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1. List of abbreviations 

 

6A - hexagonality  

ARTh  - Ambrosio relational thickness to the horizontal profile  

AS-OCT - anterior segment optical coherence tomography 

BCVA  ï best corrected visual acuity 

BSA - corneal back surface area at a central 5 mm region 

CCT ï central corneal thickness  

CKI - centre keratoconus index  

CYL - topografic cylinder 

CV ï coefficient of variation of corneal endothelial area 

DA - deformation amplitude ratio 

ECD ï endothelial cell density 

FSA - corneal front surface area at a central 5 mm region 

IHA - index of height asymmetry  

IHD  - index of height decentration 

IR  - integrated radius 

ISV - index of surface variance  

IVA - index of vertical asymmetry  

KC  ï keratoconus 

KCI  - Klyce/Maeda keratoconus index 

KI  - keratoconus index  

KPI  - keratoconus prediction index 

KSI - Smolek/Klyce keratoconus severity index  
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OST ï ocular surface temperature 

PCA ï pachymetry at the apex of the cone  

PCP ï pachymetry at the pupillary centre 

PKP ï penetrating keratoplasty 

PMD ï pellucid marginal degeneration 

RmB ï corneal back surface radius of curvature 

RmF ï corneal front surface radius of curvature 

SAI - surface asymmetry index  

SPA1 - stiffness parameter at applanation 1  

SRI - surface regularity index  

TKC  ï topographic keratoconus classification 

UCVA  ï uncorrected visual acuity  
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2. Introduction  

 

The cornea is the ñwindshieldñ of the eye. Therefore, its clarity and regularity is necessary 

for good vision. Keratoconus and keratoglobus are ectatic corneal diseases, characterized 

by bilateral, progressive corneal thinning and protrusion (Garcia-Ferrer et al 2019). The 

etiology of corneal ectatic diseases still remains unknown. Genetical factors, eye rubbing, 

atopic disease, vernal keratoconjuntivitis, dry eye disease, hay fever, asthma could all be 

associated with the development of ectatic corneal diseases (Chang et al, 2013; Kenney 

MC et al, 2003; P§sztor D et al, 2016; Weed KH et al, 2008). Although keratoconus and 

keratoglobus are defined as noninflammatory corneal diseases, several studies discuss 

their potential inflammatory origin (Lema I et al, 2009; Kolozsv§ri BL et al, 2014). 

 

2.1 Keratoconus 
  

Keratoconus (KC) was first described in 1854 (Notthingam 1984). It is the most common 

corneal ectasia, characterised by bilateral, asymmetric corneal degeneration, which leads 

to thinning and protrusion of the cornea (Kennedy et al, 1986). This corneal protrusion 

results in high myopia and astigmatism, affecting visual quality (Kennedy et al, 1986). 

The protrusion usually becomes apparent in the second decade of life, typically progresses 

until the fourth decade, and then stabilises (Rabinowitz 1998). Its prevalence is 

approximately 1:2000 in the Caucasian population, but its exact aetiology remains 

unknown. Although KC cases are sporadic, some studies have reported autosomal 

dominant or recessive inheritance (Chang et al. 2013). Eye rubbing may be the most 

important environmental factor related to the development of KC. Therefore, patients 

with a history of atopy may have a higher risk of developing KC (Weed et al, 2008). 

Although KC is defined as a ñnon-inflammatoryò corneal disease, several studies have 

reported a potential inflammatory origin. For example, proinflammatory cytokines IL-6, 

IL-1ɓ, IFN-ɔ, and TNF-Ŭ could be measured in the tear film of KC patients (Lema et al, 

2009; Kolozsv§ri et al, 2014; P§sztor et al, 2016). 

Several biochemical theories have been proposed to explain corneal thinning resulting 

from the loss of corneal structural components. Mªªttª et al. previously reported 
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differences in collagen XIII (Mªªttª et al, 2006), XV, and XVIII between corneas from 

normal individuals and KC patients (Mªªttª et al, 2006). Excessive degradation of the 

corneal stroma, as commonly observed in KC, may be caused by proteolytic enzyme 

activity due to increased levels of proteases and other catabolic enzymes (Fukuchi et al, 

1994). Keratocytes in the corneas of KC patients have 4-times as many interleukin (IL)-

1 receptors as corneas in healthy individuals (Bereau et al, 1993). According to Stachon 

et al. (Stachon et al, 2017), in the aqueous humour of KC patients, urea and prolactin are 

decreased and free tiroxin (fT4) increased, whereas the uric acid concentration remains 

unchanged. The urea cycle plays an important role in stable collagen synthesis through 

hydroxyproline production, which is responsible for collagen stabilisation. Stachon et al. 

identified suppressed arginase activity in cultured KC keratocytes, which leads to a lower 

urea level in the cells (Stachon et al, 2017). Microtraumas, such as eye rubbing because 

of atopy or contact lens wear, cause higher IL-1 release (Bron et al, 1996). These 

mechanical injuries result in oxidative stress in the cornea, which could have an effect on 

KC development (Kenney et al, 2003). A key gene in inflammatory processes is nuclear 

factor kappa B (NF-əB), a transcription factor for the enzyme nitric oxide synthase 

(NOS). NOS is involved in inflammatory processes with the competing enzyme arginase 

