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Abstract - To evaluate corneal endothelial changes and central corneal thickness in patients with psoriasis.Methods: In this 

study, 90 eyes of 45 healthy persons and 90 eyes of 45 psoriasis patients attending the Eye ambulance and eye clinic at 

Tishreen University Hospital were studied between the years 2023-2024; all participants underwent a complete 

ophthalmological examination, including corneal endothelial cell counts Bynon contact specular microscopy(Perseus, CSO, 

Italy), where the average of three successive measurements of Endothelial Cell Density (ECD),  hexogram (EX%), coefficient 

of variation (CV) and central corneal thickness was taken. The dry eye evaluation was performed with tear break-up(TBUT) 

and the Schirmer test. Results: The values of endothelial cell density (ECD) and hexagram (EX%) decreased statistically 

significantly in patients with psoriasis (p=0.002, p=0.0001, respectively). At the same time, the value of the covariance (CV) 

increased statistically significantly in the psoriasis group (P =0.0001). We did not find statistically significant differences in  

(CCT) between the two groups. We also found that the PASI score had a negative correlation with (ECD) and (EX%) and a 

positive correlation with (CV). The mean tear break-up(TBUT) and Schirmer test values were significantly lower in the 

psoriasis group than in the control group (p=0.0001). Conclusion: The eye examination is important in patients with 

psoriasis to evaluate the corneal endothelial changes, which have an important role in planning intraocular surgeries in 

patients with psoriasis. 
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1. Introduction 
Psoriasis is an inflammatory, immune-mediated, 

chronic disease which affects approximately 1 %–3% of the 

worldwide population [1]. It is considered the main 

pathogenic mechanism, a TH1-mediated cellular 

dysfunction that causes systemic inflammation and 

increased cytokine production. The most common 

extracutaneous manifestation is arthritis, which develops in 

up to 30% of psoriasis patients [3]. Psoriasis may cause 

ocular manifestations that occur in 10% of patients; the 

possible cause of ocular findings may be the immune-

mediated inflammatory processes and the involvement of 

direct skin lesions. In addition, treatment modalities are 

used in psoriasis[4]. Psoriasis may affect any part of the 

eye[3]. The most important ocular manifestations that may 

be seen in psoriasis are blepharitis, conjunctivitis,  uveitis, 

and dry eye syndrome  [5,6]. Many previous studies have 

also reported a relationship between psoriasis and corneal 

disease, including punctate epithelial keratitis, deep corneal 

opacities, sterile corneal infiltrations, and corneal 

melting[7]. The cornea plays the main role in the refractive 

power of the eye; in addition to having many physiological 

characteristics, many factors affect its transparency; perhaps 

the most important is the role played by the corneal 

endothelial cells, which are a single non-renewable layer of 

cells that covers the posterior cornea and work to pump 

fluids out of the cornea to maintain its transparency[2]. 

While many studies have been conducted to evaluate the 

ocular manifestations and biomechanical properties of the 

cornea in patients with psoriasis, these studies have 

neglected to study the changes occurring in the corneal 

endothelium. Therefore, it was important to obtain 

normative data derived from the local population to evaluate 

and study the possible changes in the corneal endothelium 

in patients with psoriasis. Note that there is only one study 

by Yeter [1]that evaluated corneal endothelial alterations in 

patients with psoriasis. 

 

2. Patients and Methods 
 90 eyes were studied for 45  patients who were 

diagnosed with psoriasis by the Dermatology Department 

and referred for an ophthalmologic examination to our 

ophthalmology department at Tishreen University Hospital 

in Lattakia during the period 2023-2024and 90 eyes of 45 

healthy individuals as a control sample. Psoriasis Area and 

Severity Index (PASI) was used to measure the clinical 

severity and percentage of areas affected by psoriasis. A 

comprehensive eye examination was performed, including 

visual ability and best visual ability after correction, slit 

lamp examination of the anterior sections, examination of 

the posterior sections after pupil dilation, ocular surface 

tests such as Schirmer-1 and Tear Break-Up Time (TBUT) 

test for dry eye syndrome diagnosis were performed, and 
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corneal endothelial cell count: taking an average of three 

consecutive readings of the central part of the endothelium. 

Criteria for admission to the study: 

Patients with psoriasis in all its forms in adults (26-60 

years). 

The exclusion criteria included: 

• Contact lens usage. 

• A history of ocular surgery. 

• Glaucoma  

• Use of any topical ocular medication 

• Trauma. 

• Any systemic or autoimmune diseases. 

• uveitis 

 

2.1. Ethical Consideration 

All patients were provided with full and clear informed 

consent after discussing the study. The Helsinki Declaration 

conducted this study. 

2.2. Statistical Analysis 

Descriptive Study (Cross-sectional) 

2.2.1. Description   Statistical 

Quantitative variables were expressed in arithmetic 

mean, standard deviation, and qualitative variables in 

frequencies and percentages. 

2.2.2. Inferential Statistical  based on the Laws of Statistics 

•  Chi-square test to compare qualitative variables. 

•  An independent T Student test was used to compare the 

average of two independent groups.  

• Pearson correlation to study the correlation between 

quantitative variables. 

• The results are statistically significant, with a p-value ˂ 

5%. 

 

Adopt IBM SPSS statistics (version25) software to 
calculate statistical coefficients and analyze results. 

3. Results 
 The research sample included 90 people (180 eyes), 

including 90 eyes of 45 patients with psoriasis who visited 

the eye clinic at Tishreen University Hospital in Lattakia 

during the time period 2024-2023 and the investigator's 

criteria for inclusion in the research. 90 eyes of 45 healthy 

individuals as a control sample. 

 

   The research aimed to evaluate the effect of psoriasis 

on the density of the endothelial cells, hexagonality 

percentage (HEX%), Coefficient of Variation (CV), and 

central corneal thickness. The relationship between the 

PASI score and endothelial cells changes. The age of 

patients in the research ranged from 24 to 60 years, with an 

average of 43.95±10.8 years. 

