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One of the main tasks of the modern Biomechanics is the analysis, closer definition and
development of the nowadays-existing medical conceptions of the inner structures of human
organism functioning with the consideration of the latest clinical data. The section of the
ophthalmologic biomechanics dealing with the aqueous outflow theory should be doubtless
regarded as one of the most urgent tasks.

Although there were some tremendous achievements in a number of minor questions,
unfortunately, the world ophthalmology entered the new millennium with the minimal success
in the creation of the fundamental aqueous outflow theory. The reason of that is that the
available diagnostic equipment allows us to assess only qualitatively some physiological
peculiarities of the phenomena, which occur in outflow process. The explanations of the
achieved results by different researchers contradict each other very often. Apparently it is
needed to conduct an intensive fundamental theoretical research of the outflow biomechanics,
which would be done on the junction of the Mechanics, Physiology, Biology, Physics and
Chemistry and which would base on the collected clinical data.

The recent 10 years researches allowed us to make a step forward both in the closer
definition of the Helmholtz accommodation theory [1-4] and in the finding of the closest
connection between accommodation and the outflow [5-14]. Whereas in the accommodation
theory there is only one undecided fundamental question (i.e. the question on the relations of
the levels of the ciliary’s muscle innervations from the side of the parasympathyc nerve
system (close-distance accommodation) and the sympathyc nerve system (far-distance
accommodation)), in the outflow theory we can observe a deep crisis [15-20].

To overcome it we suggest the modern conception of the biomechanical model of the
aqueous outflow, which is the goal of the given research.
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Fig. 1. An eyeball.
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Fig. 2. Normal outflow of aqueous humour: (a) trabecular (conventional) route; (b) uveoscleral
(unconventional) route; (c) through the iris.

According to the outflow theory existing in the ophthalmology “an eyeball may be
considered as a spherical reservoir filled with fluid non-constricting content, and intraocular
pressure is stipulated by the action of the elastic forces, which occur in the outer cover of the
eye, when it stretches” [21, p.7].

The main postulates of the existing outflow theory are:
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— “in the eye there is an unbroken movement of the aqueous, which is produced by the
ciliary’s body (Fig. 1) and flows finally into the episcleral veins through a complicated
drainage system” [21, pp.8-9];

— “the pressure in the posterior chamber of the eyeball is a bit higher than in the front
section” [21, p.117].

Let us consider these two postulates of the outflow theory now accepted in
ophthalmology. Normal outflow of aqueous humour is shown in Fig. 2. Let us start with the
second postulate. The posterior and anterior chambers of the eyeball are the communicating
vessels, the pressure in them according to the hydraulic laws is the same. Pressure in these
chambers is different only in case of the closed angle glaucoma, when the lens blocks the
pupil and normal communication between these eyes chambers stops. One can then observe
“standing” of the iris. Strictly saying, we need to consider some resistance to aqueous flow
from the posterior chamber to the anterior one of the eye, which is normally stipulated by the
more or less degree of the attachment of the iris to the front surface of the lens capsule.
However, such resistance is too weak for the outflow, otherwise because of the pressure
differences we could constantly notice “standing” of the iris, thin as a petal. That is why we
may disregard this component in the general resistance to the outflow. We should regard as
false the modern idea that the outflow occurs due to the difference in the pressures in the
posntrior and anterior chambers. And although, how it was mentioned before, when the task
was first stated, the fact of the elasto-plastic deformation of the sclera was considered, its
importance in the outflow process was not discovered and was overlooked in the outflow
theory.

Now the first postulate of the outflow theory is assesses. We can accept only partially
the hypothesis of the continuous aqueous flow in the eye. Let us explain this. In order for the
normal processes of the nourishment of the intraocular structures it is necessary:

— in the cause of life of a person to pump actively the constant minute volume of the aqueous
through the inner eye cavities in order to maintain metabolic processes in those intraocular
structures, which are mostly nourished by the chemical substances delivered with the help
of aqueous;

— in order to maintain metabolic processes in the eye aqueous should be produced
continuously no less than a certain minute level by the outgrowths of the ciliary body;

— certain time is needed in order to fulfil convective exchange of warmer “newly born”
aqueous with the colder aqueous, “worked out” as a result of the metabolism in the inner
structures of the eye. For that either the outflow should occur with a delay or we have to
admit that the lower portions of the ciliary muscle should be more developed and should
work independently, what is not observed in the reality.

Whereas the accepted in ophthalmology hypothesis about the necessity of the
continuous aqueous production by the branches of the ciliary’s body raises no doubts, the
hypothesis about the continuous aqueous outflow needs some correction.