(Stachon et al, 2019). Stachon et al. (Stachon et al, 2019) found increased expression of 

NF-əB and iNOS in KC keratocytes. Thus, the altered metabolic activity suggests that 

KC may be caused by inflammatory processes. (N®meth et al, 2020a) 

In KC patients, ocular surface disease is characterized by worse tear quality, significantly 

lower break-up time (BUT), and higher fluorescein and rose bengal staining scores than 

the normal population (Dogru et al, 2013). A correlation between ocular surface disease 

and KC stage has also been verified (Dogru et al, 2003). Although, some of the KC 

screening indices are also sensitive to dry eye syndrome (De Paiva et al, 2003), no 

interaction between measures of dry eye syndrome and topographic/tomographic changes 

in KC patients could be shown (Zemova et al, 2014, N®meth et al 2000a). The Ocular 

Surface Disease Index (OSDI) questionnaire is widely used for investigation of ocular 

surface disease (Walt J 2004). Mathews et al. (Mathews et al, 2013) described, beside a 

total OSDI score, a vision-related subscore (derived from questions about vision and task 

performance: driving, computer use) and a discomfort-related subscore (derived from 

questions about ocular surface discomfort: light sensitivity; pain or grittiness or 
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discomfort in dry or windy enviroments). In keratoconus, Dienes et al. (Dienes et al. 

2015) described a significantly decreased tear secretion and significantly higher OSDI 

scores, compared to healthy controls. Beside structural changes, innervation changes may 

play a role in the impaired tear secretion and the abnormal ocular sensations experienced 

by keratoconus patients.  

 

2.2 Keratoglobus  
 

Keratoglobus was first described as ectatic corneal disease in 1947 by Verrey as a distinct 

clinical entity (Verrey 1947). Before his description, litereture did not differentiate 

between megalocornea, congenital glaucoma and keratoglobus. The exact etiology of 

keratoglobus remains unknown, although various theories decribe its potential 

relationship with other ectatic corneal diseases such as keratoconus and pellucid marginal 

degeneration (Cameron 1993; Baillif et al, 2005). It is still not clarified, whether these 

three ectatic corneal diseases are separate or related clinical entities. Keratoglobus was 

first described as a congenital disorder, but up to now acquired forms have also been 

described (Pouliquen et al, 1985). Although its exact genetical background is not known, 

it is assumed to have autosomal recessive inheritance (Pouliquen et al, 1985). It has also 

been associated with disorders of the connective tissues such as EhlersïDanlos syndrome 

(Cameron 1993), Marfan syndrome (Gregoratos et al, 1971) and RubinsteinïTaybi 

syndrome (Nelson and Talbot, 1989) and also to Leber congenital amaurosis (Koenekoop 

2004). Secondary, acquired forms of keratoglobus have been described associated with 

vernal keratoconjunctivitis, chronic marginal blepharitis, idiopathic orbital inflammation 

(Cameron 1993) and dysthyroid eye disease (Jacobs et al, 1974). 

Keratoglobus is principally characterised by a globular protrusion of the corneal tissue, 

associated with its diffuse thinning from limbus to limbus. (N®meth et al, 2020c) The 

corneal thinning reaches its maximum at the corneal periphery, sometimes with one-fifth 

of the normal corneal thickness (Wallang and Das, 2013). Corneal diameter remains 

normal (Wallang and Das, 2013), which supports its differentiation from megalocornea 

and buphthalmos. Most interestingly, Vogt striae and Fleischer's rings are not associated 

with keratoglobus (Baillif et al,2005). Patients usually present with blurred vision as a 
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result of the thinning and protrusion. There is high myopia with irregular astigmatism, as 

the main cause of poor vision in these patients, which is difficult to treat (Wallang and 

Das, 2013). Owing to extreme thinning and fragility of the cornea, many cases may 

initially present with corneal perforations, either spontaneous or following minimal 

trauma (Baillif 2005). 

Keratoglobus is usually diagnosed by slitlamp examination, corneal topo-and 

tomography. Besides, anterior segment optical coherence tomography (for example the 

Casia-2 anterior segment optical coherence tomographer (Tomey, Erlangen-Tennenlohe, 

Germany) and biomechamical measurement (CorVis ST (Corneal 

VisualizationScheimpflug Technology, Oculus Optikgerªte GmbH, Wetzlar, Germany) 

may support our work in its differencial diagnosis (N®meth et al, 2020c).  

The Casia-2 uses fourier domain technology, 1310 nm wavelength, which enables a 

measurement from the anterior part of the cornea to the posterior part of the lens, within 

one scan. Its scanning depth is approximately 13 mm, its axial resolution 10 Õm and 

horizontal resolution 30 Õm, working with a scanning speed of 50 000 A scans/second 

(Saito et al 2020). The CorVis ST records the reaction of the cornea to a defined air pulse 

using a high-speed Scheimpflug camera. It measures IOP, corneal thickness and the 

deformation response of the cornea. Corneal ectasia lead to changes in the viscoelastic 

properties of the cornea. These changes can be analyzed based on deviations in 

deformation response parameters, relative to normal eyes (Ambrosi· et al, 2017). 

