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ABSTRACT 
 
Aims: To compare results of Orbscan IIz and Pentacam at different stages of keratoconus on Kmean 
and Astigmatism. 
Sample and Study Design: 94 keratoconus patients were included in the study, of which 52 were 
men and 42 women. Keratoconus patients were screened with Orbscan IIz and Pentacam before 
undergoing corneal collagen cross-linking. The patients were distributed according to different 
keratoconus stages. 
Place and Duration of Study: University of West Attica Dept Biomedical Sciensce Course Optics & 
Optometry in collaboration with Athens “Ophthalmiatrio” Clinic during the period between October 
2017 to January 2019. 
Methodology: Topographic maps correlation of two types of corneal topographers Orbscan IIz and 
Pentacam. The Kmean values and the Astigmatism presented at different stages of keratoconus were 
compared. 
Results: A Sample of 188 eyes were measured having, 20 eyes (10.6%) with subclinical 
keratoconus, the correlation coefficient r for Kmean values between Orbscan IIz and Pentacam was 
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0.9758 (P<0.0001), 44 eyes (23.3%) at stage 1 with the correlation coefficient r=0.8482 (P<0.0001),  
33 eyes (17.6%) at stage 2 with the correlation coefficient r=0.8147 (P<0.0001), 67 eyes (35.6%) at 
stage 3 with the correlation coefficient r=0.797 (P<0.0001), 10 eyes (5.3%) at stage 4 with the 
correlation coefficient r=0.8455 (P=0.0021), 8 eyes (4.4%) with iatrogenic keratoectasia after 
refractive surgery having correlation coefficient r=0.928 (P=0.0009). 
Conclusion: Statistical differences between Orbscan IIz and Pentacam were found for Kmean in all 
stages of keratoconus. The performance for Kmean measurement of the corneal topographers 
Orbscan IIz and Pentacam is satisfactory for both systems in various stages of keratoconus having 
a very strong correlation (Correlation coefficient r ranged from 0.9758 to 0.7970). Statistical 
differences between Orbscan IIz and Pentacam were evident also at the Astigmatism 
measurements at stage 3 and 4.  
 

 
Keywords: Keratoconus; corneal topography comparison; Orbscan IIz; Pentacam. 
 

1. INTRODUCTION 
 

Keratoconus is a non-inflammatory conical 
ectasia, essentially of unknown etiology, which 
causes lesions in the various corneal layers and 
causes distorted vision [1]. Ectasia is produced 
by stromal stretching which involves bilateral 
thinning of the cornea, leading to bulging and 
distortion. The cornea contains fibers of collagen 
that hold the cornea in place and prevent it from 
bulging. In keratoconus, these collagen fibers 
become weak and cannot keep the cornea in its 
proper shape. This condition may be caused by a 
decrease in antioxidants in the cornea, which 
allows free radical damage to occur, weakening 
the cornea [2,3]. The condition is divided into four 
stages and the exact study of the cornea is the 
most important test for diagnosis, monitoring and 
treatment. Symptoms of keratoconus include, 
blurred or distorted vision, sudden worsening or 
clouding of vision, frequently change of eyeglass 
prescription, sensitivity to light and glare, 
difficulty driving at night, itchy eyes, particularly 
when combined with the above symptoms [4]. 
 

The cornea on the anterior surface is normally 
more curved in the center than in the periphery 
(hyperbolic surface - prolate), with an average 
value of asphericity Q = -0.26 ± 0.18 [5]. The 
curvature radius of the central cornea on the 
anterior surface is 7.8mm and on the posterior 
6.5mm. The asphericity of the cornea helps to 
reduce spherical aberration and the formation of 
a smooth rather than abrupt union with the eye 
bulb [5]. 
 

Keratoconus, or keratoidoconus, is characterized 
by progressive deformation of its surface. It is a 
degenerative disease, in which the shape of the 
cornea gradually acquires an abnormal conical 
shape (Fig. 1), ie a protrusion is created, causing 
abnormal astigmatism and, consequently, 

deformation of the light refracted in inside of the 
eye [6-7].  
 

