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Controversial Issues of the Mechanism of Crystalline Lens Accommodation
and the Rationale the Hydraulic Component in Its Implementation

ABSTRACT

Purpose: To consider controversial issues of the mechanism of crystalline lens accommodation
and to justify the hydraulic component in its implementation.

Materials and Methods: Theories of the mechanism of accommodation and its assessment
according to ultrasound biomicroscopy, magnetic resonance imaging and optical coherence
tomography were analyzed. For the first time, the features of accommodative activation of
intraocular fluid exchange in the closed hydrostatic system of the lens with the participation of
mechanosensitive aquaporins were considered. When substantiating the hydraulic component in
the mechanism of the crystalline lens accommodation, special emphasis was placed on the rapid
decrease in pressure in the anterior and posterior chambers of the eye during contraction of the
meridional portion of the ciliary muscle.

Results: Analysis of various theories of accommodation has shown that mechanism of the
crystalline lens its implementation continues to be discussed to this day. For the first time, the
lens was considered as a unique closed hydrostatic system in which the pressure level is
established through ultrafiltration and diffusion of intraocular fluid with the participation of
aquaporins. Aquaporins form ion channels in the capsule, cuboidal epithelial cells, lens fibers
and are mechanosensitive receptor proteins. The opening and closing of ion channels regulates
the potassium-sodium pump, directed transport and exchange of intraocular fluid in the lens. The
hydrostatic balance between the pressure in the crystalline lens and the anterior and posterior
chambers of the eye is ensured by the crystalline lens capsule. The capsular bag of the crystalline
lens can be considered as a curved diaphragm that separates two hydrostatic systems with
different levels of pressure. Due to the hydrostatic buffering effect, the I0P level does not affect
the crystalline lens, but it responds to a rapid decrease. This decrease in pressure in the anterior
and posterior chambers is realized through the tension of the scleral spur by the meridional
portion of the ciliary muscle and the activation of the valve mechanism of the scleral sinus. The
greater the decrease in pressure, the more convex the crystalline lens takes on and increases its
refraction.

Conclusion: The presence of a hydraulic component in the mechanism of crystalline lens
accommodation allows us to understand how the contraction of the small ciliary muscle can
change the shape and refractive power of the large crystalline lens.

Key words: crystalline lens, vision, eyeball, ciliary muscle, hydraulic component, lens
accommaodation, aquaporins, scleral sinus.

1. INTRODUCTION
Accumulated new data on the accommodation of the human eye indicate the participation in
its implementation of the entire iridocyclolenticular complex, the vitreous body, extraocular

muscles and hydrohemodynamic fluctuations in the eye [1-6]. In this case, the leading role is given



to crystalline lens accommodation, the mechanism of which continues to be debated among
ophthalmologists to this day. First of all, this concerns the question of how strong the small ciliary
muscle must be in order to, through the tension and relaxation of the ligaments of Zinn, cause
changes in the shape and refractive power of such a voluminous crystalline lens. No less
controversial is the question why, at rest of accommodation, the ciliary muscle is relaxed, and the
Zinn ligaments are stretched. Contradictory is the position according to which the Zinn ligaments
relax during contraction of the ciliary muscle, despite the fact that the diameter of the crystalline
lens decreases. Finally, the predominant change in the curvature of the anterior surface of the
crystalline lens and the sufficiency of the elastic properties of its capsule to change the shape of
crystalline lens during accommodation require explanation.

All of the above questions need to be discussed, and the mechanism of crystalline lens
accommodation needs to be clarified.

1.1 Purpose

Consider controversial issues of the mechanism of crystalline lens accommodation and to
justify the hydraulic component in its implementation.

