratio of peripheral refraction values   
between the nasal and temporal halves of the eye, 
which has a restraining effect on the progression of 
myopia.

Glasses with Perifocal lenses increase the 
accommodative ability of the eye (JSC, OAA)

A decrease in the accommodative function of the eye is 
considered as one of the important factors in the 
development and progression of myopia in childhood. The 
results of recent genetic studies have indicated an intriguing 
dilemma - whether an increase in the sensitivity threshold of 
the retina by the degree of blurring of the spot is

Table 1. Change aboutff-axis of sagittal focus (RF's) at 30 ° horizontally after 12 months of wearing glasses with monofocal and Perifocal 
lenses

table 1. Change the off-axis sagittal focus (RF's) to 30 ° horizontally after 12 months of wearing glasses with monofocal lenses and Perifocal lenses

Right eye, OD

MC (Sph)

Left eye, OS

MC (Sph)Number of eyes

Number of eyes

RF's T30 RF's N30 RF's N30 RF's T30

Glasses with monofocal lenses
Monofocal glasses

60

60

0.2547

- 0.336

- 0.5907

0.093

- 2.708 - 0.608 - 0.1713 - 2.4267

- 3.2413

0.5953

- 0.3193- 3.2867

- 0.5787

- 1.002

- 0.394

- 0.814

- 0.6427 - 0.8147 - 0.9147

Test Wilcoxon 0.001 0.018 0.032 0.001 0.058

Glasses with Perifocal lenses (stabilization cases)
Perifocal glasses (stabilization cases)

92

92

0.3577

- 0, 0611

- 0.42

0.026

- 2.855

- 2.9688

- 0.12

0.02

- 0.36 0.2712

0.0377 0.3612

0.4 0.09

0.013 0.049

- 2.7087

- 2.825

- 0.12

0.032

0.5562

0.4437

- 0.11

0.057Test Wilcoxon
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the main reason for the decrease in the rate of the 
adaptive response of accommodation [24], or the 
morphofunctional state of the ciliary muscle is the root 
cause of accommodation disorders in myopia [25]. In 
turn, for many years in wide clinical practice, optical-
reflex training has been used, which normalizes and 
improves the state of accommodation [26-29]. These 
techniques are based on various methods of micro-
fogging of the visual image in order to obtain a 
"response" of accommodation. The optical design of the 
Perifocal lens creates the conditions for training 
accommodation. The progression of refraction in 
opposite directions horizontally relative to the optical 
center of the Perifocal lens provides conditions when, 
during voluntary and involuntary versional eye 
movements horizontally, the visual axis falls into the area 
of   hypocorrection, which serves as a stimulus for the 
relaxation of the ciliary muscle. Thus, the alternation of 
vision through a stronger and weaker correction force 
creates conditions for training accommodation.

an aberration in the eye [8]. When correcting myopia 
with a monofocal lens, negative spherical aberration is 
created, which can stimulate axial growth of the eye.

Glasses with Perifocal lenses help maintain high 
binocular visual acuity, improve binocular 
interaction when working close, and prevent the 
development of heterophoria

The movement of the visual axes along the 
horizontal of the Perifocal lenses with asymmetric 
addition and with an asymmetric beginning creates, 
depending on the angle of deviation of the visual axes, 
monocular micro-blurring of the visual image or, with 
a small difference, the degree of severity for each eye 
(binocular micro-fogging of visual images), which 
causes a soft dissociation of the binocular visual 
image. Soft dissociation of the binocular visual image, 
according to the canons of orthoptics and diploptics
[38], is a stimulus for enhancing retinal correspondence 
and the development of bifoveolar fusion, which 
improves binocular interaction, contributes to the 
preservation of high binocular visual acuity and prevents 
the development of heterophoria [8].

Clinical study on the effect of Perifocal spectacle 
lenses on axial and peripheral refraction in patients 
with myopia, carried out in 2013–2014 at the V.I. 
Helmholtz ”of the Ministry of Health of the Russian 
Federation, revealed and confirmed the multifactorial 
effect of glasses with a Perifocal lens in case of 
progressive myopia, which helps to stabilize refraction 
or significantly slow down its progression. During 6 
months of follow-up, stabilization of cycloplegic 
refraction was observed in 16.7% of cases, in 40% of 
cases - weakening of cycloplegic refraction. After 12-18 
months of follow-up, stabilization of cycloplegic 
refraction occurred in 39.2%, weakening - in 9.8% of 
cases [7, 8]. According to some data, the effectiveness 
of glasses with Perifocal lenses in relation to the effect 
on the progression of myopia is in the range of 49–
60% [39].

