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ABSTRACT

BACKGROUND: Pseudoexfoliation syndrome is currently considered as a systemic disorder of the connective tissue me-
tabolism with the accumulation in all corneal cell layers of pseudoexfoliation syndrome deposits, which disrupt corneal
morphology and biomechanics.

AIM: to study the features of biomechanical parameters of the fibrous capsule of eyes in primary open-angle glaucoma
(POAG) in comparison with those in pseudoexfoliative glaucoma (PEG).

MATERIALS AND METHODS: We compared 65 eyes with POAG and 77 eyes with PEG aged under 80 years. The control group
consisted of 18 healthy eyes. Biomechanical indicators were compared, such as: DA Ratio, Integr. Radius, SP-A1, SSI, BGF,
biomechanically corrected intraocular pressure (blIOP) obtained with Pentacam (Oculus) and CorVis ST.

RESULTS: Patients with PEG were elder (68.013 + 0.75 years) in contrast to POAG patients (60.03 + 1.05 years) (p = 0.001),
had a thinner central retinal thickness (CRT) — 543.99 + 3.9 ym versus 559.33 + 4.4 pm in those with POAG (p = 0.010).
The IOP level did not differ between groups, and no correlation with CRT was detected. Indicators of corneal stiffness:
DA ratio Integr. Radius did not differ between POAG, PEG and control group. The SP-A1 parameter also did not differ
between POAG and PEG patients, while there were differences between PEG patients and the control group (p = 0.046).
Moreover, in eyes with POAG, SP-A1 directly correlates with IOP Po (p = 0.001) and CRT (p = 0.001), in those with PEG —
p =0.001 and p = 0.001, respectively. The SSI index in PEG was higher and amounted to 1.38 + 0.03 versus 1.27 + 0.03
in POAG (p = 0.013), while it correlated with age only in the case of PEG (p = 0.007). A correlation between SSI and CTR
was also revealed — in POAG (p = 0.018), in PEG (p = 0.001). In PEG, BGF shows higher values (25.92 + 2.3) than in POAG
(17.71 £ 2.2; p = 0.010). BGF has no correlation with age (p = 0.094 and p = 0.737 for POAG and PEG, respectively), depends
on CRT (p = 0.001 and p = 0.027, respectively), on bIOP (p = 0.001 and p = 0.001, respectively), and on SP-AT (p = 0.009 and
p =0.001, respectively). The only parameter that was higher in PEG than in POAG was SSI, which did not correlate with the
BGF indicator (p = 0.642 and p = 0.327, respectively).

CONCLUSIONS: We did not find any fundamental differences in biomechanics between PEG and POAG, which could explain
the significant rates of progression of PEG. Based on our data, it is obvious that the eye with PEG differs from that with POAG
being more rigid, even at similar IOP values.

Keywords: primary open-angle glaucoma; pseudoexfoliative glaucoma; central corneal thickness; tonometry; corneal-com-
pensated pressure; biomechanical properties of the fibrous capsule of the eye.
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AHHOTALNA

AxtyanbHocTb. [lceBL03KCONMATUBHBIN CUHAPOM Ha CErOAHSALIHUIA AeHb paccMaTpuBalOT KaK CUCTEMHOE HapyLUeHue
MeTabonmsMa CoeAMHUTENBHON TKaHW C HAKOMIEHWEM [en03UTOB MCEBA03KCHONMATUBHOrO MaTepuana BO BCEX COSX
KNETOK POroBuLibl, KOTOpPbIe HapyLalT eé Mopdonoruio 1 BUOMeXaHuKY.

Lenb — u3yuutb ocobeHHOCTU BroMexaHUYecKux mokasateneit ¢pubpo3Hon 0607104KM a3 Npu NEPBUYHON OTKPBITO-
yronbHow rnaykome (M0YI) B cpaBHeHWM ¢ nceBLo3KCHONMaTMBHOI rnaykomoii (M3r).

