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Abstract: To diagnose keratoconus at its earliest stage is meaningful in order to avoid 

refractive surgery in the eye, which may lead to further damage in the abnormal cornea 

structure and consequently cause iatrogenic ectasia. In this article, the following aspects of 

detecting earliest stage of keratoconus were reviewed: 1) nomenclature of the earliest forms 

of keratoconus; 2) diagnosis of keratoconus using curvature-based topography (also known 

as Placido-based topography, ie, videokeratography) as a traditional method and elevation-

based topography as a new method which has gained popularity in recent years; and 3) other 

methods analyzing keratoconus cornea like corneal biomechanics and wavefront sensing. 

Elevation-based topography using either Scheimpflug imaging techniques or slit-scanning 

imaging techniques has shown to be advantageous over the curvature-based topography in 

detecting keratoconus at its earliest stage. Posterior elevation of the cornea is notified to 

enhance the sensitivity and specificity of detection if used along with the measurements 

of anterior surface of the cornea. Cornea biomechanics analysis and wavefront sensing 

also revealed differences between normal eyes and keratoconic eyes in their earliest stage. 

Combining the latest technology and the traditional techniques will be the future trend to 

improve early diagnosis of keratoconus.

Keywords: keratoconus, early diagnosis, Scheimpflug imaging, slit-scanning imaging, wave-

front error, corneal biomechanics

Introduction
One of the most important aspects of avoiding iatrogenic ectasia in cornea during 

refractive surgery was to detect keratoconus in its earliest stage. However, there 

were several challenges in earliest detection of this disease. First, in the literature 

there were several names referring to the earliest stage of keratoconus, which 

were frequently misused and cause confusion. Second, speaking of keratoconus, eye 

doctors get used too much to describing the cornea simply with a single K value or 

as a skewed axis bowtie in videokeratoscopy. This single K value, in fact, was far 

from sensitive in detecting earliest keratoconus than using a comprehensive sys-

tem, which also accounts for other cornea property parameters. Videokeratoscopy 

itself has had numerous limitations, especially compared with the newly developed 

elevation-based topography. Third, even if there were many other technologies 

that show different aspects in earliest keratoconus, like biomechanics features and 

wavefront aberrations, the lack of awareness among eye doctors to combine multiple 

cornea features comprehensively limited their role in early detection of this disease. 

In this article, the above listed three challenges will be reviewed and discussed. 
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Hopefully by doing so, it will lead to the recognition of the 

latest trend in early detection of keratoconus.

Nomenclature of earliest 
keratoconus
Forme fruste keratoconus
Referring to the earliest stage keratoconus, three names were 

widely encountered in the literature: forme fruste keratoconus 

(FFKC), keratoconus suspect, and preclinical or subclinical 

keratoconus. FFKC was firstly proposed by Amsler1 in 1961 

and then adapted by Klyce2 as “The fellow eye (of a clinical 

manifest keratoconus eye) that has no clinical findings of any 

sort except for certain topographical changes (vide infra)”.

In the literature, there is a clear consensus for FFKC that 

it should be the healthier eye in a keratoconus patient, and 

this healthier eye should not have any clinical signs of clinical 

manifest keratoconus, like Vogt’s striae and Fleischer’s ring, 

nor should this eye have any significant topographic changes 

like skewed axis bowtie which indicates it is a clinical 

manifest keratoconus.3,4

Keratoconus suspect
There were several opinions on when to use the term 

“keratoconus suspect”. In Klyce’s option, keratoconus sus-

pect should be a term reserved for corneas with very specific 

topographic changes and for patients who do not have kera-

toconus in the fellow eye: “In general terms, a topographic 

keratoconus suspect will have a localized area of abnormal 

steepening which is often inferior, but can be central, or, 

rarely, superior, and may present as an asymmetrical, trun-

cated or skewed-axis bowtie”. He then summarized “the term 

keratoconus suspect should properly be reserved for corneas 

with subtle signs of keratoconus but without evidence of 

clinical keratoconus in either eye”.2 In fact, his definition here 

also fits subclinical keratoconic eyes, as we would describe 

in the next few sections.

But another opinion overlapped keratoconus suspect with 

FFKC as we defined above. Waring5 identified keratoconus 

suspect as “the fellow eyes of unilateral keratoconus that had 

no slit-lamp findings”. He further noted the term keratoconus 

suspect should extend to “patients with manifest clinical 

keratoconus in one eye and only videokeratographic inferior 

steepening in the other, and in family members of patients 

with clinically manifest keratoconus, who show only videok-

eratographic steepening inferiorly”, because such a way is “in 

the same sense that a patient who has glaucoma suspect.”

