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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
The review presents new ideas about developmental 

mechanisms of amblyopia, which are currently discussed in 
literature. Objective evidence has accumulated that amblyopia 
affects both monocular and binocular functions in visual 
processing. Given the increasing evidence of fundamental and 
clinical research, it is most likely that binocular dysfunction is 
primary, and monocular reduction is visual acuity is secondary 
to this disease. Amblyopia is rather binocular than monocular 
pathology, and binocular interaction seems to play a critical 
role in the pathogenesis of strabismic, anisometropic and 
combined forms of amblyopia. According to this theory, it 
seems appropriate to begin the treatment with the restoration 
of binocular vision, which also leads to the restoration of the 
vision of the amblyopic eye. Poor visual functions in amblyopia 
is associated with the presence of suppression in binocular 
conditions of vision. Suppression transforms the structurally 
binocular system functionally monocular. Therefore, the first 
and most important step to restore binocular vision should be 
considered the elimination of suppression. The quantification of 
suppression is a critically important step for the improvement of 
new therapies for amblyopia based on the global perception of 
movement associated with the function of the dorsal extrastriate 
visual cortex. This new understanding of amblyopia now 
becomes the basis for carrying out a large volume of diverse 
studies that provide the development of more effective therapies 
that will primarily focus on eliminating suppression and 
restoring binocular vision.

Key words. Binocular interaction, amblyopia.
Introduction.

Amblyopia is a monocular or binocular visual reduction in 
visual acuity that results from prolonged visual deprivation 
in the early years of life. Amblyopia is a postnatal violation 
of a development of the visual cortex due to abnormal visual 
experience during the critical period in infancy or early 
childhood (the first 7-10 years) and leads to the chronic 
insufficiency of cortical processes, even after the elimination of 
the amblyogenic factor [1,2].

Amblyopia affects 3-5% of the population [3] and it is the 
second to refractive error as the most common cause of vision 
loss in infants and children. According to the etiological factor, 
it is divided to anisometropic, strabismic, deprivational due to 
cataracts or ptosis, and mixed amblyopia. The most common 
amblyogenic factors are strabismus, anisometropia, and 
deprivation. In the presence of several amblyogenic factors 
speak mixed mechanism of amblyopia. The most common is 
strabismic amblyopia with anisometropia [4-6].

The pathogenetic mechanisms of amblyopia have not 
been sufficiently studied, despite the data of numerous 
electrophysiological and psychophysical studies and the 
presence of ultramodern methods of neuroimaging, for 
example, functional magnetic resonance imaging (fMRI). Until 
now, it remains unclear whether there are different or a single 
pathogenetic mechanism for the development of the various 
types of amblyopia.

Because amblyopia often involves one eye, it is related to a 
monocular pathology, and accordingly, the treatment is also 
monocular. The primary methods of amblyopia treatment are 
the occlusion of the "healthy" eye and penalization. However, 
monocular therapy for amblyopia has recently been questioned 
due to the frequent recurrence of amblyopia after the occlusion 
was stopped and the presence of residual amblyopia [2].
The current hypothesis about the pathogenesis of amblyopia.

Amblyopia arises from a lack of consistency between the 
images of each eye; information from one eye becomes more 
privileged, while the picture coming from the other eye is 
actively suppressed by the visual cortex [7]. Suppression leads 
to decreased visual acuity in the amblyopic eye and, therefore, 
disrupts binocular vision. However, the question arises whether 
low vision is the cause or consequence of a violation of 
binocular vision? According to the hypothesis, the primary and 
leading factor in the development of amblyopia is the disruption 
of binocular vision, which leads to suppression with further 
development of visual loss [2,8]. The new hypothesis lays the 
foundation for an alternative approach to developing more 
effective treatment for amblyopia.

Alterations in the primary and secondary visual cortex 
of patients with amblyopia have been shown in numerous 
studies [9-15]. Recent evidence suggests that in amblyopic 
patients, there is a deficit of processing of visual information 
at high levels of the visual system, in the areas of the parietal-
occipital and temporal cortex [16]. These areas of higher level 
of the visual system processing the binocular signal are part 
of the cortical neural network involved in the 3D vision of the 
object. The study of the visual cortex of the brain revealed a 
reduction in the number of binocularly controlled neurons in 
the primary visual cortex V1 and a decrease in the number of 
neurons controlled by the amblyopic eye [17,18]. It was found 
that a violation of fixation of one eye with strabismus [19,20] 
can be caused by weakening of binocular cortical connections 
[19]. Also, investigation of the binocular interaction in the V1 
region found a reinforcement of binocular suppression [21,22]. 
An increase of suppression may be associated with a decrease 
the number of binocularly controlled neurons in the V1 region, 
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as earlier studies have shown that weakening of suppression 
by the bicuculline promoted the recovery of more than half of 
the cortical neurons [23]. Numerous of electrophysiological 
studies have shown a decrease of amplitude of visual cortical 
evoked potentials (VEP) and their normal or elongated peak 
latency when stimulating the amblyopic eye [15,24-26]. Thus, 
a decrease in the response of the visual cortex may be due to a 
disruption of binocular vision in patients with amblyopia.

