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IntroductIon
Keratoconus (KCN) is a bilateral noninflammatory ectatic 
corneal disorder characterized by asymmetry in corneal 
pachymetry and corneal thinning, increased curvature, and 
the development of irregular astigmatism.1,2 Because KCN 
is a common implication for corneal transplantation,3 a 
comprehensive corneal assessment is important in the timely 
diagnosis and management of the disease. Corneal thickness 

is considered an important parameter in KCN diagnosis,2 
and accurate corneal thickness measurement at the central 
(CCT) and thinnest points is important for refractive surgery 
screening.4 This parameter associated with peripheral 
corneal thickness is important for corneal cross-linking and 
intrastromal corneal ring implantation in KCN management.5

There are different methods to measure corneal thickness, 
including ultrasound pachymetry,6 confocal microscopy,7 and slit 
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scanning, Scheimpflug tomography.8,9 The first two are contact 
methods that measure CCT at certain points and are associated 
with a possible risk of infection transmission.10 In addition, their 
precision is operator dependent and measurements may not 
be accurate if the probe is not positioned accurately.11 Corneal 
thickness measurement using tomography imaging systems is 
preferred to other methods because they can provide a thickness 
map of the cornea to assess the normality of the thickness map 
pattern; however, these devices still have some disadvantages such 
as resolution limitation, which may lead to underestimation of the 
corneal thickness, especially in the postrefractive assessments.12 
In addition, in advanced KCN cases, these devices may fail to 
provide acceptable maps due to the extensive irregularity of 
the corneal surface and difficulty in the fixation of KCN eyes.13 
Furthermore, they can hardly differentiate corneal irregularity 
caused by tear film problems or corneal scars from true KCN.14

Today, anterior segment optical coherence tomography 
(AS-OCT) can assess the anterior and posterior corneal surfaces 
with a high resolution (HR) based on the reflectivity difference in 
tissues using time-domain and spectral-domain (SD) methods. 
The SD method, also known as Fourier-domain, provides 
higher resolution images at a higher scanning speed and has 
a deeper penetration into the tissue15 so that corneal thickness 
measurement using this method may provide information that 
is not available by tomography technique alone.

Previous studies measured the corneal thickness using different 
AS-OCT devices;11,16,17 however, the exact distribution of 
corneal thickness along different meridians and the diagnostic 
ability of OCT parameters in differentiating on KCN from 
normal eyes have been rarely reported.

The purpose of this study was to evaluate the distribution 
pattern of total corneal thickness and determine the diagnostic 
ability of different corneal pachymetric parameters using a HR 
SD-OCT for distinguishing KCN from normal eyes.

Methods
This diagnostic test study was a part of a prospective study 
conducted between February 20 and December 21, 2018, 
at Noor Eye Hospital. The research project was approved 
by the Ethics Committee of Tehran University of Medical 
Sciences (code: IR.TUMS.VCR.REC.1396.4815). All stages 
of the current study were conducted according to the principles 
of the Declaration of Helsinki. The objectives of this study 
were explained to the participants, and informed consent was 
obtained before the study. Participants were recruited from 
patients referred to the KCN clinic and those referred to the 
refractive surgery unit. If both eyes were eligible for inclusion, 
one eye was randomly selected.

All patients underwent complete ocular examinations including 
the measurement of corrected distance visual acuity using 
a Snellen chart, refractive assessment using retinoscopy by 
a Heine Streak Retinoscope, slit-lamp biomicroscopy, and 
fundoscopy. The anterior and posterior corneal surfaces were 

assessed using the Scheimpflug tomography by Pentacam 
HR (Oculus, Wetzlar, Germany) and AS-OCT technique using 
HR SD-OCT (Spectralis, Heidelberg Engineering, Heidelberg, 
Germany; software version 3.1.0.55).

Diagnosis of KCN was based on the presence of scissoring 
reflex on retinoscopy, and at least one of the following slit-lamp 
signs including the Fleischer ring, Vogt striae, apical thinning, 
Munson’s sign, Rizutti’s sign, and the presence of abnormal 
topographic criteria using the Pentacam including a skewed 
asymmetric bow tie or inferior steepening or a claw pattern, 
SRAX >21°, anterior Kmax >49.0 diopter (D) or inferior-superior 
(I-S) value >1.9 D.1,18 Patients were assigned by an experienced 
corneal specialist with more than 10 years of experience.