2.3 Thermography 

 

 

Figure 1. Ocular surface thermography in a 

healthy adult meassured by Tomey-TG 1000 

ocular surface thermographer (Tomey, 

Erlangen-Tennenhole, Germany) 

 

 

Thermography is used in many fields of medicine (N®meth et al, 2020a), including 

angiology (Harding 1998), oncology (Hatwar et al, 2017), and rheumatology (Lasanen et 
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al, 2015). Since Mapstone (Mapstone 1968, 1968, 1970) introduced infrared 

thermography of the ocular surface, the method has become more often used. In 

ophthalmology, ocular surface temperature (OST) has been investigated in ocular 

inflammation (Kawalii 2013), tear film abnormalities (Morgan et al, 1995), analysis of 

bleb function after glaucoma surgery (Kawasaki et al, 2009), after corneal refractive 

surgery (Betney 1997), cataract surgery (Belkin et al, 2017), and in the evaluation of 

ocular blood flow (Konieczka et al, 2018). 

OST may be influenced by environmental and ocular factors. In the environment, changes 

in the ambient temperature may influence OST, but it reaches a plateau of 36ÁC at an 

ambient temperature of 40ÁC (Geiser et al, 2004; Kessel et al, 2010). Wind, air 

conditioning, or any kind of air flow affects OST through increased evaporation (Freeman 

and Fatt, 1973) and lower air humidity increases lacrimal evaporation (Slettedal and 

Ringvold 2015). Blinking interrupts corneal exposure to the environment and 

redistributes the tear film and its temperature (Purslow and Wolffsohn 2005).  

OST also depends on ocular factors (N®meth et al, 2020a; 2020b), such as the quality and 

quantity of the tear film and heat conduction and convention of the aqueous humour, 

which is determined mainly through blood flow in the ciliary body and through 

retrobulbar haemodynamics (Gugleta et al, 1999). As the cornea is an avascular tissue, 

the central corneal temperature is mainly influenced by tear film evaporation and heat 

convection and conduction of the aqueous humour (Gugleta et al, 1999). Nevertheless, 

the temperature of the peripheral cornea may also be influenced by blood flow in the 

perilimbal vessels (Konieczka et al, 2018). 

Since the 1970s, many thermographic parameters of the eye have been described in the 

literature, measured under healthy or pathological conditions. The average ocular surface 

temperature (OST) is 32.5-36.5ÁC in normal healthy individuals (Pattmºller et al, 2015). 

Pattmºller et al. found good inter- and intra-observer reliability of the corneal surface 

measurements of the TG-1000 thermographer, and it yielded consistent results 

(Pattmºller et al, 2015). According to Moussa et al. (Moussa et al, 2013), the corneal 

surface temperature does not change diurnally in healthy individuals and is warmer 

nasally than centrally and temporally during the interblinking interval. The literature 

contains controversial information on the effect of corneal thickness on OST. Pattmºller 
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et al. (Pattmºller et al, 2015) found, that in healthy individuals, corneal thickness, 

endothelial cell density (ECD), and anterior chamber depth do not affect the corneal 

surface temperature. The corneal thickness profile appears to influence the general 

temperature profile, resulting in a higher temperature and lower decay in thinner corneal 

regions. OST has been reported to significantly decrease with increasing corneal 

thickness (Morgan 1994). In contrast, a progressive increase in OST from the corneal 

centre to the periphery has also been demonstrated by other authors (Ali· et al, 1982; 

Efron et al, 1989). 

 

2.4 Endothelial cell layer  
 

The innermost layer of the cornea is the corneal endothelium, which has a single layer of 

flat, polygonal cells that play an essential role in maintaining stromal dehydration. 

Maintenance of this hydration gradient depends on tight junctions among endothelial cells 

and Na+/K+-ATPase and bicarbonate-dependent Mg2+-ATPase pump functions (Tervo et 

al, 1975). Adequate pump function requires a minimum number of endothelial cells. The 

endothelial cell density (ECD) decreases from birth (3145ï5013 cells/mm2) to 

approximately 2500 cells/mm2 in late adulthood (Elbaz et al, 2017; Eghrari et al 2015). 

The vitality of the corneal endothelium is important for its barrier and pumping functions 

and corneal thickness is strongly associated with these characteristics (McDonald et al, 

1987). A loss of corneal endothelial cell density down to several hundred cells per square 

millimetre generally results in corneal oedema (Reinhard et al, 2001; Langenbucher et al, 

2002). 
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3. Objectives  
 

Although ectatic corneal diseases are defined as noninflammatory corneal diseases, 

several data support the hypothesis, that these are in part of inflammatory origin.  

In our studies our objectives were: 

¶ To add insight into the relationship between ocular surface disease and KC, 

analysing the Ocular Surface Disease Index (OSDI) and OST in KC patients 

compared to controls. 

¶ To analyse the correlation between ECD and central corneal temperature in KC 

patients and healthy controls. 