Anisometropic and strabismic amblyopia are characterized by 
different patterns of visual deficits. Anisometropic amblyopia 
is associated with proportional deficits in optotype, vernier and 
grating acuity [27,28] but strabismic amblyopia is associated 
with a disproportional visual impairment in optotype visual 
acuity and vernier acuity, compared with grating acuity. 
The difference in the patterns of visual deficits between the 
strabismic and anisometropic amblyopia can talk about various 
pathophysiological processes (the etiological hypothesis) [29].

The second (age) hypothesis implies that the degree of 
various spatial deficiencies with strabismic and anisometropic 
amblyopia depends on the onset of the disease, that is, of the 
level of maturation of the visual system [29]. Anisometropic 
amblyopia develops later when the visual system is more 
developed, and the binocular system is more or less formed. 
Therefore, disturbances of visual functions are weaker in 
comparison with the strabismic amblyopia.

E. Birch with colleagues investigated the visual acuity in 
optotypes, vernier, and grating in patients with amblyopia, 
which developed at different stages of visual maturation: in 
infancy and preschool age, taking into account the exact onset of 
the disease and etiology [30]. In case of strabismic amblyopia, 
which arose both in infancy and preschool age, there was a 
disproportionately large deficit of visual acuity in optotype and 
vernier in comparison with grating acuity. When analyzing 
the data obtained in the infantile group, different patterns 
of visual deficits were found in patients with strabismic and 
anisometropic amblyopia. Children with infantile strabismic 
amblyopia showed a disproportionately high visual acuity 
deficiency in optotypes and vernier as compared with grating 
acuity, and children with infantile anisometropic amblyopia 
showed a proportional impairment of the same functions. The 
researchers concluded that binocularity is the leading factor of 
visual deficiency in these patients.

In macaques with experimentally induced anisometropia, the 
blurred vision of one eye leads to a selective loss of neurons 
responding to high spatial frequencies [31,32]. On the other 
hand, infantile strabismus disrupts the binocular connections 
of the cortical neurons and can lead to the development of a 
preferential fixation of one eye and some disturbances of 
monocular functions in the non-dominant eye, where visual 
acuity is specifically severe in optotypes and vernier [33]. These 
facts indicate that the presence or absence of binocular function 
but not of strabismus drives the pattern of visual deficits.

According to E. Birch and colleagues [2], regardless of 
the etiology of amblyopia, those patients who do not have 
stereoscopic vision give a disproportionate deficiency of visual 
acuity in optotypes compared to patients with stereoscopic 
vision. Visual acuity with amblyopia correlates with binocular 

status; in the absence of binocular vision in patients, as a rule, 
there is low visual acuity [34]. The violation of stereoscopic 
vision also depends on the type of amblyopia and is more often 
disturbed in the case of strabismic than with anisometropic 
amblyopia [34]. These research results led to a new approach to 
the treatment of amblyopia to eliminate suppression in the visual 
cortex of the brain. Suppression is the strongest inhibiting factor 
concerning recovery of binocular vision, and its elimination is 
an indispensable first step in any binocular therapy [35,36].
Suppression in amblyopia.

Suppression plays a significant role in the disturbance of 
monocular and binocular visual functions in patients with 
amblyopia [37]. Under suppression, we mean the inhibitory 
effect of the paired eye on the amblyopic eye when looking with 
both eyes. Suppression inhibits information from the amblyopic 
eye to prevent diplopia or confusion. When images of one 
object fall onto non-corresponding areas of the retina of two 
eyes in the primary visual cortex, it is projected accordingly into 
disparate areas and causes diplopia. When different images hit 
the corresponding retinal points, they are projected into the same 
area of the cerebral cortex, as a result, which causes confusion. 
In the 1930-80's suppression was an actual topic raised in many 
works. The functional scotoma, its size, and location for various 
types of strabismus were carefully examined.