 

We can see from the previous table that there were no 

statistically significant differences between the two research 

groups with regard to gender.

 
Table 1. Distribution of the  research sample by gender 

 

Graph 1. Distribution of the research sample by sex 

Table 2. Distribution of the research sample by age 

44.4%
55.6%

male

femal

P-value Healthy control psoriasis Gender 

1 
20(44.4%) 20(44.4%) Males 

25(55.6%)   25(55.6%) Females 

P-value Healthy control psoriasis Age(year) 

0.09 
43.24±10.4 46.66±10.7 Mean ± SD 

53.64-32.84 57.36- 35.96 Min – Max 
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  We can see from the previous table that there were no statistically significant differences between the two research 

groups with regard to age.  

 
Graph 2. Distribution of the research sample by age 

 
Table 3. Distribution of the research sample by the average values of cv(coefficient of variation) 

 

 

We can see from the previous table that there were statistically significant differences between the two research 

groups with regard to the values of cv, which was higher in the psoriasis group.  

 

Graph 3. The research sample is distributed according to the average values of the CV coefficient of variation 

 

Table 4. Distribution of the research sample by values of hexagonality percentage (HEX%)

P-value Healthy control Psoriasis group (HEX%) 

0.0001 61.04±5.4 53.64±5.7 Mean ± SD 

We can see from the previous table that there were statistically significant differences between the two research groups 

with regard to the values of ( EX%), which was lower in the psoriasis group.  

20-40yr 40-60yr

0.0%

20.0%

40.0%

60.0%

80.0%

psoriasis control

0.0

10.0

20.0

30.0

40.0

50.0

ا
T

h
e 

m
ea

n
  

v
al

u
es

 o
f 

cV

P-value Healthy control Psoriasis group CV (coefficient of variation) 

0.0001   29.46±2.6   34.88±5.7   Mean ± SD 



Eman Najm Aldeen Essa et al. / IJMS, 11(4), 6-14, 2024 

 

9 

 
Graph 4. The research sample is distributed according to the average values of hexagonality percentage (HEX%) 

 

Table 5. Distribution of the research sample by average values of endothelial cell count 

P-value Healthy control Psoriasis group ECD cells/mm^2 

0.002 2698.5±298.5 2436.5±182.6 Mean ± SD 

We can see from the previous table that there were statistically significant differences between the two research 

groups with regard to the values of endothelial cell count (ECD), which was lower in the psoriasis group. 

 

Graph 5. The research sample is distributed according to the average values of endothelial cell account ( ECD) 

 

Table 6. Distribution of the research sample by average values of Central Corneal Thickness(CCT) 

P-value Healthy control Psoriasis group CCT µm 

0.08 568.80±20.03 558.66±13.5 Mean ± SD 

 

We can see from the previous table that there were no statistically significant differences between the two research 

groups with regard to values of Central Corneal Thickness(CCT). However, it was lower in the psoriasis group. 

 
Table 7. Distribution of the research sample by average values of tear film break-up test(TBUT) 

P-value Healthy control Psoriasis group TBUT sec 

0.0001 18.57±1.7  12.57±2.5  Mean ± SD 
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Graph 6. The research sample is distributed according to the average values of corneal central thickness (CCT) 

 

We can see from the previous table that there were statistically significant differences between the two research groups 

with regard to the values of the Tear film Break-up Test (TBUT), which was lower in the psoriasis group. 

 
Graph 7. The research sample is distributed according to the average values of the tear film-breakup test (TBUT) 

 

Table 8. Distribution of the research sample by average values of Schirmer -1 test 

P-value Healthy control Psoriasis group Schirmer-1 test  (mm) 

0.0001 23.88±2.1 18.80±4.2 Mean ± SD 

We can see from the previous table that there were statistically significant differences between the two research groups 

with regard to the values of the Shirmer -1 test, which was lower in the psoriasis group. 

 
Graph 8. The research sample is distributed according to the average values of the Schirmer -1 test 
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Table 9. The relationship between CV (HEX%), ECD and CCT and thePASI scores (area and severity index) 

P-value Pearson Correlation  Parameters 

0.0001 0.83 CV 

0.0001 - 0.76 (HEX%) 

0.0001 - 0.84 ECD 

We can see from the previous table that Psoriasis Area and Severity Index (PASI) scores had a negative correlation with 

Endothelial Cell Density (ECD), and rate of cell hexagonality (HEX%) and a positive correlation with Coefficient of 

Variation (CV) with statistically significant differences. 

 

4. Discussion 

In this study, 90 eyes of 45 patients with psoriasis in all 

its forms were studied to investigate changes in corneal 

endothelial cells and central corneal thickness by studying 

the mean values of corneal Endothelial Cell Density (ECD), 

coefficient of variation (CV),  hexagonality percentage 

(HEX%) and Central Corneal Thickness(CCT).and 

studying the correlation between the PASI scores corneal 

endothelial cell parameters, as well as evaluation the dry eye 

by TBUT test and SCHIRMER-1 test. 

 

Our results demonstrated a decrease in ECD and 

(HEX%) and an increase in CV values in terms of 

endothelial cell properties. On the other hand, the mean 

CCT was similar between groups.   Also, disease severity, 

according to the PASI scores, was negatively correlated 

with ECD and (HEX%)  and positively correlated with CV.   

Furthermore, we observed lower TBUT and Schirmer test 

values in patients with psoriasis compared to healthy 

controls, which is in agreement with previous studies. 

We can explain these corneal endothelial changes in 

psoriasis patients by the fact that they may be similar to that 

of skin lesions, in which T lymphocytes, cytokines such as 

TNF-α, IL-2, and IFN-γ play a role[60]. 

Celik et al. study investigated the biomechanical 

changes in psoriasis patients and showed that psoriasis 

affects these properties. Therefore, they suggested that the 

chronic inflammatory process affects the ultrastructure of 

the cornea[61]. 