¶ To describe the ocular surface disease index (OSDI), biomechanical and corneal 

thermographic parameters in a keratoglobus patient. 
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4. Results  

 

4.1 Ocular Surface Disease Index and ocular thermography in 

keratoconus patients 

 

179 eyes of 90 patients with KC (topographic KC classification [TKC] 0-1 to 4) and 82 

eyes of 41 controls were examined. Participant age at the time of examination was 

36.1Ñ12.5 (range 14-67) years in the KC group and 36.4Ñ12.8 (range 18-78) years in the 

control group (p=0.923). There were 34.1% females and 53.6% left eyes in the KC group, 

whereas the control group included 52.4% females and 47.6% left eyes. Thirty-one (38%) 

eyes in the control group (71% soft and 29% rigid contact lenses) and 78 (44%) eyes (all 

rigid contact lenses) in the KC group had previous contact lens wear. Unfortunately, we 

could not gather information on the number of hours with occasional/daily contact lens 

wear. (N®meth et al, 2020a) 

Best spectacle corrected visual acuity was 0.6Ñ0.3 in the KC group and 0.9Ñ0.2 in 

controls. The refractive cylinder was -3.5Ñ2.8 D in the KC group and -1.0Ñ1.0 D in 

controls. From corneal topography and tomography, surface asymmetry index (SAI), 

surface regularity index (SRI), Klyce/Maeda keratoconus index (KCI), Smolek/Klyce 

keratoconus severity index (KSI), keratoconus prediction index (KPI), index of surface 

variance (ISV), index of surface asymmetry (IVA ), keratoconus index (KI), centre 

keratoconus index (CKI), index of height asymmetry (IHA), and index of height 

decentration (IHD) are given in Table 1 for both groups. Tables 2-3 provide the OSDI 

scores and subscores, corneal and conjunctival OST values, central corneal thickness 

(CCT), pachymetry at the pupillary centre (PCP), and pachymetry at the apex of the cone 

(PCA) in both groups. We found a significant difference in SAI, SRI, KCI, KSI, KPI, 

ISV, IVA, KI, CKI, IHA, IHD, CCT, PCP, and PCA between both groups (p<0.001). 
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Table 1. Corneal topographic and tomographic data of the keratoconus patients and controls (N®meth et al, 2020a). 

Data are given as meanÑSD (minimum-maximum). SAI: surface asymmetry index, SRI: surface regularity index, KCI: Klyce/Maeda 

keratoconus index, KSI: Smolek/Klyce neural network index, KPI: keratoconus prediction index, ISV: index of surface variance, IVA: 

index of vertical asymmetry, KI: keratoconus index, CKI: central keratoconus index, IHA: index of height asymmetry, IHD: index of 

height decentration.  

A significant difference was found in all displayes topographic and tomographic data between both groups (p<0.01).  

 

 

 

  

 SAI SRI KCI  KSI  KPI  ISV IVA  KI  CKI  IHA  IHD  

Keratoconus 
2.1Ñ1.6 

(0.1-8.42) 

1.0Ñ0.6 

(0.06-2.6) 

57.0Ñ37.2 

(0-95) 

50.3Ñ29.4 

(0-95) 

0.35Ñ0.1 

(0.1-0.7) 

84.7Ñ49.4 

(15-312) 

0.9Ñ0.5 

(0.08-2.6) 

1.2Ñ0.2 

(0.8-2.2) 

1.1Ñ0.1 

(0.9-1.3) 

26.5Ñ22.2 

(0.3-131.2) 

0.1Ñ0.1 

(0.004-0.7) 

Control  
0.4Ñ0.2 

(0.1-1.7) 

0.2Ñ0.2 

(0.0-1.2) 

1.8Ñ6.4 

(0-33) 

2.5Ñ8.3 

(0-45) 

0.2Ñ0.02 

(0.2-0.3) 

18.1Ñ7.6 

(6-44) 

0.1Ñ0,1 

(0.03-0.4) 

1.0Ñ0.2 

(0.9-1.09) 

1.0Ñ0.0 

(0.9-1.0) 

6.0Ñ5.5 

(0.1-27.8) 

0.01Ñ0.01 

(0.001-0.5) 

P-value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
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Table 2. Ocular Surface Disease Index (OSDI) scores and subscores, ocular surface temperature (OST), and corneal thickness at different 

regions in keratoconus patients and in controls (N®meth et al, 2020a).  

Data are given as meanÑSD (minimum-maximum).  

VR: vision-related, DR: discomfort-related, CCT: central corneal thickness. 

 

 

 

 

 

  

 OSDI 
VR OSDI 

subscore 

DR OSDI 

subscore 

Central 

OST 

Superior 

OST 

Inferior  

OST 

Nasal 

OST 

Temporal 

OST 

Conjunctival  

OST 
CCT 

Pachymetry 

at the pupil 

Pachymetry 

at the apex 

Kerato-

conus 

31.5Ñ22.0 

(0-88.9) 

17.7Ñ14.6 

(0-50) 

14.3Ñ10.7 

(0-43.7) 

34.3Ñ0.6 

(32.3-35.4) 

34.2Ñ0.6 

(32.0-35.5) 

34.2Ñ0.7 

(31.0-35.6) 

34.2Ñ0.6 

(31.7-35.6) 

34.2Ñ0.6 

(32.2-35.5) 

34.5Ñ1,0 

(32.2-35.5) 

475.0Ñ50.4 

(366-605) 

489.6Ñ45.5 

(304-588) 

480.1Ñ51.5 

(277-591) 

Control  
17.5Ñ17.5 

(0-79.6) 

10.5Ñ13.2 

(0-50) 

9.4Ñ10.5 

(0-47.5) 

34.3Ñ0.7 

(31.9-35.2) 

34.2Ñ0.7 

(32.1-35.2) 

34.7Ñ0.6 

(32.1-35.2) 

34.2Ñ0.7 

(31.9-35.3) 

34.2Ñ0.6 

(32.1-35.2) 

34.6Ñ0.8 

(32.1-35.2) 

529.1Ñ35.2 

(463-627) 

545.6Ñ30.8 

(494-637) 

546.8Ñ30.7 

(494-639) 

P-value <0.001 <0.001 <0.001 0.414 0.273 0.221 0.361 0.283 0.283 <0.001 <0.001 <0.001 
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Table 3. Ocular Surface Disease Index (OSDI) scores and subscores, central and conjunctival ocular surface temperature (OST) in different 

stages of keratoconus (KC) and controls (N®meth et al, 2020a).  