Matepuanbl u Metoabl. CpasHunu 65 rnas ¢ MOYI u 77 rnas c M3l y naumeHToB B Bo3pacTe Ao 80 net. Ipynna KoHTpons
cocTaBuna 18 3gopoBbix rna3. CpaBHMBaNM buoMexaHMYeckue noKasatenu, Takue Kak: DA Ratio, Integr. Radius, SP-A1, SSI,
BGF, bruoMexaHW4ecKn CKoppeKTUpoBaHHoe BHyTpuriasHoe AasneHue (bIOP) no maHHbIM Pentacam (Oculus) u CorVis ST.
Pesynbratbl. MaumneHtol ¢ M3l 6biim cTaplwero Bospacta (68,013 + 0,75 ropa) B otamumMe oT naumentoB ¢ MOYF
(60,03 + 1,05 ropa, p = 0,001), umenu bonee TOHKYH LeHTPanbHyto TonwmHy poroeuusl (UTP) — 543,99 + 3,9 Mkm npo-
1B 559,33 + 4,4 npu MNOYT, p = 0,010. YpoBeHb BHYTpUrIa3HOT0 AaBJIEHWSA HE Pa3UYaCa MeXAy rpynnamu, Koppensumm
¢ LITP He BbisiBneHo. [okasatenu xeéctkocTu poroeuubl DA Ratio, Integr. Radius He pasnuuanuck Mexay naunentamu c MOYT,
M3 u KoHTponbHoI rpynnoii. Mapametp SP-A1 Takoke He pasnuyancsa Mexay MOYT u M3, npu 3ToM ecTb pasnuuusa Mexay
M3r v rpynnoii koHTpons (p = 0,046). Mpu aTom B rnasax ¢ MOY SP-A1 npsMo KoppenmpyeT ¢ BHYTPUrNasHbIM AaBeHUEM
P,(p=0,001)unLTP (p =0,001), nppn N3r — p = 0,001 n p = 0,001 cootBeTcTBeHHO. MHAeKC SSI npu N3 BbiLwe 1 cocTaBun
1,38 + 0,03 npotue 1,27 + 0,03 npu NOYT (p = 0,013), npn 3ToM KoppenmpoBan ¢ BO3pacToM TosbKo B ciydae 3T (p = 0,007).
BriseneHa Takcke koppenauus SSIw LLTP — npu NMOYT (p = 0,018) n M3l (p = 0,001). Mpw N3 BGF nemoHcTpupyeT bonee
BbICOKME 3HaueHms (25,92 + 2,3), uem npu MOYT (17,71 + 2,2; p = 0,010). BGF He B3auMocBsA3aH ¢ Bo3pacToM (p = 0,094
u p=0,737 npu NOYT v N3r cootBetcTBeHHO), 3aBucuT oT LITP (p = 0,001 n p = 0,027 cooTBetcTBeHHo), bIOP (p = 0,001
np=0,001 cootBetcTBeHHO) 1 SP-A1 (p = 0,009 n p = 0,001 cooTBeTCTBEHHO). EAMHCTBEHHLIN NapaMeTp — SSI, KoTopbilil
npw M3 6bin Boiwe, yeM npu MOYT, He KoppenupoBan ¢ nokasateneM BGF (p = 0,642 u p = 0,327 cooTBETCTBEHHO).
BeiBoabl. MpuHUMNUanbHbIX oTinumii no buomexanuke nmpw M3l u MOYT, KoTopble Bbl 06BACHUAM 3HAUUTENbHBIE TEM-
nbl nporpeccupoBanus M3l Mbl He nonyuunu. Ha ocHoBaHWM HawwMX JaHHBIX 04eBMAHO, yTo rna3 npu M3l otnmyaetcs
ot [1OYT 6onbLuel pUrMAHOCTbI0 fae NpU CXOAHBIX 3HAYEHUAX BHYTPUIIA3HOMO AaBNEHUS.

KnioueBble cno.a: nepenMyHaa OTKPbITOYrojibHaA rinayKoma; I'ICEB,U,OBKCCIJOJ'WI&TVIBHaﬂ rnaykoMma; UeHTpasibHada ToJIlLKHa
porosuubl; TOHOMETPUA; POrOBUYHO-KOMMEHCUPOBAHHOE [aBJIEHUE; buomexaHMyecKkue CBOICTBA ¢M6p03HOVI 000/104KM
rnasa.
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BACKGROUND