The severity of KCN was classified based on Pentacam 
Topographic KCN Classification (TKC). TKC provides four 
grades (I–IV) for KCN classification. In some intermediate 
grades (e.g., III–VI), lower values were documented. The 
KCN Group 1 (G1) corresponded to Grade I, and the KCN 
Group 2 (G2) corresponded to Grades II–VI.

The normal group was selected from refractive surgery 
candidates who had a normal clinical examination based on 
retinoscopy and slit-lamp biomicroscopy, and no abnormal 
topographic criteria.1,18

The exclusion criteria were any history of ocular surgery, 
corneal cross-linking, ring implantation, corneal hydrops, 
corneal scar, any systemic diseases affecting the eyes, and 
signs and symptoms of dry eye. The patients with a history 
of contact lens wear in the past 4 weeks were also excluded.

Spectralis anterior segment module provides HR images (axial 
and transverse resolutions 3.9 and 14 μm, respectively) at a 
high scanning speed per second (40,000 A-scans/s) and can 
display the corneal thickness in detail.19,20 Moreover, this 
module provides angle-to-angle images for precise assessment 
of the corneal angles and scleral structure. During the imaging, 
patients were asked to fixate on a blue light target and blink 
at intervals between measurements to avoid dry eye. After 
proper fixation, an average of three measurements was taken 
in vertical, horizontal, and diagonal meridians were recorded. 
After imaging, the total corneal thickness was measured in 8 
semi-meridians at 45° intervals in two zones of 5 and 7 mm 
centered on the corneal geometric center. Horizontal scans 
were used to measure along the nasal (0°) and temporal (180°) 
semi-meridians, vertical scans were applied to measure along 
with the superior (90°) and inferior (270°) semi-meridians, 
and diagonal scans were used to measure along the 
supranasal (45°), infratemporal (225°), supratemporal (135°), 
and infranasal (315°) semi-meridians [Figures 1 and 2].

Moreover, the mean absolute CCT was calculated in 
semi-meridians in the geometric center of the cornea 
and recorded in the center of the annular rings. Then, 
the indices of focal thinning including minimum (Min) 
thickness, the difference between the minimum and median 
thickness (Min-Med), and the difference between the minimum 
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and maximum thickness (Min-Max) were calculated for all 
measurement points. Corneal asymmetry indices including 
the difference between the mean thickness of the inferior and 
superior octants of the cornea (I-S), the difference between the 
mean thickness of supranasal and infratemporal octants of the 
cornea (supranasal-infratemporal [SN-IT]) were calculated for 
both 5 mm and 7 mm zones. For evaluation of the intraobserver 
repeatability test, all measurements were repeated 2 weeks 
apart by the same observer who was blind to the grouping of the 
cases. Because the corneal epithelium was not distinguishable 
from the tear film in some cases, for better interpretation and 
comparison of the results, the tear film (the first hyperreflective 
layer) was included in the thickness measurements (the tear 
film thickness is about 3–6 μ).21 All imaging techniques were 
performed in a dark room between 9 am and 5 pm by an 
experienced operator to avoid any bias.

SPSS 23 software (IBM Inc., New York, NY, USA) was used 
for statistical analyses. The normality of data was assessed 
using the Kolmogorov–Smirnov test. Descriptive statistics 
including mean, standard deviation, and range of corneal 
thickness were calculated for each semi-meridian in two 5 and 
7 mm zones in both groups. The mean values of the variables 
were compared between the two groups using the independent 
t-test. A P < 0.05 was considered statistically significant. 
A receiver operating characteristic (ROC) curve analysis was 
performed for all variables to determine the area under the ROC 
curve (AUC) to evaluate the accuracy of different variables. 

The Youden index was applied to calculate the optimum cut-off 
value. To compare the diagnostic ability of each parameters, 
sensitivity (true positive/[true positive + false negative]) and 
specificity (true negative/[true negative + false positive]) 
were reported for all variables. The intraclass correlation 
coefficient (ICC) was performed to assess the reliability of 
the repeated measurements. An ICC > 0.80 was considered 
excellent repeatability.19

results
A total of 144 eyes (55 normal, 45 mild KCN, and 44 
moderate-to-severe KCN eyes) were included in the study. 
KCN groups included 45 eyes (50.56%) with Grade I (G1), 
27 eyes (30.33%) with Grade II, and 17 eyes (19.11%) with 
Grade III (G2) KCN. Females accounted for 58.2% of normals, 
whereas 62.9% of the patients with KCN (G1 and G2) were 
male. The demographic characteristics of the participants are 
summarized in Table 1, and the mean values of pachymetric 
parameters are presented in Table 2.

