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YIELD OF DISPLAY MODULES OF 
CORNEAL TOMOGRAPHY FOR 
EARLY DIAGNOSIS OF CORNEAL 
ECTASIA
SUMMARY
The thesis deals with comparison of topographic corneal indexes and their importance for 
the diagnosis of corneal ectatic disease. The corneas with different stages of keratoconus, 
forme fruste keratoconus, pellucid marginal degeneration, corneal warpage syndrome, and 
physiological cornea with varying values of regular astigmatism were included in the tes-
ted group. The study was conducted in 2015–2018 at the European Eye Clinic Lexum Brno. 
The study group contained 208 eyes, 111 eyes with keratoconus, 31 eyes with forme fruste 
keratoconus, 23 eyes with pellucid marginal degeneration, 10 eyes with corneal warpage 
syndrome and 33 physiological eyes. 19 corneal parameters and indexes were monitored for 
these ectatic diseases, which were compared with healthy corneas with regular astigmatism. 
A single-factor ANOVA test, a Student t-test were used for statistical analysis. Pearson's co-
efficients were used to assess the correlation. In all the observed tomographic parameters 
a statistically significant difference was found between the physiological and ectatic group 
of corneas. The parameters with the highest statistical difference were BEThLo, ISV, IHD, D, 
Rmin. Statistically significant indices were also found between the forme fruste keratoco-
nus and physiological corneas. The best parameters for detecting the subclinical keratoconus 
were the back elevation at the thinniest point of the cornea (BEThLo), the difference between 
the thinniest and the central point of cornea (CP-TL), the maximum pachymetic progression 
index and the Db and D indexes (p < 0.000). The most suitable parameters for the KK pro-
gression monitoring in our study were the ISV, KI, IVA, Df, D, Dp, Db, BEThLo and Rmin. All 
these parameters showed a strong correlation rate (r> 0.6) according to Pearson's correlation 
coefficient. Statistically significant differences in the KK and PMD groups were found in the 
index of relative pachymetry, central pachymetry, CKI and Dp.

Key words: Pentacam, corneal ectasia, keratoconus, pellucid marginal degeneration, corneal 
warpage syndrome, forme fruste keratoconus
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INTRODUCTION

With the arrival of more economical and precise laser 
methods of correcting ocular refractive errors, ever youn-
ger patients are undergoing corrective procedures. Howe-
ver, this fact presents a danger in the form of failure to 
discover or overlooking of corneal diseases which may be 
manifested only at a later age or after the laser refractive 
procedure. With the aid of corneal tomography we may 
project the parameters of the cornea into specific graphic 
maps and indexes. The aim of the study was to find a co-
rrelation between corneal indexes and the given corneal 
pathology. Which indexes show a change upon keratoco-
nus, pellucid marginal degeneration and corneal warpage 
syndrome? A better understanding of these quantities may 
help us in the correct assessment of progression of any 
applicable disease, and thus also with the commencement 
of treatment. The observed corneal parameters which we 
compared in the study are listed and described below:

ISV – Index of Surface Variance (of Keratometry)
IVA – Index of Vertical Asymmetry
KI – Keratoconus Index
CKI – Centre Keratoconus Index

IHA – Index of Height Asymmetry
IHD – Index of Height Decentration
Rmin – Index of minimum radius of corneal curvature
Pmax – Index of maximum pachymetric progression
BEThLo – Back elevation in thinnest location of cornea 
R. Pachy – Relative pachymetry
Kmax – Maximum keratometry
CP – Pachymetry in the centre of pupil
TL – Pachymetry in the thinnest location of cornea
Df – difference of elevations between  1BFS and  2ERS on  

             anterior surface of cornea
Db – difference of elevations between 1BFS and 2ERS on  

               posterior surface of cornea
Dp – pachymetric progression
Dt – corneal thickness in the thinnest location
Da – vertical distance of the thinnest location from corneal apex
D – final index.

1 BFS – Best Fit Sphere: referenční sférické těleso je kalkulováno  
z 8 mm oblasti rohovky

2 ERS – Enhanced Reference Sphere: podobné jako BFS, avšak  
z kalkulace je vyřazena 4 mm oblast kolem nejtenčího místa 
rohovky
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This index states the lowest measured value of saggital 
curvature in millimetres. A value lower than 6.71 mm is 
considered abnormal. The average value is 7.87 ± 0.27 
mm (1).

Table 1. Corneal indexes from the Refractive map and their abnor-
mal and pathological limits

Index Abnormal (yellow) Pathological (red)

ISV ≥ 37 ≥ 41

IVA ≥ 0,28 ≥ 0,32

KI >1,07

CKI ≥ 1,03

IHA ≥ 19 ≥ 21

IHD ≥ 0,014 ≥ 0,016

Rmin <6,71

Table 1 presents the limit of abnormal and pathological 
values of topographic indexes of the Pentacam instru-
ment.