Pseudoexfoliation syndrome (PEX) is a genetic age-
related disease characterized by the formation and de-
position of abnormal fibrillary extracellular aggregates
in the anterior segment [1]. Today, it is considered a
systemic disorder of connective tissue metabolism, as
PEX deposits have been detected in internal organs such
as the liver, kidneys, heart, brain meninges, and skin
[2]. There is available data on morphological changes in
all corneal layers in eyes with PEX. Eyes with PEX are
documented to have deposits of pseudoexfoliative mate-
rial on the endothelium, significantly lower cell density
in the basal epithelium, anterior and posterior stroma,
and endothelium compared with the control values [3].
Corneal biomechanics were previously found to be al-
tered in PEX. Bi-directional applanation pneumotonom-
etry (Ocular Response Analyzer, ORA, USA) revealed de-
creased corneal hysteresis and corneal resistance factor
in eyes with PEX and pseudoexfoliative glaucoma (PEG)
compared with healthy eyes. In a retrospective review,
Ayala [4] found decreased corneal hysteresis in eyes
with PEG compared with eyes with primary open-angle
glaucoma (POAG) [4]. Demonstrated changes in the
anterior segment, in particular in the cornea, may be
caused by an extracellular matrix abnormality and indi-
cate a change in the entire cornea and sclera. If scleral
fibroblasts are similarly reduced or altered in patients
with PEX, structural changes in the entire cornea and
sclera may occur. This finding is significant, as changes
in the mechanics of the peripapillary sclera and lamina
cribrosa have been shown to affect optic nerve defects
with increased intraocular pressure (I0P) [5]. PEX is cur-
rently considered one of the common causes of devel-
opment and progression of open-angle glaucoma. PEG
is one of the leading causes of blindness and visual
impairment worldwide and more progressive compared
with POAG [6].

The study aimed to evaluate and compare fibrous tu-
nic biomechanics in POAG and PEG.

Table 1. Main characteristics of the patients’ group
Tabnuua 1. OCHOBHbIE XapaKTEPUCTUKM FPYNMbl NaLUEHTOB

Vol 18(1) 2025

Ophthalmology Reports

METHODS

We analyzed data of 65 eyes with compensated POAG
and 77 eyes with PEG in patients under 80 years (Table 1).
The control group included 18 healthy eyes of pa-
tients aged 37 + 1.93 years without glaucoma or any
signs of PEX, with an anteroposterior axis not excee-
ding 24.00 mm. The mean anteroposterior axis was
23.29 + 0.13 mm, and mean central corneal thickness

(CCT) was 566.89 + 6.3 um.

Diagnostic examination for glaucoma included visom-
etry, tonometry, pachymetry, gonioscopy, optical coher-
ence tomography (Cirrus HD-OCT 5000, Carl Zeiss, Ger-
many), standard automated perimetry (Tomey AP1000,
Germany) as per the Glaucoma Screening program.
he biometric eye parameters were evaluated using
I0LMaster 700 (Carl Zeiss, Germany). Standard non-con-
tact tonometry was performed using Reichert 7CR (USA)
and included measurement of corneal compensated
pressure.

Corneal tomography and biomechanical parameters
were assessed using Oculus (Pentacam, USA) and Corvis
ST (Oculus GmbH, Germany), respectively.

The following biomechanical parameters were evalu-
ated:

« DA ratio defined as deformation amplitude of the
central corneal apex divided by an average of the
deformation 2 mm either side of center (nasal and
temporal). It indicates the degree of corneal stiffness.
The stiffer the cornea (more resistant to deformation)
is, the lesser the values are scattered in the center
and 2-millimeter zone and the lower DA ratio is (in-
verse correlation).

« Integr. radius (R) is the corneal radius integrated in
concavity or reversed integrated corneal radius of
curvature. The following parameters are calculated:
central corneal radius of concave curvature, reversed
radius (1/R), and the area under it; then the radius-
time curve is plotted. This area is called the integra-
ted radius. The lesser the indentation (stiff cornea),

P Primary open-angle Pseudoexfoliative
arameter
glaucoma glaucoma
s Men 15 (22.5%) 31 (40%)
ex
Women 50 (76.5%) 46 (60%)
Early-stage 35 (53%) 31 (40%)
Moderate 13 (20%) 23 (30%)
Glaucoma
Advanced 12 (18%) 15 (19.5%)
End-stage 5 (8%) 7 (9.5%)
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the larger the indentation radius, which means that

the reversed radius is smaller. In other words, the

stiffer the cornea, the lower this value.

o SP-Al is a stiffness parameter for quantifying cor-
neal resistance to deformation, defined as the ratio of
pressure to the cornea to displacement of the corneal
apex from the undeformed state to first applanation,
which is measured in mmHg/mm. This parameter is
determined by using displacement of the corneal apex
from the undeformed state to first applanation and
indicates corneal resistance to deformation. It reflects
corneal stiffness and internal biomechanics and de-
pends on [OP and CCT [7].