A third opinion of Rabinowitz et al defined keratoconus 

suspect in a progressive prospective and their definition 

was independent of the status of the fellow eye as “no slit 

lamp findings, no scissoring on retinoscopy, and AB/SRAX 

(Asymmetric Bowtie pattern with a Skewed Radial Axis) on 

videokeratography only”.6 They developed a detection system 

to differentiate normal cornea and keratoconus suspect. They 

recommend using the inferior–superior (I-S) value, which com-

puted the vertical gradient cornea power of 6 mm region. An 

I-S value between 1.4 and 1.9 diopters suggests a keratoconus 

suspect, while a larger value suggests clinical keratoconus. 

A lower value suggests a normal variant cornea. But they also 

admitted that the differences in videokeratography indexes 

between keratoconus suspect and normal eyes are subtle. Their 

criteria for keratoconus suspect actually also fit to subclinical 

keratoconus, as we would describe in the next few sections.

Some authors provided their own def initions of 

keratoconus suspect. Rao et al7 defined their keratoconus sus-

pect, after excluding the contact lens warping, as “to achieve 

the computer designation keratoconus pattern suspected, 

either the central K or the I-S value calculated for a given 

videokeratography must be two standard deviations greater 

than the mean”.

At this point though, one needs to be cautious about the 

localized steepening of the cornea, which could be caused 

by various other factors than earliest keratoconus. Common 

factors that can cause inferior steepening of videokeratog-

raphy but no clinical manifest of keratoconus include but 

not limited to “hard contact lenses wearing, nosecone com-

pression, technician’s finger compression, and a dry cornea 

inferiorly”.5 The rigid contact lens caused cornea warpage can 

persist for quite a long time. So the term keratoconus suspect 

should be applied to these patients until contact lenses have 

been removed for an adequate period of time.8,9

Due to tremendous discrepancies among authors, we 

highly suggest using this terminology only with a clear 

description of objective, topographic index-based criteria. 

Also, f iguring out what exactly the criteria are helps 

tremendously in understanding various authors throughout 

the literature.

Subclinical keratoconus
Some of the authors in the literature agreed on the subclinical 

keratoconus as a fellow eye of a clinical manifest keratoco-

nus eye with the following features: 1) no clinical findings 

( keratometric, retinoscopic, or biomicroscopic) of kerato-

conus; 2) I-S asymmetry and/or bowtie pattern with SRAX, 

detected on tangential Placido disk-based videokeratography 

(CSO EyeTop or Keratron); and 3) no history of contact lens 

wear, ocular surgery, or trauma.10–12
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Some others have had their own definitions. Jafarinasab 

et al13 used major and minor criteria to select subclinical kera-

toconus, independent of the condition of the fellow eye. Major 

criteria include: 1) the presence of Vogt’s striae and Fleischer 

ring measuring at least 2 mm; 2) SRAX index >20°; 3) KPI 

>30%; 4) KSI >30%; and 5) an abnormal KCI. Minor criteria 

include: 1) asymmetric bow–tie pattern without SRAX; 2) infe-

rior steepening; 3) KSI between 15% and 30%; and 4) KPI 

between 23% and 30%. Subclinical keratoconus was diagnosed 

in the presence of one major or two minor criteria.

SRAX is an index that reflects the irregular astigmatism 

in keratoconus. KPI is a linear discriminate analysis of eight 

quantitative topographic indices. KCI is derived by using a 

binary decision-making tree that was input from the KPI 

and four other indices. KSI is a index derived from neural 

network algorithm.

Ruiseñor Vázquez et al17 used a keratoconus severity 

score system, which involved evaluating slit-lamp find-

ings, topography pattern, cornea power, and higher order 

aberrations. While one eye scored high enough to be con-

sidered as clinical keratoconus, the fellow eye scored lower 

would be considered a subclinical keratoconus.

Sometimes, people used this term to refer to a much larger 

variety of earliest stage keratoconus, like including FFKC 

and keratoconus suspect.18 But it was soon criticized and their 

definition was requested to be refined with a combination of 

clear objective topographic indices.19

Therefore, similar to the term keratoconus suspect, make 

sure of the exact definition of the author when the term 

“subclinical keratoconus” is mentioned. Also, for authors to 

mention this term, they need to provide their clear definitions 

and employ objective topographic indices to do so.

