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Abstract. The form of an eye is determined by the outer shell, the sclera. The Lamina
Cribrosa is a part of sclera, where the optic nerve fibers pass through and where the layer
of sclera becomes thinner and many little pores appear. The experimental data show that
under glaucoma the visual field changes due to the dystrophy and then atrophy of the
optic nerve fibers, which are deformed just at the level of the LC. This makes the analysis
of the stress-strain state of the LC under the changing the intraocular pressure (IOP) very
important. The purpose of the present paper is to compare the deformations obtained
with two models: the shell structure (sclera and LC) and the LC only. In both models the
stuctures are subjected to normal pressure. The effect the increasing of the IOP on the
diameter of the scleral ring and also the effect of the deformations of the scleral eye shell
on the deflections of the LC are studied. The comparison of the results obtained for the
combined shells and for the simplified structures where the effect of the scleral shell on
the LC is neglected shows that the difference in the maximal deflection values of the LC
is not more than 2 %. So, presumably, the deformation of the LC may be analyzed
separately from the deformation of the scleral shell. Such approach may help taking into
account the peculiarities of the structure of the LC, for example, its anisotropy and non-
uniformity.
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The form of an eye is determined by the outer shell, the sclera. The Lamina Cribrosa (LC) is a
part of sclera, where the optic nerve fibers pass through (see Fig.1) and where the layer of
sclera becomes thinner and many (more than 400) little pores appear.

The experimental data [1-4] show that under glaucoma the visual field changes due to
the dystrophy and then atrophy of the optic nerve fibers, which are deformed just at the level
of the LC. This makes the analysis of the stress-strain state of the LC under the changing the
intraocular pressure (I0OP) very important. In some works, for example, [3,4] the deformations
of the LC were examined by means of analysis of the experimental data and clinical
experiments. At the same time the development of the mathematical model, describing the
behavior of the LC under changing of the IOP, is of the interest and importance.

The experimental research [4] shows that the increasing the 10OP does not cause the
increasing the size of a scleral canal through which the optic nerve passes (diameter of the
LC). Besides, the LC is not so stiff as the sclera, and it allows modelling of the LC [5] as non-
homogeneous transverse orthotropic plate with clamped edge under normal pressure. In [6]
the LC was assumed to be homogeneous and isotropic and an attempt was made to take into
account the effect of the tensile force generated by the scleral eyeshell on the LC.
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Fig. 3.
Table 1.
P, mm Hg. 15 30 40 50 60 80
w;, 107 mm 0.88 1.75 2.34 2.92 3.50 4.67
W,, 10% mm 0.85 1.69 2.26 2.82 3.39 4.52
Ar;, 10 mm 0.063 0.125 0.167 0.209 0.250 0.333
Ar,, 10% mm 0.062 0.125 0.166 0.208 0.249 0.332
Table 2.
P, mm Hg. 15 30 40 50 60 80
w;, 10% mm 0.86 1.73 2.30 2.88 3.46 4.61
W,, 107 mm 0.84 1.67 2.23 2.78 3.34 4.46
w, 107 mm 0.86 1.73 2.30 2.88 3.46 4.61

The purpose of the present paper is to compare the deformations obtained with two
models: the shell structure (the sclera and the LC) and the LC only. In both models the
stuctures are subjected to normal pressure. The effect of the increasing the 10P on the
diameter of the scleral ring and also the effect of the deformations of the scleral eye shell on
the deflections of the LC are studied.The eye shell is modelled as an elastic isotropic spherical
shell of the constant thickness H =1 mm and radius R =12 mm, and the LC as the isotropic
plate of the constant thickness h=0.2mm and radius r=0.75mm. Two problems of
deformation of the combined shell are considered. In the first problem the LC is assumed to
be plane (Fig 2a), in the second the LC is assumed to be slightly convex with a radius of the
curvature equal to the radius of the curvature of the sphere (Fig.2b). Below the variables of
the first and second problems have the subscripts 1 and 2 correspondingly. In the analysis it is
assumed that the scleral Young's modulus is equal to 14.3 MPa, and the Poisson ratio is equal
to 0.4. The LC has the Young's modulus 1.43 MPa, which is in the order less than that of
scleral shell and the Poisson ratio equals to that of the scleral shell.

For the numerical analysis the finite element package ADINA (900 nodes) has been
used. In Fig. 3 one can see the deformation of the scleral shell with the plane LC. In Table 1
both the maximal values of the deflections w; and w, and of the changing the radius of the

LC Ar and Ar, depending of the IOP are presented correspondingly for models (1) and (2).