In addition to numerical values of three biomechanical
parameters presented above (DA ratio, integr. radius, and
SP-A1), the study protocol also includes standard devia-
tion (SD) of the reference mean. SD close to 0 means
average stiffness and indirectly indicates tolerant IOP.
Negative and positive SDs represent increased and de-
creased tissue stiffness, respectively.

Stress-strain index (SSI) is a stress and strain index
that characterizes corneal stiffness. This index was set
at 1.0 for the average experimental behavior of the cor-
neal tissue in a 50-year-old patient. Higher SSI indicates
higher corneal stiffness, and vice versa. SSI is a cor-
rected biomechanical index independent of IOP or CCT.
It is based on the input and output parameters of numeri-
cal simulation of CCT, biomechanically-corrected I0P, and
stiffness parameter (SP) at maximum corneal concavity.
The index is used to assess the internal material stiffness
(corneal tissue) [8].

BGF is a biomechanical glaucoma factor, a parameter
characterizing the risk of glaucoma with low I0P. It is
used in screening for low-tension glaucoma. The obtained
BGF values are correct only in case of normal IOP (high
IOP gives a minimal value). The presented scale shows
the following grading: <0.25 =no risk of glaucoma,
0.25-0.5 = minimal risk of glaucoma, and >0.5 = high
risk of low-tension glaucoma.

Statistical analysis of the obtained results was per-
formed using SPSS v.16.0 standard software package for
Windows and included data processing using methods of

Tom 18N 1, 2025

OdTansbMonoryecKme BeoMoCTH

dispersion statistics with calculation of the means, stan-
dard deviations, and mean errors. Normality of sample
distribution was determined using the Kolhomonov-
Smirnov and Shapiro-Wilk tests. The parameters with
normal distribution are shown as M + m, where M is the
mean, and m is the mean error.

RESULTS AND DISCUSSION

The main comparative characteristics of the groups
are presented in Table 2.

Table 2 shows that the compared POAG and PEG
groups were age heterogeneous, which once again dem-
onstrates that age is the main risk factor for develop-
ment and progression of PEX. Numerous studies have
confirmed that the disease is more common in older peo-
ple, with peak prevalence in patients over 80 years old
[1, 91. Significant differences in CCT were identified. Sup-
posedly, they are related to age, as the groups differ in
this parameter; however, analysis of correlation between
CCT and age found that p values were 0.084 and 0.615
in patients with POAG and PEG, respectively. Therefore,
other non-age related causes of corneal tissue changes
should be considered.

Pronounced corneal changes were detected in eyes
with PEX. One non-Russian study demonstrated that
eyes with PEX had significantly lower cell density in the
basal epithelium, stroma, and endothelium, less dense
and more tortuous subbasal nerves, and reduced corneal
sensitivity compared with healthy eyes [10].

A recent review by Palko et al. [11] showed a clear re-
lationship between corneal changes and PEX, which tends
to increase in patients with PEG. The authors concluded
that corneal parameters such as endothelial cell and sub-
basal nerve cell density can be considered as clinical PEX
biomarkers to assess the disease severity and determine
the risk of progression from PEX to PEG [11].

Our previous study of corneal endothelium status in
PEX based on endothelial microscopy revealed differences
in corneal endothelial cell density (ECD) and mean endo-
thelial cell area between eyes with and without PEX. Inter-
estingly, ECD decreased depending on glaucoma stage and

Table 2. Differences in age and morphometric parameters of the eye in patients with pseudoexfoliative glaucoma and those with primary

open-angle glaucoma

Ta6nuua 2. Pasnuuns B Bo3pacTe U MophOMETPUYECKUX NOKA3aTeNsxX rnasa y nauueHToB ¢ NceBA03KCONMATUBHOI rNayKoMoii