1.1 Causes 
  
In its classic form is basically a multifaceted 
disease with main causes: 
 
 Inheritance. [8-15] 
 Atopic diseases (allergic rhinitis,              

eczema, asthma) and eye rubbing are 
some of the other reasons that                   
appear to be strongly linked to the disease 
[16-19] 

 Connective tissue disease [20] 
 Down, Marfan syndrome [21] 
 No other associated systemic or ocular 

disease [21-22]  
 Some rare associations exist as a result of 

a chromosomal translocation, abnormal 
enzyme function, and loss of collagen 
and/or ground substance [22-23] 

 Leber congenital amaurosis [24] 
 Diabetics although they develop less 

severe forms of the disease [25] 
 Rigid gas permeable (RGP) contact lens 

wear [26-28] 
 

1.2 Stages and Classification 
 
Keratoconus, classification system [29-32], is 
distinguished in the following stages of 
development: 
 
 Subclinical or suspected keratoconus 

(forme fruste) [33-34] 
 1st Stage: Mild keratoconus 
 2nd Stage: Moderate keratoconus 
 3rd Stage: Advanced keratoconus 
 4th Stage: Serious keratoconus 
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An additional classification of keratoconus can be 
made based on the shape of the cone, so it is 
distinguished into [29-35]: 

 

 Forme Fruste keratoconus  
 Nipple cone keratoconus 
 Oval cone keratoconus 
 Globus keratoconus 

 

1.3 Corneal Topography 
 

1.3.1 Slit-scanning corneal topography 
 

Orbscan IIz Is a system of slit-scanning 
technology essentially using Placido disc 
technology for curvature topography in 
combination with slit scanning technique for 
elevation topography map. The combination of 
these two techniques is aimed at improving the 
topography of the anterior corneal surface 
curvature [36-39]. 
 

1.3.2 Pentacam 
 

Another method of altimeter estimation is one 
that uses a rotating Scheimpflug camera and is 
used in Pentacam Comprehensive Eye Scanner 
topography system. 
 

Pentacam topography can produce curvature 
and altimeter maps from the anterior and 
posterior surface of the cornea and perimeter 
maps of the cornea and anterior chamber. It may 
still be photograph the crystalline lens in 
sections, revealing opacities. They are measured 
25,000 true elevation points and data analysis is 
very reliable. Reconstructing an image, unlike the 
Orbscan IIz device, is much easier precisely 
because all the visual cross-sections have one 
thing in common, the center of rotation. The test 
is quick and accurate, takes place without eye 
contact, and takes just 2 seconds to create a 
complete picture of the anterior hemisphere [40-
41]. 
 

1.4 Purpose 
 

The aim of this study is to compare the 
topographic maps between Pentacam and 
Orbscan IIz devices in keratoconic patients at 
each stage of the disease, in order to prove 
which topographic system offers the most 
reliable topographic record and contributes more 
effectively to the diagnosis and categorization of 
keratoconus.  
 

2. METHODOLOGY 
 
The corneal topography study in patients with 
keratoconus, was performed at the “Athens 

Ophthalmiatrio Clinic” during the period between 
October 2017 and April 2019. 

 
2.1 Exclusion Criteria 
 
 Patients with a background of active 

disease in the anterior segment (eg, 
herpetic keratitis), recurrent or chronic 
uveitis, or any form of cataract 

 Concurrent infection 
 Severe corneal scarring or opacification 
 History of poor epithelial wound healing 
 Severe ocular surface disease (ex. dry 

eye) 
 Systemic diseases or syndromes (eg, 

autoimmune disorder, connective tissue 
disease, diabetes mellitus, Down’s 
syndrome)  

 Other ocular pathologies 
 Patients with a background of active 

disease in the anterior segment (eg, 
herpetic keratitis), recurrent or chronic 
uveitis, or any form of cataract 

 Intraocular pressure > 21 mm Hg or 
glaucoma 

 Previous ocular surgery 
 Age over 21 
 Rigid contact lenses worn until 1 week 

before pre-operative time 
 

3. RESULTS AND DISCUSSION 
 
A total of 94 keratoconus patients were included 
in the study, of which 52 were men and 42 
women (Fig. 1). The mean age of the total 
sample was 26 ± 1.5 years. From the 188 eyes 6 
were normal. More specifically, in 6 patients (4 
men and 2 women) the image of the cornea was 
normal in one of the two eyes, ie they presented 
a one-sided keratoconus. 8 eyes were diagnosed 
with iatrogenic keratoectasia after refractive 
surgery (in the present study, cases with 
iatrogenic ectasia will form a separate group, as 
the keratoconus appeared secondarily). 
Excluding the 6 normal corneas and the 8 with 
iatrogenic keratoectasia, the remaining 174 eyes 
were diagnosed and classified at various stages 
of keratoconus. Topographic maps were taken 
with the ORBSCAN IIz / Bausch & Lomb and 
Allegro Oculyzer/Wavelight (PENTACAM) 
devices. 
 