METHOD 

The data collection took place from 2015 to 2018 at the 
European Eye Clinic Lexum in Brno. The examined cohort 
contains 208 eyes, of which 111 are eyes with keratoconus, 
31 eyes with forme fruste keratoconus (FFKC), 23 eyes with 
pellucid marginal degeneration, 10 eyes with corneal war-
page syndrome and 33 eyes are physiological. The measu-
rement was conducted on a Pentacam corneal tomograph 
(Oculus Optikgerate GmbH, Wetzlar, Germany). The versi-
on of diagnostic and display software was 1.20r41 (build: 
2474). The measurement was conducted by specially tra-
ined personnel. The validity of the measurement was not 
allowed to decrease beneath 95%, the balance of the im-
ages was monitored on a Scheimpflug image overview dis-
play. Primarily the following three display interfaces were 
used for visualisation of the corneal parameters: Hollady 
Report, Belin/Ambrósio Enhanced Ectasia and Refractive 
report. The stage of keratoconus was determined with the 
aid of Amsler-Muckenhirn (2) classification of the Penta-
cam instrument. This classification does not incorporate 
the degree of cornea thinning and its ectatic changes on 
the posterior surface (3). It gives a false negative evaluati-
on of eyes with increased posterior elevation (keratoconus 
posterior) and conversely gives false positive evaluation of 
cases of dislocated corneal apex (this includes for example 
also conditions of fixation malfunction of the patient) (4).

Graph 1 presents a histogram of the age distribution of 
the examined cohort. 

Table 2 summarises the representation of sex and dia-
gnoses.

Table 3 presents the numerical and percentage distri-
bution of the entire cohort according to the Amsler-Muc-
kenhirn classification of keratoconus. The analytical soft-
ware of the Pentacam instrument determined 72 eyes as 
physiological, 5 as abnormal, 10 as suspect and divided 
the remaining 121 eyes into KK stages 1 to 4. Upon a com-

The indexed corneal data (D) is compared with a nor-
mative database. A comparison is also conducted of by 
how many standard deviations (SD) the given corneal 
data differs from the mean value of the norm. If the de-
viation is within the range of 1.6 to 2.6 times the SD, the 
value is displayed as borderline, in yellow. If the value is 
more than 2.6 times the SD, it is displayed in red.
Index of Surface Variance (ISV)

This is the index providing information about the irre-
gularity of keratometry of the anterior segment of the 
cornea. It represents the dimensionless standard devi-
ation of individual saggital radii of the cornea from the 
value of average curvature. We find an increased value 
in all types of irregularities of the anterior surface of the 
cornea (corneal scars, CWS, irregular astigmatism etc.). A 
value higher than 37 is considered abnormal (indicated in 
yellow) and a value higher than 41 is considered patholo-
gical (indicated in red).
Index of Vertical Asymmetry (IVA)

This index expresses in millimetres the difference 
between average upper and lower corneal curvature (also 
known as the I-S ratio). It therefore represents a type of 
index of symmetry of corneal curvature in which the divi-
ding line between the upper and lower comparative parts 
is horizontal. Precisely as a result of this situation the IVA 
value in the central and horizontal point of the rotated 
KK (e.g. junctional type of KK) is not generally very high. 
An IVA value higher than 0.28 mm (approx. 1.5 D upon 
average Km = 43.5 D) is considered abnormal, above 0.32 
mm (approx. 1.7 D) is considered pathological.
Keratoconus Index – KC Index (KI)

This is a dimensionless index providing information 
about the ratio between the average value of curvature 
between the upper and lower half of the cornea. A value 
above 1.07 is considered abnormal.
Centre Keratoconus Index (CKI)

This is a dimensionless index comparing the average va-
lues of saggital curvature in the central and peripheral ring. 
It serves primarily for the detection of the central form of 
KK. A value higher than 1.03 is considered abnormal.
Index of Height Asymmetry (IHA)

This index is an analogy of the IVA index, with the diffe-
rence that we do not compare curvature but the value of 
elevation, thus the average value of the height elevation 
map of the upper and lower part of the cornea. The refe-
rence line is again horizontal. In the central form of KK we 
do not find such increased values as in the classic form. It 
is expressed in micrometres and we consider a value hi-
gher than 19 microns to be abnormal, 21 microns patho-
logical. This is a newer index than IVA (S-I), which also 
showed higher sensitivity in the area of detection of KK.
Index of Height Decentration (IHD)

The value of deviation of elevation in a vertical directi-
on, expressed in micrometres, is calculated from a Fouri-
er analysis. It is calculated in a 3-millimetre ring. An ab-
normal value is higher than 0.014 microns, pathological is 
higher than 0.016 microns. 