¥ NepPBUYHON OTKPLITOYrO/IbHOMW FayKoMoM

p Primary open-angle Pseudoexfoliative Significance of difference
arameter

glaucoma glaucoma between the groups, p
Age, years 60.03 + 1.05 68.013 £ 0.75 0.001
Central corneal thickness, pm 559.33 + 4.4 543.99 + 3.9 0.010
Anteroposterior axis, mm 23.39 £ 0.17 23.64 £ 0.12 0.157

DOl https://doiorg/10.17816/0V630644
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age, with the highest value in patients of 40-50 years old
(2722.75 + 63.05 cells/mm?); in patients of 81-90 years
old, ECD decreased to 1872.67 + 417.29 cells/mm? [12].

In this study, we analyzed IOP in eyes with POAG and
PEG (Table 3).

Table 3 shows that IOP based on standard non-contact
tonometry and biomechanically-corrected 10P (bIOP) do
not differ between the groups. But CCT differed between
the groups, so we decided to check correlation between
these parameters. In patients with POAG, correlation be-
tween CCT and P, I0P was detected (p = 0.02), but not
between bIOP and CCT (p = 0.569). In patients with PEG,
there was no correlation between CCT and both types
of I0P (p = 0.128 and p = 0.249, respectively). BIOP in
patients with POAG did not differ from that in the control
group (p = 0.264), whereas the differences were signifi-
cant in patients with PEG (p = 0.010). Moreover, positive
direct correlation between age and blOP was found in
patients with POAG (p = 0.041), but not in patients with
PEG (p = 0.423).

An analysis of biomechanical parameters of the fi-
brous tunic provided the data presented in Table 4.

Vol 18(1) 2025
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Table 4 shows that there were no differences in corneal
stiffness between the compared groups, as DA ratio and
integr. radius did not differ between patients with POAG
or PEG and the control group.

Authors from India obtained similar data. They com-
pared data of 132 naive eyes, including 44 with PEG,
42 with POAG, and 46 healthy eyes. The compared bio-
mechanical corneal parameters included corneal de-
flection speed, applanation length, deformation ampli-
tude (DA), maximum distance, and radius of curvature.
The authors concluded that the biomechanical corneal
parameters measured using Corvis ST did not differ be-
tween eyes with PEG or POAG and healthy eyes after IOP
correction [13]. A study of eyes with PEX, PEX and ocular
hypertension, or PEG and healthy eyes made a similar
conclusion that as PEG is high-pressure glaucoma, cor-
neal biomechanics may not play an important role in its
diagnosis and pathogenesis [14].

SP-A1 indicating stiffness of the entire fibrous tunic
also did not differ. However, there were significant differ-
ences between patients with PEG and the control group
(p = 0.046), whereas the difference was not significant

Table 3. Comparison of I0P levels obtained by standard non-contact tonometry and biomechanically corrected IOP in primary open-angle

glaucoma and pseudoexfoliative glaucoma

Ta6nuua 3. CpaBHeHWe YPOBHA BHYTPUT/IA3HOTO [aBfIEHUS, MOJTYYEHHOTO METOAOM CTaHLAPTHOM GECKOHTAKTHOW TOHOMETpUM,
1 BUOMeXaHNYECKN CKOPPEKTUPOBAHHOTO NpK NCeBLO3KCHONNATUBHOM FNayKoMe U NepBUYHOI OTKPBITOYTO/IbHOM riayKoMe

P Primary open-angle Pseudoexfoliative Significance of difference Control
arameter

glaucoma glaucoma between the groups, p group
P, 10P, mmHg 20.83+1.18 21.04 + 0.86 0.885 18.35+£0.73
blOP, mmH 18.21 £ 0.85 18.76 + 0.64 0.598 16.37 £ 0.56

Note. 10P P,, intraocular pressure, measured by standard non-contact tonometry; bIOP, 0P taking into account the biomechanical proper-

ties of the fibrous capsule of the eye.

lMpumeuarue. Bl P; — BHyTpUrnasHoe AaBneHue, M3MepeHHOe MeTO[OM CTaHAapTHOM BecKoHTaKTHOM ToHoMeTpuu; blOP — BHyTpu-
rnasHoe AaBreHue ¢ y4EToM b1oMexaHUYecKux cBOWUCTB Gnbpo3Hoi 060M104KK rnasa.