Of the total sample of 188 eyes, 20 eyes (10.6%) 
presented subclinical keratoconus, 44 eyes 
(23.3%) keratoconus stage 1, 33 eyes (17.6%) 
stage 2, 67 eyes (35.6%) stage 3, 10 eyes 



(5.3%) stage 4, 8 eyes (4.4%) iatrogenic 
keratoectasia after refractive surgery and 6 eyes 
(3.2%) had a normal cornea. 
 
Of the total sample of keratoconus patients, 34 
patients had reported a family history of 
 

 
Fig. 1. Keratoconus patients sample according to sex

 

 

Fig. 2. Keratoconus patients sample according to stage of 

 
Fig. 3. The mean sphere and astigmatism of the keratoconus eyes before and after cross
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(5.3%) stage 4, 8 eyes (4.4%) iatrogenic 
keratoectasia after refractive surgery and 6 eyes 

Of the total sample of keratoconus patients, 34 
patients had reported a family history of 

keratoconus while taking the history prior to the 
ophthalmological examination. In 11 patients 
reported findings associated with the disease, 
such as eye rubbing, intolerance to contact 
lenses, history of genetic syndromes. Some 
cases were diagnosed by chance during the 

 

1. Keratoconus patients sample according to sex 

 

2. Keratoconus patients sample according to stage of Keratoconus
 

3. The mean sphere and astigmatism of the keratoconus eyes before and after cross
linking (CXL) 

MEN WOMEN

52
42

Overall sample of the study devided by 
gender

44
33

67

10 8 6

Categorized incidents

[VALUE] sph

[VALUE] cyl

[VALUE] cyl

Before CXL After CXL

Sphere & Cylinder Before and After CXL

 
 
 
 

; Article no.OR.58721 
 
 

the history prior to the 
ophthalmological examination. In 11 patients 
reported findings associated with the disease, 
such as eye rubbing, intolerance to contact 
lenses, history of genetic syndromes. Some 
cases were diagnosed by chance during the 
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usual formal ophthalmological examination or 
during the examination of the suitability of 
candidates for refractive surgery. 
 
Of the 182 keratoconus eyes, the cone was 
found in the lower area of the cornea around 6 
o’clock in 151 eyes (83%), in the center of the 
cornea in 23 eyes (12.6%) and in the upper area 
of the cornea around 12 o’clock in 8 eyes  
(4.4%). 
 
All patients included in the study underwent 
corneal collagen cross-linking (CXL) surgery 
after evaluated with both of the corneal 
topographers [42-45]. The mean sphere and 
astigmatism of the keratoconic eyes (182 eyes) 
before surgery were -2.69Ds and -3.02Dcyl 
respectively, while after surgery -2.64Ds and -
2.91cyl respectively (Fig. 3). Postoperatively, 
visual acuity was improved compared to 
preoperative UCVA by 2 lines in the Snellen 
chart. 
 
A comparison was made between the two 
topographers regarding the calculation of the 
average corneal curvature (Kmean) in the                
central 3 mm and astigmatism in each stage                  
of the disease separately. The following are 

comparative tables with the statistical                   
analysis of the measurements of the two 
topographers for the Kmean and Astigmatism 
indicators at each stage of the                            
keratoconus. 
 
The Kmean of Orbscan IIz at different stages was 
(44.43- 45,86- 46,86- 50,35- 54,21- 42,23) and 
for Pentacam (44.66- 46,04-- 46,99- 50,73- 
56,04- 41,81). The Kmean curvature that the two 
devices had at all stages are very close to each 
other, as are their standard deviations, which 
informs us that the dispersion of the 
measurements is uniform. The mean difference 
between the two topographers varied from (0.23- 
0,17- 0,12- 0,37- 1,83- -0,42D). The differences 
between them are considered statistically 
significant (P=0.0384-P=0,0304-P=0,3484-
P=0,0971-P=0,0098-P=0,0408), except stages 2 
& 3, however their correlation is very strong, 
Correlation coefficient (r=0.9758-0.8482-0.8147-
0.797-0.8455-0.928). Astigmatism value of 
Orbscan IIz was (1.22-1.25-1.97-4.93-6.43-1.78) 
and for Pentacam (1.32-1.32-1.95-3.38-2.79-
1.45). The mean difference between the two 
topographers is (0.10-0.06-0.01-1.54-3.64-
0.33D). The differences between them are not 
considered statistically significant (P=0.3691-