Data are given as meanÑSD (minimum-maximum).  

VR: vision-related, DR: discomfort-related. 

 

 

 OSDI 
VR 

subscore 

DR 

subscore 

Central 

OST 

Conjunctival  

OST 

KC4 
41.9Ñ25.9 

(0-88.9) 

25.6Ñ18.0 

(0-50) 

17.5Ñ12.5 

(0-37.5) 

34.2Ñ0.6 

(32.9-34.9) 

34.5Ñ0.9 

(32.0-35.9) 

KC3 
29.3Ñ18.5 

(4.2-88.9) 

16.3Ñ11.9 

(0-50) 

13.0Ñ9.7 

(0-43.75) 

34.3Ñ0.7 

(32.3-35.3) 

34.5Ñ1.2 

(31.1-36.2) 

KC2 
31.7Ñ25.1 

(0-87.5) 

17.6Ñ15.9 

(0-50) 

14.8Ñ12.4 

(2-35) 

34.2Ñ0.6 

(32.3-35.3) 

34.5Ñ0.9 

(30.8-36.1) 

KC1 
30.1Ñ19.2 

(4.2-60.4) 

15.4Ñ11.5 

(0-39.5) 

14.0Ñ8.9 

(0-47.5) 

34.3Ñ0.7 

(32.4-35.4) 

34.3Ñ1.0 

(31.9-35.8) 

Control  
17.5Ñ17.5 

(0-79.6) 

10.5Ñ13.2 

(0-50) 

9.4Ñ10.5 

(0-47.5) 

34.3Ñ0.7 

(31.9-35.2) 

34.6Ñ0.8 

(32.1-35.2) 
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The OSDI score (31.4Ñ22.4 vs. 17.5Ñ17.9), vision-related subscore (17.7Ñ14.6 vs. 

10.5Ñ13.2), and discomfort-related subscore (14.3Ñ10.7 vs. 9.4Ñ10.5) were significantly 

higher in all KC patients and in all TKC subgroups, than in controls (pÒ0.034). In the KC 

group, there was an increasing tendency in the OSDI scores and subscores along the 

increasing TKC stages, however these differencies were not significant between the 

stages, except the KC3 and KC4 OSDI scores (p=0.032). (N®meth et al, 2020a) 

The average central OST was 34.2Ñ0.6ÁC in KC patients and 34.2Ñ0.6ÁC in controls 

(p=0.56). There was no significant difference in central (34.2Ñ0.6ÁC vs. 34.2Ñ0.7ÁC), 

nasal (34.2Ñ0.6ÁC vs. 34.2Ñ0.7ÁC), temporal (34.2Ñ0.6ÁC vs. 34.2Ñ0.6ÁC), and superior 

(34.2Ñ0.6ÁC vs. 34.2Ñ0.6ÁC) OST between the two groups (pÓ0.22).  

According to TKC, 24 eyes were classified as stage 1 (13.4%), 55 eyes as stage 2 (30.7%), 

51 eyes as stage 3 (28.5%), and 24 eyes as stage 4 (13.4%). Patients with a TKC between 

two stages (e.g., TKC 0-1) were always classified as the more advanced stage. Using the 

Kruskal-Wallis test, OST between less and more advanced stages of KC did not differ; 

therefore, we did not perform a correlation analysis of the KC subgroups. 

OSDI score poorly correlated with the SAI (r=0.295, p<0.001) and fairly correlated with 

the SRI (r=0.354, p<0.001), but did not correlate with OST at the corneal centre (r=-

0.012) or other corneal or conjunctival regions (rÓ-0.072). OSDI also did not correlate 

with CCT in either group (r=-0.270). (N®meth et al, 2020a) 

For all participants, the correlation of the vision- and discomfort-related OSDI subscores 

with SAI, SRI, and OST at the corneal centre in different stages of KC is shown in Table 

4. For all participants, vision- and discomfort-related OSDI subscores poorly to fairly 

correlated with SRI and SAI (r>0.174, p<0.005), but none of the subscores correlated 

with OST (r<0.001). In some of the subgroups (control, KC1, and KC2), the subscores 

correlated poorly with SAI and SRI and the discomfort-related OSDI subscore poorly 

correlated with OST (Table 4). OST at all the examined regions also fairly correlated 

with patient age (-0.177Ó r Ó-0.310) in the KC group and did not correlate with the control 

group (-0.10Ó r Ó-0.074). OST at the corneal centre also did not correlate with the SAI 

(r=-0.056), SRI (r=-0.086), or CCT (r=0.048). 
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Table 4. Spearman correlation of vision- and discomfort-related Ocular Surface Disease 

Index (OSDI) subscores with surface characteristics at the corneal centre in different 

stages of keratoconus (KC) and controls (N®meth et al, 2020a). 