The cornea was thinner in the center and became thicker toward 
the periphery; corneal pachymetric indices were thinner in 
5 mm zone compared to 7 mm zone (P < 0.001). The mean CCT 
was 558.49 ± 37.59, 512.24 ± 32.93, and 486.02 ± 43.38 μm 
in normal, G1 and G2 KCN eyes, respectively (P < 0.001). 
Evaluation of the total corneal thickness indices in both 5 and 
7 mm zones showed that all parameters were significantly 
thinner in KCN eyes (P < 0.001). The mean thickness was 
thinner in inferior and temporal semi-meridians compared to 
superior and nasal semi-meridians at 5 mm and 7 mm zones 
in all groups. In KCN groups, the thinnest pachymetric values 
were found in the inferior and IT semi-meridians, and the 
thickest corneal area was seen in the superior semi-meridian 
in both diameter zones.

Evaluation of the corneal focal thinning and asymmetric 
parameters showed lower Min thickness, greater I-S and SN-IT 
at 5 and 7 mm, and more negative Min-Max and Min-Med 
in the KCN eyes compared to the control group (P < 0.001); 
however, corneal asymmetric parameters were higher in 5 mm 

Figure 2: Sector map shows mean pachymetry in each zone in normal and keratoconus eyes (I: Inferior, S: Superior, T: Temporal, N: Nasal, IN: Infranasal, 
IT: Infratemporal, SN: Supranasal, ST: Supratemporal)

Figure 1: Cross‑sectional optical coherence tomography images in all 
eight meridians in the keratoconus eye
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zone than the 7 mm zone in KCN group (P < 0.001). The total 
and central corneal thickness (CCT) measurements showed 
excellent reliability in all groups (ICC >0.80).

The ROC curve analysis is shown in Table 3. The highest 
discriminative ability was found for CCT in G1 (AUC 0.822, 
sensitivity 87.0%, and specificity 60.37%) and G2 (AUC 0.902, 
sensitivity 87.82%, and specificity 73.08%), followed by the 
Min-Med index in G1 (AUC 0.805, sensitivity 82.93%, and 
specificity 66.0%) and G2 (AUC 0.892, sensitivity 85.37%, 

and specificity 78.85%). The inferior and IT semi-meridians 
had the highest AUCs compared to other sectors in both 5 mm 
and 7 mm zones [Table 3]. ROC curves of thickness parameters 
with the highest diagnostic ability are demonstrated in Figure 3.

dIscussIon
Regarding thickness parameters in normal eyes, the mean CCT 
in the current study (558.49 ± 37.59 μm) was close to the value 

Table 1: Demographic characteristics of study groups

Variables Mean±SD (range) P (ANOVA)

Normal (n=55) KCN G1 (n=45) KCN G2 (n=44) Total (n=144)
Age 31.07±7.06 (19-49) 32.66±4.70 (25-47) 31.68±5.97 (24-46) 31.81±6.02 (19-49) 0.493
Sphere (D) −2.44±2.27 (−6.00 - +8.00) −1.92±1.95 (−6.75 - +1.00) −2.81±3.53 (−13.50 - +3.75) −2.41±2.62 (−13.5 - +8.00) 0.271
Cylinder (D) −1.73±1.68 (0.00 - −7.25) −2.42±1.55 (0.00 - − 8.50) −3.69±1.99 (−0.75 - − 10.75) −2.48±1.88 (0.00 - −10.75) <0.001
CDVA, logMAR 0.01±0.05 (0.00 - +0.30) 0.13±0.19 (0.10 - + 0.70) 0.37±0.19 (0.10 - +0.80) 0.16±0.21 (0.00 - +0.80) <0.001
**The significant variables highlighted (ANOVA). ANOVA: Analysis of variance, SD: Standard deviation, KCN: Keratoconus, KCN G1: Mild KCN 
group, KCN G2: Moderate and severe KCN groups, D: Diopter, CDVA: Corrected distance visual acuity

Table 2: Mean and standard deviation of corneal thickness parameters separately in normal and keratoconus eyes

Variable (µm) Mean±SD (range) P 
(ANOVA)

P (normal 
versus G1)

P (normal 
versus G2)Normal (n=55) KCN G1 (n=45) KCN G2 (n=44)

Central corneal thickness 558.49±37.59 (473-689) 512.24±32.93 (439-583) 486.02±43.38 (413-641) <0.001 <0.001 <0.001
Minimum thickness 531.88±40.29 (443-662) 485.73±30.98 (413-556) 461.87±42.78 (383-617) <0.001 <0.001 <0.001
Minimum-median 
thickness