 
Table 1. Subclinical stage 

 
  Orbscan II Kmean Pentacam  Kmean 
Sample size 20 20 
Arithmetic mean 44,43 44,66 
Standard Deviation 2,1009 2,1065 
Paired sample t-test     
Mean difference   0,23 
Test statistic t   2,225 
Two-tailed probability   P=0,0384 
Comparison of Kmean between Orbscan II and Pentacam   
Correlation coefficient r 0,9758   
Significance level P<0,0001   
95% Confidence interval for r 0,9387 to 0,9906   
  Orbscan II  Astigmatism Pentacam Astigmatism 
Arithmetic mean 1,22 1,325 
Standard Deviation 0,5755 0,5552 
Paired sample t-test     
Mean difference   0,105 
Test statistic t   0,92 
Two-tailed probability   P=0,3691 
Comparison of Astigmatism between 
Orbscan II and Pentacam 

    

Correlation coefficient r 0,593   
Significance level P=0,0059   
95% Confidence interval for r 0,2040 to 0,8203   
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Table 2. Stage 1 
 

  Orbscan II Kmean Pentacam  Kmean 

Sample size 44 44 
Arithmetic mean 45,8659 46,0432 
Standard Deviation 0,9647 0,9392 
Paired sample t-test     
Mean difference   0,1773 
Test statistic t   2,239 
Two-tailed probability   P=0,0304 
Comparison of Kmean between Orbscan II and Pentacam   
Correlation coefficient r 0,8482   
Significance level P<0,0001   
95% Confidence interval for r 0,7368 to 0,9147   
  Orbscan II  Astigmatism Pentacam  Astigmatism 

Arithmetic mean 1,2591 1,3227 
Standard Deviation 0,4867 0,5216 
Paired sample t-test     
Mean difference   0,06364 
Test statistic t   1,176 
Two-tailed probability   P=0,2461 
Comparison of Astigmatism between 
Orbscan II and Pentacam 

    

Correlation coefficient r 0,7485   
Significance level P<0,0001   
95% Confidence interval for r 0,5807 to 0,8553   

 
Table 3. Stage 2 

 
  Orbscan II Kmean Pentacam  Kmean 

Sample size 33 33 
Arithmetic mean 46,8697 46,997 
Standard Deviation 1,2556 1,2682 
Paired sample t-test     

Mean difference   0,1273 
Test statistic t   0,952 
Two-tailed probability   P=0,3484 
Comparison of Kmean between Orbscan II and Pentacam   

Correlation coefficient r 0,8147   
Significance level P<0,0001   
95% Confidence interval for r 0,6545 to 0,9049   
  Orbscan II  Astigmatism Pentacam  Astigmatism 

Arithmetic mean 1,9727 1,9576 
Standard Deviation 0,9606 0,8151 
Paired sample t-test     
Mean difference   -0,01515 
Test statistic t   -0,121 
Two-tailed probability   P=0,9042 
Comparison of Astigmatism between 
Orbscan II and Pentacam 

    

Correlation coefficient r 0,685   
Significance level P<0,0001   
95% Confidence interval for r 0,4467 to 0,8325   
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Table 4. Stage 3 
 

  Orbscan II Kmean Pentacam  Kmean 

Sample size 67 67 
Arithmetic mean 50,3597 50,7388 
Standard Deviation 2,6142 3,0352 
Paired sample t-test     
Mean difference   0,3791 
Test statistic t   1,683 
Two-tailed probability   P=0,0971 
Comparison of Kmean between Orbscan II and Pentacam   
Correlation coefficient r 0,797   
Significance level P<0,0001   
95% Confidence interval for r 0,6868 to 0,8705   
  Orbscan II  Astigmatism Pentacam  Astigmatism 

Arithmetic mean 4,9343 3,3851 
Standard Deviation 1,2133 1,3213 
Paired sample t-test     
Mean difference   -1,5493 
Test statistic t   -8,11 
Two-tailed probability   P< 0,0001 
Comparison of Astigmatism 
between Orbscan II and Pentacam 

    

Correlation coefficient r 0,241   
Significance level P=0,0495   
95% Confidence interval for r 0,00079 to 0,4548   

