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Introduction

Keratoconus is a progressive corneal disease characterized by 
central corneal thinning, high myopia, and irregular astigmatism. 
The incidence of keratoconus is approximately 1/2000 and 
its prevalence is 54.5/100,000. The disease is caused by both 
genetic and environmental factors.1,2,3,4 

In addition to clinical examination, various auxiliary 
instruments are used in the diagnosis of keratoconus. In 
the past, keratoconus was diagnosed using Placido-disc based 
topographers, which are only able to evaluate the anterior 
surface of the cornea. The development of the Scheimpflug 

camera system (Pentacam, Oculus Optikgerate GmbH, Wetzlar, 
Germany) also enabled evaluation of the posterior cornea surface. 
This device allowed the detection of early changes originating 
in the posterior cornea in clinically normal patients, which was 
a major breakthrough in the diagnosis and monitoring of the 
disease.5,6,7

Keratoconus is usually progressive and bilateral. Even if one 
eye is not affected initially, the fellow eye is eventually affected as 
well in the majority of patients. Holland et al.8 determined that 
50% of patients initially diagnosed with unilateral keratoconus 
also developed keratoconus in the apparently normal fellow eye. 
However, Imbornoni et al.9 emphasized that keratoconus was not 
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observed during long-term follow-up in any of the fellow eyes in 
a series of 5 cases. Therefore, different terms such as preclinical 
keratoconus, forme fruste keratoconus, and keratoconus suspect 
are used instead of unilateral keratoconus.5,10,11 Although 
different rates have been reported for unilateral keratoconus, the 
proportion generally ranges between 0.5% and 4.5%.8,12,13,14,15,16 
Various keratoconus studies have demonstrated abnormalities in 
the Pentacam data of fellow eyes considered unaffected.2,11,17,18,19

The aim of this study was to compare anterior segment 
parameters of the apparently normal fellow eyes of patients who 
presented to our center with unilateral keratoconus with those of 
keratoconus eyes and the eyes of healthy control subjects.

Materials and Methods

This study was carried out with the approval of the Ege 
University Faculty of Medicine Ethics Committee (129362). 
The medical data of patients with keratoconus who presented 
to the Cornea Unit of the Ege University Faculty of Medicine 
Department of Ophthalmology were retrospectively analyzed. 
Patients who had a history of trauma or corneal surgery for 
keratoconus and those from whom reliable measurements could 
not be obtained were not included in the study. In addition, 
patients who used contact lenses at time of presentation and 
those with a history of allergic conjunctivitis were excluded 
from the study. Of the remaining 919 patients, 31 patients 
(3.3%) who had been evaluated as having unilateral keratoconus 
at initial presentation were included in the study. The patients’ 
best corrected visual acuity, intraocular pressure measurements, 
and anterior and posterior segment examination findings were 
evaluated. In addition, the patients’ keratometric parameters, 
topometric parameters, posterior elevation, corneal pachymetry, 
and pachymetric index values obtained with Pentacam were 
analyzed. 

The eyes were divided into 3 groups: keratoconus eyes 
(Group 1, 31 eyes of 31 patients), fellow eyes considered 
clinically and topographically normal (Group 2, 31 eyes of 31 
patients), and the healthy right eyes of control subjects (Group 
3, 30 eyes of 30 patients). The Amsler-Krumeich classification 
was used when diagnosing keratoconus.20 According to this 
classification, stage 1 is defined as eccentric steepening, myopia 
and/or astigmatism <5 D, and/or central keratometry value 
<48 diopter (D); stage 2 involves myopia and/or astigmatism 
of 5-8 D, central keratometry value <53 D, and minimum 
corneal thickness >400 μm; stage 3 is defined as myopia and/
or astigmatism of 8-10 D, central keratometry value >53 D, 
and minimum corneal thickness 300-400 μm; and in stage 
4, refraction is not measurable, central keratometry value is 
>55 D, there is central corneal scarring and minimum corneal 
thickness is <200 microns. The groups were compared in terms 
of demographic and Pentacam (Oculus Optikgerate GmbH, 
Wetzlar, Germany) data. Measurements were repeated until a 
reliable measurement was obtained according to the Pentacam 
device’s software. Our analysis included the following Pentacam 
data: the anterior corneal surface keratometric parameters steep 

keratometry (Ks), flat keratometry (Kf), mean keratometry (Km), 
and the inferior-superior (I-S) difference at 4 mm; the topometric 
parameters index of surface variance (ISV), index of vertical 
asymmetry (IVA), keratoconus index (KI), central keratoconus 
index (CKI), index of height asymmetry (IHA), index of height 
decentration (IHD), and minimum radius (Rmin); and posterior 
elevation (PE), corneal thickness at the apex and the thinnest 
point (CCTapex, CCTmin), corneal volume (CV), and mean 
pachymetric progression index (PPI).