−39.03±9.97 (−75 - −19) −50.23±13.73 (−97 - −24) −66.18±19.83 (−102 - −22) <0.001 0.001 <0.001

Minimum-maximum 
thickness

−98.50±19.22 (−138 - −62) −113±26.78 (−201 - −69) −124.26±26.38 (−189 - −77) <0.001 0.007 <0.001

Total corneal thickness 
(5 mm)

S 585.03±40.08 (500-659) 559.19±39.57 (451-648) 555.95±45.27 (450-681) <0.001 0.010 0.003
I 564.81±39.08 (488-669) 518.73±35.68 (430-585) 501.92±48.81 (414-661) <0.001 <0.001 <0.001
N 569.00±40.25 (499-645) 537.04±32.93 (444-605) 538.43±44.22 (451-675) <0.001 <0.001 0.001
T 552.56±36.49 (459-639) 519.46±35.28 (423-592) 513.07±44.89 (431-660) <0.001 <0.001 <0.001
SN 580.33±37.27 (511-657) 551.36±35.45 (456-625) 553.07±46.55 (469-694) <0.001 0.002 0.004
IT 552.50±38.81 (472-629) 509.0±34.42 (433-577) 494.0±44.81 (406-619) <0.001 <0.001 <0.001
ST 571.62±36.75 (480-642) 545.85±34.54 (438-618) 541.21±44.84 (453-677) <0.001 0.005 0.001
IN 566.81±38.71 (566-659) 529.56±33.09 (450-606) 525.19±44.63 (432-657) <0.001 <0.001 <0.001
I-S −19.62±20.74 (−75-29) −37.17±35.82 (−131-91) −52.90±33.85 (−124-11) <0.001 0.017 <0.001
SN-IT 28.00±24.22 (−53-79) 46.41±26.65 (−2-138) 62.27±32.42 (−8-138) <0.001 0.005 <0.001

Total corneal thickness 
(7 mm)

S 638.09±42.20 (564-724) 613.02±43.07 (489-687) 603.26±47.08 (507-721) 0.001 0.021 0.001
I 608.28±43.91 (528-717) 557.53±36.66 (458-629) 558.07±46.90 (477-706) <0.001 <0.001 <0.001
N 610.05±47.71 (511-713) 578.17±34.20 (490-665) 577.48±42.59 (481-709) <0.001 0.001 0.001
T 586.84±40.80 (490-684) 567.21±37.78 (465-636) 553.14±42.55 (475-672) <0.001 0.002 <0.001
SN 624.71±41.72 (520-713) 597.09±40.04 (489-687) 590.60±49.21 (487-731) <0.001 0.009 <0.001
IT 588.52±41.46 (520-679) 548.56±35.17 (465-625) 542.30±42.18 (462-636) <0.001 <0.001 <0.001
ST 607.43±45.68 (519-694) 580.46±39.82 (482-672) 576.68±42.97 (492-706) 0.001 0.010 0.002
IN 607.20±43.47 (517-710) 573.41±33.34 (481-660) 576.07±43.33 (474-697) <0.001 <0.001 0.001
I-S −29.81±27.89 (−99-35) −44.29±31.34 (−126-24) −43.92±32.10 (−111-24) 0.030 0.069 0.080
SN-IT 35.25±30.68 (−41-100) 49.36±25.15 (−13-112) 50.87±38.77 (−48-137) 0.034 0.107 0.064

**The significant variables highlighted (ANOVA, Bonferroni). ANOVA: Analysis of variance, SD: Standard deviation, KCN: Keratoconus, 
KCN G1: Mild KCN group, KCN G2: Moderate and sever KCN groups, S: Superior, I: Inferior, N: Nasal, T: Temporal, SN: Supranasal, IT: Infratemporal, 
ST: Supratemporal, IN: Infranasal, I-S: Inferior-superior, SN-IT: Supranasal-infratemporal
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reported by López de la Fuente et al.19 (555.5 ± 29.64 μm) using 
the same technique but higher than the value reported by Catalan 
et al.22 (537.6 ± 30.66 μm). Moreover, the values of focal thinning 
and asymmetric parameters in the normal group were larger than 
the results of a study by Kanellopoulos and Asimellis23 using the 
RTVue OCT in normal corneas. It seems that differences in the 
results are due to different measurement techniques.