Index of minimum radius of corneal curvature (Rmin):     
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following values: ISV, KI, IHD, Rmin, IVA, Df, D, Db, Dp, 
BEThLo. Here we see a predominance of topographic in-
dexes of the anterior surface of the cornea.

The last analysis determines differences between the 
group of eyes with KK and PMD. The results are illustra-
ted in table 7.

According to table 7, the most appropriate parameters 
for differential diagnostics include the KK and PMD values 
of relative and central pachymetry, the index Dp and CKI. 

DISCUSSION

Several studies exist which confirm the essential role of 
corneal tomography in the diagnosis of ectasia (5-9). The 
studies determine which of the tomographic indexes are 
most alarming for the case of detection of ectatic cornea. 
Orucoglua et al. (10) present a large cohort of eyes (513 
physiological and 612 keratoconic), but unfortunately do 
not analyse in further detail the group of eyes with ke-
ratoconus. The study confirms that in all the topometric 
indexes, a statistically significant difference was found 
between a healthy and ectatic cornea, and our study also 
corresponds with this finding. Huseynli et al. (11) assessed 

parison with table 2, in which there are 43 eyes without 
ectatic changes (Physiological + CWS), we determine a 
difference of 29 eyes, which were erroneously falsely ne-
gative for ectatic pathology (the program did not state 
either abnormal or suspect values).

The data analysis took place within the program STATISTI-
CA 12 (Statistica, Tulsa, OK, US). According to the frequen-
cy of data and the graphic appearance of the histograms, a 
single factor ANOVA test was used for the statistical analysis 
of three and more groups. The Pearson correlation coeffi-
cients r served us for assessing the relationships between 
two quantitative variables. A Student two-tailed t-test was 
chosen for comparison of the statistical significance of two 
quantitative variables. Statistical significance of the results 
was evaluated at a 5% level of significance (p < 0.05). Statis-
tically significant values are highlighted in the tables in red.

RESULTS 

The first to be analysed was the group of physiological 
and ectatic eyes (KK+PMD+FFKC). We found a statistically 
significant difference (p < 0.05) in all the examined attri-
butes. The following table 4 illustrates the compared pa-
rameters of the cornea. These parameters are arranged 
according to statistical significance p.

We also assessed the differences between the group 
of physiological eyes and eyes with forme fruste kerato-
conus (FFKC). The results are summarised in table 5. The 
parameters are again arranged according to statistical 
significance p. 

Table 5 shows the statistically significant difference in 
the values of BEThLo, CP-TL, Db, Pmax, D, Dp, IVA, Da, 
IHD, KI, Df, IHA and ISV. We see a manifest predominance 
of pachymetric indexes and parameters informing about 
the characteristics of the posterior surface of the cornea.

For an assessment of the correlation between the st-
age of KK and the examined corneal parameters we used 
a Pearson's correlation coefficient. The statistics include 
only corneas with KK. The result is presented in table 6.

Table 6 presents parameters with a strong degree of 
correlation (r > 0.6) with the stage of KK. It concerns the 

Table 2. Table of frequency of sex and diagnoses

Man Woman Phys. CWS FFKC PMD KK

Frequency 115 93 33 10 31 23 111

Relative frequency (%) 55.29 44.71 15.87 4.81 14.90 11.06 53.37

Abbreviations: Phys. - physiological corneas, CWS – corneal warpage syndrome, FFKC – forme fruste keratoconus, PMD – pellucid marginal 
degeneration, KK - keratoconus

Table 3. Distribution of cohort according to Amsler-Muckenhirn classification

Phys. Abnorm. Susp. KK 1 KK 1-2 KK 2 KK 2-3 KK 3 KK 3-4

N 72 5 10 19 20 31 15 29 7

Rel. frequency (%) 34.62 2.4 4.81 9.13 9.62 14.9 7.21 13.94 3.37

Abbreviations: Phys. - physiological corneas, Abnorm. - abnormal, Susp. - suspect, Rel. frequency – relative frequency, KK1: keratoconus of the 
1st degree, KK 1-2: keratoconus of the 1st - 2nd degree, KK2 etc. 

Graph 1. Histogram of age of cohort
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(15). Forme fruste (subclinical, suspect) keratoconus is the 
term used to denote the as yet unaffected eye in unilateral 
form of keratoconus. It concerns a cornea with clinically non-
manifested keratoconus, in which keratoconus could erupt in 
the case of performance of laser surgery. The identification 
of forme fruste keratoconus is not common, since it is most 
frequently found in unilateral form of keratoconus. A study 
by Galletti et al. (16) informs us that for the detection of sub-
clinical form of KK there are statistically significantly different 
values of pachymetric progression, elevation of the posterior 
surface, BEThLo, Df, Db, Dp and D. Our study demonstrated 
analogous results, we did not evaluate the standard value of 
elevation of the posterior surface of the cornea.