The fellow eye and family history
In 1991, Maguire and Lowry observed a fellow eye in a 

unilateral keratoconus patient for 2 years. At the very begin-

ning of the observation, this patient had one eye identified 

as clinical manifest keratoconus and the other eye had a 

normal topography, but showed a localized cornea steepen-

ing of “44.5 diopters located 2.1 mm inferior to the vertex 

normal”.20 Two year later, “cone apex power increased to 

51 diopters, and the patient developed a Fleischer’s ring, 

Vogt’s striae, and mild visual aberration”;20 in other words, 

a clinical manifest keratoconus.

After the f irst observation of a single fellow eye 

within 2 years by Maguire and Lowry, Li et al21 observed 

over a 100 patients diagnosed as unilateral keratoconus 

at the baseline. They concluded that within 16 years, 

 approximately 50% of the clinical normal fellow eyes would 

develop into clinical manifest keratoconus. The greatest risk 

of onset is during the first 6 years of diagnosis.

Li et al22 also followed over 300 people who had a family 

history of keratoconus but did not have keratoconus themselves 

(unaffected keratoconus relatives) for 1 to 8 years, and com-

pared them with over 100 normal controls. They concluded that 

between the two groups, there was no statistically significant 

difference in progression to keratoconus. The family history 

did not play a significant role in keratoconus progression.

Therefore, the fellow eye of a unilateral keratoconus 

patient should be refrained from refractive surgery, especially 

within the first 6 years after first diagnosis. People with a 

keratoconus family history but who did not have keratoconus 

themselves are more likely to be treated as people from a 

normal population.

Summary of nomenclature of earliest 
keratoconus
FFKC as clearly agreed in the literature should refer to 

the fellow eye of a clinical manifest keratoconus. The eye 

itself should have neither clinical signs of keratoconus 

nor significant topographic signs that lead to diagnosis of 

keratoconus.

Subclinical keratoconus and keratoconus suspect can be 

used interchangeably for an eye showing some feature of 

keratoconus topography, but not severe enough to be named 

as clinical manifest keratoconus. Its fellow eye can be either a 

clinical manifest keratoconus or a normal eye. But one needs 

to provide his/her definition with objective, topographic-

based criteria if these names are to be used. For the purpose 

of clarity, we will use only “subclinical keratoconus” for the 

later part of this article to indicate the situation suitable for 

both names, except when citing another author’s work.

Detect earliest keratoconus with 
curvature-based topography, like 
videokeratography
In the past, early detection of keratoconus was based on 

keratoscope, a Placido-based curvature distortion measure-

ment of the anterior surface of the cornea.23

In the recent 30 years, the emergence of computer-assisted 

keratoscope, well known as videokeratography, enabled quan-

titative and more precise measurement on anterior cornea 

 surface of keratoconic eyes. Rabinowitz  and McDonnell 

found that a central K value larger than 47.2 diopters and 

an I-S value larger than 1.4 diopters to indicate that it is a 

subclinical keratoconus instead of a normal eye. A central 
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K larger than 47.8 diopters and an I-S value larger than 

1.9 diopters indicate it is a clinical manifest keratoconus.24

Rabinowitz and Rasheed14 later developed an even bet-

ter index known as KISA% to enhance the specificity of 

diagnoses keratoconus in its earliest stage. KISA% involves 

two more parameters: Astigmatism (AST), the degree of 

regular corneal astigmatism, and SRAX index, an expres-

sion of the irregular astigmatism occurring in keratoconus. 

Rabinowitz indicates that the eyes with KISA% larger than 

100% will be identified as clinical manifest keratoconus, 

and 60% to 100% to be keratoconus suspect with minimal 

overlapping with normal corneas. KISA% is computed as 

follows.

 KISA
K I S AST SRAX

% = ( ) × −( ) × ( ) × ( ) ×100

300

where:

K is central K value;

I-S is inferior to superior value, which is the difference of cornea 

power between average of 5 inferior points and 5 superior 

points 3 mm from the center at 30 degree intervals;

AST is the regular astigmatism;

SRAX is the skewed radial axis index, an expression of 

irregular astigmatism occurring in keratoconus. (see 

Rabinowitz and Rasheed14 for more detailed calculations 

of above mentioned indices).