If the outflow is continuous, then the part of the produced (i.e. warmer and lighter)
aqueous will be driven in the upper part of the sinus venosus (Schlemm canal) of the drainage
system immediately taking away necessary nourishing substances. This idea is proved by the
clinical observations: glaucoma surgery — perforating sinusotrabeculectomy at 12 o'clock (in
terms of mechanics — perforating hole in the upper segment of the inner wall of the
Schlemm’s canal) — necessarily brings to the development of cataracts (i.e. lens opacity
because of the possible violation of the metabolism of its structures).

That is why in the healthy eye the newly came aqueous should be delayed for a certain
time so that it could penetrate different parts of the eye by convection way and so that
metabolic process could run. At the same time the main release valve-trabecular meshwork
should be closed. Since intraocular structures are incompressible, any aqueous “release” in the
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eye cavity should lead at this moment to the increase of the intraocular pressure (IOP) and,
naturally, to the adequate increase of the inner volume of the sclera.

Let us note one more important thing. If the sclera has completely lost its elasto-
plastic properties, i.e. became totally tough, then any little aqueous volume removal would
immediately cause IOP decrease to the level, close to the pressure level in the episcleral veins.
This happens, because intraocular structures (excluding the chorioid, of course) are
incompressible in general. There will be no needed pressure overfall, the outflow will stop.

Hence, there should be another mechanism, which ensures physiologically with not
only the constant 10P level, but also delay and following removal of the aqueous, “worked
out” in the metabolic process. Such executive mechanism is most probably executed by the
sclera. Its elasto-plastic properties are as though created to run the peculiar mechanism of the
“sclera breath” [22].

This executing mechanism works the following way (Fig. 3). When the “trabecular
valve” is closed in the process of agueous production, because the intraocular structures can
not be compressed, the sclera should expand and accept the minimal aqueous volume inside
the eye. This volume is needed for the normal metabolic processes and is called “meta-
volume”. Then due to the work of the elastic sclera forces the “meta-volume” will be
“pushed” out of the eye when the “trabecular valve” is open (the IOP should be constant!). At
this moment the sclera works as a pump, which accepts inside aqueous and pushes it out. The
possible range of this “sclera breath” mechanism should be found out during special clinical
research.

trabecula-valve is closed
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meta-volume
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trabecula-valve is opened
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Fig. 3. The "sclera breath".

Such executive mechanism of the outflow ensuring definitely exists because the aging
of the sclera and the loss of its elastic properties lead to intra-ocular pressure disorders turning
then in the number of cases into the open-angle glaucoma (OAG). Clinical proof of the fact
that the aging of the eye shells which we predicted is the main cause of the OAG pathogenesis
[23-25] is obtained as a result of the thorough analyses of the possible OAG causes by Samara
ophthalmologists from the long term clinical observations [26].

So, we come to the conclusion that the peculiar response mechanism of the "breath of
the eye shells" (BOS) should necessarily exist. With the help of such mechanism the eye can
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accept inside the aqueous volume, which is needed for the normal metabolic process and after
a while the eye can actively remove the worked out aqueous through the already open
"Trabecular valve" and, partially, through the uveoscleral way.

However, the aging sclera and other eye shells significantly lose their elasticity. That
is why when a person reaches the presbyopic and involution period (after 45 years old) in
order to stretch the sclera and other eye shells to the same value as earlier, it will be necessary
to realise the BOS process at the higher I0OP level.

This conclusion leads to a very important consequence: for the normal metabolic
processes the natural I0OP level should be increased even in healthy eyes when the sclera and
other eye shells age. This IOP age increase in healthy eyes is proved by the clinical
observations [27, 28].

Finally, let us notice that the suggested principles of the construction of the
biomechanical outflow model are based on the analyses of the long-term clinical observations.
These principles allow us to come closely to the construction of the adequate mathematical
model of the aqueous outflow dynamics for the elaboration of the new effective methods of
treatment and prophylactics of the eye diseases.
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NMPOPABOTKA KOHLENMUUNU EI/IOME)V(AHI/I‘-IECKOIZ MOLEJIN OTTOKA
BHYTPUTTNNA3HOU XUOKOCTWU

0.B. CeetnoBa, H.B.3uHoBbeBa, U.C.Kpbinoea, N.H.Kowuu, 5.A. CMONbHUKOB,
E.M. ®epopoBa (CaHkr-leTtepoypr, Poccusn), K.E.Kotnap (MiwoHxeH, F'epmaHuns)

bruomexannyeckuil aHaM3 CYIIECTBYIOIIEH B HACTOSIIUNA MOMEHT B O(TalIbMOJIOTHH
TEOPHH OTTOKA IOKa3al SBHYIO HEOOXOJUMOCTh €€ KOPPEKTHPOBKH W3-32 HETOJHOTO
COOTBETCTBHUS psJia IPUHATHIX B HEH MOJOKEHUI 3aKOHAM MEXaHUKU.