2. MATERIALS AND METHODS

Theories of the mechanism of accommodation and its assessment according to ultrasound
biomicroscopy, magnetic resonance imaging and optical coherence tomography were analyzed. For
the first time, the features of accommodative activation of intraocular fluid exchange in the closed
hydrostatic system of the crystalline lens with the participation of mechanosensitive aquaporins
were considered. When substantiating the hydraulic component in the crystalline lens
accommodation mechanism, special emphasis was placed on the rapid decrease in pressure in the
anterior and posterior chambers of the eye during contraction of the meridional portion of the ciliary
muscle. In addition, a new concept of the energy-saving work of accommodation was considered,
taking into account modern ideas about the role of the iridocyclolenticular complex, scleral sinus,
extraocular muscles and vitreous body in hydro- and hemodynamic shifts in response to an
accommodative stimulus.

3. RESULTS and DISCUSSOINS

Studies by various authors assessing changes in the shape of the crystalline lens during
accommodation have revealed an increase in its thickness and a decrease in the equatorial diameter.
Such changes were confirmed by ultrasound biomicroscopy, magnetic resonance imaging (Fig. 1)
and optical coherence tomography. During accommodation, the profile of the anterior surface of
crystalline lens became steeper and the depth of the anterior chamber decreased. In this case, only
minor changes in the profile of the posterior surface of crystalline lens, the depth of the vitreous

chamber and the axial length of the eye were noted [7-12].
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An analysis of various theories of accommodation has shown that the mechanism of
crystalline lens and its implementation continues to be discussed by ophthalmologists around the
world to this day [2-6]. The main position of Helmholtz's theory, that at rest of accommodation the
ciliary muscle is relaxed and the ligaments of Zinn are tense, conflicts with physiology, when
contraction of the muscle causes tension in the ligament [2]. According to modern data, the lens
ligaments do not have direct attachment to any portion of the ciliary muscle, and the end point of
their fixation is the anterior cortical layers of the vitreous. It is enough to note that the most
powerful and longest meridional portion of the ciliary muscle is attached at one end in the area of
the scleral spur and corneoscleral trabecula, and its second end is woven into the choroid [1-3].
That is why the question of how the small ciliary muscle changes the shape and refractive power of
the large crystalline lens remains debatable. It is difficult to agree with the change in the shape of
crystalline lens due to relaxation of the ligaments of Zinn, since during accommodation the
equatorial diameter of crystalline lens decreases [2]. Taking into account the above, it is legitimate
to say that the ligaments of Zinn act as a supporting apparatus. This ensures a stable position of the

lens during accommodation and avoids phacodonesis.

Fig.1. Changes in the depth of the anterior chamber, volumetric ratios between the value
Volumetric relationships between the depth of the anterior chamber, the size
ciliary muscle and crystalline lens at rest (A), under tension accommodation (B) and
rapid decrease in IOP (B) in the anterior region eyes (according to magnetic resonance
imaging).

It is not possible to explain the change in the shape of crystalline lens during accommodation
only by the elastic properties of the capsule and the varying degrees of its tension by the ligaments

of Zinn. An overestimation of the importance of the capsular bag in changing the shape of
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crystalline lens is indicated by the fact that upon completion of refractogenesis, the elasticity of the
capsule decreases. This is indicated by the lack of expansion of the circular capsulorhexis when
removing the transparent crystalline lens for refractive purposes in young patients. In addition, with
accommodation stress, due to a decrease in the diameter of crystalline lens, there is no decrease in
the distance between the equatorial profile of crystalline lens and the profile of the edge of the
ciliary body (Fig. 1). This was confirmed by magnetic resonance imaging, ultrasound scanning and
optical coherence topography data [7-12].

All of the above controversial issues of crystalline lens accommodation indicate the need to
study other mechanisms in its implementation.