In the meantime, Maeda–Klyce developed a KPI system 

which uses eight indices generated from videokeratogra-

phy to detect keratoconus. A KPI score larger than 0.23 is 

indicative of keratoconus. However, it is not readily useful 

for keratoconus suspect due to a significant overlapping 

between keratoconus suspect and keratoconus in its scoring 

system.

Maeda et al25 developed a neural network model to 

detect and classify cornea topography abnormalities. Beside 

 keratoconus, this model was capable of examining a variety of 

cornea abnormalities including postphotorefractive keratec-

tomy and postkeratoplasty. Later, Smolek and Klyce16 further 

modified this model, which approached 100% of accuracy, 

sensitivity, and specificity in the diagnosis of keratoconus.

The Rabinowitz system, the Maeda–Klyce system, and 

the later developed neural network system were the three 

most widely used diagnostic systems based on videoker-

atography to define normal cornea, subclinical keratoconus 

(or keratoconus suspect), and clinical manifest keratoconus. 

These definitions were then widely used to classify normal 

and ectasic cornea in more recent research that evaluated 

the sensitivity and specificity of parameters measured by 

elevation-based topography and other modalities.

Elevation-based topography
In recent years, the elevation-based topography gained more 

and more attention in keratoconus early detection. Two 

principles were employed in the most popular elevation-

based topography devices, slit-scanning and Scheimpflug 

imaging techniques. Slit-scanning technique is used in the 

Orbscan II (Bausch and Lomb Surgical, Inc., Rochester, NY, 

USA) and it is the only commercial available slit-scanning 

implementation. Whereas, Scheimpflug is widely used in 

a variety of instruments: the Pentacam (Oculus, Arlington, 

WA, USA), the Galilei (Ziemer Ophthalmic Systems AG, 

Port, Switzerland), the Precisio (Ligi Tecnologie Medicali, 

Taranto, Italy), and the Sirius (CSO Ophthalmic, Instrument 

Company, Auckland, New Zealand).

The slit-scanning technique was performed by two 

vertical scans of 40 light-slits projections, 20 from the left 

and 20 from the right, onto the camera to the instrument 

axis (Figure 1). The Scheimpflug camera obtained images 

by rotating around the optic axis with projected light-slits 

(Figure 2). The anterior and posterior edges of the slits would 

Figure 1 Slit-scanning technique performed by Orbscan.
Notes: Orbscan projects slits from the right while scanning the cornea. image courtesy of Oliveira CM, Ribeiro C, Franco S, Corneal imaging with slit-scanning and 
Scheimpflug imaging techniques, Clinical and Experimental Optometry, 2011;94(1):33–42,26 John wiley & Sons Ltd.
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be captured by the camera and analyzed to reconstruct the 

anterior segment surfaces.

Elevation-based topography obtains obvious advantages 

than the traditional curvature-based topography. First, 

elevation-based topography covers much more cornea area 

than videokeratography (9 versus 6 mm) in diameter. Larger 

measurement area allows detection of changes in more 

peripheral cornea, which is affected in later stage of kerato-

conus and in pellucid marginal degeneration.

Second, elevation-based topography does not make the 

assumption that the eye is a Gullstrand’s reduced eye, which 

has to be made in videokeratography and other Placido-

based topography. In this assumption, the line of sight is 

assumed to be the same as the line that goes through the 

anatomic center of the eye. In fact, in most of the eyes, the 

angle between these two lines (known as angle Kappa) is 

less than 5 degrees. Most of the time, such an assumption 

would not result in too much bias. However, if a normal eye 

happened to have an angle kappa greater than 5 degrees, it 

will be easily misdiagnosed as having an asymmetric bowtie 

in curvature-based topography. Elevation-based topography 

does not make such a mistake because it avoids the Gull-

strand’s reduced eye assumption.

Another advantage of using elevation-based topography 

is that it is capable of measuring the posterior surface of the 

cornea in addition to the anterior surface. This is the most 

exciting feature offered by elevation-based topography 

because in recent years more and more studies have shown 

that compared to normal eyes, there is a significant posterior 

surface difference in earliest keratoconus eyes.

