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Corneal endothelial cells change in different stages
of keratoconus
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Purpose. To evaluate the changes in morphology and total endothelial count in patients with different stages of keratoconus (KC). Material
and methods. A cross-sectional study included 564 eyes of KC patients (57.8% males and 42.2% females) aged 19.9 *+ 6.5 years. Study was
conducted at the Cornea and Refractive Surgery department of Alshifa trust eye hospital Rawalpindi. Galilei (G4) Dual Scheimpflug Analyzer
and specular microscopy (Tomey EM-4000) were used for all eyes examination. KC eyes were classified according to Amsler classification
into stage 1, 2,3 and 4. Results. There was statistically significant difference in endothelial cell density (p < 0.001) and coefficient of variation
(p = 0.001) between different stages of KC eyes. Regarding cell surface area and cell morphology, there was statistically significant difference
between different stages of KC eyes (p < 0.001). Conclusions. Significant changes were seen in endothelial cell count and morphology of eyes
by using specular microscopy. For stages 1 and 2 KC, these changes are mild but the endothelium in stage 3 and 4 shows significant changes
regarding polymegathism and pleomorphism.
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M3MeHeHUs KIeTOK 9HI0TEIMSI pOrOBUIIBI HA
pa3HBbIX CTAAMUIX KepaTOKOHYyCca

Pabua lapud bxarru, [lama Xan, Xaccan Mancyp, AyHasza Makoyn, Pabua 3acdap, Pabnsg ®axim ™

MakncTaHcKnii MHCTUTYT o TanbMonorum, odpranbmosnormiyeckas 6onbHMLa «Anb-LLUnda», Pasannunan, 4600, MNakucTtaH

Ileav pabombr — oyenums usmeHeHUss MOPGoa0eUU U 00Uje20 KOAUUECMBA IHOOMENUANbHBIX KAEMOK Y RAUUEHMO8 C KePAMOKOHYCOM
(KK) Ha pasnvix cmadusx 3abonesanusi. Mamepuaa u memoowt. B nonepeunoe uccredosanue exaiouenst 564 enaza nayuenmos ¢ KK, 6
mom uucae 57,8% myxcuun u 42,2% xcenwyun, 6 sospacme 19,9 £ 6,5 2o0a. Hccaedosanue npoeoounsocs 6 omoeneHuu Xupypeuil po2o8utybl
u pehpakyuoHHoll xupypeuu ogpmansmonoeuueckoii 6oavHuybt Alshifa Trust ¢ Pasaanunou. Bcem nayuenmam evinoaneHo o6caedosanie ¢
ucnoavzoeanuem Galilei (G4) Dual Scheimpflug Analyzer u sndomeauanvnas muxpockonus (Tomey EM-4000). Cmaduu KK (1, 2, 3u 4)
ObLau onpedenenvl 6 coomeemcmeuu ¢ kaaccuguxauueii Amcaepa. Pesyasmamot. Bviseiena cmamucmuuecku 3Ha4umas pasHuya 8 naom-
Hocmu sHOomenuanvhux kaemok (p < 0,001) u kosgpguyuenme sapuayuu (p = 0,001) mencdy pazuvimu cmadusmu KK. Cmamucmuuecku
3Hauumas pasHuya mexncoy cmadusmu KK nabawoodarace makaice no nokazamenro naowadu KAemo4Hol n08epXHOCMU U no MOpghoaoeuu
xaemoxk (p < 0,001). 3axarouenue. B enazax ¢ KK ¢ nomowsvio 3H00meauarvHoil MUKPOCKONUU 8blsI8AEHbl 3HAYUMENbHbIE U3MEHEHUS 6 KO-
auxecmee u mopghonoauu 3HdomenuanvHvlx kaemok. Ha 1-ii u 2-ii cmadusix KK smu uzmeHnenus: HeanauumensHul, Ho Ha 3-ii u 4-ii cmadusix
aHdomenuil 0eMOHCMpPuUpyem 3HAHUMenbHble USMEHEeHUs, KACalouuecs NoAUMe2amu3ma u nieomoppusma.