A number of studies indicate the insufficient sensitivity 
of topographic indexes of the anterior surface of the cor-
nea, and recommend focusing on the parameters of its po-
sterior surface, where keratoconic changes are expected 
to occur earlier (17-19). Our study confirms a greater con-
tribution of parameters of the posterior surface as against 
the anterior in the role of detecting the subclinical form 
of KK, and corresponds with the results of the study by 
Uçakhana et al. (20). Only the value of minimal curvature 
of the anterior surface of the cornea did not demonstrate 
a statistically significant difference in our study (Rmin: p = 
0.076). The parameters describing the posterior surface of 

differences in tomographic parameters between normal, 
FFKC and KKC corneas in 249 eyes. The results in their ke-
ratoconic group were very similar, only the values of the 
IVA and IHD indexes were higher in the ectatic group in our 
study (IVA: 0.73 as against 0.52; IHD 0.07 as against 0.04). 
The results of the statistical analyses were in congruity, all 
the assessed parameters were statistically significantly di-
fferent between both examined groups. In a study by R. 
Shetty et al. (12), the authors stated that the strongest to-
pographic parameters for the detection of KK included the 
indexes ISV, IHA, IHD, KI, ARTmax and D. On the contrary, 
Hashemi et al. (13) evaluated KI, IVA, the value of lowest 
pachymetry and Kmax among the best parameters for the 
detection of KK. Studies from 2015 by Muftuoglu et al. (5) 
and Lopes et al. (14) primarily accentuate the contributi-
on of the BAD-D index for the detection of KK. Our study 
confirms the results of these studies, although we evalua-
ted BEThLo as the best parameter for the detection of KK. 
The final D index ranked among the five indexes with the 
highest value of statistical significance of the difference 
between physiological and ectatic corneas.

Although the diagnosis of advanced keratoconus can be 
performed easily on the basis of the presence of abnormal 
corneal tomographic indexes, the differentiation of forme 
fruste keratoconus from a normal cornea is generally difficult 

Table 4. Comparison of ectatic and physiological corneas

Variable Average (Phys.) Average (Ectat.) p N (Phys.) N (Ectat.) SD (Phys.) SD (Ectat.)