VR: vision-related, DR: discomfort-related, SAI: surface asymmetry index, SRI: surface 

regularity index, OST: ocular surface temperature 

r values are given, with p-values shown in the case of significance. 

 

 
 

SAI 

 

SRI 

Central 

OST 

KC4 ï VR OSDI -0.29 -0.08 -0.18 

KC3 ï VR OSDI -0.12 -0.05 -0.007 

KC2 ï VR OSDI 
-0.07 0.26 

p=0.04 

0.03 

KC1 ï VR OSDI 0.33 0.02 0.35 

Control ï VR OSDI 
0.22 

p=0.03 

0.32 

p=0.002 

-0.07 

KC4 ï DR OSDI -0.18 0.24 -0.09 

KC3 ï DR OSDI -0.27 -0.19 -0.04 

KC2 ï DR OSDI -0.15 0.18 0.02 

KC1 ï DR OSDI 
0.27 0.18 0.45 

p=0.02 

Control ï DR OSDI 
0.26 

p=0.01 

0.25 

p=0.01 

-0.01 
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4.2 Correlation between corneal endothelial cell density and central 

corneal temperature in normal and keratoconus eyes 
 

ECD, hexagonality, the average coefficient of variation of corneal endothelial area (CV), 

CCT, OSDI score, and central and conjunctival OST are provided in Table 5. Corneal 

front and back surface radius of curvature (RmF/RmB) and corneal front and back surface 

area at a central 5 mm region (FSA/BSA) are shown at Table 6. 

ECD (2498Ñ356 vs. 2638Ñ294/mm2) and CCT (475Ñ50 vs. 529Ñ35 Õm) were 

significantly lower (p<0.001; p<0.001) and CV (48.2Ñ18.3 vs. 47.3 Ñ 52.3) was 

significantly higher (p=0.001) in KC patients than in healthy controls, but hexagonality 

(42.8Ñ22.7 vs. 38.9Ñ20.8) did not differ significantly between the two groups (p=0.69). 

The average central corneal OST was 34.2Ñ0.6ÁC in KC patients and 34.3Ñ0.7ÁC in 

controls and did not differ significantly (p=0.62). Conjunctival OST (34.4Ñ1.0ÁC vs. 

34.6Ñ0.8ÁC) also did not differ significantly between the two groups (p=0.21). Using a 

Kruskal-Wallis test, we found no difference in OST between less and more advanced 

stages of KC; therefore, we did not proof for differences between TKC groups. 

RmF (6.9Ñ0.8 vs. 7.7Ñ0.2) and RmB (5.6Ñ0.8 vs. 6.3Ñ0.2) were significantly lower 

(p<0.001; p<0.001), FSA (20.35Ñ0.26 vs. 20.17Ñ0.03) and BSA (20.84Ñ0.58 vs. 

20.45Ñ0.08) were significantly higher in KC subjects (p<0.001; p<0.001), compared to 

controls. 

ECD weakly positively correlated with central corneal OST (r=0.2; p<0.05) and did not 

correlate with conjunctival OST (r=0.043). CV weakly negatively correlated with central 

corneal OST (r=-0.212; p=0.001) and did not correlate with conjunctival OST (r=-0.075). 

Hexagonality did not correlate with the OST within the regions of interest (r>0.013). CCT 

also did not correlate with central corneal OST (r=0.048).  

Figures 2-3. present the scatter plot analysis of central corneal OST and ECD; CV; 

hexagonality; CCT; OSDI; FSA and BSA in normal (TKC 0) and keratoconus eyes (TKC 

1- TKC4), with regression lines for TKC 0 and TKC 1-TKC 4 groups. 
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Table 5. Measurements in different topographic keratoconus classification (TKC) stages. Data are given as meanÑSD (minimum-maximum). 

ECD, endothelial cell density; CV, coefficient of variation of corneal endothelial area; CCT, central corneal thickness; OSDI, Ocular Surface 

Disease Index; OST, ocular surface temperature (central: at corneal centre, conjunctival: 8 mm temporally from the corneal centre) (N®meth 

et al, 2020b).  

TKC  ECD 

(/mm2) 

Hexagonality  

(6A, %) 

CV in %  CCT 

(ɛm) 

OSDI OST central 

(ÁC) 

OST 

conjunctival 

(ÁC) 

TKC 0 (n=92) 2638Ñ294 

(1813-3244) 

38.9Ñ20.8 

(0-70) 

47.3Ñ52.3 

(30-137) 

529Ñ35 

(477-627) 

19.3Ñ18.3 

(0-79.6) 

34.3Ñ0.7 

(32.4-35.4) 

34.6Ñ0.8 

(31.6-35.8) 

TKC 1-TKC 4 

(n=154) 

2498Ñ356 

(1208-3245) 

42.8Ñ22.7 

(0-100) 

48.2Ñ18.3 

(23-126) 

475Ñ50 

(366-563) 

32.3Ñ22.6 

(0-88.9) 

34.2Ñ0.6 

(32.4-35.4) 