Table 4. Biomechanical characteristics of the fibrous capsule of the eye in patients with POAG as compared with those with PEG

Tabnuua 4. bromMexaHnyecKkue xapakTepucTku Grbpo3HoM 000104KM rNasay naLUeHToB C NepPBUYHON OTKPLITOYrOIbHOM FNayKoMon
B OT/IMUME OT NCEBA03KCHONNATUBHON INayKOMbI

p Primary open-angle Pseudoexfoliative Significance of difference Control group
arameter
glaucoma glaucoma between the groups, p (n=18)

DA Ratio 4.07 +0.09 4.01 +£0.07 0.624 4,02 +0.08
Integr. radius (R), mm 7.495 +0.23 7.455 +0.16 0.883 7.63+0.23
SP-A1, mmHg/mm 128.32 £2.9 128.93 + 2.64 0.877 115.64 + 6.77
SS 1.27 + 0.03 1.38 £ 0.03 0.013 1.21 £0.05
BGF 1771+ 2.2 25.92 +2.3 0.010 7.44 +1.31

Note. DA Ratio, the ratio between the amplitude of deformation of the cornea at the apex and in the 2-millimeter zone; Integr. Radius (R),
radius of the cornea inscribed in a concave surface; SP-A1, difference between the strength of the air pulse on the surface of the cornea
and the biomechanically corrected I0P; SSI, stress-strain index, BGF, biomechanical glaucoma factor.

[lpumeyarue. DA Ratio — cooTHoLLEHWe MeX Ay aMnnUTYAo0i AedopMaLmM poroBuLibl Ha BEpLUKMHE W B 2-MUINUMETPOBON 30He; Integr.
Radius (R) — paguyc poroBuLbl, BNIUCAHHBIA B BOTHYTYH0 NOBEPXHOCTb; SP-AT — pa3HOCTb MEXY CUOiA BO3AYLLIHOTO UMMyNbCa Ha Mo-
BEPXHOCTW POroBULIbI M BMOMEXaHNYECKN CKOPPEKTMPOBAHHLIM BHYTPUIAa3HLIM faBneHneM; SSI — WHAEKC HanpsxeHus-nedopMaLmy;
BGF — broMexaHU4ecKui rnayKoMHbIN aKTop.
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in patients with POAG (p = 0.055). SP-A1 is known to be
dependent on IOP and CCT in healthy eyes. The analysis
of correlations in eyes with POAG found that SP-A1 di-
rectly depended on P, I0P (p = 0.001) and CCT (p = 0.001;
Fig. 1), whereas in eyes with PEG, p values were 0.001
and 0.001, respectively (Fig. 2). As patients with PEG in
our sample have thinner cornea, we can assume that pa-
tients with PEG and similar SP-A1 have stiffer fibrous
tunic.

Table 4 also shows that SSI in PEG is higher than
in POAG, which indicates increased eye rigidity. This pa-
rameter is known to correlate with age, which is signifi-
cant for patients over 50 years old and healthy eyes [8].
And higher SSI in PEG compared with POAG may be ex-
plained by the fact that patients with PEG are older. An
analysis found highly significant correlation between SSI
and age in patients with PEG (p = 0.007) and no such re-
lationship in patients with POAG (p = 0.355) There is evi-
dence that SSI in healthy eyes does not depend on CCT;
however, this relationship was observed in our sample,
and p values were 0.018 and 0.001 in POAG and PEG,
respectively. There was no correlation between SSI
and bIOP in the POAG and PEG groups (p = 0.998 and
p =0.529, respectively). We obtained very interesting
data demonstrating correlation between SSI and age in
PEG. On the one hand, this suggested an increase in SSI
with age and, on the other hand, a direct dependence on
CCT, which assumes higher SSI with increased CCT. How-
ever, in our study, patients with PEG had lower CCT and
higher SSI compared with patients with POAG, which ob-
viously indicates an increase in SSI resulting from higher
corneal stiffness and older age. Higher corneal stiffness
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Fig. 1. Dependence of the stiffness parameter of the fibrous
capsule of the eyeball SP-A1 on the central corneal thickness in
primary open-angle glaucoma

Puc. 1. 3aBucMocTb napaMeTpa KECTKOCTH hnbpo3HOI 060/104KM
rnasHoro sbnoka SP-A1 oT LeHTpanbHO TOMLLMHBI POrOBULIbI NPK
MePBUYHOI OTKPLITOYro/bHON rayKoMe
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is considered to reflect higher peripapillary scleral stiff-
ness and, consequently, greater vulnerability of the optic
nerve head [15].