BEThLo (µm) 3,54 39,82 0,0000 33 165 4,57 27,77

ISV 19,91 67,14 0,0000 33 165 8,32 36,06

IHD 0,01 0,07 0,0000 33 165 0,01 0,05

D 1,23 6,76 0,0000 33 165 0,92 4,44

Rmin (mm) 7,44 6,57 0,0000 33 165 0,29 0,71

Db -0,17 6,20 0,0000 33 165 0,90 5,27

IVA 0,13 0,73 0,0000 33 165 0,06 0,50

KI 1,03 1,16 0,0000 33 165 0,03 0,12

Da 0,63 2,12 0,0000 33 165 0,91 1,27

Df 0,47 7,18 0,0000 33 165 1,07 6,30

Dp 0,85 6,08 0,0000 33 165 0,98 5,65

Pmax 1,28 2,80 0,0000 33 165 0,22 1,64

CP–TL (µm) 2,30 15,75 0,0000 33 165 1,70 15,03

IHA 5,40 21,74 0,0000 33 165 5,55 19,18

Dt 0,64 1,87 0,0001 33 165 1,10 1,64

Age 35,13 43,51 0,0031 33 165 8,69 14,75

R Pachy (%) -3,86 -7,20 0,0033 33 165 2,35 6,37

CP (µm) 521,15 499,73 0,0037 33 165 35,22 38,81

CKI 1,01 1,04 0,0059 33 165 0,01 0,06

Abbreviations: N – number, SD – standard deviation, Phys. - physiological corneas; Ectat. - ectatic corneas, ISV – index of surface variation, 
IVA – index of vertical asymmetry, KI – keratoconus index, CKI – centre keratoconus index, IHA – index of height asymmetry of anterior and 
posterior surface of cornea, IHD – index of height decentration in vertical direction, Rmin – index of minimum radius of corneal curvature, 
BEThLo – back elevation in thinnest location of cornea, R Pachy – relative pachymetry, Pmax – index of maximum pachymetric progression, CP 
– pachymetry in centre of pupil, TL – pachymetry in thinnest location of cornea, Df – difference in elevations between BFS and ERS on anterior 
surface of cornea, Db – difference in elevations between BFS and ERS on posterior surface of cornea, Dp – pachymetric progression, Dt – cor-
neal thickness in thinnest location, Da – vertical distance of thinnest location from corneal apex, D – final index
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a lack of specific quantitative data for defining the progre-
ssion of KK (22). Chatzis et al. (23) in their study evaluated 
that demonstration of progression in children and adoles-
cents should not be the decisive criterion for commence-
ment of treatment. Other studies incline toward the view 
that it is necessary to demonstrate progression of kerato-
conus, but address the time intervals at which it is nece-
ssary to assess the progression of the disease, and which 
parameters are most important for assessment. V. Romano 
et al. (24) N.J.: 1995 state that a two-monthly follow-up 
for assessment of progression of KK is sufficient. Progre-
ssion is confirmed upon increase of Kmax by at least 1.0 
D and reduction of pachymetry in the thinnest location by 
20 microns. Gore et al. (25) in their research combined the 
studies (26-28) of several teams of authors, and specified 
more precisely the level and type of recommended para-
meters for confirmation of progression of KK:

Kmax > 1 D increase 
Kmax - Kmin > 1 D increase
Kaverage > 0.75 D increase 
pachymetry > 2% reduction of central pachymetry
keratometry at corneal apex > 1 D increase 
spherical equivalent > 0.5 D 
Epstein et al. (29) recommended the value of maximum 

keratometry (Kmax) as the best single-factor indicator of 

the cornea (BEThLo, Db, D), together with the pachymetric 
ones (CP-TL, Pmax) formed a set of five indexes with the hi-
ghest statistical difference (p < 0.0000) between FFKC and 
the physiological group of corneas. The best attribute for 
detection of FFKC in our study transpired to be the index 
of elevation of the posterior surface of the cornea in the 
location of lowest pachymetry, which is a component of 
the Belin – Ambrosio display. This fact is confirmed also 
by a study by Fukuda et al. (21). It is therefore possible to 
state that our study rather confirmed previous changes on 
the posterior surface of the cornea in the case of FFKC as 
opposed to changes on the anterior surface.

Assessment of the progression of ectatic pathology is 
one of the indication criteria for the commencement of 
treatment with the aid of collagen cross-linking (CXL). Since 
this is an irreversible procedure bringing irreversible chan-
ges on the cornea, correct assessment of the progression 
of ectasia is essential. According to the Global Consensus 
on Keratoconus and Ectatic Diseases (2015), no consistent 
or clear definition of the progress of ectasia exists (22). 
They defined the progression of KK by means of a change 
of at least two of the following parameters: increase of 
curvature of anterior surface of cornea, increase of curva-
ture of posterior surface of cornea and thinning of cornea. 
Nevertheless, the panellists also concurred that there was 

Table 5. Comparison of physiological and FFKC groups of eyes

Variable Average (Phys.) Average (Ectat.) p N (Phys.) N (Ectat.) SD (Phys.) SD (Ectat.)