34.4Ñ1.0 

(30.8-36.3) 

P value* <0.001 0.69 0.001 <0.001 <0.001 0.62 0.21 

        

TKC 1 (n=24) 2592Ñ262 

(2101-2988) 

41.7Ñ19.6 

(0-65) 

40.6Ñ7.9 

(30-58) 

491Ñ33 

(408-538) 

30.1Ñ19.3 

(4.2-60.4) 

34.3Ñ0.7 

(32.4-35.4) 

34.3Ñ1.0 

(31.9-35.9) 

TKC 2 (n=55) 2528Ñ350 

(1595-3245) 

49.1Ñ20.9 

(0-100) 

47.6Ñ16.4 

(30-106) 

471Ñ44 

(370-557) 

31.7Ñ25.2 

(0-87.5) 

34.2Ñ0.6 

(32.4-35.4) 

34.5Ñ0.9 

(30.8-36.2) 

TKC 3 (n=51) 2408Ñ334 

(1303-3047) 

37.9Ñ23.9 

(0-100) 

50.7Ñ16.4 

(30-115) 

447Ñ45 

(366-527) 

29.4Ñ18.5 

(4.2-88.9) 

34.3Ñ0.7 

(32.4-35.4) 

34.5Ñ1.2 

(31.1-36.3) 

TKC 4 (n=24) 2380Ñ397 

(1208-3039) 

35.3Ñ24.1 

(0-75) 

59.1Ñ27.7 

(23-126) 

449Ñ62 

(373-563) 

41.6Ñ25.9 

(0-88.9) 

34.2Ñ0.6 

(32.9-35.0) 

34.5Ñ0.9 

(32.0-36.0) 

*Difference between normal cornea (= TKC 0) and all eyes in TKC 1-TKC 4 groups. Patients with a TKC between two stages (e.g., 0-1) 

were always classified as the more advanced stage. 
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Table 6. Measurements in different topographic keratoconus classification (TKC) stages. Data are given as meanÑSD (minimum-maximum). 

Corneal front and back surface radius of curvature (RmF/RmB) and corneal front and back surface area at a central 5 mm region (FSA/BSA) 

are shown (N®meth et al, 2020b).  

*Difference between normal cornea (= TKC 0) and all eyes in TKC 1-TKC 4 groups. Patients with a TKC between two stages (e.g., 0-1) 

were always classified as the more advanced stage 

 

TKC  RmF 

(mm) 

RmB  

(mm) 

FSA 

(mm2) 

BSA 

(mm2) 

TKC 0 (n=92) 7.7Ñ0.2 

(7.1-8.5) 

6.3Ñ0.2  

(5.6-7.2) 

20.17Ñ0.03 

(20.07-20.29) 

20.45Ñ0.08 

(20.25-20.72) 

TKC 1-TKC 4 

(n=154) 

6.9Ñ0.8 

(4.3-8.4) 

5.6Ñ0.8 

(3.2-7.4) 

20.35Ñ0.26 

(20.09-21.69) 

20.84Ñ0.58 

(20.23-24.13) 

P value* <0.001 <0.001 <0.001 <0.001 
     

TKC 1 (n=24) 7.5Ñ0.2 

(7.2-8.0) 

6.1Ñ0.3  

(5.6-6.8) 

20.20Ñ0.04 

(20.14-20.27) 

20.53Ñ0.09 

(20.33-20.72) 

TKC 2 (n=55) 7.3Ñ0.4 

(6.5-8.4) 

5.9Ñ0.5 

(4.9-7.4) 

20.25Ñ0.08 

(20.09-20.43) 

20.62Ñ0.20 

(20.23-21.07) 

TKC 3 (n=51) 6.8Ñ0.6 

(5.4-8.4) 

5.4Ñ0.6 

(4.0-6.9) 

20.34Ñ0.14 

(20.09-20.81) 

20.85Ñ0.33 

(20.32-22.05) 

TKC 4 (n=24) 5.8Ñ1.0 

(4.3-7.7) 

4.6Ñ1.0 

(3.2-6.9) 

20.75Ñ0.44 

(20.19-21.69) 

21.66Ñ0.97 

(20.32-24.13) 
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Figure 2. Scatter plot of the central corneal ocular surface temperature (OST central) and 

endothelial cell density (ECD) (A)/coefficient of variation (CV) (B)/ ratio of hexagonal 

cells (C)/central corneal thickness (CCT)(D)/ Ocular Surface Disease Index (OSDI)(E) 

in normal corneas (TKC 0; n=92, blue circles and blue regression line) and keratoconus 

corneas (TKC 1-TKC 4; n=154, green circles and green regression line). Patients with a 

TKC between two stages (e.g., TKC 0-1) were always classified as the more advanced 

stage. R2 refers to Spearman`s coefficient of determination. (N®meth et al, 2020b) 

A                                                             B 

 

 

Figure 3. Scatter plot of the central corneal ocular surface temperature (OST central) and 

corneal front and back surface area (FSA/BSA) (A, B) in normal corneas (TKC 0; n=92, 

blue circles and blue regression line) and keratoconus corneas (TKC 1-TKC 4; n=154, 

green circles and green regression line). Patients with a TKC between two stages (e.g., 

TKC 0-1) were always classified as the more advanced stage. R2 refers to Spearman`s 

coefficient of determination. (N®meth et al, 2020b) 

 

RmF, RmB, FSA and BSA did not correlate with central corneal OST (r=0.015; r=-0.024; 

r=0.045; r=0.064). FSA and BSA did not correlate with ECD (r=-0.186; r=-0.170), 

hexagonality (r=-0.131; r=-0.142) and CV (r=0.133; r=0.102). 