The new concept of the presence of a hydraulic component in the implementation of
crystalline lens accommodation mechanism is based on the features of the closed hydrostatic system
of the lens, the transport of intraocular fluid in crystalline lens with the participation of
mechanosensitive aquaporins, the presence of a hydrostatic buffer effect, the activation of the valve
mechanism of the scleral sinus during contractions of the ciliary muscle and the rapid decrease in
pressure in the anterior and posterior cameras of the eye,

We propose to consider crystalline lens as a unique closed hydrostatic system in the eye,
limited by an elastic capsule. In this system, the required level of pressure is ensured by active
directed transport of intraocular fluid. Such directed transport of intraocular fluid from the anterior
to posterior cortical layers of crystalline lens and further into the vitreous body has been proven by
experimental studies [13-16]. Mechanosensitive aquaporins are of particular importance in the
transport and exchange of intraocular fluid in the eye [17-24]. Aquaporins (AQPSs) are a class of
transmembrane proteins that function as water channels. These water channels exist in 13 known
isoforms (AQP0-AQP12) and act to move water across biological membranes through osmotically
driven passive diffusion [21]. Aquaporins form ion channels in crystalline lens capsule, subcapsular
cuboidal epithelium and lens fibers and selectively allow water molecules to pass through (Fig.2).
They are very sensitive to fluctuations in intraocular pressure, regulate the transfer of intraocular
fluid and the operation of the potassium-sodium pump. A special role in this is given to the cubic
epithelium in the central and peripheral zones of the anterior capsule of crystalline lens. These cells
do not have mitotic activity and perform the function of active directed transport of intraocular fluid
from the anterior to posterior cortical layers of crystalline lens. Normally, the water content in the
lens ranges from 60 to 65% and it can be considered as a complex hydrocolloid structure containing
water-soluble proteins represented by a-, p- and y-crystallins. It should be noted that soluble
cytoplasmic proteins form an ordered gel, in which the value of the refractive index depends on the
level of hydrostatic pressure [25]. In addition, the fibers of the cortical layers of the lens also

contain ion channels of mechanosensitive aquaporins, which are involved in the transport of
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intraocular fluid. We believe, that mechanosensitive aquaporins act as microvalves that open,
constrict, or close ion channels in the lens at certain magnitudes of IOP fluctuations. Depending on
the nature of the accommodative load, this can maintain the required level of optical pressure inside
crystalline lens, affect the hydrocolloid structure, the degree of compaction of the lens fibers, the
refractive index and the refractive power of crystalline lens. Such changes in the lens may explain
the development of various accommodative disorders. According to the literature, ion channels
represented by aquaporins are capable of responding to mechanical stress in a wide range of
external mechanical stimuli. lon channels have the shape of a narrow slit in the center and widening
at opposite ends (Fig.2). With this form of ion channel, water can only penetrate in the form of a
thin chain of molecules connected by hydrogen bonds. It should be noted that aquaporins are a type
of mechanosensitive receptor proteins present in membrane structures and cell membranes in all
human organs and tissues. They were first identified in 2010 by a team of scientists led by Ardem
Pataputyan, and he was awarded the Nobel Prize in Physiology or Medicine in 2021 for their
discovery.

In our opinion, in the ion channels of the capsule, cuboidal epithelium and crystalline lens
fibers, mechanodependent aquaporins provide activation of intralenticular fluid transport, the
required level of intralenticular pressure and the accommodative ability of crystalline lens.
Aquaporins (AQPs) carry out rapid transport of large amounts of liquid and are capable of
transporting 3x109 water molecules per second per monomer [25]. It is possible that the pressure
inside crystalline lens may even slightly exceed the level of IOP, which is due to the active function
of transport of intraocular fluid by aquaporins of the cuboid epithelium and its passive diffusion
through the posterior capsule, where the cuboid epithelium is absent. In the closed hydrostatic
system of crystalline lens, there is a directed flow of fluid from the anterior to the posterior cortical
layers, followed by its diffusion into the retrolental space through the thinnest posterior capsule of
crystalline lens in the central optical zone (Fig. 2). The question of the participation of aquaporins in
the directed transport of intraocular fluid through the posterior capsule and cortical layers of
crystalline lens into the central nuclear zone (Fig. 2), and its outflow through the equatorial part of
crystalline lens capsule is debatable [21]. It is difficult to agree with this route of outflow of
intrauterine fluid. It is enough to note that the thickness of the capsule in the equatorial part is 4-5
times greater than the thickness in the central zone of the posterior capsule. Moreover, in the
equatorial part there are larger cuboidal epithelial cells with mitotic activity (Fig. 2). As already
noted, the directed flow of intraocular fluid from the anterior to the posterior cortical layers, then
into the retrolental space and the vitreous body has been proven by experimental studies of a
number of authors [12-16]. It should be noted that the lenticomacular canal begins from the