BEThLo (µm) 3,54 15,97 0,0000 33 31 4,57 8,09

CP–TL (µm) 2,30 7,35 0,0000 33 31 1,70 5,04

Db -0,17 1,25 0,0000 33 31 0,90 1,24

Pmax 1,28 1,69 0,0000 33 31 0,22 0,39

D 1,23 2,53 0,0000 33 31 0,92 1,19

Dp 0,85 2,11 0,0001 33 31 0,98 1,39

IVA 0,13 0,25 0,0002 33 31 0,06 0,16

Da 0,63 1,57 0,0003 33 31 0,91 1,04

IHD 0,01 0,02 0,0008 33 31 0,01 0,02

KI 1,03 1,05 0,0019 33 31 0,03 0,03

Df 0,47 1,30 0,0071 33 31 1,07 1,32

IHA 5,40 9,08 0,0100 33 31 3,55 5,54

ISV 19,91 25,48 0,0150 33 31 8,32 9,50

Rmin (mm) 7,44 7,29 0,0757 33 31 0,29 0,35

R Pachy (%) -3,86 -4,47 0,3249 33 31 2,35 2,60

Dt 0,64 0,82 0,4583 33 31 1,10 0,88

Age 35,13 36,29 0,6633 33 31 8,69 10,76

CP (µm) 521,15 518,81 0,7693 33 31 35,22 27,75

CKI 1,01 1,01 0,9905 33 31 0,01 0,01

Abbreviations: N – number, SD – standard deviation, Phys. - physiological corneas; FFKC – forme frust keratoconus, ISV – index of surface vari-
ation, IVA – index of vertical asymmetry, KI – keratoconus index, CKI – centre keratoconus index, IHA – index of height asymmetry of anterior 
and posterior surface of cornea, IHD – index of height decentration in vertical direction, Rmin – index of minimum radius of corneal curvature, 
BEThLo – back elevation in thinnest location of cornea, R Pachy – relative pachymetry, Pmax – index of maximum pachymetric progression, CP 
– pachymetry in centre of pupil, TL – pachymetry in thinnest location of cornea, Df – difference in elevations between BFS and ERS on anterior 
surface of cornea, Db – difference in elevations between BFS and ERS on posterior surface of cornea, Dp – pachymetric progression, Dt – cor-
neal thickness in thinnest location, Da – vertical distance of thinnest location from corneal apex, D – final index
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– back elevation in thinnest location of cornea, R Pachy – re-
lative pachymetry, Db – difference of elevations between BFS 
and ERS on posterior surface of cornea). According to our stu-
dy, the best parameters for gradation were the indexes ISV, 
KI, IHD, Rmin, IVA, Df, D, Db, Dp and BEThLo. We see that the 
indexes providing information about the posterior surface of 
the cornea (Db, D and BEThLo) are also in strong correlation 
with the stage of KK. Unfortunately we cannot unequivocally 
recommend any of the classification schemas for assessment 
of the stages of keratoconus, since we did not evaluate the la-
test ABCD classification schema, which was introduced after 
we gathered the research data. However, we can explicitly re-
commend that the used classification schema should contain 
both pachymetric indexes and topographic indexes from the 
anterior and posterior surface of the cornea. This is for the 
reason that in the initial stages of ectatic pathology, there is a 
predominance of progression of pathological values from the 
posterior surface, and later a predominance of progression of 
values from the anterior surface of the cornea.

In our study we also dealt with differentiation of KK and 
PMD. In practice we rather encounter a search for subclini-
cal form of keratoconus and the issue of timely detection of 
PMD may be overlooked. Some ophthalmologists are of the 
opinion that in the case of PMD this represents only another 
peripheral form of keratoconus (36, 37). The differentiation 
of these two pathologies is important for determining the 
prognosis of the disease and the correct approach to tre-
atment. Management of the treatment of PMD has its spe-
cifics in comparison with the treatment of KK, determined by 
the fact that although it is manifested primarily in the third 
to the fifth decade of life, it concerns a progressing disease 
(38). By contrast, manifestation and the greatest progressi-
on of KK occurs around the time of puberty, and diagnosed 
keratoconus in the fourth decade of life or later is generally 
rather in a pacific state. Cases of diagnosis of PMD at a young 
age are also known in the professional literature. Sridhar and 
Mahesh, in a group of 58 patients, presented an 8-year-old 
patient with PMD (39). Sinjab and Youssef in a cohort of 15 
eyes presented a 16-year-old patient, and mentioned the 
term PLK (pellucide like keratoconus), which they indicated as 
an equivalent of FFKC in keratoconus (38). In our cohort the 
average age in PMD was 55.5 ± 13.6 years with a minimum of 
33 years and maximum 74 years, in KK 42.7 ± 14.4 years with 
minimum 16 and maximum 80 years, in which these averages 
were statistically significantly different (p < 0.05). However, 
with reference to the above-mentioned study it is not po-
ssible to confirm that age is a valid criterion for differential 
diagnostics of KK and PMD. A risk of incorrect diagnosis of KK 
as against PMD is found in the case of correction of irregular 
curvature with the aid of intrastromal corneal ring segments 
(ICRs). This especially concerns the use of a ring in the inferior 
region of the cornea, where the greatest thinning takes place 
in PMD. For this reason the use of CXL may appear to be a 
better option for treatment of PMD (40).

In the case of PMD, flattening occurs in the vertical 
meridian, with induction of against-the-rule-astigmati-
sm. Colour saggital display of the fragility of the cornea 
shows a characteristic appearance of two kissing pen-
guins, or the claws of a bird of prey. As stated by Magui-

the progression of KK. It is evident that Kmax is one of 
the most widely used indexes for the detection and eva-
luation of progression of ectasia. Nevertheless, in more 
recent studies it has been shown that the value of Kmax 
determined from a small part of the anterior surface of 
the cornea need not correspond to the degree of ecta-
sia. It ignores the effect of the posterior surface of the 
cornea, and progression of KK may take place without a 
change of Kmax or even with a reduction thereof (30-32).