KioueBble ciioBa: KEPAaTOKOHYC; KJICTKN SHAOTCIUA; SOHOAOTC/IMaIbHasd MUKPOCKOITHA; IMMOJUMEraTu3M U HHCOMODC[JI/BM
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KonhmkT naTepecoB: OTCYyTCTBYET.

IIpo3pauHocTh (PUHAHCOBOII NEATENBHOCTH: HUKTO U3 aBTOPOB HE MMeeT (hMHAHCOBOM 3aMHTEPECOBAHHOCTHU B MPEACTABICHHbBIX

Marepuajiax Wi MeTtoaax.

BaarogapHocTH: aBTOPHI XOTeIM Obl BHIPA3UTh 0J1ar0AapHOCTD 3a OOIIYIO ITOJIEPXKKY M 000ApeHNEe, OKa3aHHbIE UM B IIPOLIeCcce
MOATOTOBKM 3TOM cTaThu. [Tpr 5TOM HM OJlHa KOHKPETHAsl OpraHu3aliysi He BHec1a BKJIal B 9TO UCCIIeOBAHUE.

Jnsa nutupoBanus: bxarru P.111., Xan 1., Mancyp X., Mak6yn A., 3adap P., ®axum P. U3MeHeHUs KJIETOK SHA0TEIUS POTOBULIbI
Ha pa3HbIX CTAIMsIX KepaToKoHyca. Poccuiickuii odrambpmosiornueckuii xxypHai. 2026; 19 (2): 36-42. https://doi.org/10.21516/2072-

0076-2026-19-2-36-42

Keratoconus (KC) is a progressive, bilateral, non-
inflammatory, and asymmetrical corneal ectatic disorder
characterized by localized stromal thinning and protrusion
of the cornea, resulting in irregular astigmatism, myopia, and
visual impairment of varying severity [1]. The disease usually
begins during adolescence or early adulthood and may continue
to progress until the third or fourth decade of life, often leading to
significant deterioration in quality of vision and daily functioning.
Clinically, patients commonly present with blurred vision, glare,
photophobia, monocular diplopia, and frequent changes in
refractive correction [2]. Advanced stages of the disease may result
in corneal scarring and severe visual disability requiring corneal
transplantation.

Recent epidemiological studies suggest that KC is more
prevalent than previously recognized, particularly in Asian and
Middle Eastern populations [3]. A global systematic review
and meta-analysis reported substantial geographic variability in
the prevalence and incidence of KC, with South Asian popula-
tions demonstrating some of the highest disease burdens world-
wide [4]. The prevalence of KC has been reported to range from
0.2 to 4790 cases per 100,000 individuals, while incidence esti-
mates vary between 1.5 and 25 cases per 100,000 individuals an-
nually [4]. Such wide variability may be attributed to differences
in diagnostic criteria, corneal imaging modalities, environmental
influences, ethnicity, and study methodologies. The higher preva-
lence observed in South Asian populations has been associated
with genetic predisposition, consanguinity, chronic eye rubbing,
ultraviolet light exposure, and allergic ocular diseases [5].

Although KC has traditionally been described as
a degenerative corneal disorder, increasing evidence suggests
that inflammatory, biochemical, and genetic mechanisms also
contribute significantly to its pathogenesis [6]. Histopathological
studies have demonstrated disruption of stromal collagen lamellae,
apoptosis of keratocytes, oxidative stress, and degradation
of extracellular matrix components within the cornea [7].
Furthermore, advances in proteomics and molecular biology have
revealed abnormalities in both the tear film and corneal epithelium
of KC patients. Increased concentrations of degradative enzymes,
including matrix metalloproteinases, cathepsins, phosphatases,
and lipases, have been identified in the tear film, promoting
stromal weakening and corneal remodeling [6]. Altered epithelial
proliferation, impaired differentiation, inflammatory cytokine
expression, and epithelial—mesenchymal transition have also been
implicated in disease progression [8].

The corneal endothelium is a single layer of hexagonal cells
located on the posterior surface of the cornea and plays a critical
role in maintaining corneal transparency through regulation of
stromal hydration. Endothelial cells possess limited regenerative
capacity; therefore, morphological or functional alterations
may have important implications for corneal health and surgical
outcomes [9]. In normal corneas, endothelial morphology is
assessed using parameters such as endothelial cell density (ECD),
coefficient of variation (CV), and percentage of hexagonal

cells (HEX) through specular microscopy. Polymegathism and
pleomorphism are considered indicators of endothelial stress
and dysfunction.

