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Introduction. Glaucoma is an ophthalmological disease that is detected at birth or during life, where its
development without treatment leads to severe consequences - blindness. Cases of partial or complete loss of visual
functions in children due to increased intraocular pressure (IOP) are increasingly being detected, and this figure is
constantly increasing in Eastern European countries (1-2 cases per 2500 newborns are registered). The appearance of
this disease, its course and complications depend on the intraocular pressure, which at birth is 9-12 mm Hg. st., and
later increases, reaching a maximum of 22-45 mm Hg. st. already in adulthood. Therefore, it is necessary to monitor
IOP even in the early stages of development of the child's body.

Main purpose of this study Timely detection of the disease in the early stages of is an extremely important
problem in glaucoma and allows you to use drug treatment with a positive effect. In childhood, during growth, the
parameters of the eye change, including the thickness of the eye membrane, its elasticity, which have a significant
impact on the pressure distribution and the possibility of glaucoma. The authors conducted a simulation of the impact
of changes in the thickness of the eye membrane on the distribution of stresses, which can lead to the occurrence of
glaucoma..

Conclusions During the modeling process, it was determined that within the thickness of the eye membrane of 0.1-
0.3 mm and the pressure of 9-14 mm Hg. optimal tension of less than 100 kPa is provided. Raising IOP values more
than 21 mm Hg. leads to a sharp increase in tension (>150 kPa) and the progressive development of glaucoma.
Recommendations include preventive examination, IOP control when the thickness of the eye membrane changes,

possible stages of drug and surgical treatment.
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Introduction

In children's ophthalmology, there are some cases
of partial or complete loss of visual functions in
children, which is characterized by an increase in
intraocular pressure (IOP) and due to changes in the
conditions of exposure to eye diseases, this figure is
constantly increasing in European countries [1, 2]. In
glaucoma, visual impairment significantly reduces the
level of information perception and aggravates the
pathological condition with progressive death of
ganglion cell axons, which causes complete loss of the
visual field. Some well-known modern methods of
treating glaucoma are the following: drug therapy, laser
therapy and surgical implantation of drainage devices,
which provide the necessary rate of the intraocular fluid
removal (normally it is 2-2.5 pl/min) almost stably.It is
known that the implantation of drainage devices in
glaucoma is performed after unsuccessful previous
attempts at conservative treatment and due to a decrease
in the speed of movement and insufficient outflow of

intraocular fluid through the trabecular meshwork of the
eye [3-5]. Normal IOP values for children are lower
than for adults: the norm for newborns is approximately
9-11 mm Hg, and by the age of 4-5 this figure increases
to 14 mm Hg. Therefore, with a constant increase in
IOP, which can often occur, before a planned surgery, it
is necessary to carry out an individual selection of
implants with reasonable parameters for an individual
patient.

The main clinical sign of glaucoma in children is a
significant increase in IOP (more than 22 mm Hg and
above), and in some cases even low pressure in this
range may be considered unacceptable. The detection of
IOP leads to the action of high pressure on the
conjunctivaand, accordingly, on the optic nerve [4-6].
This creates a force that changes the shape and stretches
the thin conjunctiva. In these conditions, tension is
defined as the ratio of pressure to the actual size of the
conjunctivaon which it acts.
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It should be noted that performing surgery and
installing a regulating valve, for example, of the Ahmed
type, is a complex process that can be used if the use of
drug therapy has not achieved results and further
deterioration of the child's vision is noted. Making a
decision to perform surgery as the only option to
prevent vision loss in a child depends on many factors:
the choice of the valve and the use of high-quality
material elements, checking the modes of its timely
operation (the magnitude of the pressures of its opening
and closing), the mandatory technological inspection on
special stands, etc. [7, 8]. It is also important to
correctly assess the state of the eye during its
functioning and the magnitude of the tension level in it.
The purpose of this study is to conduct modelling of the
child's conjunctivatension at different pressure
parameters and sizes of the eye conjunctivathickness in
order to further take it into account in the period before
surgery, which will further increase the effectiveness of
surgical intervention.