retrolental space, limited by the Viger's capsular-vitreal ligament. In this channel, there is a
5



PIEZ01
: Skl . ‘PIEZOZ_
Mechanosensitive
aquaporins

lon channel Closed

Mechanical force

Fig.2. Directed transport of intraocular fluid in a closed hydrostatic system of the crystalline
lens with the participation of mechanosensitive aquaporins.
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Fig.3. Accommodative activation of intraocular fluid circulation in the lentico-macular canal
of the vitreous body.



directed flow of intraocular fluid and its transretinal dialysis in the macula. Accommodative
activation of the circulation of intraocular fluid in the lenticomacular canal (Fig. 3) plays an
important role in the functional preservation of the macular region of the retina. Due to the high
concentration of ascorbic acid in the intraocular fluid, which exceeds that in the blood plasma by
25-50 times, the inactivation of peroxide radicals formed during the photochemical reaction is
ensured. At the same time, directed transretinal dialysis of intraocular fluid in the macular region of
the retina is also carried out with the participation of retinal aquaporin-4 [26] and along the gradient
of oncotic pressure of blood proteins in the choroid. It is no coincidence that the thickness of the
choroid in the macular region is greater than in its other parts.

The pressure in the closed hydrostatic system of crystalline lens plays an extremely important
role in the implementation of the hydraulic component of the mechanism of lens crystalline
accommodation. Just a rapid decrease in pressure in the anterior and posterior chambers of the eye
is enough for crystalline lens to take the shape of a “convex” ellipsoid and increase its refractive
power.. At the same time, the main regulator of rapid IOP fluctuations is the scleral sinus
(Schlemm’s canal). The relationship of the ciliary muscle with the trabecular apparatus and scleral
sinus is not accidental. There is evidence that trabeculae are connective tissue fibers of the ciliary
muscle, cornea and sclera, stretched during goniogenesis, and the inner wall of the scleral sinus
(Schlemm’s canal) contains the tendons of the ciliary muscle [27]. The varying degrees of opening
and functional reversible blockade of the scleral sinus during contractions and relaxations of the
ciliary muscle allows us to consider it as a unique valve mechanism that provides rapid fluctuations
in pressure in the anterior part of the eye during accommodation. In this case, the decrease in
pressure in the anterior and posterior chambers outpaces its increase in the posterior part of the eye
during accommodation and convergence. It is these hydrodynamic shifts in the anterior part of the
eye that change the shape of crystalline lens. Moreover, the profile of the anterior surface of
crystalline lens becomes steeper. Such changes can be explained by Laplace’s hydraulic law,
according to which the anterior capsule, which has a larger radius of curvature, experiences greater
intralens pressure. In addition, it is necessary to take into account the fact that the thickness of the
anterior capsule in the center of crystalline lens is 3.5 times greater than in the center of the
posterior capsule and their average values are 14 um and 4 pm, respectively (Fig. 2). In this regard,
in the anterior capsule there is initially less internal tension and greater extensibility with a rapid
decrease in pressure in the anterior chamber. In addition, during accommodation and convergence,
stretching of the posterior capsule is counteracted by an increase in pressure in the retrolental space.