Early studies investigating endothelial changes in KC
primarily attributed observed pleomorphism and polymegathism
to prolonged use of rigid contact lenses rather than the disease
itself [10]. However, more recent evidence suggests that KC may
intrinsically affect endothelial morphology. Several investigators
have reported reduced endothelial cell density, increased
coefficient of variation, and decreased hexagonality in moderate
and advanced KC eyes compared to healthy controls [11, 12].
M. El-Agha et al. [11] demonstrated significant endothelial
morphological abnormalities in KC patients, particularly in
advanced stages of the disease. Similarly, A. Elmassry et al. [12]
reported alterations in endothelial cell morphology associated with
increasing severity of KC, indicating that endothelial involvement
may represent part of the disease spectrum rather than merely
a secondary effect of contact lens wear. Nonetheless, many
previous studies were limited by small sample sizes, retrospective
designs, or exclusion of severe grade 4 KC cases.

Evaluation of corneal endothelial morphology in KC
is clinically important because endothelial integrity directly
influences disease management and surgical planning. In early
disease, endothelial assessment may help monitor the long-
term effects of rigid gas-permeable or scleral contact lens wear.
In advanced KC requiring surgical intervention, endothelial
status plays a crucial role in determining the suitability of deep
anterior lamellar keratoplasty (DALK) versus penetrating
keratoplasty (PK) [13]. Preservation of healthy endothelial cells is
associated with improved graft survival and reduced postoperative
complications. Therefore, a better understanding of endothelial
alterations in KC may contribute to improved patient selection,
surgical outcomes, and long-term visual rehabilitation.

Despite the high prevalence of KC in South Asian populations
and the increased prevalence of associated risk factors such as
atopy, eye rubbing, and consanguinity, limited regional data are
available regarding corneal endothelial morphology in KC patients.
Most available studies have been conducted in Middle Eastern or
European populations, limiting the generalizability of their findings
to South Asian individuals. Ethnic and environmental variations
may influence disease characteristics and endothelial changes,
highlighting the need for population-specific research.

Therefore, the present study aims to evaluate corneal
endothelial morphology across different severity grades of
keratoconus in a South Asian population using specular
microscopy. Assessing endothelial parameters in relation to disease
severity may enhance understanding of the pathophysiology of
KC and provide valuable information for optimizing clinical
management and surgical decision-making.

MATERIAL AND METHODS
The study was conducted as a cross-sectional study
in the Department of Cornea and Refractive Surgery at
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Table 1. Characteristic of keratoconus stages according to the Amsler — Krumeich classification [14]
Tab6mmna 1. XapakteprcThKa CTaanii KEpaTOKOHyca cormacHo kiuaccudukanmuu Amsler — Krumeich [14]

Stages of KC Stage 1 Stage 2 Stage 3 Stage 4

Cranusa KK Cranus 1 Cranus 2 Cranusa 3 Cranusa 4

Amsler — Eccentric corneal Induced myopia and/or Induced myopia and/or Refraction not measurable

Krumeich steepening astigmatism > 5.00 D but < 8.00 D | astigmatism > 8.00 D but < 10.00 D | Average keratometric

classification Induced myopia and/or | Average keratometric value < 53 D | Average keratometric value > 53 D | value > 55D

Knaccudukanus | astigmatism < 5.00 D No central scars No central scars Central scars

Amsler — Average keratometric Minimum apical corneal Minimum apical corneal thickness | Minimum apical corneal