 
Table 5. Stage 4 

 
  Orbscan II Kmean Pentacam  Kmean 

Sample size 10 10 
Arithmetic mean 54,21 56,04 
Standard Deviation 3,2614 3,0963 
Paired sample t-test     

Mean difference   1,83 
Test statistic t   3,262 
Two-tailed probability   P=0,0098 
Comparison of Kmean between Orbscan II and Pentacam   

Correlation coefficient r 0,8455   
Significance level P=0,0021   
95% Confidence interval for r 0,4617 to 0,9627   
  Orbscan II  Astigmatism Pentacam  Astigmatism 

Arithmetic mean 6,43 2,79 
Standard Deviation 0,9866 0,8252 
Paired sample t-test     
Mean difference   -3,64 
Test statistic t   -8,11 
Two-tailed probability   P< 0,0001 
Comparison of Astigmatism between 
Orbscan II and Pentacam 

    

Correlation coefficient r 0,3102   
Significance level P=0,3831   
95% Confidence interval for r - 0,3970 to 0,7863   
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Table 6. Iatrogenic keratoectasia after refractive surgery 
 

  Orbscan II Kmean Pentacam  Kmean 
Sample size 8 8 
Arithmetic mean 42,2375 41,8125 
Standard Deviation 1,1439 1,2833 
Paired sample t-test     
Mean difference   -0,425 
Test statistic t   -2,503 
Two-tailed probability   P=0,0408 
Comparison of Kmean between Orbscan II and Pentacam   
Correlation coefficient r 0,928   
Significance level P=0,0009   
95% Confidence interval for r 0,6455 to 0,9872   
  Orbscan II  Astigmatism Pentacam  Astigmatism 
Arithmetic mean 1,7875 1,45 
Standard Deviation 0,712 0,5338 
Paired sample t-test     
Mean difference   -0,3375 
Test statistic t   -1,915 
Two-tailed probability   P= 0,0970 
Comparison of Astigmatism between 
Orbscan II and Pentacam 

    

Correlation coefficient r 0,7154   
Significance level P=0,0460   
95% Confidence interval for r 0,02171 to 0,9441   

 

P=0.2461- P=0.9042- P<0,0001 - P<0,0001 - P= 
0,0970) besides stages 3 & 4 and their 
correlation is strong, Correlation coefficient 
(r=0.593- 0.7485- 0.685- 0.241- 0.3102- 0.7154). 
 

4. CONCLUSION 
 

The comparison between the two topographers 
showed that the differences between them 
considered statistically significant in the 
calculation of keratometric values of the corneal 
surface, when the two devises are related at 
different stages of keratoconus for Kmean, except 
stages 2 & 3 where the sample was larger than 
the other stages. The Correlation coefficient r is 
very strong between the two topographers in all 
stages (Correlation coefficient r ranged from 
0.9758 to 0.7970). For astigmatism the 
differences between them considered statistically 
significant with an exception at Iatrogenic 
keratoectasia. At stage 4 the largest difference 
between Orbscan IIz and Pentacam is identified 
(Mean Difference = -3.64) and there is no 
significant correlation between them, since 
Pentacam values are much lower than Orbscan 
IIz values. Statistic t Test were performed at all 
stages with high values (Test statistic t for each 
stage was: 2.225 / 2.239 / 0.952 / 1.683 / 3.262 / 
- 2.503, showing that the greater the magnitude 
of T, the greater the evidence against the null 

hypothesis meaning there is greater evidence 
that there is a significant difference). 

 
It should be noted that at all stages the Orbscan 
IIz measurements for astigmatism were closer to 
overall refraction values than the Pentacam 
measurements. In stage 4, the measurements of 
the Pentacam topographer were the ones that 
showed a big difference, reaching even 1/3 of the 
Orbscan IIz measurements and, consequently, of 
the overall refraction values. This may be due to 
incorrect estimates by the topographer due to the 
severe abnormalities and fluctuations of the 
corneal surface in the more advanced stages of 
keratoconus.  
  
The results of the study are similar with those of 
previous reports [46-53] that compared Orbscan-
II and Pentacam, finding differences between 
both devices suggesting that they are not 
interchangeable, although the Correlation 
coefficient r is very strong. This study present 
almost the same conclusion about the 
comparison of the two devices with previous 
studies [50-53]  The limitation in this study is the 
number of patient measured in every stage of 
keratoconus. In order to established a good 
correlation between the two devices the number 
of patients should be the same in every stage. 
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We could say that the performance of the 
keratometric topographers is satisfactory with 
both systems, however Orbscan II has an 
advantage and this is probably due to the 
combination of Placido disc and slit scanning 
technologies, which contributes to the improved 
topography imaging of the corneal curvature. 
Corneal topography is a valuable diagnostic tool 
for diagnosing subclinical keratoconus and for 
tracking the progression of the disease.  