OST at all examined regions did not correlate with patient age (r <-0.158). ECD correlated 

weakly inversely with patient age (r=-0.365; p <0.001), whereas CV and hexagonality 

did not correlate with age (r<0.104). 
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4.3 Ocular Surface Disease Index, biomechanical properties and ocular 

thermography in a keratoglobus patient 
 

We enrolled a 58 years-old male patient in our study. There was poliomyelitis, hearing 

disorder and alcohol abuse in the medical history.  

In the present work, the right eye of the patient without previous ocular surgery have been 

examined. Keratoglobus was diagosted by slitlamp examination on the right eye of the 

patient. There was a diffuse thinning of the cornea, from limbus to limbus. The OSDI 

Score was 32.14 (vision-realted subscore: 16.67, discomfort-related subscore: 15.625), 

refering to a moderate ocular surface disease.  

 

Figure 4. Diffuse thinning of the cornea from limbus to limbus at slitlamp examination 

(N®meth et al, 2020c). 

 

The left eye of the patient underwent cataract surgery in 2017, which ended up in corneal 

hydrops with a break in the Descemet membrane, and SF6 gas insufflation into the 

anterior chamber. However, corneal decompensation persisted and therefore, in October 

2017, the patient underwent penetrating keratoplasty of the left eye. At our examination, 

best corrected visual acuity was on the right side 0.1 and on the left side 0.7 (decimal). 
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Figures 5 and 6 show results of the the topo- and tomographic measurements. Corneal 

topography displays an increased corneal steepening at the 3/5/7 mm zones. The 

topographic cylinder (CYL) and the SAI increased, the SRI and the Potential Visual 

Acuity (PVA) were borderline compared to the normal database (Figure 5). Corneal 

tomography shows approximetry 20 diopters of corneal astigmatism and pathological 

ISV, IVA , IHD and Topographic Keratoconus Classification (TKC) (Figure 6). 

 

 

 

 

 

Figure 5. Corneal topography using the TMS-5 (Tomey, Erlangen-Tennenhole, 

Germany) in keratoglobus. The topografic cylinder (CYL) and the Surface Assimetry 

Index (SAI) increased pathologically, the Surface Regularity Index (SRI) and the 

Potential Visual Acuity (PVA) measurements indicate borderline values (N®meth et al, 

2020c).  
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With the Corvis ST, the Stiffness parameter at applanation 1 (SPA1) was 29.3, the 

integrated radius (IR) 14.2 and the deformation applitude ratio (DA ration) 3.6, but the 

Ambr·sio's relational thickness Horizontal (ArtH) value could not be determined (Figure 

7). 

Figure 6. Corneal tomography measured by the Pentacam HR (Oculus, Wetzlar, Germany) in 

keratoglobus. The keratometric values, the Index of Surface Variance (ISV), the Index of 

Surface Asymmetry (IVA), the Index of Height Decentration (IHD) and the ĂTopographic 

Keratoconus Classification (TKC)ò were abnormal (N®meth et al, 2020c).  
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With the Casia 2 anterior segment optical coherence tomography, the diffuse corneal 

thinning from limbus to limbus is well demonstrated (Figure 8). 

 

 

 

 

 

 

 

 

Figure 7. Screenshot of a CorVis ST 

measurement, performed by the 

dynamic corneal response modul of 

the machine. The area under the red 

curve corresponds to the parameters 

of the keratoconus patients, the area 

under the green curve corresponds to 

the normal database (N®meth et al, 

2020c). 

Stiffness parameter at applanation 1 

(SPA1) was 29.3, the integrated 

radius (IR) 14.2 and the deformation 

applitude ratio (DA ration) 3.6, but 

the Ambr·sio's relational thickness 

Horizontal (ArtH) value could not be 

determined. 
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The ocular surface temperature was measured after normal blinking. The patient was 

asked to keep his eyes close for 5 seconds, than he opened them and the measurement 

was started, immediately after eye opening. During 10 seconds of sustained eye opening, 

we measured the ocular temperature. The software automatically displayed a graph 

(Figure 9.) of the OST changes. 

 

Figure 8. Casia-2 anterior segment optical coherence tomography (AS-OCT) in a 

keratoglobus patient. Anterior, posterior and real axial refractive power of the cornea 

and the a pachymetric map (A) prove the diagnosis of keratoglobus. Analysing the 

anterior segment cross-sectionally, the diffuse thinning of the cornea is well 

demonstrated (B) (N®meth et al, 2020c). 
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Figure 9. Ocular surface temperature in a keratoglobus patient, measured by the TG-1000 

thermographer. Ocular surface temperature is displayed in the central 5 mm corneal zone, 

during 10 seconds of eye opening, after blinking (N®meth et al, 2020c).  

The average minimal ocular surface temperature was 33.58 ÁC and the average maximal 

ocular surface temperature was 33.95 ÁC.  

  












