The results of our study were in agreement with a study 

conducted by Yeter et al. [1] in terms of a decrease in 

endothelial cell density and an increase in the coefficient of 

variation in psoriasis patients. With no statistically 

significant differences in central corneal thickness between 

the two groups,  there was a positive correlation between 

PASI scores and the coefficient of variation and a negative 

correlation with hexagonality percentage and corneal 

endothelial cell density. In previous studies, it has been 

reported that ocular findings increase with the severity of 

psoriasis recorded by PASI score, which supports our 

findings [64]. This may demonstrate the effect of the 

systemic inflammation process on corneal endothelial cell 

loss in psoriasis patients [36]. 

The results of our study coincided with Yeter et al. [1] 

in terms of a decrease in TBUT and Schirmer test values in 

psoriasis patients. We can explain that because of immune-

mediated inflammation, L- arginine deficiency and 

increased β- defensin production are major factors in both 

psoriasis and systemic pathogenic mechanisms related to 

dry eye[62]. Previous studies suggest an obstructive type of 

miebomian gland dysfunction in patients with psoriasis, 

which might result from increased turnover of the epithelial 

lining of the meibomian gland duct [66]. However, we 

disagreed with Yeter et al.'s study regarding hexagonality 

percentage, where they did not find statistically significant 

differences in (HEX%)  in psoriasis patients. The difference 

in the machine can explain this use or the difference in the 

severity of the disease, which was less than those in the 

study by Yeter et al.  

The results of our study were also in agreement with 

Edris's [6]    study regarding central corneal thickness  CCT, 

where we also did not find statistically significant changes 

between the two groups. This study was consistent with the 

results of our study in terms of a decrease in Schirmer test 

values. They did not use the TBUT test, and they did not 

study the changes in hexagonality percentage(HEX%), the 

coefficient of variation (CV)and endothelial cell 

account(ECD). 

The results of our study coincided with the results of 

Celik et al. [61], where they also did not find statistically 

significant changes in central corneal thickness  CCT 

between the two groups. We also agreed with Celik et al. 

regarding a decrease in TBUT and Schirmer test values. 

They did not study the changes in hexagonality 

percentage(HEX%), the coefficient of variation (CV), and 

Endothelial Cell Density(ECD). 

5. Conclusion 
The study showed statistically significant changes in 

corneal endothelial cells in terms of cell density(ECD), 

hexagonality percentage (HEX%) and coefficient of 

variation(CV), and statistically significant differences in 

inTBUT and Schirmer-1 test values in psoriasis patients, 

while we didn't find statistically significant differences in 

central corneal thickness CCT. 

Recommendations 
• It is recommended that the relationship between 

endothelial cell changes and the treatment used for 

psoriasis be studied. 

• The relationship between endothelial cell changes and 

the form of the psoriasis.



Eman Najm Aldeen Essa et al. / IJMS, 11(4), 6-14, 2024 

 

12 

References 
[1] Duygu Yalinbas Yeter et al., “Analysis of Corneal Densitometry and Endothelial Morphometry in Patients with Psoriasis,” 

Photodiagnosis and Photodynamic Therapy, vol. 36, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[2] Yureeda Qaziet et al., Corneal Transparency: Genesis, Maintenance and Dysfunction,” Brain Research Bulletin, vol. 81, no. 2-3, pp. 

198-210, 2010. [CrossRef] [Google Scholar] [Publisher Link] 

[3] Fariba Ghalamkarpour et al., “Ocular Findings in Patients with Psoriasis: Is It Related to The Side Effects of Treatment or To Psoriasis 

Itself? A Case-Control Study,” Journal of Dermatological Treatment, vol. 31, no. 1, pp. 27-32, 2020. [CrossRef] [Google Scholar] 

[Publisher Link] 

[4] Emanuela Aragona et al., “Tear Film and Ocular Surface Assessment in Psoriasis,” British Journal of Ophthalmology, vol. 102, no. 

3, pp. 302-308, 2018. [CrossRef] [Google Scholar] [Publisher Link] 

[5] Goktug Demirci et al, “Tear Osmolarity and Ocular Surface Parameters in Patients with Psoriasis,” Brazilian Ophthalmology 

Archives, vol. 80, no. 1, pp. 1-3, 2017. [CrossRef] [Google Scholar] [Publisher Link] 

[6] Noha A Edris et al., “Evaluation of Corneal Biomechanical Parameters in Psoriasis Patients: A Controlled Study,” Clinical 

Ophthalmology, vol. 14, pp. 1833-1837, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[7] Chia-Yi Lee et al., “Increased Risk of Keratopathy After Psoriasis: A Nationwide Population-Based Study,” PLOS ONE, vol. 13, no. 

7, pp. 1-11, 2018. [CrossRef] [Google Scholar] [Publisher Link] 

[8] A. David Burden, and Brian Kirby, Psoriasis and Related Disorders, Inflammatory Dermatoses, Rook’s Textbook of Dermatology, 

9th Ed, 2016. [CrossRef] [Google Scholar] [Publisher Link] 

[9] Peter C.M. van de Kerkhof, and Frank O. Nestlé, “Papulosquamous and Eczematous Dermatosis: Psoriasis,” Dermatology, 2018. 

[Google Scholar]  

[10] Rosa Parisi et al., “National, Regional, and Worldwide Epidemiology of Psoriasis: Systematic Analysis and Modelling Study,” BMJ, 

pp. 1-15, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[11] Anna Campanati et al., “Psoriasis as An Immune-Mediated and Inflammatory Systemic Disease: From Pathophysiology to Novel 

Therapeutic Approaches,” Biomedicines, vol. 9, no. 11, pp. 1-20, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[12] Marek Roszkiewicz et al., “Environmental Risk Factors and Epigenetic Alternations in Psoriasis,” Annals of Agricultural and 

Environmental Medicine, vol. 27, no. 3, pp. 335-342, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[13] April W. Armstrong, and Charlotte Read, “Pathophysiology, Clinical Presentation, and Treatment of Psoriasis,” JAMA, vol. 323, no. 

19, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[14] Klaudia Dopytalska et al., “Psoriasis in Special Localizations,” Reumatologia, vol. 56, no. 6, pp. 392-398, 2018. [CrossRef] [Google 

Scholar] [Publisher Link] 

[15] Grace W. Kimmel, and Mark Lebwohl, “Psoriasis: Overview and Diagnosis,” Evidence-Based Psoriasis, pp. 1-16, 2018. [CrossRef] 

[Google Scholar] [Publisher Link] 

[16] Tina Bhutani, Wilson Liao, and Mio Nakamura, Evidence-Based Psoriasis, Diagnosis and Treatment, Springer, pp. 1-148, 2018. 

[CrossRef] [Google Scholar] [Publisher Link] 

[17] Nilesh Kodali et al., “Current Management of Generalized Pustular Psoriasis,” Experimental Dermatology, vol. 32, no. 8, pp. 1204-

1218, 2023. [CrossRef] [Google Scholar] [Publisher Link]  

[18] Siew Eng Choon, Alexander A. Navarini, and Andreas Pinter, “Clinical Course and Characteristics of Generalized Pustular Psoriasis,” 

American Journal of Clinical Dermatology, vol. 23, pp. 21-29, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[19] Alan M. Menter et al., “Guidelines of Care for The Management of Psoriasis and Psoriatic Arthritis: Section 6. Guidelines of Care 

for The Treatment of Psoriasis and Psoriatic Arthritis: Case-Based Presentations and Evidence-Based Conclusions,” Journal of the 

American Academy of Dermatology, vol. 65, no. 1, pp. 137-174, 2011. [CrossRef] [Google Scholar] [Publisher Link] 

[20] Christopher Baker et al., “Treatment Goals for Moderate to Severe Psoriasis: An Australian Consensus,” Australasian Journal of 

Dermatology, vol. 54, no. 2, pp. 148-154, 2013. [CrossRef] [Google Scholar] [Publisher Link] 

[21] Hasan Khosravi et al., “Treatment of Inverse/Intertriginous Psoriasis: Updated Guidelines from the Medical Board of the National 

Psoriasis Foundation,” Journal of Drugs in Dermatology, vol. 16, no. 8, pp. 760-766, 2017. [CrossRef] [Google Scholar] [Publisher 

Link] 

[22] C. Stanley Chan et al., “Treatment of Severe Scalp Psoriasis: From the Medical Board of the National Psoriasis Foundation,” Journal 

of the American Academy of Dermatology, vol. 60, no. 6, pp. 962-971, 2009. [CrossRef] [Google Scholar] [Publisher Link] 

[23] Edward Hadeler et al., “Nail Psoriasis: A Review of Effective Therapies and Recommendations for Management,” Dermatology and 

Therapy, vol. 11, pp. 799-831, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[24] Mittanamalli S Sridhar, “Anatomy of Cornea and Ocular Surface,” Indian Journal of Ophthalmology, vol. 66, no. 2, pp. 190-194, 

2018. [CrossRef] [Google Scholar] [Publisher Link] 

[25] Jack J. Kanski, and Brad Bowling, Clinical Ophthalmology: A Systematic Approach, Elsevier Health Sciences, UK, 2011. [Publisher 

Link] 

[26] Richard S. Snell, and Michael A. Lemp, Clinical Anatomy of the Eye, Wiley, 1998. [Google Scholar] [Publisher Link] 

[27] American Academy of Ophthalmology, Basic and Clinical Science Course, Section 08: External Disease and Cornea, 2024. 

[Publisher Link] 

 