 
CONSENT 
 
As per international standard informed and 
written participant consent has been collected 
and preserved by the authors. 

  
ETHICAL APPROVAL 
  
As per international standard written ethical 
permission has been collected and preserved by 
the author(s). 

  
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Krachmer JH, Feder RS, Belin MW. 

“Keratoconus and related noninflammatory 
corneal thinning disorders”. Surv 
Ophthalmol. 1984 Jan-Feb;28(4):293-322 

2. Ladan Espandar, Jay Meyer. Keratoconus: 
overview and update on treatment. Middle 
East Afr J Ophthalmol. 2010;17(1):15–20.  
DOI: 10.4103/0974-9233.61212 

3. Grzybowski A, McGhee CN. “The early 
history of keratoconus prior to 
Nottingham’s landmark 1854 treatise on 
conical cornea: A review”. Clin Exp 
Optom. 2013;96(2):140–145 

4. Rabinowitz YS. Keratoconus. Surv 
Ophthalmol. 1998;42:297–319. 

5. Kiely PM, Smith G, Carney LG, “The mean 
shape of the human cornea”, Optica Acta. 
1982;29(8):1027-1040. 

6. Vazirani J, Basu S. Keratoconus: Current 
perspectives. Clin Ophthalmol. 2013;7: 
2019- 30. 

7. Mas Tur V, MacGregor C, Jayaswal R, 
O'Brart D, Maycock N. A review of 
keratoconus: Diagnosis, pathophysiology, 
and genetics. Surv Ophthalmol. 2017; 
62(6):770-783 

8. Chang HY, Chodosh J. The genetics of 
keratoconus. Semin Ophthalmol. 2013,28 
(5-6):275-80.  

9. Tuft SJ, Hassan H, George S, Frazer DG, 
Willoughby CE, Liskova P. Keratoconus in 
18 pairs of twins”, Acta Ophthalmol. 2012, 
90(6):482-6. 

10. Karimian F, Aramesh S, Rabei HM, Javadi 
MA, Rafati N. Topographic evaluation of 
relatives of patients with keratoconus” 
Cornea. 2008;27:874–878. 

11. Aknin C, Allart JF, Rouland JF. “Unilateral 
keratoconus and mirror image in a pair of 
83 monozygotic twins. J Fr Ophtalmol. 
2007;30:899–902. 

12. Weed KH, MacEwen CJ, McGhee CN. The 
variable expression of keratoconus within 
monozygotic twins: Dundee University 
Scottish Keratoconus Study (DUSKS)”. 
Cont Lens Anterior Eye. 2006;29:123–126. 

13. Nielsen K, Hjortdal J, Pihlmann M, 
Corydon TJ. Update on the Keratoconus 
Genetics”. Acta Ophthalmol. 2013;291: 
106-13. 

14. Georgiou T, Funnell CL, Cassels- Brown 
A, O'Conor R. Influence of ethnic origin on 
the incidence of keratoconus and 
associated atopic disease in Asians and 
White Patients. 2004;18(4):379-83 

15. Loukovitis E, Sfakianakis K, et al. Genetic 
aspects of Keratoconus: A literature review 
exploring potential genetic contributions 
and possible genetic relationships with 
Comorbidities”. Ophthalmol Ther. 2018;7 
(2):263-292. 

16. McMonnies CW. Mechanisms of rubbing-
related corneal trauma in keratoconus. 
Cornea. 2009;28(6):607-15. 

17. Balasubramanian SA, Pye DC, Willcox 
MD. Effects of eye rubbing on the levels of   
protease, protease activity and cytokines in 
tears:  relevance in keratoconus. Clin Exp 
Optom. 2013;96:214-8. 

18. Lindsay RG, Bruce AS, Gutteridge IF. 
Keratoconus associated with continual eye 
rubbing due to punctal 
agenesis. Cornea. 2000;19(4):567-9 

19. Yeniad B, Alparslan N, Akarcay K. Eye 
rubbing as an apparent cause of recurrent 
keratoconus. Cornea. 2009;28(4):477-9. 