Our early clinical observations showed that the less
rigid the fibrous tunic (SD of biomechanical parameters
is positive), the higher the BGF. Interestingly, BGF was
higher in patients with PEG than with POAG. To explain
this finding, we investigated the correlation between BGF
and other possibly affecting parameters (Table 5).

High BGFs in PEG could not be explained by age, al-
though patients in this group were older. CCT was also
not the reason, as it is lower in PEG and, therefore, lower
BGF was expected in this group. BIOP and SP-A1 could
not explain the finding, as these parameters did not differ
between patients with POAG and PEG, although they cor-
related with BGF. And SSI was higher in the PEG group,
but was not related to BGF (Table 5). Higher biomechani-
cal factor in PEG seems to be associated with other pa-
rameters that we have not investigated.

In this study, we did not find any fundamental differ-
ences in biomechanics between patients with PEG and
POAG, which would explain the significant PEG progres-
sion rate compared with POAG. Faster progression of
the disease seems to more associated with damage to
the vascular wall caused by PEX and impaired vascular-
ization of the optic nerve and retina. Studies comparing
density of the macular and peripapillary vasculature us-
ing optical coherence tomography angiography (OCTA) in
36 eyes with POAG and 34 eyes with PEG showed that
PEG eyes had lower density of surface macular vessels,
especially in the parafoveal region. Foveal avascular zone
area was larger in PEG than in POAG; as most parameters

2000 1 5
1800
1600 - S
%o & 00(80
SRR B s 25008"
a ° 8,
“ 1200 - ol
o [}
o (o]
w004 °°&8
0@ o o
800 - ° B

450 500 550 600 650
Central corneal thickness, pm

Fig. 2. Dependence of the stiffness parameter of the fibrous
capsule of the eyeball SP-AT on the central corneal thickness in
pseudoexfoliative glaucoma

Puc. 2. 3aBucuMocTb NapameTpa XECTKOCTU rbpo3Hoii 0605104KM
rnasHoro sbnoka SP-AT oT LeHTpanbHO! TOMLLMHBEI POrOBMLbI MPK
nceBo3KCHONNATUBHOM rayKoMe




ORIGINAL STUDY ARTICLES Vol 18(1) 2025 Ophthalmology Reports

Table 5. Correlations indicator between the biomechanical glaucoma factor and various indicators that may influence its value in patients
with POAG and PEG

Tabnuua 5. Koppensuum Mexay OMOMexaHWYeCKUM TNayKOMHbIM (AKTOPOM W PasfIMYHBIMW MOKa3aTensiMM, BO3MOXHO
OKa3blBalOWMMMN BAWSIHWE HA €ro 3Ha4yeHWe y NaLMEHTOB C MEpPBUYHON OTKPLITOYrOSbHOW FNAyKOMOW U NCEBA03KCHONNATUBHON
rnayKoMon

Parameter Primary open-angle Pseudoexfoliative

glaucoma glaucoma
Age p=0.094 p=0737
Central corneal thickness p=0.001 p=10.027
Anteroposterior axis p=0.175 p=0.096
blOP p=0.001 p=0.001
SP-A1 p=0.009 p=0.001
SSl p=0.642 p=0327

Note. blOP, I0P taking into account the biomechanical properties of the fibrous capsule of the eye, SP-A1, difference between the strength
of the air pulse on the surface of the cornea and the biomechanically corrected I0P; SSI, stress-strain index, BGF, biomechanical glaucoma
factor.