Krumeich value <48 D thickness > 400 um between 300—400 pm thickness < 300 pm
DKCIEHTPUYECKOE Muonus n/vunm Muonust u/vnm Pedpakius ve
yBeIUYCHUE acturmatusm > 5.00 D, acturmatusm > 8.00 D, omnpeensieTcs,
KpUBU3HEI poroBulibl, |HO < 8.00 D, cpenHee 3HaueHUE HO < 10.00 D, cpenHee 3HaUeHUE cpeaHee 3HaUeHUe
MUOMUS U/ WITN keparomeTpun < 53 D, HeT KeparomeTpuu > 53 D, HeT kepatoMeTpun > 55D, pyOribt
acturmatusm < 5.00 D, | ieHTpabHBIXPYOIIOB, MUHUMAJTbHAST | TICHTPATBHBIX PyOIIOB, MUHUMAJIbHAS | B IIEHTPE, MUHUMAJTbHAS
cpeaHee 3HaUeHMe anuKaabHas TOJIIIMHA arnuKaibHas TOJIIMHA POTOBUIIBI | alMKaIbHAasl TOJIIIMHA
kepatomeTpuu < 48 D | poroButisl > 400 MKM 300—400 MM poroBunbl < 300 MKM

Polymegathism | 0—200 um?, 201—300 um?, 301—400 pm?2, 401—-500 um?, 501—600 pm?, > 600 um?

IMonnmeratusm

Pleomorphism | Endothelial cells varying from three-sided (trigonal) to nine-sided (nonagonal)

[lreomopdusm | KneTku 3HIOTEINS OT TPEXTPaHHOU (TPEyroJbHOI) 10 NEBITUTPAHHON (HearoHaJIbHOI) (hOpMBbI

Al-Shifa Trust Eye Hospital, Rawalpindi,  4°
which provides advanced diagnostic 35
and therapeutic services for conditions
affecting the anterior surface of the eye. 23
Ethical approval for the study was obtained

from the Ethical Review Board of Al-Shifa ~ *°
Trust Eye Hospital, and all procedures 15
were conducted in compliance with 5
the Declaration of Helsinki. :

A total of 564 eyes from patients
with KK were included in the study.
The mean age of the participants was
19.9 £ 6.5 years (range: 8—35 years), and
57.8% (n = 326) were male. Patients were
classified according to the Amsler —
Krumeich classification system into
stages 1, 2 and 3, while stage 4 KK
characterized by significant central corneal scarring [14], was
excluded from the study.

The study focused on patients with unilateral or
bilateral KC. Inclusion criteria for the study were: patients
with unilateral or bilateral KC classified into stages 1, 2, or
3 according to the Amsler — Krumeich classification [14].
Exclusion criteria were: age of 35 years, a history of contact
lens use, previous ocular surgeries, acute hydrops, previous
collagen crosslinking, and form fruste KC.

All patients underwent a complete ophthalmic examination,
including both objective and subjective refraction, slit-lamp
examination, and detailed fundus evaluation. In cases where
indicated, a trial of hard contact lenses was performed. To
ensure consistency, a single examiner performed the slit-lamp
examination, assessing corneal clarity and the presence of scars.
Topographic measurements were obtained using the Galilei
(G4) Dual Scheimpflug Analyzer, which provided data on mean
keratometric values and apical corneal thickness. Endothelial
morphology was assessed with the EM-4000 specular microscope,
which provided automatic capture and measurement at an optical
magnification of 190 um. The study variables were derived
from specular microscopy reports and included the following:
endothelial cell density (ECD), defined as the number of cells
per mm? of the cornea; coefficient of variation (CV), calculated
by dividing the standard deviation of endothelial cell density by
the total dimensions of the analyzed area; polymegathism, which
refers to variations in the size and arrangement of endothelial cell

Grade1

36,5
22
I ]

Grade 2 Grade 3 Grade 4

W Series 1

Figure. Distribution of eyes based on severity of keratoconus
PucyHok. PacrnpeneneHue rnas B 3aBUCUMOCTU OT CTEMNEHU TSXKECTU (CTaammn) kepaTokoHyca

dimensions, categorized into six groups based on cell size, and
pleomorphism, which describes changes in the distribution and
shape of endothelial cells (Tablel).

The data were stored and analyzed using the Statistical
Software for Social Sciences (SPSS) version 22. Descriptive
statistics, including arithmetic mean, standard deviation, and
range, were calculated for quantitative variables, while frequencies
and percentages were used for categorical variables. The normality
of the data was assessed using both graphical and statistical
methods, with the Kolmogorov — Smirnov test employed for
sample sizes greater than 50. For inferential analysis, one-way
Analysis of Variance (ANOVA) was used to compare the outcome
variables across different stages of KC. If the data did not meet
the assumption of normality, the Kruskal — Wallis test was
applied instead. Bonferroni adjustments were made for multiple
comparisons, and all statistical tests were interpreted at a 95%
confidence level.