20. Kriszt A, et al. Segregation analysis 
suggests that keratoconus is a complex 
non-mendelian disease Acta Ophthalmol. 
2014;92:e562–e568 

21. Gomes JA, et al. Global consensus on 
keratoconus and ectatic 
diseases”. Cornea. 2015;34(4):359–369.  



 
 
 
 

Pateras and Koufala; OR, 13(1): 30-40, 2020; Article no.OR.58721 
 
 

 
39 

 

22. Kennedy RH, Bourne WM, Dyer JA. A 48-
year clinical and epidemiologic study of 
keratoconus. Am J Ophthalmol. 1986;101 
(3):267–273. 

23. Gordon-Shaag A, Millodot M, Shneor E, 
Liu Y. “The genetic and environmental 
factors for keratoconus”. Biomed Res 
Int. 2015;795738. 

24. Elder MJ. Leber congenital amaurosis and 
its association with keratoconus and 
keratoglobus”. J Pediatr Ophthalmol 
Strabismus. 1994;31(1):38-40. 

25. Kuo IC, Broman A, Pirouzmanesh A, Melia 
M, “Is there an association between 
diabetes and keratoconus?”, Ophthalmol. 
2006;113(2):184–190 

26. Somnath Ghosh, et al.  Effects of contact 
lens wearing on keratoconus: A confocal 
microscopy observation” Int J Ophthalmol. 
2017;10(2):228–234. 
DOI: 10.18240/ijo.2017.02.08 

27. M Romero-Jiménez, J Santodomingo-
Rubido, JS Wolffsohn, “Keratoconus: a 
review,” Contact Lens and Anterior Eye, 
vol. 33, no. 4, pp. 157–166, 2010. 

28. Downie LE, Lindsay RG. “Contact lens 
management of keratoconus”. Clin Exp 
Optom. 2015 Jul;98(4):299-311 

29. Konstantinos D. Andreanos, et al 
“Keratoconus Treatment Algorithm” 
Ophthalmol Ther. 2017;6(2):245–262. 

30. Belin MW, Duncan JK. Keratoconus: The 
ABCD Grading System. Klin Monbl 
Augenheilkd. 2016;233(6):701-7.  

31. Mohammad Naderan, et al. Keratoconus 
clinical findings according to different 
classifications. 2015, Cornea 34(9)  
DOI: 10.1097/ICO.0000000000000537 

32. Cavas-Martı´nez F, Bataille L, 
Ferna´ndezPacheco DG, Cañavate FJF, 
Alio´ JL. A new approach to keratoconus 
detection based on corneal 
morphogeometric analysis”. PLoS ONE. 
2017;12(9):e0184569.  
Available:https://doi.org/10.1371/journal. 
pone.0184569 

33. Zhonghao Ren, et al. Assessment of visual 
quality in eyes with forme fruste 
keratoconus and mild and moderate 
keratoconus based on optical quality 
analysis system II parameters. Journal of 
Ophthalmology; 2020. 
Article ID 7505016]  
Available:https://doi.org/10.1155/2020/750
5016 

34. Kanellopoulos AJ, Asimellis G. “Forme 
Fruste Keratoconus Imaging and 

Validation via Novel Multi-Spot Reflection 
Topography. Case Rep Ophthalmol. 2013; 
4(3):199-209. 

35. Available:http://www.precisionfamilyeyecar
e.com/types-of-keratoconus/ 

36. Cavas-Martínez F, De la Cruz Sánchez E, 
Nieto Martínez J, Fernández Cañavate FJ, 
Fernández-Pacheco DG. “Corneal 
topography in keratoconus: state of the 
art”. Eye Vis (Lond). 2016;3:5 

37. Duncan JK, Belin MW, Borgstrom M. 
“Assessing progression of keratoconus: 
novel tomographic determinants”. Eye Vis 
(Lond). 2016;3:6.  

38. Rio-Cristobal A, Martin R. “Corneal 
assessment technologies: current status”. 
Surv Ophthalmol. 2014;59(6):599-614 

39. Mohammad Reza Jafarinasab,  Ebrahim 
Shirzadeh, Sepehr Feizi, , Farid Karimian, 
Arash  Akaberi, Hosein  Hasanpour. 
Sensitivity and  specificity  of  posterior  
and anterior corneal elevation measured 
by Orbscan in Diagnosis of Clinical and 
Subclinical Keratoconus, J Ophthalmic Vis 
Res. 2015;10(1):10–15. 