https://doi.org/10.1016/j.pdpdt.2021.102522
https://scholar.google.com/scholar?cluster=5954050744238732081&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S157210002100346X?via%3Dihub
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19481138
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19481138
https://doi.org/10.1016/j.brainresbull.2009.05.019
https://scholar.google.com/scholar?cluster=12925457463282109283&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S0361923009001658?via%3Dihub
https://doi.org/10.1080/09546634.2019.1577947
https://scholar.google.com/scholar?cluster=17457938664174754027&hl=en&as_sdt=0,5
https://www.tandfonline.com/doi/full/10.1080/09546634.2019.1577947
https://doi.org/10.1136/bjophthalmol-2017-310307
https://scholar.google.com/scholar?cluster=8009728084714715951&hl=en&as_sdt=0,5
https://bjo.bmj.com/content/102/3/302
https://doi.org/10.5935/0004-2749.20170002
https://scholar.google.com/scholar?cluster=18356600154631103322&hl=en&as_sdt=0,5
https://www.scielo.br/j/abo/a/z4Y49P6BwyNG4pVS5KCkzxx/?lang=en
https://doi.org/10.2147/OPTH.S256629
https://scholar.google.com/scholar?cluster=12977072741552021627&hl=en&as_sdt=0,5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7335276/
https://doi.org/10.1371/journal.pone.0201285
https://scholar.google.com/scholar?cluster=8419165385321737670&hl=en&as_sdt=0,5
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0201285
https://doi.org/10.1002/9781118441213.rtd0036
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Psoriasis+and+Related+Disorders&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118441213.rtd0036
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Papulosquamous+and+eczematous+dermatosis%3A+psoriasis&btnG=
https://doi.org/10.1136/bmj.m1590
https://scholar.google.com/scholar?cluster=6952579393253741443&hl=en&as_sdt=0,5
https://www.bmj.com/content/369/bmj.m1590
https://doi.org/10.3390/biomedicines9111511
https://scholar.google.com/scholar?cluster=7094826783958510049&hl=en&as_sdt=0,5
https://www.mdpi.com/2227-9059/9/11/1511
http://dx.doi.org/10.26444/aaem/112107
https://scholar.google.com/scholar?cluster=15472055943200412989&hl=en&as_sdt=0,5
https://www.aaem.pl/Environmental-risk-factors-and-epigenetic-alternations-in-psoriasis,112107,0,2.html
https://doi.org/10.1001/jama.2020.4006
https://scholar.google.com/scholar?cluster=13286199871992856453&hl=en&as_sdt=0,5
https://jamanetwork.com/journals/jama/article-abstract/2766169
https://doi.org/10.5114/reum.2018.80718
https://scholar.google.com/scholar?cluster=264221895866603209&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?cluster=264221895866603209&hl=en&as_sdt=0,5
https://reu.termedia.pl/Psoriasis-in-special-localizations,100531,0,2.html
https://doi.org/10.1007/978-3-319-90107-7_1
https://scholar.google.com/scholar?cluster=9260014730921185999&hl=en&as_sdt=0,5
https://link.springer.com/chapter/10.1007/978-3-319-90107-7_1
https://doi.org/10.1007/978-3-319-90107-7
https://scholar.google.com/scholar?cluster=7516247013524639752&hl=en&as_sdt=0,5
https://link.springer.com/book/10.1007/978-3-319-90107-7
https://doi.org/10.1111/exd.14765
https://scholar.google.com/scholar?cluster=11598435846777937155&hl=en&as_sdt=0,5
https://onlinelibrary.wiley.com/doi/10.1111/exd.14765
https://doi.org/10.1007/s40257-021-00654-z
https://scholar.google.com/scholar?cluster=12946401175274374274&hl=en&as_sdt=0,5
https://link.springer.com/article/10.1007/s40257-021-00654-z
https://doi.org/10.1016/j.jaad.2010.11.055
https://scholar.google.com/scholar?cluster=758538902335130187&hl=en&as_sdt=0,5
https://www.jaad.org/article/S0190-9622(10)02173-0/fulltext
https://doi.org/10.1111/ajd.12014
https://scholar.google.com/scholar?cluster=10407843914224103806&hl=en&as_sdt=0,5
https://onlinelibrary.wiley.com/doi/10.1111/ajd.12014
https://doi.org/10.1111/ajd.12014
https://scholar.google.com/scholar?cluster=12096128707876662631&hl=en&as_sdt=0,5
https://onlinelibrary.wiley.com/doi/10.1111/ajd.12014
https://onlinelibrary.wiley.com/doi/10.1111/ajd.12014
https://doi.org/10.1016/j.jaad.2008.11.890
https://scholar.google.com/scholar?cluster=7327962503871181864&hl=en&as_sdt=0,5
https://www.jaad.org/article/S0190-9622(08)02461-4/abstract
https://doi.org/10.1007/s13555-021-00523-x
https://scholar.google.com/scholar?cluster=17064077606231558152&hl=en&as_sdt=0,5
https://link.springer.com/article/10.1007/s13555-021-00523-x
https://doi.org/10.4103/ijo.IJO_646_17
https://scholar.google.com/scholar?cluster=10699129665613538173&hl=en&as_sdt=0,5
https://journals.lww.com/ijo/fulltext/2018/66020/anatomy_of_cornea_and_ocular_surface.4.aspx
https://www.google.co.in/books/edition/Clinical_Ophthalmology_A_Systematic_Appr/MQXjTT5HIMUC?hl=en
https://www.google.co.in/books/edition/Clinical_Ophthalmology_A_Systematic_Appr/MQXjTT5HIMUC?hl=en
https://scholar.google.com/scholar?cluster=4504810861052255093&hl=en&as_sdt=0,5
https://www.google.co.in/books/edition/Clinical_Anatomy_of_the_Eye/uEO6XeZGdMEC?hl=en
https://store.aao.org/basic-and-clinical-science-course-section-08-external-disease-and-cornea.html


Eman Najm Aldeen Essa et al. / IJMS, 11(4), 6-14, 2024 

 

13 

[28] Dan Z. Reinstein et al., “Epithelial Thickness in the Normal Cornea: Three-dimensional Display with Artemis Very High-frequency 

Digital Ultrasound,” Journal of Refractive Surgery, vol. 24, no. 6, pp. 571-581, 2008. [CrossRef] [Google Scholar] [Publisher Link] 

[29] Anna M. Roszkowska et al., “Age-Related Modifications of the Corneal Endothelium in Adults,” International Ophthalmology, vol. 

25, pp. 163-166, 2004. [CrossRef] [Google Scholar] [Publisher Link] 

[30] Jay H. Krachmer, Edward J. Holland, and Mark J. Mannis, Cornea, 2nd Ed., Elsevier Mosby, Philadelphia, 2005. [Google Scholar] 

[Publisher Link] 

[31] Michael John Hogan, Jorge A. Alvarado, and Joan Esperson Weddell, Histology of the Human Eye, Saunders, USA, 1971. [Publisher 

Link] 

[32] Robert Lanza, Robert Langer, and Joseph P. Vacanti, Principles of Tissue Engineering, 4th Ed., Elsevier, 2013. [Google Scholar] 

[Publisher Link] 

[33] Nancy C. Joyce, Deshea L. Harris, and David M. Mello, “Mechanisms of Mitotic Inhibition in Corneal Endothelium: Contact 

Inhibition and TGF-β2,” Investigative Ophthalmology and Visual Science, vol. 43, no. 7, pp. 2152-2159, 2002. [Google Scholar] 

[Publisher Link] 

[34] Huan Sheng, and Mark A MCOptom Bullimore, “Factors Affecting Corneal Endothelial Morphology,” CORNEA, The Journal of 

Cornea and External Disease, vol. 26, no. 5, pp. 520-525, 2007. [CrossRef] [Google Scholar] [Publisher Link] 

[35] William M Bourne, Leif R. Nelson, and David O Hodge, “Central Corneal Endothelial Cell Changes Over a Ten-Year Period,” 