There were significant posterior elevation differences 

between normal eye and the eye fulfilled either of the 

 Rabinowitz or Klyce–Maeda keratoconus criteria.7 Posterior 

elevation of the cornea had a higher sensitivity and specificity 

to discriminate keratoconic eyes from normal eyes in earlier 

staged keratoconus than later staged keratoconus, based on the 

Amsler–Krumeich classification staging of keratoconus.27,28 

In subclinical keratoconus, there was a significant difference 

in posterior elevation than normal eyes (Table 1, column 3).12 

Adding posterior corneal elevation data to an artificial intel-

ligence algorithm would improve the sensitivity and specific-

ity to separate normal eyes and subclinical keratoconic eyes 

(Table 1, row “Arbelaez 2012”, columns 9–11).18 However, 

none of them recommended using posterior elevation as a 

single factor to diagnose subclinical keratoconus due to the 

sensitivity and specificity always being incapable of steadily 

reaching more than 90% and the disparity of cut-off points 

among different measuring methods (Table 1, columns 7 and 

8). The posterior elevation should be combined with other 

parameters such as cornea curvature, cornea power, anterior 

elevation, and thickness to achieve a better effect.

In FFKC, elevation-based topography was able to tell apart 

FFKC from normal eyes, whereas Placido-based topography, 

even using a neural network recognition system, could not 

do so.3 Fukuda et al29 proved that either a three-dimensional 

anterior segment optical coherence tomography or an 

elevation-based topography adopting Scheimpflug principle 

combined with a curvature-based topography would recognize 

the differences between FFKC and normal eyes (Table 2, row 

“Fukuda 2013”). Muftuoglu et al4 further noted in Pentacam 

that a parameter called “back difference elevation” was supe-

rior than posterior elevation to recognized FFKC. However, 

using either of the above two parameters alone would not be 

recommended to diagnose FFKC due to insufficient sensitivity 

and specificity (Table 2, columns 7 and 8).

There was also a study that compared the keratoconus cross-

linking treatment guided either by curvature-based topography 

or an elevation-based topography adopting the Scheimpflug 

principle. Crosslinking guided by Scheimpflug resulted in better 

cornea surface regularity, more flat and more central cones, com-

pared to the ones guided by curvature-based topography.30

Nederan et al31 compared the most popular two types 

of elevation-based topography, Pentacam and Orbscan IIz. 

They found the two devices have no differences in measuring 

cornea central thickness (CCT) and thinnest central thickness, 

but there was a significant difference in anterior chamber 

depth and pupil diameter. The measurements of different 

Figure 2 Scheimpflug technique performed by Pentacam.
Notes: The camera rotates 360 degrees to capture images from light slits projected 
by the instrument. image courtesy to Oculus, inc., Arlington, wA. Available from: 
http://www.pentacam.com/sites/messprinzip.php.49
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Table 2 Studies use posterior elevation and derived parameters to discriminate forme fruste keratoconus (FFKC) and normal eyes (N)

Authors  
(year)

Modality Significant difference 
between FFKC and N

AUROC Cut-off point

Parameter that  
achieves high AUROC

AUROC (%) Value Sensitivity (%) Specificity (%)

Fukuda et al29  
(2013)

3D AS-OCT Yes Max Pe5 91.2
Scheimpflug 
topography

Yes Max Pe5 92

Muftuoglu et al4  
(2013)

Pentacam No, P=0.033 Posterior elevation 68.3 14.7 μm 67 59
Yes BDe 75.5 13.2 μm 74 65

Notes: Modalities used to achieve posterior elevation and derived parameters include three-dimensional anterior segment optical coherence tomography (3D AS-OCT), 
Scheimpflug topography, and Pentacam topography. AUROC, area under receiver operating characteristic curve, is a tool to select optimal models for diagnostic decision 
making. in this table, a parameter or model with a higher AUROC has higher sensitivity and specificity to discriminate FFKC from normal eyes. Max PE5 is a parameter that 
measures the maximum posterior elevation from the reference best-fit sphere within the central 5 mm of cornea. BDE stands for the Back difference elevation on Belin-
Ambrosio Enhanced Ectasia Display of Scheimpflug device. It is claimed to have a better performance than posterior elevation in discriminant FFKC and normal eyes. Cut-off 
point is the parameter value at which the highest sensitivity and specificity are achieved. Notice neither posterior elevation nor posterior elevation difference alone was able 
to achieve more than 90% of sensitivity and specificity.