Spectacles with Perifocal lenses help to eliminate the 
stimulus to accommodation from the extra-foveal retina 
when working close

According to the literature [30, 31], the contour of the 
retina of the myopic eye does not change during 
accommodation during close work or even tends to become 
steeper, which, accordingly, preserves or increases the 
relative peripheral hyperopia. On the contrary, in the emme- 
tropic eye during accommodation while working in the 
vicinity, the contour of the retina noticeably changes due to 
the enhancement of off-axis refraction [31–33]. Preservation 
of relative peripheral farsightedness in the myopic eye in the 
horizontal meridian when working near is a stimulus to 
accommodation, which creates conditions for its excessive 
stress. According to the literature, the stimulus to the 
accommodative response from the retinal periphery in the 
region up to 30 ° from the fovea can be 1.0–
2.0 diopters [34]. The Perifocal lens, by correcting 
peripheral hyperopic defocus, helps to eliminate the 
non-physiological stimulus to the accommodation 
response from extra-foveal image focusing.

conclusionSpectacles with Perifocal lenses induce positive 
spherical aberration in the eye The optical properties of the Perifocal lens create 

conditions for a versatile functional effect on various 
systems of the eye, which leads to stabilization or 
slowing down of refractive enhancement in case of 
myopia. Glasses with perifocal defocus can be used at 
any age to prevent the development and progression 
of myopia, to overcome the habitually excessive stress 
of accommodation, to improve accommodative 
functions and binocular interaction.

It is known from the literature [35] that the sign of 
spherical aberration of the eye in children changes with age. 
Thus, when fixing into the distance in children under 6 years 
of age, negative spherical aberration prevails. After 6–7 years 
and throughout life, when fixing into the distance in the eye, 
only positive spherical aberration prevails, which has a 
physiological effect on the eye, suppressing its growth and 
minimizing the tendency to develop myopia [36, 37]. The 
Perifocal lens, due to the progression of refraction along the 
horizontal, provides conditions for a stronger refraction of 
the rays reaching the eye in the region of the pupil edge, 
which creates a positive sphere

participation of authors:
Ibatulin R.A. - collection and processing of material, analysis of literature data, 
writing a text;
O. V. Proskurina - analysis of literature data, text writing; Tarutta E.P. - 
organization of research, analysis of literature data.

RA Ibatulin, OV Proskurina, EP Tarutta
Contact information: Proskurina Olga V. proskourina@mail.ru 437

Multi-Factoral Mechanisms of Therapeutic Effect of Perifocal Spectacles (Perifocal-M) on Progressive ...



Ophthalmology in Russia 2018; 15 (4): 433-438

literature / rEFErEnCEs
1. Wallman J., Winawer J. Homeostasis of Eye Growth and Question of Myopia. Neuron. 

2004; 43 (4): 447-468.
2. Bullimore M. Myopia control: the time is now. Ophthalmic and Physiological Optics.2014; 34 

(3): 263-266. DOI: 10.1111 / opo.12130
3. Holden B., Sankaridurg P., Smith E., Aller T., Jong M., He M. Myopia, an underrated global 

challenge to vision: where the current data takes us on myopia control. Eye (Lond). 2014; 
28 (2): 142-146. DOI: 10.1038 / eye.2013.256

4. Tarutta E.P., Verzhanskaya T.Yu. Stabilizing effect of orthokeratological correction of 
myopia (results of a ten-year dynamic observation).Bulletin of Ophthalmology. 
2017; 133 (1): 49–54 [Tarutta EP, Verzhanskaya T.Yu. Stabilizing effect of 
orthokeratology lenses (ten-year follow-up results).Annals of Ophthalmology = 
Vestnik oftal'mologii. 2017; 133 (1): 49–54 (In Russ.)]. DOI: 10.17116 / 
oftalma2017133149‑54

5. Proskurina O. V., Parfenova N. P. Selection and appointment of soft individual 
defocus lenses for myopia control.Modern optometry... 2017; 9: 12-19 
[Proskurina OV, Parfenova NP Fitting and prescription soft indi-vidual of soft 
individual defocus lenses for myopia control.Modern Optometry = 
Sovremennaya optometriya 2017; 9: 12-19 (In Russ.)].