It is believed that the scotoma involves that part of the visual 
field of the declined eye that corresponds to the foveal area of 
the fixing eye. Sometimes the scotoma widens and includes the 
foveal region of the deflected eye.

Recently, there has been a sharp revival of interest in 
suppression research, which radically changed the notion of 
suppression, and offered new and much less dichoptic ways of 
measuring it [39]. Previously, suppression was determined only 
qualitatively, it was possible to detect its presence or absence 
with tests of Worth or the Bogolini, etc.
Visual processing in amblyopia.

To date, methods for quantifying suppression are based on the 
global visual processing. Anomalous of visual processing can 
be associated with a violation of the perception of individual 
elements of the visual scene (local processing), and with a defect 
in the integration of multiple elements and image parameters in 
space and time (global processing) [40]. The deficit of the local 
processing is often associated with a violation in the primary 
visual cortex V1, where the cells with relatively small receptive 
fields are located. On the other hand, disturbances in the global 
processing of visual information are believed to be associated 
with the involvement of extra-cortical areas. Neurons in these 
zones have large receptive fields, can integrate signals coming 
from the lower levels of the visual system, and play a significant 
role in the segregation of the signal and noise [41]. In the local 
processing, spatial and temporal processing is singled out.

Psychophysical studies have shown that amblyopia affects 
many aspects of spatial vision: contrast sensitivity, hyperacuity, 
crowding-effect [42]. That is, the parvocellular pathway is 
interested. Unlike local spatial processes, local temporal 
processing is less altered in amblyopia. Global processing of 
visual information is considered within the framework of the 
parallel information processing hypothesis [43-45].
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According to this hypothesis, the dorsal extrastriate visual 
regions sensitive to movement of the V5 / MT zone (middle 
temporal) are specialized for the perception of the localization 
and displacement of objects, and, therefore, provides the basis 
for visual-motor coordination. This pathway of processing of 
the visual information is called the dorsal stream (the pathway 
"where" or "vision for action"). It extends from the occipital 
lobe to the parietal lobe and represents a continuation of the 
magnocellular pathway. The second pathway, known as the 
ventral stream (the "what" or "vision for recognition" pathway), 
includes the ventral areas of the occipital and temporal lobes 
[46,47]. The connections and structures of this pathway 
specialize in processing a form that supports object recognition 
and represents the continuation of the parvocellular pathway.

Recently, convincing evidence has appeared that in addition 
to anomalous local spatial processing, there is a deficit of global 
perception of movement, that is, of temporal processing, which 
does not depend on the local processing of visual information. 
The evidence for a deficit for the global perception of a form 
of the object is less convincing than for the movement [48-50].

It is particularly interesting taking into account the well-
known hypothesis suggested that local temporal processes are 
less affected by amblyopia than local spatial processes. It is 
surprising that the patterns of deficiency of local processing do 
not correspond to the patterns of a deficit of global processing 
in monolateral amblyopia. The deficit of global information 
processing is present only in tasks requiring the isolation of a 
signal from noise. It turns out that the dorsal extra-striate visual 
cortex is susceptible to the influence of abnormal developments 
to a more significant than the ventral region [51].

Recent work has shown that suppression in amblyopia is most 
pronounced in the dorsal than in the ventral flow [52], so the 
authors proposed a method for determining suppression in 
patients with anisometropic and strabismic amblyopia based on 
the global movement of kinematogram dots.
Conclusion.

1. By now, objective evidence has been accumulated that 
amblyopia is a binocular pathology. Binocular interaction plays 
a critical role in the pathogenesis of strabismic, anisometropic 
and combined amblyopia.

2. Binocular dysfunction can be primary, and a monocular 
decrease of visual acuity - secondary. Therefore, it is 
recommended to start the treatment with the restoration of 
binocular vision, which also can lead to the recovery of the 
visual acuity of the amblyopic eye.

3. The elimination of suppression should be considered as a first 
and most necessary step to restore binocular vision. Suppression 
renders a structurally binocular system functionally monocular.

4. Quantitative evaluation of suppression is the primary step 
in developing new methods for the treatment of amblyopia, 
based on the perception of global movement associated with the 
function of the extra-striate dorsal visual cortex.

5. This new understanding of amblyopia provides the basis for 
carrying out a large volume of further research and developing 
more effective therapies that will primarily focus on eliminating 
suppression and restoring binocular vision.
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