Modelling the influence of conjunctiva thikness
on tension distribution

It is known that the size of a child's eye at birth is
on average 16.2 mm. By the 1st year of life it increases
to 19.2 mm, and at the age of 15 it is equal to 23 mm,
which is already practically approaching the average
size of an adult's eye, namely 24 mm. Since the shape of
the child'sconjunctivais not perfectly spherical (Fig. 1),
its radius of curvature is variable: it increases from the
front to the back and in the central part of the cornea its
radius of curvature is approximately 7 mm, on the
periphery of the cornea it is already 9 mm, in the
anterior part of the sclera - 11 mm, and in its posterior
part - 12 mm.
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Fig. 1 Human eye anatomy

Also, the thickness of the sclera is not the same in
different areas: in the posterior pole of the eye it is
almost 1 mm, near the edge of the cornea - 0.6 mm [5].

Considering the above parameters of the eye, we
can proceed to the modelling of tensions.

Since the wall thickness of the spherical
conjunctiva of the eye (Fig. 2) is much smaller than the

radius of its curvature, to calculate the tension per unit
area of the cross-sectional area of the TS eye
conjunctiva, it is advisable to use the Young-Laplace
formula [9], where all the necessary values can be taken
into account - the parameters of the intraocular pressure,
the parameters of the conjunctiva and the cornea:
=P (1)
2d
where, P is intraocular pressure (IOP); r, — radius of
curvature of the cornea of the eye; d — thickness of the
eye conjunctiva.
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Fig. 2. Image of tension action in the spherical
conjunctiva

Since the shape of a child's eye is elliptical, to
calculate the tension per unit of the cross-sectional area
To it is necessary to apply a more accurate formula (2)
that uses clarifying coefficients, which provides more
accurate results:

P
T,=——r’(b*—a*)+a" . (2)
’ 2bd‘/ ( )
where: P is intraocular pressure (IOP); a — larger

diameter of the conjunctiva; b — smaller diameter of the
conjunctiva; r — coefficient determined from the ratio:

N APPSR
20b* —a*)

Based on the above ratios (1) — (3), the authors
have constructed graphs of the dependence of tensions
on different conjunctiva thicknesses, taking into account
the parameters of the child's eye at different IOPs. The
distribution of tensions in the posterior segment of the
conjunctiva on the conjunctiva thickness is given below
(Fig. 3).

In the process of modelling, based on the
calculations and results obtained, it can be stated that
with IOP in the range of 9 mm Hg - 14 mm Hg (normal
in children) [10], optimal tension of less than 100 kPa is
ensured. An increase in IOP values significantly more
than 21 mm Hg leads to a rapid increase in tension
(>150 kPa) and the creation of conditions for the
development of glaucoma.

So, in IOP from 21 mm Hg up to 40 mm Hg, the
tension increases almost 2 times or more, especially
with a conjunctiva thickness of less than 0.6 mm. In this
mode, the process of glaucoma is diagnosed, which
ultimately leads to damage to the optic nerve and, as a
result, to the child's vision loss.
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Fig. 3. Dependence of the posterior conjunctiva tensions on its thickness, with a curvature radius of 12 mm for different

IOP levels: 9 mm Hg; 14 mm Hg; 21 mm Hg; 40 mm Hg

Conclusions

1. Preventive control of intraocular pressure in
childhood can prevent glaucoma with vision loss.

2. An increase in IOP to 11-14 mm Hg creates
tension in the conjunctivawithin values up to 100 kPa,
which becomes a signal for the use of more effective
treatment methods.

3. Further increase in IOP (>14-21 mm Hg) with
ineffective treatment and reaching tensions of more
than 100 kPa is stopped by performing surgical
intervention with the installation of a valve.