RESULTS

The best corrected visual acuity (BCVA) and the spherical
equivalent had a mean value of 0.4 + 0.3 (Range = 0.0—1.2)
and -5.3 £ -4.1 (Range = 0.0— -22.5) respectively. Based on
the Amsler’s classification of keratoconus, most eyes belonged
to Grade 2 (36.5%, n = 206) while least were present in Grade 4
(18.4%, n = 104) (Figure).

The mean ECD (cells/mm?) was 2620.3 &+ 317.3 ranging
from 1712/mm?to 3266/mm?. The KW test showed a statistically
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significant difference between different grades of KC with respect
to ECD (y 2(df) =106.3(3), p-value =< 0.001). The average ECD
was 2765.2 = 279.8 and 2335.8 & 332.2 in Grade 1 and Grade 4
respectively. Moreover, statistically significant difference was also
observed in KW test for coefficient of variance (y 2 (df) =425.2(3),
p-value =< 0.001). The results of Post hoc tests for ECD and CV
are provided in detail in Table 2.

Intergroup post hoc comparisons revealed that the highest
average percentage of cells within the size range of 301—400 pum?
was observed in Grade 1 cases (33.7 = 8.5), while the lowest
percentage for this range occurred in Grade 4 cases (26.5 % 8.5).
For the size range of 401—500 pm?, Grades 1 (21.3 = 7.0) and 2
(21.2 £ 6.7) exhibited relatively similar percentages. Regarding
the size range of 501—600 um?, Grade 4 displayed the highest
mean (14.7 + 6.6), whereas Grade 3 showed the lowest (9.1 & 4.4).
Detailed post hoc results from the Kruskal — Wallis test are
provided in Table 3.

Hexagonal geometry was the most prevalent cell shape,
with an overall mean percentage of 41.3 & 22.1 across all stages of
keratoconus. Grade 2 keratoconus exhibited the highest percentage
of hexagonal cells (48.1  18.9), while grade 3 showed the lowest
(36.1 £20.8). In contrast, decagonal cells were the least abundant,
with a mean percentage of 0.8 = 1.8 (range: 0—8). The greatest
prevalence of decagonal cells was observed in grade 4 keratoconus
(2.0 + 3.1), followed by grade 3 (1.1 £ 1.8), whereas grades 2
and 1 both had a mean percentage of 0.4. Additional details are
presented in Table 4.

DISCUSSION

In KC, early visual impairment is commonly managed with
spectacles or rigid gas-permeable contact lenses, which provide
satisfactory visual rehabilitation in mild disease. In selected
patients, intracorneal ring segments may be used to reduce
corneal irregularity and improve visual acuity by flattening

the corneal cone and decreasing astigmatism [15]. As the disease
progresses, surgical intervention becomes necessary. Among
keratoplasty techniques, deep anterior lamellar keratoplasty
(DALK) is increasingly favored over penetrating keratoplasty
(PKP) because it preserves the host endothelium, thereby
significantly reducing the risk of immunological rejection
and endothelial failure [16]. Nevertheless, penetrating
keratoplasty remains an important option in advanced KC
cases where stromal scarring or severe ectasia compromises
visual rehabilitation.

In the present study, corneal endothelial parameters
including endothelial cell density (ECD), coefficient of variation
(CV), polymegathism, and pleomorphism were evaluated across
different stages of KC in 564 eyes classified by severity. Although
KC primarily affects the anterior corneal stroma, posterior
corneal and endothelial involvement has also been reported in
advanced disease [17].

Several mechanisms have been proposed for endothelial
alterations in KC, including microtrauma to Descemet’s
membrane, oxidative stress, ultraviolet radiation exposure, chronic
eye rubbing, and long-term contact lens wear [18].

In our study, ECD showed significant variation across
KC stages. Previous studies have reported conflicting results.
R. Niederer et al. [19] and J. Hollingsworth et al. [20] found no
significant difference in ECD between KC stages, suggesting
minimal endothelial involvement. In contrast, A. Elmassry
et al. [21] and O. Ugakhan et al. [22] demonstrated a significant
reduction in ECD in advanced KC, indicating progressive
endothelial compromise. These discrepancies may be attributed
to differences in ethnicity, sample size, imaging modality, and
disease grading systems.