Investigative Ophthalmology and Visual Science, vol. 38, no. 3, pp. 779-782, 1997. [Google Scholar] [Publisher Link] 

[36] Nazmi Zengin et al., “Tear Film and Meibomian Gland Functions in Psoriasis,” Acta Ophthalmologica Scandinavica, vol. 74. no. 4, 

pp. 358-360, 1996. [CrossRef] [Google Scholar] [Publisher Link] 

[37] Josef Amann et al., “Increased Endothelial Cell Density in the Paracentral and Peripheral Regions of the Human Cornea,” American 

Journal of Ophthalmology, vol. 135, no. 5, pp. 584-590, 2003. [CrossRef] [Google Scholar] [Publisher Link] 

[38] Ahmad Kheirkhah et al., “Reduced Corneal Endothelial Cell Density in Patients with Dry Eye Disease,” American Journal of 

Ophthalmology, vol. 159, no. 6, pp. 1022-1026, 2015. [CrossRef] [Google Scholar] [Publisher Link] 

[39] Alessandro Lambiase, Marta Sacchetti, and Alessandra Mastropasqua, “Corneal Changes in Neurosurgically Induced Neurotrophic 

Keratitis,” JAMA Ophthalmology, vol. 131, no. 12, pp. 1547-1553, 2013. [CrossRef] [Google Scholar] [Publisher Link] 

[40] Kenji Inoue et al., “The Corneal Endothelium and Thickness in Type II Diabetes Mellitus,” Japanese Journal of Ophthalmology, vol. 

46, no. 1, pp. 65-69, 2002. [Google Scholar] [Publisher Link] 

[41] Pedram Hamrah et al., “Corneal Sensation and Subbasal Nerve Alterations in Patients with Herpes Simplex Keratitis: An In Vivo 

Confocal Microscopy Study,” Ophthalmology, vol. 117, no. 10, pp. 1930-1936, 2010. [CrossRef] [Google Scholar] [Publisher Link] 

[42] Xiaodong Zheng et al., “In Vivo Confocal Microscopic Evidence of Keratopathy in Patients with Pseudoexfoliation Syndrome,” 

Investigative Ophthalmology and Visual Science, vol. 52, no. 3, pp. 1755-1761, 2011. [CrossRef] [Google Scholar] [Publisher Link] 

[43] M Gemenetzi, Y Yang, and A J Lotery, “Current Concepts on Primary Open-Angle Glaucoma Genetics: A Contribution to Disease 

Pathophysiology and Future Treatment,” Eye, vol. 26, pp. 355-369, 2012. [CrossRef] [Google Scholar] [Publisher Link] 

[44] Rupert R.A Bourne et al., “Effect of Cataract Surgery on The Corneal Endothelium: Modern Phacoemulsification Compared with 

Extracapsular Cataract Surgery,” Ophthalmology, vol. 111, no. 4, pp. 679-685, 2004. [CrossRef] [Google Scholar] [Publisher Link] 

[45] Jie Zhang, and Dipika V. Patel, “The Pathophysiology of Fuchs’ Endothelial Dystrophy-A Review of Molecular and Cellular 

Insights,” Experimental Eye Research, vol. 130, pp. 97-105, 2015. [CrossRef] [Google Scholar] [Publisher Link] 

[46] Yann Gavet, and Jean-Charles Pinoli, “Comparison and Supervised Learning of Segmentation Methods Dedicated to Specular 

Microscope Images of Corneal Endothelium,” International Journal of Biomedical Imaging, 2014. [CrossRef] [Google Scholar] 

[Publisher Link] 

[47] Teruo Nishida, and Shizuya Saika, Cornea and Sclera: Anatomy and Physiology, Elsevier Health Sciences, 2010. [Google Scholar] 

[Publisher Link] 

[48] Henry F. Edelhauser, “The Balance Between Corneal Transparency and Edema: The Proctor Lecture,” Investigative Ophthalmology 

and Visual Science, vol. 47, no. 5, pp. 1755-1767, 2006. [CrossRef] [Google Scholar] [Publisher Link] 

[49] Shao Yunliang et al., “Corneal Endothelial Cell Density and Morphology in Healthy Chinese Eyes,” CORNEA, The Journal of Cornea 

and External Disease, vol. 26, no. 2, pp. 130-132, 2007. [CrossRef] [Google Scholar] [Publisher Link] 

[50] Rahmi Duman et al., “Corneal Endothelial Cell Density in Healthy Caucasian Population,” Saudi Journal of Ophthalmology, vol. 30, 

no. 4, pp. 236-239, 2016. [CrossRef] [Google Scholar] [Publisher Link] 

[51] Taym Darwish, “Corneal Endothelial Cell Density and Shape in Healthy People in Syria,” Tishreen University Journal for Research 

and Scientific Studies, Health Sciences, vol. 40, no. 3, pp. 399-407, 2018. [Google Scholar] [Publisher Link] 

[52] “Corneal Endothelial Photography. Three-Year Revision. American Academy of Ophthalmology,” Ophthalmology, vol. 104, no. 8, 

pp. 1360-1365, 1997. [Google Scholar] [Publisher Link] 

[53] Marwa Mahmoud Abdellah et al., “Corneal Endothelial Cell Density and Morphology in Healthy Egyptian Eyes,” Journal of 

Ophthalmology, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[54] Mitra Tavakoli, Parwez Hossain, and Rayaz A Malik, “Clinical Applications of Corneal Confocal Microscopy,” Clinical 

Ophthalmology, vol. 2, no. 2, pp. 435-445, 2008. [CrossRef] [Google Scholar] [Publisher Link] 