OO0o0uieHre JTaHHBIX MHOTOJIETHUX KIMHHYECKHX HAONIONEHUH B  Pa3IHYHBIX
pazzenax o(TaabMOJOTHH MO3BOJHIO aBTOpaM C(HOPMYIHPOBATh HOBbIE B3aMMOCBSI3aHHBIC
TUTOTE3bl I TOCTPOCHHS aJIEKBATHOH MAaTeMAaTUYECKOW MOJENM JTUHAMHUKHA OTTOKa
BHyTpuria3Hou s>kunkoct (BIDJK) m HaiiTh B pe3ynbrare HCCIEIOBAaHUNW OCHOBHBIE
(U3UOTIOTHYECKUE YCIOBHSI, HEOOXOAUMBIE /ISl TOJHOIEHHOTO OCYIIECTBIICHHUS MPOIECCOB
MeTabonn3Ma BHYTPUTJIA3HBIX CTPYKTYp. DTO MO3BOJIWIO KOHIENTYaIbHO OQOPMHUTH HOBYIO
TEOPHIO OTTOKA, COTJACHO KOTOPOW OJHUM W3 TJIABHBIX HCIIOJHHUTEIHHBIX MEXaHHU3MOB
ABIISIETCS yOpyroriactuyeckas aedopMaiius cKiepsl U Apyrux obonovek riuaza. C momMoIrso
TAaKOro MeEXaHW3Ma TJIa3 MOXET TPUHATh BHYTPb TpeOyeMblid IJIi HOPMAIbHOTO
ocymiecTBieHus: Merabonuzma 06béM BIJK u mo mpomectBuu ornpenenéHHOro BpeMEHU
OCYIIECTBUTh TPOIECC AKTHBHOTO YIAICHUS OTPaOOTAaHHON BOISHUCTOW BIArM Kak
TpaOeKyISIPHBIM, TaK U YACTUYHO YBEOCKIJIEPAIbHBIM ITYTSIMHU.

Jis  mpeioKeHHOro MeXaHu3Ma (DYHKIMOHUPOBAHUS BHYTPHUIIA3HOW CHUCTEMBI
OTTOKa aBTOpPaMHU BBEJIEHO TMOHATHE «IpIxaHUE oOonouek riaza» (HOI), a cam MexaHusm
XOpOIIO COTJIACyeTcsi ¢ COBPEMEHHBIMH KIMHUYECKUMHU HAONIOJACHUSMH, B TOM YHCIE
buKCHpYIOIIMMHU YBEJIMYEHNE BHYTPUIIA3HOTO JABJICHUS B 3J0POBBIX TJla3ax C BO3PACTOM,
MOCKOJIBKY B TIPOLIECCE CTApEHHsI CKJepa M Jpyrue OOOJIOYKH TJla3a CYIIECTBEHHO TEPSIOT
CBOIO DJTACTUYHOCTb.

ITo Mepe pocta purugHocTu obonouek riasza mnpoiecc JOI qomkeH mpoucxoauTh npu
0ojiee BBICOKOM YpOBHE BHYTPHUIJIA3HOTO JaBJEHHUS, KOTOPBIA MOXKET TMPUBOAUTH K
paccTpoiicTBaM O(TaIBMOTOHYCA, TEPEXOMAIIMM B psiJieé CIy4aeB B OTKPBITOYTOJIbHYIO
rnaykomy. [loaToMy KIIIOYEBBIM 3BEHOM pAa3BUTHSl TJIAYKOMHOIO TIIpoliecca B TJazy
HEOOXOMMO TpPU3HATh CTapeHHe OOOJOYEK TIJaza, YTO TMOATBEPKIAETCS MHOTOJICTHUMHU
KIMHUYECKUMH HAOIIOICHUSMHU.

[IpennosxenHass KOHIENIMS MEXaHU3Ma OTTOKA BHYTPHUIIIA3HON JKUAKOCTH OOJerdaeTt
MOUCK J(P(GEKTUBHBIX CHOCOOOB JIeUeHHS W TPODHIAKTHKUA TJa3HBIX 3a00JIeBaHUM, HO,
OJIHAKO, JIOJDKHAa  OBITh  TOATBEPXKACHA  CHCHHAIU3UPOBAHHBIMU  KIIMHUYECKUMHU
HaOroneHussMu. buoi. 28.
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