Kanellopoulose et al. (33) stated that for gradation of the 
stages of KK, the most sensitive indexes are ISV, IVA and IHD. 
The value of dioptric error and keratometry is not statistically 
significant for determining the stage of KK. As a classification 
schema they used the Amsler-Krumeich scale (34). Our study 
correlates with these results. The highest statistical significa-
nce was demonstrated by the indexes ISV, KI, IHD and Rmin. 
The IVA index was in 5th place of correlation (Rmin: r = 0.845; 
IVA: r = 0.795). Duncan et al. (35) noted the necessity of com-
piling information about the posterior surface of the cornea 
for assessing the progression of KK. They evaluated the more 
recent ABCD classification scale as more precise in comparis-
on with methods comparing only the anterior surface of the 
cornea. Despite the fact that our analytical software on the 
Pentacam instrument did not yet contain the classification 
ABCD schema at the time of analysis, it was already possible 
to evaluate the parameters on which this classification is ba-
sed and the indexes assessing also the posterior surface of the 
cornea (this concerns primarily the following indexes: BEThLo 

Table 6. Correlation table of corneal parameters with stage of KK

Matrix of absolute value r, N= 111

Variable r p Variable r p

ISV 0,892 0,00 BEThLo (µm) 0,608 0,00

KI 0,891 0,00 Dt 0,578 0,00

IHD 0,862 0,00 IHA 0,560 0,00

Rmin (mm) 0,845 0,00 R Pachy (%) 0,543 0,00

IVA 0,795 0,00 Pmax 0,518 0,00

Df 0,758 0,00 CKI 0,479 0,00

D 0,757 0,00 CP–TL (µm) 0,468 0,00

Db 0,755 0,00 CP (µm) 0,467 0,00

Dp 0,683 0,00 Da 0,381 0,00

Abbreviations: N – number, ISV – index of surface variation, IVA 
– index of vertical asymmetry, KI – keratoconus index, CKI – cent-
re keratoconus index, IHA – index of height asymmetry of anterior 
and posterior surface of cornea, IHD – index of height decentration 
in vertical direction, Rmin – index of minimum radius of corneal 
curvature, BEThLo – back elevation in thinnest location of cornea, 
R Pachy – relative pachymetry, Pmax – index of maximum pachy-
metric progression, CP – pachymetry in centre of pupil, TL – pachy-
metry in thinnest location of cornea, Df – difference in elevations 
between BFS and ERS on anterior surface of cornea, Db – difference 
in elevations between BFS and ERS on posterior surface of cornea, 
Dp – pachymetric progression, Dt – corneal thickness in thinnest 
location, Da – vertical distance of thinnest location from corneal 
apex, D – final index
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curs and thereby induction of the highest negative values 
of relative pachymetry. By contrast, in KK the greatest thi-
nning occurs close to the centre of the cornea, thus the 
central values of relative pachymetry appear as negative. 
The highest negative values of relative pachymetry are 
found in the central, apical form of KK. The index of cen-
tral pachymetry (CP) and centre keratoconus index (CKI) 
are similar. The CKI index provides information about the 
ratio of saggital curvature between the central and peri-
pheral ring of keratometry. With regard to localisation of 
the place of highest curvature and thinning in the inferi-
or periphery in PMD, both of these indexes will be less 
pathological than in KK. In our cohort of eyes with PMD, 
in certain cases they even reached normal values. For di-
fferential diagnostics between PMD and KK we therefore 
recommend a view of display of relative pachymetry, the 
value of CKI and CP.

CONCLUSION 

The study confirmed the important role of corneal to-
mography on the principle of Scheimpflug display for the 
detection and evaluation of corneal ectasias. We statistica-
lly confirmed the significance of topographic and tomogra-
phic indexes for the differentiation of ectatic corneas from 

re et al., this appearance may be misleading, since we 
may encounter it also in the case of KK (36). There are 
few studies which compare the topographic parameters 
between these two pathologies. Lebow states a diffe-
rence in the values of higher order aberrations, in which 
coma predominates in KK and trefoil in PMD (41). Koc et 
al. (42) compared inferior type of KK and PMD with phys-
iological corneas. In the PMD group, all D indexes were 
higher than in the control group (p < 0.01), but at the 
same time were lower than in the group of inferior type 
of KK (with the exception of the Dt index p = 0.96). Our 
study corresponds with these results, although the Dt in-
dex also showed a statistically significantly lower value 
in PMD in comparison with KK (p = 0.003). However, we 
did not have only inferior types included in the KK group.

In our study we found a statistically significant diffe-
rence between the group of KK and PMD in the following 
parameters: R Pachy, CP, CKI, age, CP-TL, IHA, Rmin, KI 
and all D indexes (Dp, Db, Dt, Df, D). Among the most sta-
tistically different parameters were R Pachy, CP, CKI and 
Dp. R Pachy informs us about the percentage deviation of 
pachymetry from the normalised referential body in the 
shape of a toric ellipsoid. In PMD a more positive percen-
tage value appears in the centre of the cornea as opposed 
to the inferior periphery, where the greatest thinning oc-

Table 7. Statistically significant differences between PMD and KK groups

Variable Average (KK) Average (PMD) p N (KK) N (PMD) SD (KK) SD (PMD)