 

https://doi.org/10.3928/1081597X-20080601-05
https://scholar.google.com/scholar?cluster=2119845573372093246&hl=en&as_sdt=0,5
https://journals.healio.com/doi/10.3928/1081597X-20080601-05
https://doi.org/10.1007/s10792-004-1957-0
https://scholar.google.com/scholar?cluster=14951926519837649687&hl=en&as_sdt=0,5
https://link.springer.com/article/10.1007/s10792-004-1957-0
https://scholar.google.com/scholar?cluster=17470549864475090885&hl=en&as_sdt=0,5
https://www.google.co.in/books/edition/Cornea_2nd_Edition_Vol_1/BIJdNAAACAAJ?hl=en
https://www.google.co.in/books/edition/Histology_of_the_Human_Eye/29JqAAAAMAAJ?hl=en
https://www.google.co.in/books/edition/Histology_of_the_Human_Eye/29JqAAAAMAAJ?hl=en
https://scholar.google.com/scholar?cluster=13160515720448251246&hl=en&as_sdt=0,5
https://shop.elsevier.com/books/principles-of-tissue-engineering/lanza/978-0-12-398358-9
https://scholar.google.com/scholar?cluster=11499521131832656110&hl=en&as_sdt=0,5
https://iovs.arvojournals.org/article.aspx?articleid=2123248
https://doi.org/10.1097/ICO.0b013e318033a6da
https://scholar.google.com/scholar?cluster=10281021742825213505&hl=en&as_sdt=0,5
https://journals.lww.com/corneajrnl/abstract/2007/06000/factors_affecting_corneal_endothelial_morphology.2.aspx
https://scholar.google.com/scholar?cluster=15841313112522048750&hl=en&as_sdt=0,5
https://iovs.arvojournals.org/article.aspx?articleid=2161780
https://doi.org/10.1111/j.1600-0420.1996.tb00708.x
https://scholar.google.com/scholar?cluster=4419268800009499537&hl=en&as_sdt=0,5
https://onlinelibrary.wiley.com/doi/10.1111/j.1600-0420.1996.tb00708.x
https://doi.org/10.1016/S0002-9394(02)02237-7
https://scholar.google.com/scholar?cluster=5210105451741734517&hl=en&as_sdt=0,5
https://www.ajo.com/article/S0002-9394(02)02237-7/abstract
https://doi.org/10.1016/j.ajo.2015.03.011
https://scholar.google.com/scholar?cluster=11967845691761973057&hl=en&as_sdt=0,5
https://www.ajo.com/article/S0002-9394(15)00137-3/abstract
https://doi.org/10.1001/jamaophthalmol.2013.5064
https://scholar.google.com/scholar?cluster=6646090437297893885&hl=en&as_sdt=0,5
https://jamanetwork.com/journals/jamaophthalmology/fullarticle/1761561
https://scholar.google.com/scholar?cluster=6480611057305677608&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S0021515501004580
https://doi.org/10.1016/j.ophtha.2010.07.010
https://scholar.google.com/scholar?cluster=16381046883875109429&hl=en&as_sdt=0,5
https://www.aaojournal.org/article/S0161-6420(10)00746-3/abstract
https://doi.org/10.1016/j.ophtha.2010.07.010
https://scholar.google.com/scholar?cluster=2541064306362749896&hl=en&as_sdt=0,5
https://iovs.arvojournals.org/article.aspx?articleid=2127189
https://doi.org/10.1038/eye.2011.309
https://scholar.google.com/scholar?cluster=15059094235996050599&hl=en&as_sdt=0,5
https://www.nature.com/articles/eye2011309
https://doi.org/10.1016/j.ophtha.2003.07.015
https://scholar.google.com/scholar?cluster=9951214789211520528&hl=en&as_sdt=0,5
https://www.aaojournal.org/article/S0161-6420(03)01543-4/abstract
https://doi.org/10.1016/j.exer.2014.10.023
https://scholar.google.com/scholar?cluster=6657153572175811629&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S0014483514002966?via%3Dihub
https://doi.org/10.1155/2014/704791
https://scholar.google.com/scholar?cluster=843239871751349794&hl=en&as_sdt=0,5
https://onlinelibrary.wiley.com/doi/10.1155/2014/704791
https://scholar.google.com/scholar?cluster=7062072729220206311&hl=en&as_sdt=0,5
https://books.google.com/books?hl=en&lr=&id=eR0PDQAAQBAJ&oi=fnd&pg=PA3&ots=xb0rhVMxp-&sig=9MU176kgu5sajjCBU7UFYwfWH8s
https://doi.org/10.1167/iovs.05-1139
https://scholar.google.com/scholar?cluster=1718908577127606146&hl=en&as_sdt=0,5
https://iovs.arvojournals.org/article.aspx?articleid=2125710
https://doi.org/10.1097/ICO.0b013e31802be63e
https://scholar.google.com/scholar?cluster=3595249200626993953&hl=en&as_sdt=0,5
https://journals.lww.com/corneajrnl/abstract/2007/02000/corneal_endothelial_cell_density_and_morphology_in.3.aspx
https://doi.org/10.1016/j.sjopt.2016.10.003
https://scholar.google.com/scholar?cluster=3749231255127446791&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/pii/S1319453416300613?via%3Dihub
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Corneal+Endothelial+Cell+Density+and+Morphology+in+Healthy+Syrian+eyes.+Tishreen+University+Journal+for+Research+and+Scientific+Studies.+Health+Sciences+SEies+Syria&btnG=
https://journal.tishreen.edu.sy/index.php/hlthscnc/article/view/8295
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Corneal+endothelial+photography.+Three-year+revision.+American+Academy+of+Ophthalmology&btnG=
https://pubmed.ncbi.nlm.nih.gov/9261327/
https://doi.org/10.1155/2019/6370241
https://scholar.google.com/scholar?cluster=7553047284528732043&hl=en&as_sdt=0,5
https://onlinelibrary.wiley.com/doi/10.1155/2019/6370241
https://doi.org/10.2147/opth.s1490
https://scholar.google.com/scholar?cluster=16588352733443476961&hl=en&as_sdt=0,5
https://www.dovepress.com/clinical-applications-of-corneal-confocal-microscopy-peer-reviewed-fulltext-article-OPTH


