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       The current methods to detect, diagnose, and 
monitor the evolution of keratoconus morpho-
logically are computerized videokeratoscopy, 
corneal tomography, and optical scanning tomog-
raphy, both in the Scheimpfl ug confi guration as 
well as based on  optical coherence  . For refer-
ence, a more detailed list would also include 
tools based on rasterstereography, Moiré interfer-
ometry, or laser interferometry [ 1 ,  2 ] but many of 
these instruments have remained at the prototype 
stage, and others have been used only in labora-
tory for research purposes. 

 The advent of  computerized corneal topogra-
phy   has made it possible to gather considerable 
information about the shape and refractive 
behavior of the cornea affected by keratoconus. 
By means of some of these examination tech-
niques it is also possible to measure both the 
shape of the front surface as well as the back sur-
face thereby giving more accurate information 
about the location and shape of the cone, the 
extension of ectasia, and the refractive power 
localized in the ectatic area. 

 In-depth knowledge of the profi le of the cor-
neal surface is not only essential in the diagno-
sis or treatment of keratoconus but it is important 

in many other aspects of clinical practice. In 
fact, since the cornea alone is responsible for 
about 80 % of the refractive power of the eye 
[ 3 ], its form has extreme importance in the 
study of visual function: this surface, formed by 
the front face of the cornea and coated by the 
tear fi lm, presents, in fact, the highest refractive 
index jump with respect to all other elements of 
the  dioptric ocular system      and small changes of 
its shape produce considerable effects on the 
optical quality of the entire ocular system. 
Therefore, a careful study of the corneal mor-
phology, in addition to providing valuable infor-
mation in the early diagnosis of all corneal 
diseases that change the shape of the surface 
(and fi rst keratoconus), lends itself to many 
other  clinical applications   such as preoperative 
planning and postoperative assessment through-
out the range of refractive surgery and  kerato-
plasty  , the application of rigid contact lenses, or 
the calculation of intraocular lenses in accor-
dance with the formulas or other methods of 
calculation. 

6.1      Videokeratoscopes      

 The study of the  Purkinje–Sanson image dates   
from the mid-1800s and was the fi rst method of 
investigation of catoptric images for diagnostic 
purposes. A  Placido disk   (consisting simply of a 
series of concentric black and white circles with 
a positive lens in the center) was used to observe 
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the appearance of images refl ected from the 
corneal surface and evaluate approximately and 
qualitatively, on the basis of the deformation of 
the refl ections of the circles,  aberrations borne   by 
the cornea as shown in Fig.  6.1 .

   The objective measurement of the radius of 
curvature of the  anterior surface   of the cornea, 
also through mire projected on the cornea and 
reflected by it, dates back to 1854 [ 4 ]. 
Assuming known dimensions of an object 
(mires) and its distance from the specular sur-
face (cornea), measuring the size of the images 
formed by the mirror and applying the catadi-
optric laws, the shape of the specular surface 
that has reflected upon is obtained: this prin-
ciple is based on the elementary keratometry 
measurement. 

 It is already clear from this brief history that 
refl ection-based devices or videokeratoscopes do 
not directly measure the elevation data of the cor-
nea, but  rather   analyze the physical phenomenon 
that  occurs   on the anterior corneal surface: spec-
ular refl ection.  

6.2     The  Sagittal Curvature      

 Conceptually, we can consider modern videokera-
toscopes as a derivative of  ophthalmometers  , so 
much so that the fi rst method developed in this 
regard is based on the same principles of the oph-
thalmometer [ 5 ]. Indeed, we can consider a topo-
graphic measure as many keratometries with ever 
larger fi xed mires, centered on the same axis. The 
corneal curvature so measured is called the  sagittal  
(or  axial ) curvature and can be defi ned as the radius 
of an arc of a circle, centered on the optical axis of 
videokeratoscope (or the keratometer) when this is 
well aligned to the  corneal vertex  , which has the 
same tangent as the cornea to the point concerned, 
as shown in Fig.  6.2  on the left. In the branches of 
topography this measure was carried out essen-
tially for comparison: once the device has been 
calibrated by acquiring spheres ( calibration 
spheres  ) with known curvature, the curvature of a 
sample is estimated by comparing the position of 
the mires refl ected by its surface and the ones 
obtained from the calibration spheres [ 6 ].