Table 3 Corneal central thickness (CCT), corneal hysteresis 
(CH), and corneal resistant factor (CRF) in normal (N), forme 
fruste keratoconus (FFKC), mild keratoconus (mild KC), and 
keratoconus (KC) eyes

Authors (year) Eyes CH (mm) CRF (Hg) CCT (µm)

Shah et al33 (2007) KC 9.6±2.2 491.8±54.7
N 10.7±2.0 545.0±36.4

Fontes et al35  
(2010)

mild KC 8.3±1.36 7.85±1.49 503.0±34.15
N 10.17±1.79 10.13±2.00 544.7±35.89

Schweitzer et al36  
(2010)

FFKC 9.1±1.8 9.2±1.8
N 10.3±1.9 11.1±2.0

Note: Data are presented as mean ± standard deviation.

devices were not interchangeable. The disparity between the 

two methods was not elucidated. However, it was observed 

that by removal of the acoustic factor and CCT would be 

overestimated by Orbscan IIz.32 Orbscan IIz’s usage of ultra-

sound to assist its pachymetry measurement may underline 

its possibility to overestimate corneal thickness.

Beside the cornea curvature and elevation, earliest kera-

toconus showed significant differences than the normal eyes 

in a variety of other cornea characteristics. The two most 

widely studied characteristics include corneal biomechanics 

and wavefront aberrations.

Corneal biomechanics
It is well known keratoconus eyes have a significant lower 

CCT, corneal hysteresis, and corneal resistant factor (CRF) 

than normal eyes.33,34 Table 3 shows corneal hysteresis, CRF, 

and CCT values for normal eyes, FFKC, mild keratoconic, 

and keratoconic eyes from different studies. In mild keratoco-

nus, it is controversial to say there is a significant difference 

between mild keratoconus and normal eyes in cornea 

 hysteresis.33,35 Area under receiver operating characteristic 

curve shows only 87% of sensitivity and 65% of specificity 

for corneal hysteresis, and 90.5% of sensitivity and 66% of 

specificity for CRF to discriminate mild keratoconus and nor-

mal eyes.35 However, some studies group FFKC and normal 

eyes with central cornea thickness.36 In the low corneal central 

thickness groups (,500 and ,540 μm), corneal hysteresis 

achieves 91% of sensitivity for both cornea thickness groups 

to distinguish FFKC and normal eyes.36 But for CRF it is only 

81% and 87% sensitivity. Specificity was not studied.

Wavefront aberrations
In the earliest studies, wavefront aberrations were derived 

from videokeratography surface height measurement. Using 

this method, Schwiegerling and Greivenkamp37 found that an 

index made up of two lower order aberrations (eg, defocus 

and astigmatism) detects keratoconus as effective as curva-

ture characteristics like I-S value, steepest radial axes, and 

surface asymmetry index. Later, Gobbe and Guillon38 found 

that keratoconus suspect distinguishes itself from normal eyes 

by a larger amount of vertical coma.

Later on, Shack–Hartmann wavefront sensor was widely 

used to measure the wavefront characteristics in keratoconus, 

subclinical keratoconus, and FFKC. Vertical coma is the 

most important higher order aberration in keratoconus eyes.39 

Vertical coma was also the most widely mentioned aberration 

that had a significant difference between subclinical kerato-

conus and normal eyes.40–42 However, using vertical coma 

alone cannot achieve high enough sensitivity and specificity 

to discriminate subclinical keratoconus and normal eyes.43

In FFKC, vertical coma also was the most widely men-

tioned aberration that was significantly larger than normal 

eyes.44–46 Although front surface vertical coma played a much 

more important role than other aberrations and parameters,44 

using this single aberration term only was not good enough to 

discriminate FFKC and normal eyes.44,45 If other parameters 
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like I-S value, other higher order aberrations, and pachymetry 

were involved, the discrimination function would achieve 

better performance.44,45 Sensitivity and specificity achieved 

one if front surface aberrations, back surface aberrations, 

and pachymetry are used altogether in the discrimination of 

FFKC and normal eyes.44

Summary and conclusion of early 
detection of keratoconus
Subtle changes in earliest keratoconus eyes like posterior 

corneal elevation, corneal hysteresis, cornea resistant  factor, 

and vertical coma could be detected by elevation-based 

topography, biomechanics, and wavefront sensor. However, 

none of these subtle changes had enough sensitivity or 

specificity to be used alone to make a diagnosis. To develop 

a multiple factor system that combines curvature measure-

ments, elevation measurements, pachymetry, biomechanics, 

and wavefront error of the cornea will be the future trend to 

diagnose the earliest form of keratoconus including forme 

fruste keratoconus and subclinical keratoconus.
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