Similarly, CV increased with disease severity in our study,
indicating progressive endothelial stress. While some studies
reported no significant change in CV across KC groups [19],

Table 2. Endothelial Cell Density (ECD) and Coefficient of Variation (CV) Across Different Grades of Keratoconus
Tab6mmua 2. [T1otHOCTB 3HIOTEIMANBHBIX KI1eTOK ([1DK) 1 koaddurment Bapuanmu (KB) nipu paziudHbIX CTaausIX KepaTOKOHYCa

Grade
Cragust

ECD, cells/mm?
MBK, xi1/mm?

Mean = SD
cells/mm?
KJ1/MM?

Range, cells/mm?
JlnamnazoH, Kji/Mm?

CV
KB

Post Hoc Test
ITocT XOK TecT
p-value

Range CV
Jwnamazon KB

1 2765.2 £279.8 2193-3266 2765.2 £ 279.8

29.7 £2.2 20-38 29.7+22 p,=0.07
p,=0.005
p, <0.001
p,=1.00

p, <0.001

p, <0.001

2 2668.6 £ 277.0 1822—-3108 2668.6 £ 277.0

33.0+23 21-52 33.0+2.3 p, <0.001
p,<0.001
p, <0.001
p, <0.001
p, <0.001

p, <0.001

3 2626.9 +253.0 1878—2993 2626.9 +253.0

36.2+3.0 24-54 36.2+3.0 p, <0.001
p, <0.001
p, <0.001
p, <0.001
p, <0.001

p, <0.001

4 2335.8 £332.1 17122918 2335.8 £332.1

40.6 £ 3.0 25-52 40.6 £ 3.0 p, <0.001
p,<0.001
p, <0.001
p, <0.001
p, <0.001

p, <0.001

Note. SD — Standard Deviation.
IIpumeuanue. SD — craHmapTHOE OTKJIOHEHUE.
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Table 3. Polymegathism Across Different Grades of Keratoconus
Ta6auna 3. TTosumeraTnsm mpu pasIndHbIX CTAAMSIX KEPATOKOHYCA

Size Range, pm? Grade 1 Grade 2 Grade 3 Grade 4 Range Post Hoc Test
Pasmep, Mmxm? Cranusg 1 Cranusg 2 Cranus 3 Cranus 3 Jnarna3oH IToct xOK TecT
Mean = SD Mean = SD Mean = SD Mean = SD p-value
0-200 6.7+2.1 89179 11.0£9.0 7559 3—13,0-37, p,=1.00
2-38,1-30 p,=1.00
p, <0.001
p,=1.00
p; <0.001
p, <0.001
201-300 237194 23.3£8.8 234+7.1 15.7+ 8.6 2-35, 240, p, = 1.00
10—34, 6—36 p,=1.00
p, <0.001
p,=1.00
p; <0.001
p, <0.001
301—-400 33.7x8.5 28.4£8.0 30.3 6.1 26.5+8.5 23-54, 15-48, p, <0.001
13-39, 14—48 p,=0.56
p, <0.001
p,=0.01
p; <0.001
p, <0.001
401-500 21.3+6.9 21.2+6.7 19.1+6.9 22.1t4.4 7-31,7-32, p, = 1.00
3-30, 12-28 p,=0.02
p,=1.00
p,=0.04
ps;=1.00
p, = 0.005
501-600 9.7+£5.2 11.2+6.9 9.1t4.4 14.7 £ 6.6 1-16, 1-28, p, = 1.00
1-23,5-25 p,=0.89
p, <0.001
p,=0.06
p;<0.001
p, <0.001
> 600 0.3£0.6 1.6 +2.7 34145 8.8x7.1 0-2,0-11, p, = 0.001
0-24,0-25 p, <0.001
p, <0.001
p, <0.001
p.<0.001
p, <0.001
others demonstrated increased variability in advanced disease [21], Y CONCLUSION

supporting our findings.