R Pachy (%) -9,61 0,75 0,0000 111 23 5,70 5,00

CP (µm) 488,41 528,70 0,0000 111 23 38,71 25,53

CKI 1,05 0,99 0,0000 111 23 0,07 0,02

Dp 7,95 2,38 0,0000 111 23 5,60 4,88

Věk 42,65 55,52 0,0003 111 23 14,38 13,65

Db 7,99 4,21 0,0012 111 23 5,13 4,28

Dt 2,30 1,15 0,0026 111 23 1,74 0,92

KI 1,20 1,14 0,0141 111 23 0,11 0,12

CP–TL (µm) 16,28 24,52 0,0230 111 23 15,23 17,58

Df 9,09 5,91 0,0248 111 23 6,01 6,64

IHA 26,37 16,41 0,0292 111 23 19,48 20,95

D 8,10 5,97 0,0321 111 23 4,26 4,43

Rmin (mm) 6,35 6,65 0,0484 111 23 0,66 0,68

Da 2,17 2,62 0,1313 111 23 1,19 1,65

BEThLo (µm) 44,50 49,35 0,4490 111 23 21,73 47,84

IHD 0,08 0,08 0,5195 111 23 0,05 0,05

Pmax 3,04 3,17 0,7419 111 23 1,49 2,57

IVA 0,84 0,82 0,8567 111 23 0,50 0,40

ISV 76,67 77,30 0,9331 111 23 31,67 39,33

Abbreviations: N – number, SD – standard deviation, KK - keratoconus; PMD – pellucid marginal degeneration, ISV – index of surface variation, 
IVA – index of vertical asymmetry, KI – keratoconus index, CKI – centre keratoconus index, IHA – index of height asymmetry of anterior and 
posterior surface of cornea, IHD – index of height decentration in vertical direction, Rmin – index of minimum radius of corneal curvature, 
BEThLo – back elevation in thinnest location of cornea, R Pachy – relative pachymetry, Pmax – index of maximum pachymetric progression, CP 
– pachymetry in centre of pupil, TL – pachymetry in thinnest location of cornea, Df – difference in elevations between BFS and ERS on anterior 
surface of cornea, Db – difference in elevations between BFS and ERS on posterior surface of cornea, Dp – pachymetric progression, Dt – cor-
neal thickness in thinnest location, Da – vertical distance of thinnest location from corneal apex, D – final index
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ficance. This group of five did not include any of the in-
dexes providing information purely about the characteri-
stics of the anterior surface of the cornea.

We found significance of these parameters also for the 
gradation of stages of keratoconus, which is important 
for an assessment of the progression of ectasia and ini-
tiation of applicable treatment. The parameters with a 
strong correlation (r > 0.6) with progression of keratoco-
nus included ISV, KI, IHD, Rmin, IVA, Df, D, Db, Dp and 
BEThLo. Unfortunately we are unable to unequivocally 
recommend any of the classification schemas for asse-
ssment of the stages of keratoconus, since we did not 
evaluate the latest ABCD classification schema, which 
was introduced after our gathering of the research data.

Although some ophthalmologists are of the opinion 
that in the case of PMD this concerns only another peri-
pheral form of keratoconus, we do not concur with this 
view. Between the group of KK and PMD we found statis-
tically significant differences. Paradoxically, the parame-
ters with the highest statistical difference did not include 
the age of patients but R Pachy, CP, CKI and Dp. In parti-
cular, the values and map display of relative pachymetry 
were demonstrated to be reliable in the differential dia-
gnostics of these two corneal pathologies.

physiological. We determined that virtually all the parame-
ters we selected (with the exception of age) are statistically 
significantly different between these groups. We evalua-
ted the indexes ISV, IVA, KI, CKI, IHA, IHD, CP, TL, Df, Db, Dp, 
Dt, Da, D and also Rmin, BEThLo, R Pachy, Pmax and age. 
We found a correspondence with newer studies, which re-
fute the view that one universal corneal parameter should 
be prioritised for the detection of ectasia. We rather re-
commend taking into account several corneal parameters, 
above all the values BEThLo, ISV, IHD, D and Rmin, which in 
our study showed themselves to be most promising in the 
area of detecting ectatic cornea.

In the area of detecting forme frust keratoconus, a sli-
ght shift away from the assessment of the parameters 
used from the anterior surface of the cornea is evident in 
international studies. Our study concurs with these opi-
nions. We determined that the values of the pachymet-
ric indexes and the indexes providing information about 
the characteristics of the posterior surface of the cornea 
are a suitable indicator of incipient corneal ectasia. This 
fact correlates with the view that ectatic changes of the 
cornea begin primarily on its posterior surface. Our stu-
dy classified the indexes BEThLo, Db, D, CP-TL and Pmax 
among the parameters with the highest statistical signi-
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