Statistical Analysis
Statistical analyses were done using the SPSS software 

package version 20 (IBM Corp., 2011). The Shapiro–Wilk 
test was used to test all parameters for normal distribution. 
Comparisons between groups were done with one-way ANOVA 
with post-hoc Bonferroni test. Chi-square test was used to 
compare demographic data. ROC curve analysis was done to 
determine the sensitivity and specificity of the parameters. A p 
value below 0.05 was considered statistically significant.

Results
Mean age was 30.07±11.00 (15-60) years in Groups 1/2 

and 32.33±9.30 (18-45) years in Group 3 (p=0.392) (Figure 1). 
The female to male ratio was 11/19 in Groups 1/2 and 16/14 in 
Group 3 (p=0.194).

Comparison of Pentacam data between Groups 1 and 2 
showed that Ks, Kf, Km, PE, I-S difference, ISV, IVA, KI, CKI, 
IHA, IHD, and PPI values were significantly higher in Group 1 
(p<0.05) (Table 1). In contrast, Rmin, CCTapex, and CCTmin 
were significantly lower in Group 1 (p<0.05), while CV was 
similar between the groups (p=0.383).  

In comparisons of Groups 1 and 3, Group 1 had significantly 
higher Ks, Kf, Km, PE, I-S difference, ISV, IVA, KI, CKI, 
IHA, IHD, and PPI (p<0.001) and significantly slower Rmin, 
CCTapex, and CCTmin (p<0.001). CV was also significantly 
lower in Group 1 than in Group 3 (p=0.009). 

Comparisons of Groups 2 and 3 revealed similar Ks, Kf, 
Km, and PE (p=0.139, 0.473, and 0.239, respectively). The 
other analyzed parameters (I-S difference, ISV, IVA, KI, CKI, 
IHA, IHD, PPI, Rmin, CCTapex, CCTmin, and CV) all differed 
significantly between the two groups (p<0.05).

Figure 1. Age distribution curves of the groups

Keratoconus group
Control group
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In ROC curve analysis to identify parameters that could be 
used to differentiate Groups 2 and 3, the parameters with the 
largest areas under the curve (AUC) were ISV (threshold 18.50, 
AUC=0.88) and I-S (threshold 1.25, AUC=0.84). In addition, 
PPI, IHA, and CCTdiff, which is the difference between 
CCTapex and CCTmin, also had significantly high AUC values 

(Table 2, Figure 2). ROC curve analysis between the eyes in 
Groups 1 and 2 aimed to differentiate the apparently normal 
fellow eyes in Group 2 from keratoconus eyes and showed that 
CCTapex, CCTmin, PE, and Rmin had high sensitivity and 
specificity in the differentiation of Group 2 from Group 1 (Table 
3 and Figure 3).
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Table 1. Mean values of anterior segment parameters and comparisons between groups

Group 1 Group 2 Group 3
Group 1 vs. 
Group 2

Group 1 vs. 
Group 3

Group 2 vs. 
Group 3

Mean ± Standard deviation
(minimum-maximum)

p value

Anterior corneal surface keratometry indexes

Ks
50.89±6.07
(42.3-67.1)

44.54±1.59
(41.3-47.2)

43.97±1.50
(41.5-46.3)

<0.001 <0.001 0.139

Kf
47.13±4.92
(39.6-61)

43.32±1.64
(40.2-45.8)

43.03±1.47
(40.4-45.3)

<0.001 <0.001 0.473

Km
48.92±5.41
(42.1-64.1)

43.91±1.53
(41-46.1)

43.49±1.46
(41.1-45.7)

<0.001 <0.001 0.239

I-S
6.85±6.40
(-11.8-20.40)

1.53±1.05
-1.33-3.67

0.30±0.80
-1.13-2.23

<0.001 <0.001 <0.001

Topometric indexes

ISV
80.90±43.87
(23-175)