Regarding polymegathism, earlier studies suggested
minimal endothelial cell size variation in KC [23] A. However,
our staged analysis demonstrated increasing polymegathism with
disease severity, suggesting progressive morphological stress on
the endothelium.

Pleomorphism analysis showed a significant reduction in
hexagonal cells with increasing KC severity. A healthy corneal
endothelium typically maintains approximately 60% hexagonal
cells, and reduction reflects endothelial dysfunction. Similar
findings have been reported by A. Elmassry et al. [21], O. Ugakhan
etal. [22], and M. Matsuda et al. [23], who demonstrated decreased
hexagonality in KC eyes compared to controls.

R. Laing et al. [24] also reported morphological endothelial
changes inKC, although earlier literature suggested these findings
could be secondary to contact lens wear rather than intrinsic
disease pathology.

The variability in published findings may be due to
differences in imaging modalities, KC severity distribution, and
lack of standardized classification systems across studies.

This study has limitations, including its cross-sectional
design, absence of healthy controls, and potential measurement
variability inherent to specular microscopy. Additionally,
confounding factors such as contact lens wear and eye rubbing
were not controlled.

In conclusion, our study highlights the progressive
changes in corneal endothelial cells across different stages
of KC, with more pronounced alterations in advanced
stages. These findings underscore the importance of specular
microscopy in assessing corneal endothelium before making
decisions regarding transplant options. Given the marked
endothelial cell changes observed in stages 3 and potentially
stage 4 (though not studied here), a full-thickness transplant
may be more suitable for advanced KC cases, as it ensures
a healthy endothelium for long-term clarity. However,
additional research with longitudinal follow-up, inclusion of
stage 4 patients, consideration of systemic factors, and healthy
controls is essential to further solidify these recommendations
and refine treatment strategies
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Table 4. Comparison of Cell Geometries Across Different Grades of Keratoconus (Polymorphism)

Tao6imnua 4. CpaBHeHNE TeOMETPUM KIIETOK IIPH PA3IMYHbBIX CTAAMSIX KEPATOKOHYCA (ITOIMMOP(U3M)

Cell Geometry Grade 1 Grade 2 Grade 3 Grade 4 Range p-values
dopma Kj1eToK Cranus 1 Cranus 2 Cranus 3 Cranus 4 All Grades
Mean = SD Mean = SD Mean = SD Mean = SD Jnarma3oHn
Trigonal 0.6 3.6 0.1+£04 09+1.7 3.6 £6.9 0-24 p, =0.85
TpeyronbHast p, <0.001
p,;<0.001
p, <0.001
p;=0.001
p, = 1.00
Tetragonal 2.8+8.5 39+£5.6 94+11.9 7.7+12.1 0-56 p, <0.001
YeThIpeXyrojbHast p, <0.001
p;<0.001
p,= 1.00
ps;=10.20
p, = 1.00
Pentagonal 13.7+10.4 21.0 £10.8 249t 14.4 16.4+10.3 0-57 p, <0.001
[MatuyronbHas p, <0.001
p,=0.41
p,=0.08
p;=0.09
p, <0.001
Hexagonal 38.1+24.3 48.1 £ 18.9 36.1 £20.8 38.1+£23.4 0-76 p, =0.003
[llectnyronbHast p,= 1.00
p,= 1.00
p, <0.001
ps= 0.006
p, = 1.00
Heptagonal 26.5+15.9 18.7 £8.3 16.7 +12.8 184+6.4 0—68 p, <0.001
CeMuyrobHast p, <0.001
p, = 0.004
p,=0.77
ps=1.00
p,=0.13
Octagonal 13.1+17.1 6.611.0 9.8+ 13.1 11.4+14.0 0—54 p, = 0.001
BocbmuyronbHas p,= 1.00
p,= 1.00
p, = 0.008
p;<0.001
p, = 1.00
Nonagonal 44+7.0 1.5+38 29+5.1 641738 0-20 p, =0.05
JleBATryroabHast p,= 1.00
p, = 0.007
p,=0.04
p;<0.001
p, = 0.01
Decagonal 0.4%+0.7 0.4%+0.38 1.1£1.8 2.0%+3.0 0-8 p, = 1.00
JlecsiTuyronbHast p,=0.04
p, <0.001
p, = 0.001
p;<0.001
p, = 0.47
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