[Mpumeyarue. bIOP — BHyTpUrnasHoe AaBreHUe C YYETOM OMOMEXaHUYECKUX CBOWCTB GpUDpO3HOIi 06onouku rnasa; SP-A1 — pasHocTb
MEX [y CU/I0i BO3AYLUHOTO UMMY/bCa Ha NOBEPXHOCTM POroBMLbI M BUOMEXaHYECKN CKOPPEKTMPOBAHHBIM BHYTPUT/Ia3HbIM LaBeHUEM;

SS| — uHAeKe HanpsxeHus-aedpopMaumnu; BGF — bruomexaHMYeckuit rnayKoMblii haktop.

in radial peripapillary blood flow, vessel density in PEG
was lower than in POAG [16]. In another study, the au-
thors compared 26 eyes with POAG and 23 eyes with PEG
using OCTA and found that mean perfusion density in the
superficial perifoveal plexus was significantly lower in
eyes with PEG than in eyes with POAG. However, mean
parameters of capillary perfusion in the superficial peri-
papillary plexus and foveal avascular zone size did not
differ between the groups. This study concluded that
the glaucoma severity is crucial for density of peripapil-
lary and macular perfusion, not the glaucoma type [17].
Moghimi et al. [18] found the thinned lamina cribrosa in
patients with PEX without glaucoma compared with the
age-matched control group using enhanced depth imag-
ing spectral-domain OCT [18]. Kim et al. [19] revealed
that although I0P and glaucoma severity were similar
in the two groups, the lamina cribrosa was significantly
thinner in eyes with PEG compared with eyes with POAG,
indicating a possible change in the structure of the pos-
terior segment in patients with PEX [19].

CONCLUSION

In our study, patients with PEG were significantly
older (p = 0.001) than patients with POAG. The groups
were also CCT heterogeneous; it was lower in the
PEG group (543.99 + 3.9 pm) than in the POAG group
(559.33 £ 4.4 pm; p = 0.010), and this finding was not
age-related.

IOP based on standard non-contact tonometry and
biomechanically-corrected I0P (blOP) did not differ be-
tween the groups, which was not CCT-related. However,
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bIOP in patients with POAG and in the control group did
not differ (p = 0.264), whereas the difference was signifi-
cant in patients PEG (p = 0.010).

The analysis of fibrous tunic stiffness did not show
any differences in corneal stiffness in the study groups,
as DA ratio and integr. radius did not differ between pa-
tients with POAG or PEG and the control group. SP-A1
also did not differ between patients with POAG and PEG,
whereas there were significant differences between pa-
tients with PEG and the control group (p = 0.046), and
the difference was not significant in patients with POAG
(p = 0.055). The analysis of relationship in eyes with
POAG found that SP-A1 directly correlated with P, IOP
(p=10.001) and CCT (p =0.001), and in eyes with PEG,
p values were 0.001 and 0.001, respectively. As patients
with PEG in our sample have thinner cornea, we can as-
sume that patients with PEG and equal SP-A1 have stiffer
fibrous tunic.

Stress-strain index (SSI) in patients with PEG
(1.38 £ 0.03) was higher than in patients with POAG
(1.27 + 0.03; p = 0.013), which indicates increased eye ri-
gidity. The analysis found significant correlation between
SSI and age in PEG (p = 0.007) and no such relationship
in POAG (p = 0.355) Evidence has been obtained that SSI
in healthy eyes does not depend on CCT; however, this
relationship was observed in our sample, and p values
were 0.018 and 0.001 in POAG and PEG, respectively.

The analysis revealed that BGF was higher in pa-
tients with PEG (25.92 + 2.3) than in patients with POAG
(17.71 £ 2.2; p = 0.010). The analysis to explain the data
obtained demonstrated that BGF was not age-related
(p = 0.094 and p = 0.737 for POAG and PEG, respectively).
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Positive correlation with CCT was found in POAG and PEG
(p =0.001 and p = 0.027, respectively), which suggest-
ed lower BGF in PEG in our study. BIOP also correlated
with BGF (p = 0.001 and p = 0.001 for POAG and PEG,
respectively), but blOP did not differ between the groups.
We also revealed that BGF was dependent on SP-A1, but
the latter did not differ between patients with POAG and
PEG. SSI was the only parameter that was higher in PEG
than in POAG and did not correlate with BGF (p = 0.642
and p = 0.327, respectively). Higher biomechanical factor
in PEG seems to be associated with other parameters
that we have not investigated.

CONCLUSION

In this study, we did not find any fundamental differ-
ences in biomechanics between patients with PEG and
POAG, which would explain the significant PEG progres-
sion rate compared with POAG. Our data clearly demon-
strated that eyes with PEG were more rigid than eyes
with POAG even with similar IOP.
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