24.6±11.0
(15-76)

16.00±5.00
(9-36)

<0.001 <0.001 <0.001

IVA
0.78±0.47
(0.09-1.97)

0.23±0.08
(0.09-0.51)

0.13±0.06
(0.04-0.33)

<0.001 <0.001 <0.001

KI
1.21±0.17
(0.87-1.66)

1.05±0.02
(1-1.10)

1.02±0.02
(0.98-1.06)

<0.001 <0.001 <0.001

CKI
1.06±0.05
(1-1.19)

1.00±0.01
(0.99-1.09)

0.99±0.006
(0.98-1.01)

<0.001 <0.001 0.021

IHA
31.26±30.71
(2.60-130.9)

8.51±5.82
(0.5-21.10)

3.58±3.59
(0.10-14.9)

<0.001 <0.001 <0.001

IHD
0.09±0.08
(0.004-0.323)

0.02±0.01
(0.006-0.07)

0.008±0.005
(0.001-0.03)

<0.001 <0.001 <0.001

Rmin
6.20±0.86
(4.45-7.59)

7.35±0.39
(5.94-7.94)

7.57±0.28
(7.16-8.09)

<0.001 <0.001 0.021

Posterior elevation (PE)

PE
29.35±17.64
(-12.00-66.00)

6.57±4.45
(-2.00-15.00)

6.39±0.25
(5.91-6.88)

<0.001 <0.001 0.439

Corneal thickness parameters

Apex
491.63±38.95
(401-580)

520.5±22.58
(461-560)

558.37±31.98
(514-624)

<0.001 <0.001 <0.001

Minimum
465.77±45.66
(356-545)

514.1±23.65
(445-557)

556.33±31.50
(510-619)

<0.001 <0.001 <0.001

Corneal volume
58.67±3.30
(52.4-66.3)

59.29±3.15
(54.9-64.10)

61.62±4.35
(55.30-71.70)

0.383 0.009 0.031

Mean pachymetric progression index

PPI
2.23±1.21
(0.90-5.40)

1.17±0.20
(0.80-1.80)

0.93±0.15
(0.50-1.20)

<0.001 <0.001 <0.001

Ks: Steep keratometry, Kf: Flat keratometry, Km: Mean keratometry, I-S: Inferior-superior difference at 4 mm, 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, Rmin: Minimum radius, PE: Posterior elevation, PPI: Pachymetric progression index 
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Discussion

Keratoconus is a chronic, usually bilateral, non-inflammatory 
corneal ectasia.1 The corneal thinning seen in keratoconus is 
not central, but usually occurs in the inferonasal region. The 
Pentacam has a key role in the early diagnosis and monitoring 
of keratoconus due to its ability to evaluate the anterior and 
posterior corneal surfaces together. Abnormalities emerge in the 
posterior surface of the cornea in early keratoconus. Therefore, 
development of the Pentacam led to a significant increase in 
diagnostic sensitivity in keratoconus.1,2,4 

In this study, we attempted to identify differences between 
the apparently normal fellow eyes of patients with unilateral 
keratoconus and the patients’ keratoconus eyes and the healthy 
eyes of controls. Comparison of Pentacam data revealed significant 
differences between Groups 1 and 2 in all parameters except CV. 
Çağıl et al.21 compared CV in keratoconus patients, subclinical 
keratoconus patients, and normal control subjects and showed 
that this parameter is helpful in distinguishing keratoconus eyes 
from normal eyes but not in differentiating between keratoconus 
and subclinical keratoconus. In their study of patients with 
keratoconus, Emre et al.22 found that CV decreased with disease 

Table 2. ROC curve analysis for discriminating normal fellow eyes of unilateral keratoconus patients from eyes of the control 
group

Parameter AUC SD p value Threshold value Sensitivity Specificity

CCTdiff 0.79 0.05 <0.001 2.50 0.70 0.70

Mean Pi 0.79 0.06 <0.001 1.05 0.60 0.83

ISV 0.88 0.04 <0.001 18.50 0.80 0.80

IHA 0.77 0.06 <0.001 4 0.80 0.63

I-S 0.84 0.06 <0.001 1.25 0.60 0.90

AUC: Area under the curve, SD: Standard deviation, CCTdiff: Central corneal thickness difference, PI: Progression index, ISV: Index of surface variance, IHA: Index of height asymmetry, I-S: 
Inferior-superior difference at 4 mm 