The entire iridocyclolenticular complex (ICLC) takes part in the implementation of the

mechanism of crystalline lens accommodation. In this complex, crystalline lens can be considered
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as a kind of pump that pumps intraocular fluid from the anterior part of the eye into the vitreous
body. In other words, there is an accommodative activation of the intraocular fluid circulation in
the hydrostatic system of the vitreous body. All of the above allows us to consider ICLC as an
activator of hydrodynamics and hemodynamics in the eye. With contractions and relaxations of the
ciliary muscle, the outflow of intrascleral fluid from the scleral sinus into the collector canals and
further into the interconnected intrascleral and episcleral venous plexus increases. In addition, with
contractions and relaxations of the ciliary muscle, blood flow and secretion of intraocular fluid in
the ciliary processes are activated (Fig. 4). From these positions, the ICLC can be called the heart
of the eye, which beats in a certain rhythm during visual perception of the world around us and
determines the safety of all intraocular structures [2]. Disruption of the ICLC in presbyopia can be
considered as an important pathogenetic link in the development of age-related pathologies such as

cataracts, glaucoma and macular degeneration of the retina.

Canal of Schiemm

Fig.4. Activation of intraocular fluid circulation in the angle of the anterior chamber during
accommodative contraction of the Briicke muscle, tension of the scleral spur,
corneoscleral trabeculae, expansion of intertrabecular spaces and scleral sinus.

It should be noted that in the mechanism of accommodation, the ciliary muscle retains its
leading position and plays an extremely important multifunctional role. This role is to ensure
varying degrees of tension of the scleral spur, corneoscleral trabecula, expansion of intertrabecular
gaps and activation of the valve mechanism for regulating the lumen of the scleral sinus,
redistribution of blood flow in the secretory part of the ciliary body and activation of the secretion

of intraocular fluid [2]. It is necessary to once again emphasize that it is due to the valve mechanism
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of the scleral sinus that the effect of a rapid decrease in IOP in the anterior and posterior chambers
during accommodation is realized. Under the influence of greater pressure in crystalline lens, its
shape and refractive power change. From the perspective of the new concept of the hydraulic
component in the implementation of the mechanism of crystalline lens accommodation, it becomes
clear how contraction of a small ciliary muscle can change the shape of such a voluminous lens.

The formation of accommodation in the human eye has gone through a long evolutionary
path, and it has become more advanced from the standpoint of biomechanics and economical from
an energy point of view. Research by various authors indicates that the ability of the eye to see
objects at different distances is realized not only through a change in the refractive power of the
lens. This involves a whole complex of interconnected structures of the eye, which ultimately
determine the ability to see objects at different distances and provide work at close ranges of
varying durations. Among all the structural elements of the eye, the iridocyclolenticular complex
(ICLC) should rightfully be considered the leading one in the implementation of the energy-saving
mechanism of accommodation. This complex plays an extremely important role in the act of visual
perception, hydrodynamics and hemodynamics of the eye. It is enough to note the important role of
the diaphragmatic function of the iris, when only constriction of the pupil can lead to a decrease in
optical aberrations, increase visual acuity and increase the depth of clinical focus. With emmetropia,
such an increase in the depth of focus is sufficient to view objects at a distance of more than a
meter, without the participation of crystalline lens accommodation. In addition, when working at
close range, convergent muscle tensions and hydraulic shifts in the vitreous lead to anterior
displacement of the entire ICLC. If pupillary and muscular compensation of the response to an
accommodative stimulus is insufficient, crystalline lens accommodation is activated. In this case,
there is a contraction of various portions of the ciliary muscle, tension of the scleral spur, expansion
of the intertrabecular gaps, scleral sinus and a rapid decrease in 10P in the anterior part of the eye.
This is accompanied by a change in shape and an increase in the refractive power of crystalline lens.
In all cases, the tension and relaxation of the scleral spur and corneoscleral trabeculae by the ciliary
muscle triggers the valve mechanism of the scleral sinus. It is the presence of a hydraulic
component in crystalline lens accommodation mechanism that allows, with minimal energy costs, to
increase the refractive power of crystalline lens for working at close range. With tension and
relaxation of various parts of the ciliary muscle, the uveoscleral outflow tract and the transition of
the intravenous fluid from the scleral sinus to the collector tubules, which are connected to the
superficial and deep venous plexuses, are activated (Fig. 4). An increase in pressure and an
increase in the speed of movement of intraocular fluid in the collector tubules, in turn, activates
blood flow in the venous system of the eye. It can be assumed that it is the appearance of the scleral