6. Wen D., Huang J., Chen H., Bao F., Savini G., Calossi A., Chen H., Li X., Wang Q. 
Efficacy and acceptability of orthokeratology for slowing myopic progression in 
children: asystematic review andmeta ‑ analysis. J Ophthalmol. 2015; 2015: 
360806. DOI: 10.1155 / 2015/360806

7. Tarutta E.P., Ibatulin R.A., Milash S.V., Tarasova N.A., Proskurina O.V., Smirnova T.S., 
Markosyan G.A., Epishina M.V., Kovychev A.S. Influence of "Perifocal" glasses on 
peripheral defocus and myopia progression in children.Russian Pediatric 
Ophthalmology. 2014; 9 (4): 53 [Tarutta EP, Ibatulin RA, Milash SV, Tarasova NA, 
Proskurina OV, Smirnova TS, Markosy-an GA, Epishina MV, Kovychev AS Influence 
of glasses “Perifocal” on peripheral defocus and myopia progression in children. 
Russian Pediatric Ophthalmology = Rossiiskaya pediatricheskaya oftal'mologiya. 
2014; 9 (4): 53 (In Russ.)].

8. Tarutta E.P., Proskurina O.V., Milash S.V., Ibatulin R.A., Tarasova N.A., Kovychev A.S., 
Smirnova T.S., Markosyan G.A. ., Khodzhabekyan N.V., Maksimova M.V., Penkina 
A.V. Peripheral defect and progression of myopia in children induced by Perifocal-
M glasses.Russian pediatric ophthalmicmology... 2015; 2: 33–37 [Tarutta EP, 
Proskurina OV, Milash SV, Ibatulin RA, Tarasova NA, Kovychev AC, Smirnova TS, 
Markosyan GA, Khodzhabekyan NV, Maksimova MV, Penkina AV Peripheral 
defocus induced by “Perifocal ‑ M ”Specta-cles and myopia progression in children.
Russian Pediatric Ophthalmology = Rossiiskaya pediatricheskaya oftal'mologiya. 
2015; 2: 33–37 (In Russ.)].

9. Sankaridurg P., Donovan L., Varnas S., Ho A., Chen X., Martinez A., Fisher S., Lin Z., 
Smith EL 3rd, Ge J., Holden B. Spectacle lenses designed to reduce pro‑ gression of 
myopia: 12 ‑ month results. Optom Vis Sci. 2010; 87 (9): 631–641. DOI:
10.1097 / OPX.0b013e3181ea19c7

10. Lam CSY, Chi-ho T., Leong HG Myopia control with multi segment myopic de-focus 
(MSMD) spectacle lenses; a randomized clinical trial. In: International myopia 
conference. Birmingham, 2017. P. 14.

11. Atchison DA, Pritchard NS, Katrina L. Peripheral refraction along the horizontal and 
vertical visual fields in myopia. Vision Research. 2006; 46 (8-9): 1450-1458.

12. Berntsen DA, Mutti DO, Zadnik K. Study of Theories about Myopia Progression 
(STAMP) Design and Baseline Data. Optom Vis Sci. 2010; 87 (11): 823-832. DOI:
10.1097 / OPX.0b013e3181f6f776

13. Curcio CA, Allen KA Topography of ganglion cells in human retina. J Comp Neurol. 
1990; 300 (1): 5-25.

14. Read SA, Collins MJ, Sander BP Human optical axial length and defocus. IOVS.2010; 
51 (12): 6262-6269. DOI: 10.1167 / iovs.10-5457. Epub 2010 Jun 30

15. Ferre CE, Rand G., Hardy C. Refractive asymmetry in the temporal and nasal halves 
of the visual field. Am J Ophthalmol. 1932; 15: 513-522.

16. Conrad F., Naduvilath T., Falk D., Sankaridurg P. Asymmetry in peripheral refrac- tion 
profiles over time and due to the progression of myopia. In: International myopia 
conference. Birmingham, 2017. P. 16.

17. Faria-Ribeiro M., Queiros A., Lopes-Ferreira D., Jorge J., Manuel Gonzalez-Mei-jome 
J. Peripheral refraction and retinal contour in stable and progressive myopia.
Optom Vis Sci. 2013; 90 (1): 9-15. DOI: 10.1097 / OPX.0b013e318278153c

18. Radhakrishnan H., Allen PM, Calver RI, Theagarayan B., Price H., Rae S., 
Sailoganathan A., O'Leary DJ Peripheral refractive changes associated with myopia

progression. Invest Ophthalmol Vis Sci. 2013; 54 (2): 1573-1581. DOI: 10.1167 / 
iovs.12-10278

19. Logan NS, Gilmartin B., Wildsoet CF Dunne MCM Posterior retinal contour in adult 
human anisomyopia. Invest Ophthalmol Vis Sci. 2004; 45 (7): 2152-2162.