  Fig. 6.1    Process of formation of the fi rst Purkinje image from a Placido disk       
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   The curvature as defi ned earlier suffers from a 
low sensitivity for determining shape variations 
localized in the  peripheral   cornea. A map of sag-
ittal curvature expressed in diopters, while not 
being the direct expression of the real refractive 
power, can represent quite well the optical char-
acteristics of the corneal surface, but it is not able 
to accurately describe the morphological aspects 
of the cornea. For this reason, it is felt necessary 
to support the  sagittal    curvature   with magnitudes 
which best show the details of the shape of the 
corneal surface.  

6.3     The  Tangential Curvature      

 The  tangential curvature  (sometimes called 
  instantaneous    or  local ) is the geometric unit that 
describes the  steepening   of the cornea, for a given 
point and in a given direction: it is therefore 
defi ned as the radius of the osculating circle for 
each point belonging to the meridian in question, 
as shown in Fig.  6.2  on the right. Unlike the sagit-
tal curvature, the center of tangential curvature is 
not constrained to lie on a reference axis: this 
condition does not occur unless the cornea is not 
exactly spherical, and the tangential and the sag-
ittal curvatures are different at every point and 
coincide only at the vertex. The tangential curva-
ture of a surface is independent of the position of 

the reference axis along the meridian considered: 
its sagittal curvature is instead a  function   of this 
axis.  

6.4     The  Height Maps   

  Topographic maps   that represent elevation data 
are probably more understandable, since they are 
similar to those used in geographic cartography 
to describe the elevations of the Earth’s surface or 
the depth of the seabed. The corneal elevation 
maps are expressed in microns [μm] the position 
of each point of the cornea, in terms of the eleva-
tions along the  z  axis, with respect to a reference 
surface. As in geographic maps, where the refer-
ence surface is the mean sea level (the  geoid ), the 
elevation of the corneal surface needs to be 
expressed in respect to some reference surface: 
usually spherical, aspherical, or asphero-toric. 
The reference surfaces, with respect to which the 
height is measured, are almost always the best-fi t 
surfaces (best approximating surfaces in the 
sense of the least square error) and have some 
parameters that characterize them: the spheres 
are defi ned by their radius of curvature, the 
aspherical surfaces by the apical radius of curva-
ture and eccentricity, the  asphero-toric surfaces   
by the apical radius of curvature, eccentricity, 
and by toricity, that is, the difference of curvature 

  Fig. 6.2     Left map  of sagittal curvature,  right map  of tangential curvature       
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of the fl attest apical meridian and the steepest 
one. If even one of these parameters is changed, 
it alters the reference surface and consequently 
the relative  heights   of the cornea under examina-
tion with respect to it. For this reason, the param-
eters defi ning the reference surface are critical to 
the interpretation of the height map.  

6.5      Arc Step      

 In recent generation refl ection-based topogra-
phers, tangential curvature, sagittal curvature, 
elevations, and normals to the surface are calcu-
lated simultaneously by a process called  arc step  
[ 7 – 10 ]. For videokeratoscopies, the defi nition of 
this algorithm marked a real turning point, 
expanding the range of measurements possible, 
from only the sagittal curvature to all the mor-
phological or refractive measurements arising 
from the shape of the cornea. 

 The arc-step algorithm is summarized as fol-
lows: for each point corresponding to the edge of 
a ring of each meridian, a ray-tracing procedure 
is carried out, which, from the known positions 
of the rings on the Placido disk and the detected 
positions of the keratoscopy rings, allows to 
derive normals of the surface to be measured. 
Such information depends on the correct posi-
tioning of the surface to be measured and the 
exact knowledge of the location of the rings of 
the  Placido disk  : the fi rst condition is obtained by 
different methods (maximum sharpness algo-
rithms on a focusing video stream, triangulations, 
or interruptions of light beams), while the second 
is known from construction data and is refi ned by 
means of instrument calibration. Once the nor-
mals to the corneal surface are known (and there-
fore its derivatives) an iterative algorithm is 
started. At step 0, the condition of zero derivative 
in correspondence of the corneal vertex is 
imposed and, setting the validity of the law of 
refl ection for the fi rst ring, an arc that meets the 
slope conditions is identifi ed. The algorithm of 
arc step, as the name suggests, is iterative, and 
therefore cannot proceed without the knowledge 
of data obtained in the previous step (step  i  – 1) to 
derive data for the current step (step  i ). Knowing 