sinus (Schlem's canal) in primates and humans that plays an important role in the formation of the
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effect of rapid 10P fluctuations in the anterior segment of the eye and is directly related not only to
the close relationship between the hydrodynamic and hemodynamic systems of the eye, but also
directly to the act accommodation. Due to the activation of the valve mechanism of the scleral
sinus, the effect of a rapid decrease in IOP in the anterior segment of the eye is realized, which is
ahead of the monocular accommodative and binocular accommodative-convergent increase in 10P
with corresponding hydrodynamic shifts in its posterior segment. In our opinion, hydrodynamic
shifts in the posterior part of the eye during accommodation and convergence have their own
mechanism of implementation. In this mechanism, a special role is played by the direct connection
of the retrolental space with the current and exchange of intraocular fluid in the vitreous body.
During accommodation, a kind of hydraulic shock occurs, transmitting the pressure of the fluid of
the retrolental space to the lens.

According to the new concept, significant tension and relaxation of the Zinn’s ligaments is not
required to implement lens accommodation. In fact, in this case, all the work of the ciliary muscle
comes down only to better tension the scleral spur, expanding the intertrabecular gaps, the scleral
sinus, and activating the outflow of the intraocular fluid. In this case, it is necessary to take into
account the stimulating effect of ciliary muscle contractions in activating blood flow and secretion
of intraocular fluid in the ciliary processes. The hydraulic component in the implementation of lens
accommodation, in our opinion, is quite legitimate from an energy point of view and provides a
number of other important functions. These functions consist of activating the directional flow of
intraocular fluid and its exchange in the lens, stimulating hydrodynamics in the vitreous channels
and activating hemodynamics with the redistribution of blood flow in the tissues of the anterior and
posterior parts of the eye.

In 2010, we were the first to propose an energy-saving hydrohemodynamic theory of
accommodation [2]. According to this theory, in the mechanism of crystalline lens accommaodation,
an important place was given to the hydraulic component and the valve mechanism of the scleral
sinus. However, the interpretation of such a mechanism of crystalline lens accommodation turned
out to be not entirely correct. The weak point in this theory of accommodation turned out to be the
position according to which, under the influence of 0P, the normal crystalline lens is flattened and
has the shape of a “compressed” ellipsoid. This is precisely what caused fair criticism of the
hydraulic component in the accommodation mechanism, since the features of the hydrostatic buffer
effect were not taken into account. Research by A.P. Nesterov [28] showed that all intraocular
tissues can be considered as diaphragms that separate chambers, cavities and slit-like spaces. Thus,
each intraocular structure is surrounded by fluid under approximately the same pressure, and
therefore does not experience the mechanical action of the entire ophthalmotonus. No matter how

high it rises, a force not exceeding 2-3 mm Hg acts on the eye tissue. It is due to the presence of this
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effect that IOP cannot give crystalline lens the shape of a “compressed” ellipsoid. The exception in
this regard is the outer shell of the eye, which experiences the effect of the entire ophthalmotonus,
and the optic nerve head, due to the pressure difference on both sides of the lamina cribrosa [28].