Eman Najm Aldeen Essa et al. / IJMS, 11(4), 6-14, 2024 

 

14 

[55] Bernard E McCarey, “Review of Corneal Endothelial Specular Microscopy for FDA Clinical Trials of Refractive Procedures, Surgical 

Devices, And New Intraocular Drugs and Solutions,” CORNEA, The Journal of Cornea and External Disease, vol. 27, no. 1, pp. 1-

16, 2008. [CrossRef] [Google Scholar] [Publisher Link] 

[56] D. M. Maurice, “Cellular Membrane Activity in The Corneal Endothelium of The Intact Eye,” Experientia, vol. 24, pp. 1094-1095, 

1968. [CrossRef] [Google Scholar] [Publisher Link] 

[57] Beth Ann Benetz, and Jonathan H. Lass, “Specular Microscopy,” CORNEA, The Journal of Cornea and External Disease, vol. 37, 

pp. 7-8, 2018. [CrossRef] [Google Scholar] [Publisher Link] 

[58] Peter Isager et al., “Comparison of Endothelial Cell Density Estimated by Contact and Non-Contact Specular Microscopy,” Acta 

Ophthalmologica Scandinavica, vol. 78, no. 1, pp. 42-44, 2000. [CrossRef] [Google Scholar] [Publisher Link] 

[59] Perseus : ENDOTHELIAL MICROSCOPE, Csoitalia. [Publisher Link] 

[60] Nancy Huynh et al., “Biologic Response Modifier Therapy for Psoriatic Ocular Inflammatory Disease,” Ocular Immunology and 

Inflammation, vol. 16, no. 3, pp. 89-93, 2008. [CrossRef] [Google Scholar] [Publisher Link] 

[61] Ugur Celik et al., “A Comparison of Corneal Biomechanical Properties in Patients with Psoriasis and Healthy Subjects,” Eye 

and Contact Lens: Science and Clinical Practice, vol. 41, no. 2, pp. 127-129, 2015. [CrossRef] [Google Scholar] [Publisher 

Link] 

[62] Young Her, Ji Won Lim, and Sang Hak Han, “Dry Eye and Tear Film Functions in Patients with Psoriasis,” Japanese Journal of 

Ophthalmology, vol. 57, pp. 341-346, 2013. [CrossRef] [Google Scholar] [Publisher Link] 

[63] Surabhi Abbagani, Yogish Subraya Kamath, and Sudhir Nayak, “A Study on Ocular Morbidity Among Patients with Psoriasis 

Visiting a Tertiary Care Hospital in Karnataka, Southern India,” Ocular Immunology and Inflammation, vol. 27, no. 4, pp. 531-534, 

2019. [CrossRef] [Google Scholar] [Publisher Link] 

[64] Salma Samir Omar, and Hany Ahmed Helaly, “Prevalence of Ocular Findings in A Sample of Egyptian Patients with Psoriasis,” 

Indian Journal of Dermatology, Venereology, and Leprology, vol. 84, no. 1, pp. 34-38, 2018. [CrossRef] [Google Scholar] [Publisher 

Link] 

 

 

https://doi.org/10.1097/ICO.0b013e31815892da
https://scholar.google.com/scholar?cluster=7215202533577305578&hl=en&as_sdt=0,5
https://journals.lww.com/corneajrnl/abstract/2008/01000/review_of_corneal_endothelial_specular_microscopy.1.aspx
https://doi.org/10.1007/BF02147776
https://scholar.google.com/scholar?cluster=9983431933569883437&hl=en&as_sdt=0,5
https://link.springer.com/article/10.1007/BF02147776
https://doi.org/10.1097/ICO.0000000000001642
https://scholar.google.com/scholar?cluster=15351755437060401679&hl=en&as_sdt=0,5
https://journals.lww.com/corneajrnl/fulltext/2018/06001/specular_microscopy.3.aspx
https://doi.org/10.1034/j.1600-0420.2000.078001042.x
https://scholar.google.com/scholar?cluster=6035367512812791359&hl=en&as_sdt=0,5
https://onlinelibrary.wiley.com/doi/10.1034/j.1600-0420.2000.078001042.x
https://www.csoitalia.it/app/public/files/prodotto/08_Perseus_ENG_rev_02.pdf
https://doi.org/10.1080/09273940802023786
https://scholar.google.com/scholar?cluster=5300083402092173810&hl=en&as_sdt=0,5
https://www.tandfonline.com/doi/full/10.1080/09273940802023786
https://doi.org/10.1097/ICL.0000000000000086
https://scholar.google.com/scholar?cluster=7619673735477590362&hl=en&as_sdt=0,5
https://journals.lww.com/claojournal/abstract/2015/03000/a_comparison_of_corneal_biomechanical_properties.13.aspx
https://journals.lww.com/claojournal/abstract/2015/03000/a_comparison_of_corneal_biomechanical_properties.13.aspx
https://doi.org/10.1007/s10384-012-0226-4
https://scholar.google.com/scholar?cluster=17033925134744465021&hl=en&as_sdt=0,5
https://link.springer.com/article/10.1007/s10384-012-0226-4
https://doi.org/10.1080/09273948.2017.1414271
https://scholar.google.com/scholar?cluster=13720594901564593665&hl=en&as_sdt=0,5
https://www.tandfonline.com/doi/full/10.1080/09273948.2017.1414271
https://doi.org/10.4103/ijdvl.IJDVL_1239_15
https://scholar.google.com/scholar?cluster=12055487767419633433&hl=en&as_sdt=0,5
https://ijdvl.com/prevalence-of-ocular-findings-in-a-sample-of-egyptian-patients-with-psoriasis/
https://ijdvl.com/prevalence-of-ocular-findings-in-a-sample-of-egyptian-patients-with-psoriasis/