In the present study, the measured thickness parameters in 
KCN eyes for CCT, Min thickness, Min-Med, and Min-Max 
were larger than the results of a study reported by Catalan 
et al.22 and Kanellopoulos et al.23 However, evaluation of 
corneal asymmetry indices showed lower values of I-S and 
SN-IT at 5 mm zone in the KCN group compared to Temstet 
et al.’s24 study reports, which could be due to the differences 

Table 3: The result of receiver operating characteristics analysis to differentiate eyes with keratoconus from normal eyes

Variable (µm) Normal versus KCN G1 Normal versus KCN G2

AUC (95% CI) Cut‑off Sensitivity Specificity AUC (95% CI) Cut‑off Sensitivity Specificity
Central corneal thickness 0.822 (0.730-0.893) ≤520 87.80 60.37 0.902 (0.826-0.956) ≤508 87.82 73.08
Minimum thickness 0.759 (0.660-0.842) ≤516 51.22 88.68 0.865 (0.782-0.929) ≤497 56.34 96.50
Minimum–median thickness 0.805 (0.711-0.880) ≤−40 82.93 66.0 0.892 (0.813-0.948) ≤−45 85.67 78.85
Minimum–maximum thickness 0.679 (0.575-0.772) ≤−123 41.46 88.68 0.779 (0.678-0.856) ≤−106 80.5 61.5
Total corneal thickness (5 mm)

S 0.685 (0.581-0.777) ≤565 63.40 77.70 0.701 (0.605-0.798) ≤560 56.1 76.92
I 0.793 (0.697-0.870) ≤542 80.49 64.15 0.862 (0.779-0.928) ≤529 75.6 86.5
N 0.721 (0.619-0.808) ≤552 75.60 66.04 0.704 (0.607-0.800) ≤547 68.3 73.1
T 0.742 (0.641-0.826) ≤724 58.5 79.2 0.768 (0.675-0.854) ≤530 65.9 75.0
SN 0.708 (0.606-0.798) ≤577 82.9 56.6 0.697 (0.593-0.789) ≤565 67.5 67.3
IT 0.789 (0.692-0.866) ≤540 80.41 60.38 0.855 (0.766-0.920) ≤518 77.5 84.62
ST 0.699 (0.597-0.791) ≤548 56.10 77.36 0.773 (0.626-0.815) ≤539 58.5 70.1
IN 0.764 (0.666-0.846) ≤547 75.61 67.9 0.776 (0.678-0.856) ≤527 63.41 88.46
I-S 0.694 (0.593-0.787) ≤−40 48.78 86.80 0.807 (0.701-0.873) ≤−41 68.50 86.54
SN-IT 0.694 (0.590-0.785) >37 63.4 67.3 0.80 (0.706-0.879) >42 77.50 74.50

Total corneal thickness (7 mm)
S 0.647 (0.538-0.740) ≤632 73.2 52.8 0.717 (0.614-0.805) ≤642 80.0 53.66
I 0.758 (0.658-0.840) ≤592 80.0 56.98 0.799 (0.709-0.879) ≤595 85.2 59.62
N 0.693 (0.589-0.784) ≤608 80.0 47.17 0.704 (0.600-0.794) ≤609 82.93 46.2
T 0.707 (0.604-0.796) ≤548 46.3 88.8 0.738 (0.637-0.824) ≤541 46.3 92.3
SN 0.686 (0.582-0.778) ≤625 79.9 52.8 0.724 (0.622-0.812) ≤624 85.4 53.8
IT 0.746 (0.646-0.830) ≤578 80.4 54.72 0.772 (0.680-0.859) ≤585 85.3 53.8
ST 0.671 (0.566-0.764) ≤608 78 56 0.708 (0.605-0.798) ≤608 85.4 57.7
IN 0.731 (0.566-0.764) ≤577 63.4 75.5 0.716 (0.607-0.800) ≤575 58.5 78.8
I-S 0.640 (0.536-0.738) ≤−53.4 41.46 80.0 0.636 (0.519-0.724) ≤−22 78.0 45.0
SN-IT 0.633 (0.526-0.730) >28 80.11 44.24 0.640 (0.533-0.738) >43 65.0 60.78

**The highest AUCs highlighted. AUC: Area under the receiver operating characteristic curve, CI: Confidence interval, KCN: Keratoconus, 
KCN G1: Mild KCN group, KCN G2: Moderate and sever KCN groups, S: Superior, I: Inferior, N: Nasal, T: Temporal, SN: Supranasal, IT: Infratemporal, 
ST: Supratemporal, IN: Infranasal, I-S: Inferior-superior, SN-IT: Supranasal-infratemporal

Figure 3: Comparison of parameters with the highest area under the receiver operating characteristic curve to differentiate mild (a), and 
moderate‑to‑severe (b) keratoconus from normal eyes (CCT: Central corneal thickness, Min‑Med: Minimum‑median thickness, IT: Infratemporal)

a b
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in the severity of KCN in different populations. However, 
it is noteworthy that in recent studies, these parameters had 
significantly larger mean differences in KCN versus normal 
eyes.