20. Benavente-Perez A., Nour A.,   Troilo D. Asymmetries in peripheral refraction 
change with emmetropization and induced eye growth. Invest Ophthalmol Vis Sci.
2014; 55 (10): 6765–6773. DOI: 10.1167 / iovs.14-14524

21. Lee T. -T., Cho P. Relative peripheral refraction in children: twelve-month changes 
in eyes with different ametropias. Ophthalmic Physiol Opt. 2013; 33 (3): 283-293. 
Doi: 10.1111 / opo.12057

22. Schmid GF Association between retinal steepness and central myopic shift in chil-dren. 
Optometr Vis Sci. 2011; 88 (6): 684-690.

23. Larry TN, Wheeler W., Horner D. Power Vectors: an application of Fourier analysis to the 
description and statistical analysis of refractive error. Optometry and Vision Science. 
1997; 74: 367-375.

24. Tkatchenko AV, Tkatchenko TV, Guggenheim JA, Verhoeven VJM, Hysi PG, 
Wojciechowski R., Singh PK, Kumar A.,   Thinakaran G., Williams C... APLP2 
Regulates Refractive Error and Myopia Development in Mice and Humans. PLoS 
Genetics.2015; 11 (8): e1005432. Doi: 10.1371 / journal.pgen.1005432

25. Mutti DO, Mitchell GL, Sinnott LT, Jones-Jordan LA, Moeschberger ML, Cotter SA, 
Kleinstein RN, Manny RE, Twelker JD, Zadnik K. Corneal and crystalline lens 
dimensions before and after myopia onset. Optom Vis Sci. 2012; 89 (3): 251–262. 
DOI: 10.1097 / OPX.0b013e3182418213

26. Dashevsky A.I. False myopia. M .: Medicine, 1973 [Dashevsky AI False 
myopia. Moscow: Medicine, 1973 (In Russ.)].

27. Volkov V.V., Kolesnikova L.N. On the treatment of accommodation spasm, which is 
not directly related to the weakness of the ciliary muscle.Ophthalmic Heraldlogic. 
1972; 1: 50–52 [Volkov VV, Kolesnikova LN Treatment of spasm of accom‑ 
modation not associated with ciliary muscle weakness. Annals of Ophthalmology = 
Vestnik oftal'mologii. 1972; 1: 50–52 (In Russ.)].

28. Vatchenko A.A. Accommodation spasm and myopia. Kiev: Health, 1977 [Vatchenko 
AA Accommodation spasm andmyopia. Kyiv: Zdorov'ya, 1977 (In Russ.)].

29. Avetisov E.S. Myopia. M .: Medicine, 1999 [Avetisov ES Myopia. Moscow: 
Medicine, 1999 (In Russ.)].

30. Davies LN, Mallen EA Influence of accommodation and refractive status on the peripheral 
refractive profile. The British Journal of Ophthalmology. 2009; 93 (9): 1186– 1190. DOI: 
10.1136 / bjo.2009.159053

31. Lundström L., Mira-Agudelo A., Artal P. Peripheral optical errors and their change with 
accommodation differ between emmetropic and myopic eyes. Journal of Vision. 2009; 9 
(6): 17.1-11. DOI: 10.1167 / 9.6.17

32. Whatham A., Zimmermann F., Martinez A., Delgado S., de la Jara PL, Sanka-ridurg 
P. Influence of accommodation on off-axis refractive errors in myopic eyes. 
Journal of Vision. 2009; 9 (3): 14.1-13. DOI: 10.1167 / 9.3.14

33. Charman WN, Radhakrishnan H. Peripheral refraction and the development of refractive 
error: a review. Ophthalmic and Physiological Optics. 2010; 30 (4): 321–338. DOI: 10.1111 / 
j.1475-1313.2010.00746.x. Review.

34. Gu YC, Legge GE Accommodation to stimuli in peripheral vision. J Opt Soc Am
A. 1987; 4 (8): 1681-1687.

35. Stine GH Variations in refraction of the visual and extravisual papillary zones. Am J 
Ophthalmol. 1930; 13: 101-112.

36. Jenkins TCA Aberrations of the eye and their effects on vision: Part I. Br J Physiol 
Opt. 1963; 20: 59-91.

37. Collins MJ, Wildsoet CF, Atchison DA Monochromatic aberrations and myopia.
Vision Research. 1995; 35 (9): 1157-1163.

38. Kashchenko T. P., Yachmeneva E. I. Concomitant strabismus: pathogenesis, clinical picture, 
methods of research and restoration of visual functions. In the book: Avetisov S.E., 
Kashchenko T.P., Shamshinova A.M. (ed.) Visual functions and their correction in children. 
M .: Medicine, 2005. P. 66–92 [Kashchenko TP, Yachmeneva EI Strabismus: pathogenesis, 
clinic, methods of research and restoration of visual func- tions. In: Avetisov SE, 
Kashchenko TP, Shamshinova AM (eds) Visual functions and their correction in children. 
Moscow: Medicine, 2005. P. 66-92 (In Russ.)].