Figure 2. ROC curve between normal fellow eyes of keratoconus patients and 
healthy controls
I-S: Inferior-superior, IHA: Index of height asymmetry, ISV: Index of surface variance, CCT: 
Central corneal thickness
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Figure 3. ROC curve between the keratoconus eyes and normal fellow eyes of 
keratoconus patients
CCT: Central corneal thickness, PE: Posterior elevation, Rmin: Minimum radius
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Table 3. ROC curve analysis for discrimination of the keratoconus eyes and normal fellow eyes of patients with unilateral 
keratoconus

Parameter AUC SD p value Threshold value Sensitivity Specificity

CCTapex 0.77 0.06 <0.001 502.5 0.83 0.70

CTmin 0.85 0.05 <0.001 491.5 0.87 0.73

PE 0.63 0.07 0.04 6.01 0.50 0.77

Rmin 0.84 0.05 <0.001 6.93 0.96 0.63

AUC: Area under the curve, SD: Standard deviation, CCTapex: Central corneal thickness at the apex, CTmin: Minimum corneal thickness, PE: Posterior elevation, Rmin: Minimum radius
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progression. The results of our study also support these data. We 
found that the keratoconus eyes in Group 1 differed significantly 
from the eyes in Groups 2 and 3. We also determined that the 
Pentacam data of the eyes in Group 2 were statistically closer 
to the results in Group 3, especially in terms of keratometry 
readings. In another study on this subject, Bae et al.17 compared 
the affected and unaffected eyes of patients with keratoconus and 
reported a significant difference, with normal fellow eyes being 
more similar to the eyes of healthy volunteers. Hashemi et al.23 
found that the normal fellow eyes of patients with keratoconus 
were not significantly different in terms of average keratometry 
values, but did show significant differences in topometric 
indexes. These findings are consistent with the data obtained 
in the current study. These results may be due to evaluating the 
patients’ fellow eyes before emergence of the disease or to the 
patients having true unilateral keratoconus. However, in contrast 
to these studies, Muftuoglu et al.11 found that the fellow eyes 
of patients with keratoconus were significantly different from 
healthy controls. Further studies are needed to be able to clearly 
differentiate these eyes. 

In this study, we also performed ROC curve analysis to 
enable the discrimination of clinically unaffected fellow eyes of 
keratoconus patients from keratoconus eyes and eyes of healthy 
subjects. According to our results, CCTdiff, PPI, ISV, IHA, and 
I-S showed high sensitivity and specificity for distinguishing 
Group 2 from Group 3, while CCTapex, CCTmin, PE, and Rmin 
values showed high sensitivity and specificity for differentiating 
between Group 2 and Group 1. In their study, Muftuoglu et 
al.11 found that I-S and PPI had high sensitivity and specificity 
for discriminating keratoconus patients from healthy controls. 
Bae et al.17 mentioned the importance of I-S and PE in 
evaluating the fellow eyes of patients with keratoconus in their 
study, while Mihaltz et al.24 emphasized that PE was the most 
sensitive parameter for diagnosing keratoconus. Hashemi et al.23 
reported that in addition to pachymetric indices, IVA and ISV 
showed high accuracy rates in identifying cases of subclinical 
keratoconus. The results obtained in the present study are also 
consistent with the aforementioned studies. However, none of 
these values alone is sufficient for the diagnosis or discrimination 
of keratoconus. Combining them with other clinical data may 
increase their diagnostic value.

Study Limitations
Limitations of this study include its retrospective nature, the 

limited number of subjects, and the fact that conclusions were 
based solely on measurements made at the time of presentation.  

Conclusion

To summarize, the results of this study indicate that although 
the fellow eyes of patients diagnosed with unilateral keratoconus 
did not exhibit measurement anomalies great enough to be 
considered keratoconic at the time of diagnosis, they were also 
not completely normal. However, based on the data obtained, it 
does not seem possible to diagnose these eyes with keratoconus 
using available diagnostic tests. In patients with unilateral 

keratoconus, it is particularly important to monitor fellow 
eyes evaluated as normal at presentation for development of 
keratoconus in the long term and to advise patients to avoid 
mechanical trauma. 
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