40. Miháltz, Kata et al. “Evaluation of 
Keratometric, Pachymetric, and Elevation 
Parameters of Keratoconic Corneas 
With Pentacam” Cornea. 2009;28(9):976-
980.  
DOI: 10.1097/ICO.0b013e31819e34de 

41. Ugo de Sanctis, et al. Sensitivity and 
specificity of posterior corneal elevation 
measured by Pentacam in Discriminating 
Keratoconus/Subclinical Keratoconus” 
Ophthalmology. 2008;115:1534-1539. 

42. Kanellopoulos AJ, Asimellis G. 
Keratoconus management: Long-term 
stability of topography-guided 
normalization combined with high-fluence 
CXL stabilization” (the Athens Protocol). J 
Refract Surg. 2014;30(2):88-93. 

43. Lopes BT, Ramos IC, Dawson DG, Belin 
MW, Ambrósio R. “Detection of ectatic 
corneal diseases based on pentacam”. Z 
Med Phys. 2016;26(2):136-42. 

44. Binder PS, Lindstrom RL, Stulting RD, 
Donnenfeld E, Wu H, McDonnell P, et al. 
“Keratoconus and corneal ectasia after 
LASIK”. J Cataract Refract Surg. 2005;31 
(11):2035-8.   

45. Seiler T, Koufala K, Richter G. “Iatrogenic 
keratectasia after laser in situ 
keratomileusis”. J Refract Surg. 
1998;14(3):312-7 

46. Meyer JJ, Gokul A, Vellara HR, Prime Z, 
McGhee CN. “Repeatability and 



 
 
 
 

Pateras and Koufala; OR, 13(1): 30-40, 2020; Article no.OR.58721 
 
 

 
40 

 

agreement of Orbscan II, Pentacam HR, 
and Galilei tomography systems in corneas 
with keratoconus”. Am J Ophthalmol. 
2017;175:122-8.  

47. Quisling S, Sjoberg S, Zimmerman B, 
Goins K, Sutphin J. Comparison of 
Pentacam and Orbscan IIz on posterior 
curvature topography measurements in 
keratoconus eyes. Ophthalmology. 2006; 
113(9):1629-32. 

48. Haixia Zhao, et al. Corneal differences 
between healthy and subclinical patients 
assessed using two diferente corneal 
tomographers, Arq. Bras. Oftalmol. 2020; 
83(2). 

49. Núñez MX, Blanco C. Efficacy of Orbscan-
II and Pentacam topographers by a 
repeatability analysis when assessing 
elevation maps in candidates to refractive 
surgery. Biomedica. 2009;29(3):362-8. 

50. Alexandra Z Crawford, Dipika V 
Patel, Charles N, J McGhee. Comparison 
and Repeatability of Keratometric and 
Corneal Power Measurements Obtained 
by Orbscan II, Pentacam, and Galilei 
Corneal Tomography Systems” Am J 
Ophthalmol 2013;156(1):53-60.  

DOI: 10.1016/j.ajo.2013.01.029 
51. Mukesh Kumar, Rohit Shetty, Chaitra 

Jayadev, Harsha L Rao, Debarun Dutta 
“Repeatability and Agreement of Five 
Imaging Systems for Measuring Anterior 
Segment Parameters in Healthy Eyes” 
Indian J Ophthalmol. 2017;65(4):288-294.  
DOI: 10.4103/ijo.IJO_729_16 

52. Ali Mirzajani, Amir Asharlous, Parvin 
Kianpoor, Ebrahim Jafarzadehpur, 
Abbasali Yekta,c Mehdi Khabazkhoob, 
Hassan Hashemi. Repeatability of 
curvature measurements in central 
and paracentral corneal areas of 
keratoconus patients using Orbscan 
and Pentacam” J Curr Ophthalmol. 2019; 
31(4):382–386. 
DOI: 10.1016/j.joco.2018.12.005 

53. Zahra Tajbakhsh, Ramin Salouti, 
Mohammad H Nowroozzadeh, Mohammad 
Aghazadeh-Amiri, Seyedmehdi 
Tabatabaee, Mohammad Zamani 
Comparison of keratometry measurements  
sing the Pentacam HR, the Orbscan IIz, 
and the TMS-4 Topographer” Ophthalmic 
Physiol Opt. 2012;32(6):539-46.  
DOI: 10.1111/j.1475-1313.2012.00942.x 

_________________________________________________________________________________ 
© 2020 Pateras and Koufala; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/58721 