In general, higher mean thickness values in the present study 
compared to some previous studies that used other methods 
of corneal thickness measurement may probably be due to 
including the tear film in the thickness measurement. In the 
presence of corneal ectasia, especially in severe KCN cases, it 
is not possible to differentiate the precorneal tear film (PTF) of 
the epithelium layer. Therefore, in the current study, tear film 
was included in corneal thickness components to enhance the 
accuracy of the measurement. Including PTF in measurements 
has a low coefficient of variation and high intraobserver 
repeatability and interobserver reproducibility. 19 The present 
study also showed high repeatability in measuring the total 
corneal thickness.

Few studies have reported corneal pachymetric parameters 
in different meridians separately. Comparison of thickness in 
the opposite semi-meridians showed a thinner thickness in the 
inferior versus superior, temporal versus nasal, and IT versus 
SN semi-meridians in KCN and normal eyes which was similar 
to the findings reported by Dutta et al.10 in KCN eyes and 
Li et al.25 in normal eyes in different meridians using RTVue 
OCT. However, the present study showed that the inferior 
and IT semi-meridians in the 5 mm zone had the thinnest 
thickness in KCN cases. Thinner corneas in the inferior and 
IT semi-meridians could be due to the inferior displacement 
of the corneal cone in KCN eyes, and more exposure of these 
corneal parts to trauma from eye rubbing.26,27 Abnormal eye 
rubbing may lead to the progression of KCN,28 increased 
oxidative stress, loss of keratocytes, and stromal scarring.29

Although KCN is a disease with a “pancorneal” pathology30 
and the paracentral and peripheral corneal thickness can 
provide valuable information about the progression of corneal 
thinning, the largest mean difference in pachymetric indices 
between normal and keratoconic corneas was in the 5 mm zone.

ROC analysis showed that CCT and focal thinning parameters, 
especially Min-Med thickness, had the best diagnostic ability 
for differentiating KCN from normal corneas. Among total 
corneal thickness parameters in different semi-meridians, 
inferior, and IT semi-meridians in the 5 mm zone showed the 
highest accuracy for KCN detection. Reviewing the literature 
showed that few studies have investigated the accuracy of 
focal and total corneal thickness in different semi-meridians, 
and most of these studies have focused on the epithelial 
thickness map, which is not available in all clinical centers. 
Catalan et al. 22 studied 22 KCN and 104 normal eyes using the 
RTVue OCT and found that the Min-Med parameter had the 
highest diagnostic accuracy (AUC = 0.974). In addition, they 
found that S-I, with an AUC similar to Min-Med, was the best 
distinguishing index in both groups; however, this parameter 
showed less accuracy in the present study. In another study, 
Li et al.31 compared 37 KCN and 36 normal eyes using the 

Visante OCT system and found that Min thickness had the 
highest accuracy (AUC = 0.954). These studies used different 
measurement techniques from our study and evaluated the 
cornea from the center to the 5 mm zone, while we also studied 
the 7 mm corneal zone. In contrast to the present study, they 
did not investigate KCN corneas in different grades.

One of the limitations of the current study was the manual 
measurement of parameters; however, the results of 
some parameters were similar to studies using automated 
measurements. In addition, this method represents a simple 
measurement for quick evaluation of patients in clinical practice.

In summary, the results highlighted an increase in both corneal 
thickness asymmetry and focal thinning indices and a decrease 
in corneal thickness in different semi-meridians, especially the 
inferior and IT sectors of the cornea, in ectatic versus normal 
eyes. Evaluation of the total corneal thickness showed that the 
largest thickness changes probably occur in the 5 mm zone and, 
therefore, this zone is accurate enough for KCN diagnosis.

Among all studied indices, the CCT and Min-Med thickness 
index for assessment of total corneal thickness, and inferior 
and the IT semi-meridians thickness, especially in the 5 mm 
zone may be helpful for screening and early detection of KCN 
eyes with high accuracy. These parameters can be used as 
complementary diagnostic indices in Scheimpflug tomography 
devices that provide the corneal thickness map.
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