One can see in Table 1 that the value of the radius changing the LC is in the order less
than the value of its deflection, i.e. the diameter of the scleral ring changes slightly with the
IOP. This result well agrees with the experimental data. The deflection in the center of the
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plate circular isotropic shell with the clamped edges under normal pressure may be
4 3
determined by formula w="" where D :L2
69D 12(1-v;%)
Table 2 both the values of the maximal pressure for the plane, w;, and the convex LC, w,,
and the value of the deflection, w, calculated by the analytical formula are included.

The comparison of the results obtained for the combined shells and for the simplified
structures where the effect of the scleral shell on the LC is neglected shows that the difference
in the maximal deflection values of the LC is not more than 2 %. So, presumably, the
deformation of the LC may be analyzed separately from the deformation of the scleral shell.

Such approach may help taking into account the peculiarities of the structure of the LC, for
example, its anisotropy and non-uniformity.

and v, is the Poisson ratio. In
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K BOMNMPOCY O NOCTAHOBKE 3AA0AYX O AE®POPMALINA
PELLETYATOW NNACTUHKN TMA3A

C.M. Bayap, A.Jl. CmupHoB, A.A. PomaHoBa (CaHkT-lNeTepObypr, Poccusn)

®opmy rnasHoro s010Ka omnpenenseT HapyxkHas oOosiouka — ckiepa. Hemaneko ot
3aJHET0 TOJIOCA Yepe3 CKIEPY BBIXOJUT 3PUTENbHBI HEpB. DTOT YYacCTOK CKJIEpHI,
VCTOHYEHHBIH M OCJIa0JIEHHBI MHOKECTBOM MEJKHUX OTBEPCTUH, Yepe3 KOTOpbIE MPOXOJAT
HEpPBHBIE BOJIOKHA, HA3bIBAIOT PELIETYATON MIIACTUHKOM.

I/IMGIOHII/IGCSI OKCIICPUMCHTAJIBHBIC OAHHBIC TOBOPAT O TOM, YTO IIpHU TJIAYKOMC
aTpodust 3pUTEILHOTO HEPBA MPOUCXOAUT UMEHHO B OOJIACTH pEIIeTYaTOM MIACTUHKU. DTO
JieNiaeT 3a7ady O HamnpshKeHHO-Ie(OpPMHUPOBAHHOM COCTOSHUM PEIIeTYaTOl MJIACTUHKH Tiia3a
IpY U3MEHEHUHM BHYTPUIJIA3HOTO JaBJIEHUsS aKTyajdbHOH. B paboTe mpoBoauTcs cpaBHEHHE
peteHuit 3a1a4n o AeopMaIui COCTaBHON 000JI0YKH (CKJIEPHI M PEHIeTYaTOH MIIACTUHKH) U
OTJENBHO 3aJaud O JAedopMalliy pPEelIeTyaTod MIAaCTUHKU MOJ JAEHCTBHEM HOPMAalbHOTO
JaBJICHUS. I/I3yqaeTc;1 BJIMAHUC YBCIIMYCHUA BHYTPUITIA3HOI'O JOAaBJICHHA Ha AOUaAMCTP
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CKJIEPAJIFHOTO KOJIbIa, a TaKXKe BIMsAHUE Nedopmanuu cheprueckord OOOJOYKH TJlaza Ha
BEJINYMHY MPOrHda penieTyaTon mIaCTHHKY.

CpaBHEHHE pe3yNbTaTOB, MOJTYYEHHBIX JJISI COCTaBHBIX OOOJIOYEK M YHPOIIECHHBIX
3a7a4, TMOKa3bIBAIOT, YTO Pa3HMIA B 3HAYEHUSX MAKCHMAIbHBIX MPOTHOOB HE MPEBOCXOIHT
2 %. Taxum oOpa3om, nedopMalrio pemeTIaTon MIACTUHKY, TT0-BHIUMOMY, MOKHO H3y4aThb
OTAENBHO OT AeOpMaIH CKJIEpaNTbHOW 000s09Kku. Takoi Moaxol MOKET MOMOYb Yy4ecTh
BO3MOYKHBIE OCOOEHHOCTH CTPOEHHUSI pEUIeTYaTOd IUIACTHHKH — €€ AaHHU30TPONHI0 H
HEOAHOPOAHOCTh. bubi. 6.

KiroueBble citoBa: peuicTtyarasa INIaCTUHKA, I'JIAyKOMa, BHYTPHUIJIA3HOC HABJICHHC, TCOpHU
IJIaCTUH
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