39. Ibatulin R.A. Perifocal lens - horizontal progression against myopia.Frames 
and lenses. 2014; 5: 32–34 [Ibatulin RA “Perifocal” lens - horizon tal 
progression against myopia. Frames and Lenses = Opravy i linzy. 2014; 5: 
32–34 (In Russ.)].

Information about authors about thE authors
LLC "Art-Optics"
Ibatulin Rashid Adygamovich
Candidate of Medical Sciences, Chief Physician of Art-Optics LLC st. 
Kakhovka, 33/1, Moscow, 117461, Russian Federation

LLC “Art-Optica”
Ibatulin Rashid A.
MD, chief medical officer LLC “Art-Optica” 
Kakhovka str., 33/1, Moscow, 117461, Russia

FSBI “Moscow Research Institute of Eye Diseases named after M.V. Helmholtz 
"of the Ministry of Health of the Russian Federation Proskurina Olga 
Vladimirovna
Doctor of Medical Sciences, Leading Researcher of the Department of Refraction 
Pathology, Binocular Vision and Ophthalmoergonomics
st. Sadovaya-Chernogryazskaya, 14/19, Moscow, 105062, Russian Federation

Moscow Helmholtz Research Institute of Eye Diseases 
Proskurina Olga V.
МD, principal researcher of the Department of pathology of refraction, binocular vision and 
ophthalmoergonomics
Sadovaya ‑ Chernogryazskaya str., 14/19, Moscow, 105062, Russia

FSBI “Moscow Research Institute of Eye Diseases named after M.V. Helmholtz 
"of the Ministry of Health of the Russian Federation Elena Petrovna Tarutta

Doctor of Medical Sciences, Professor, Head of the Department of Refraction 
Pathology, Binocular Vision and Ophthalmoergonomics
st. Sadovaya-Chernogryazskaya, 14/19, Moscow, 105062, Russian Federation

Moscow Helmholtz Research Institute of Eye Diseases 
Tarutta Elena P.
MD, professor, Head of the Department of pathology of refraction, binocular vision and 
ophthalmoergonomics
Sadovaya ‑ Chernogryazskaya str., 14/19, Moscow, 105062, Russia

R.A. Ibatulin, O. V. Proskurina, E.P. Tarutta
438 Contact information: Proskurina Olga Vladimirovna proskourina@mail.ru

Multifactorial mechanisms of the therapeutic effect of perifocal glasses (Perifocal-M) ...

https://www.ncbi.nlm.nih.gov/pubmed/?term=Holden B%5BAuthor%5D&cauthor=true&cauthor_uid=24357836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sankaridurg P%5BAuthor%5D&cauthor=true&cauthor_uid=24357836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith E%5BAuthor%5D&cauthor=true&cauthor_uid=24357836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aller T%5BAuthor%5D&cauthor=true&cauthor_uid=24357836
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jong M%5BAuthor%5D&cauthor=true&cauthor_uid=24357836
https://www.ncbi.nlm.nih.gov/pubmed/?term=He M%5BAuthor%5D&cauthor=true&cauthor_uid=24357836
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3930268/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3930268/
https://dx.doi.org/10.1038%2Feye.2013.256
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khodzhabekyan N%5BAuthor%5D&cauthor=true&cauthor_uid=29533579
https://dx.doi.org/10.1097%2FOPX.0b013e3181ea19c7
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20935586
http://www.ncbi.nlm.nih.gov/pubmed/23385793
http://www.iovs.org/content/45/7/2152.full#aff-1
http://www.iovs.org/content/45/7/2152.full#aff-1
http://translate.googleusercontent.com/translate_c?anno=2&hl=ru&rurl=translate.google.ru&sl=en&tl=ru&u=http://www.researchgate.net/publication/26818944_Peripheral_optical_errors_and_their_change_with_accommodation_differ_between_emmetropic_and_myopic_eyes&usg=ALkJrhgKCMLSPwXDx3HFY-YnUaS6onYsfQ
http://translate.googleusercontent.com/translate_c?anno=2&hl=ru&rurl=translate.google.ru&sl=en&tl=ru&u=http://www.researchgate.net/publication/26818944_Peripheral_optical_errors_and_their_change_with_accommodation_differ_between_emmetropic_and_myopic_eyes&usg=ALkJrhgKCMLSPwXDx3HFY-YnUaS6onYsfQ