4. So, an increase in IOP above the norm in the
treatment of glaucoma in childhood requires enhanced
treatment or effective surgical intervention, as
evidenced by publications of domestic and foreign
authors and the results of calculations with graphical
representations presented above.
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T epHONINbCOKULL HAYIOHAbHUL MeXHIYHUU YHigepcumem imeHi leana Ilynios, Tepronine, Ykpaina

?) Hayionanoruii mexmiunuii yHigepcumem Yxpainu «Kuiecoxkuti nonimexniunuu incmumym imeni leops
Cixopcvkoco», Kuis, Ykpaina

MOJEJIFOBAHHA BIUIMBY TOBUIMHU KOH'TOHKTHUBU HA PO3IIOAT HAIIPY>KEHHA
TA PO3BUTOK JJUTAYOI TTTAYKOMU

AHoTanis ['maykoma € o(TaTbMOJIOTIYHMM 3aXBOPIOBAHHSM, SKE BUSABJSIIOTH NMPH HAPOPKEHHI TUTHHH Y MPOTSATOM
XKHTTS, Je i po3BUTOK 03 JiKyBaHHS NMPH3BOIUTH JO BAXKKUX HACIIAKIB - CIINOTH. Bce yacTimie BUABIAIOTH BUIAAKA
4acTKOBOI ab0 MOBHOI BTpaTH 30poBUX (DYHKIH y AiTeH, BHACTIJOK MiIBHUIIEHHS BHYTpilIHboOUHOTO THCKY (BOT), 1 151
mudpa y kpainax CxinHoi €Bponu moctiiiHO 3pocrae (peectpyerbest 1-2 Bumaaku Ha 2500 HOBOHapokeHux). [lossa
L[bOT'O 3aXBOPIOBAHHS HOTO NPOTIKAHHS 1 yCKIIAJHECHHS 3aJIeKaTh BiJl BHYTPIOYHOTO TUCKY, SIKMH ITPU HAPOKECHHI CKJIaae
9-12 MM pT. CT., a Mmi3HILIE 3pOCTAE, NOCATAI0YN MaKCUMyMy 22-45 MM. pT. cT Bxe y JopocioMy Biui. Tomy HeoOXiaHO
MPOBOJUTH KOHTPOJIb BHYTPIIIHHOOYHOTO TUCKY HABiTh Ha PaHHIX €Tanax PO3BUTKY JUTSIYOTO OpPraHi3my.

BuacHe BHUsBICHHS XBOPOOHM HA PaHHIX CTadisIX 3aXBOPIOBAHHS OKa € HAJA3BUYAHHO BaXIJIMBOIO MPOOIEMOIO TIPH TIIayKOMi
1 JTO3BOJISIE CKOPUCTATHUCh MEAWKAMEHTO3HWUM JIIKYBaHHSM 3 TO3UTHBHUM e(eKTOM. Y IUTSIOMY BIIll MiX 9ac pocTy
3MIHIOIOTBCSI TTApaMETPU OKa, B TOMY YHCJi TOBIIMHA OOOJIOHKH OKa, i MPY>KHICTh, SKi MAarOTh CYTTEBHUU BIUIMB Ha
PO3IIO/II TUCKY Ta MOXKITUBICTD TIOSIBH TJIAYKOMH.

ABTOpH IIPOBEH MOJICITIOBAHHS BIIMBY 3MiHH TOBIIMHHU OOOJIOHKH OKa HA PO3MOALT HANPYKEHb, KU MOXKE MPU3BOAUTH
JI0 TIOSIBU TJIayKOMH. B mporieci MoJIefOBaHHSI BU3HAYECHO, 10 B MEKaxX TOBIMUHU 00070HKH oKa 0.1 - 0.3MM Ta THCKY 9-
14 MM pr. cT. 3a0e3neuyeThes onTuMaibHe HanpyxeHHs mernie 100 kI1a.

[TinHsTTS 3HaUYeHb BHYTPILIHBOOYHOTO TUCKY Oinblie 21 MM pT. CT. HPU3BOAUTH A0 PI3KOr0O 30UIBIICHHS HANPYKEHHS
(>150 kIIa) Ta nmporpecyrounii po3BUTOK IilayKoMH. Jlo pekomeHamiil ¢y BiiHECTH PO iNaKTHYHUH OIJIsiL, KOHTPOJIb
BHYTPILIHBOOYHOTO TUCKY IPU 3MiHI TOBIIMHM OOOJIOHKH OKa, MOJJIMBI €Talmyd MEAWKaMEHTO3HOTO i XipypriyHoro
JIKYBaHHS.

KorodoBi ciioBa: mutsiya rilaykoma; BHyTPIIIHBOOUHHH THCK; HAIIPY>KEHHS! OKa; TPEHaXKHI IPUCTPOI.
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