The crystalline lens taking on the shape of a “convex” ellipsoid and increasing its refractive
power during accommaodation is possible with a rapid decrease in 10P in the anterior and posterior
chambers of the eye. This effect is explained by the fact that crystalline lens is a closed hydrostatic
system in which the pressure level is established through ultrafiltration and diffusion of intraocular
fluid with the participation of mechanosensitive aquaporins in the capsule, cuboidal epithelium and
lens fibers. The hydrostatic balance between the pressure in the lens and the anterior and posterior
chambers of the eye is ensured by crystalline lens capsule. In this case, crystalline lens capsule can
be considered as a curved diaphragm that separates two hydrostatic systems with different levels of
pressure. Even if the pressure inside crystalline lens corresponds to IOP, then with a rapid decrease
in pressure in the anterior and posterior chambers, crystalline lens takes on a more rounded shape.
The greater this pressure difference, the more the capsule stretches and the more convex crystalline
lens takes on. A rapid decrease in pressure in the anterior and posterior chambers is realized through
the activation of the valve mechanism of the scleral sinus when the scleral spur is pulled by the
meridional portion of the ciliary muscle. The described mechanism is fully consistent with all the
provisions of hydrostatics and the effect of reversible functional blockade of Schlemm’s canal in the
eye, which were substantiated by the fundamental research of A.P. Nesterov [28]. It is necessary to
note the research of Oliveira R.H. et al., which revealed a rapid response of the ciliary muscle to
accommodative impulses. The dynamic response of the ciliary muscle to input impulses showed a
distinct peak amplitude [29].

All of the above indicates the important role of accommodation, cuboidal epithelium and
mechanosensitive aquaporins in the active transport and exchange of intraocular fluid in crystalline
lens. Presented new concept of the presence of a hydraulic component in the implementation of lens
accommodation expands our clinical understanding of the energy-saving mechanism of
accommodation in the perception of the world around us and the possibility of long-term visual
performance at close range. The iridocyclolens complex and the valve mechanism of the scleral
sinus play an important role in this. It is precisely this mechanism of accommodation, developed in
the process of evolution, that is the most adequate from an energetic point of view. The energy-
saving concept of the operation of the accommodative apparatus of the eye indicates an important
role in its implementation of the diaphragmatic function of the pupil. In addition, the pupillary
regulation of the light flux and its accommodative focusing provide the least light load on the retina,
allow for the highest image contrast and the formation of a strong accommodative stimulus. This is

confirmed by different accommodation under photopic, mesopic and scotopic lighting.
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4, CONCLUSIONS

1. The crystalline lens is a closed hydrostatic system in which the required level of pressure is
ensured by the active directed transport of intraocular fluid by the cubic epithelium from the
anterior to the posterior layers of the cortex with its passive diffusion through the posterior capsule.
Mechanosensitive aquaporins take part in this, forming ion channels in the capsule, cuboidal
epithelium and lens fibers.

2. With accommodative contraction of the ciliary muscle, the scleral spur and corneoscleral
trabecula are tensiled the intertrabecular spaces and scleral sinus are expanded, the outflow of the
intraocular fluid increases and the pressure in the anterior and posterior chambers quickly decreases,
which outstrips the accommodative-convergent increase in pressure in the posterior part of the eye.

3. Due to the presence of a hydrostatic buffer effect, the crystalline lens does not experience
external pressure, however, with a rapid decrease in pressure in the anterior and posterior chambers
of the eye, the crystalline lens takes the shape of a convex ellipsoid and increases its refractive
power.

4. Different degrees of opening and blockade of the scleral sinus during contractions and
relaxations of the ciliary muscle allows us to consider it as a unique valve mechanism that provides
rapid fluctuations in IOP in the anterior part of the eye.

5. The hydraulic component in the implementation of the mechanism of crystalline lens
accommodation allows us to take a fresh look at the role of the ciliary muscle, Zinn ligaments and
scleral sinus in the energy-saving work of accommodation and to understand how the small ciliary

muscle can change the shape of such a voluminous lens.
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