the coordinates and the normal of ( i  – 1)th point, 
and the normal to the  i th point, the coordinates of 
the new point are determined, by setting condi-
tions of differentiability (surface continuity and 
continuity of tangency). The reconstructed curve, 
repeating the pattern shown earlier for all the 
rings is continuous with continuous fi rst deriva-
tive. The connecting functions are circular arcs in 
the traditional algorithm but can also be polyno-
mial splines or conic arcs (by virtue of their 
greater  fl exibility   in pursuing the corneal slope). 
There are essentially two limits in these recon-
structions methods and are negligible compared 
to the advantages they offer:

•    Assuming a continuous curve with a continu-
ous derivative is not able to describe steps or 
cusps (interruption or discontinuity of the 
derivative). However, it can be reasonably 
admitted that stroma rarely has discontinuities 
that cannot be smoothed by the epithelium.  

•   Separating in fact the  reconstruction   for each 
hemi-meridian it is assumed that the normal 
belongs to the plane on which lays the hemi- 
meridian itself. This  approximation   is called 
  skew ray error    and was thoroughly discussed 
in the literature [ 11 ].     

6.6      Optical Scanning Devices   

 The optical scanning instruments directly mea-
sure the sagittal height of the front surface and 
the back of the cornea (i.e., the corneal elevation 
with respect to a reference plane). Usually, the 
transverse fi eld of view goes from limbus to lim-
bus and the vertical is such as to include the entire 
anterior chamber limited by the iris and the visi-
ble part of the lens. The big advantage of this 
class of instruments is therefore, in addition to 
the high transverse coverage, the ability to view 
and measure the whole anterior chamber and all 
its surfaces ( front   cornea,  posterior   cornea, iris, 
and lens). 

 The  optical scanning devices   base their opera-
tion on the projection of beams or light slits 
which, due to scattering effects, diffuse in every 
direction part of the energy of the incident light. 
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Therefore, thanks to the scattering, the tissue 
crossed behaves like a real extended emitter: part 
of the back-diffused light radiation is captured by 
a suitable optics able to form the image on the 
CCD.  

6.7      Corneal Thickness   

 The measurement of the two front and rear cor-
neal surfaces allows agile deduction of pachym-
etry information: it is the measurement in microns 
of the distance between the front surface and pos-
terior surface in the direction normal to the ante-
rior corneal surface. It is very useful information 
from the clinical point of view: it can allow, for 
example, to assess the evolution of keratoconus 
or to decide whether a patient may undergo 
refractive surgery and what can be the maximum 
amount of the bearable correction of the cornea. 
In contact lens practice, differential pachymetry 
can also highlight possible edematous conditions 
due to the wearing of contact lenses.  

6.8      Scheimpfl ug    Camera   

 The simplest and most intuitive way to obtain the 
image of a corneal section is to project a lumi-
nous slit along a  meridional plane   of the cornea 
and to shoot the backscattered light through suit-
able optics, having its axis of at 90° with respect 
to this plane and its focus on the plane of the slit 
(Fig.  6.3  left). This confi guration, however, in 
practice does not work because of obstacles to 
the path of the shot such as the nose or eyelids. 
These obstacles force the choice of a nonorthog-
onal axis of shot to lighting plane and conse-
quently to have a good part of the image out of 
focus. The  Scheimpfl ug method   (see Fig.  6.4 ) is 
useful in this case (or Carpentier, or should we 
say by Scheimpfl ug’s [ 12 ] own admission) that 
shows how to tilt the CCD in order to focus a 
plane inclined to the axis of the optical system 
shoot, as shown in Fig.  6.3  on the right. Once 
scanned the fi rst image, the light blade and the 
Scheimpfl ug system can be rotated in order to 
acquire images of a succession of equidistant 

angular sections that allow to completely map the 
anterior segment of the eye. The anterior corneal 
surface is determined by identifying its edge on 
the image in section and correcting the distortion 
effect due to the optical confi guration. The inter-
nal structures (posterior corneal surface, iris, 
angles) are determined by identifying the corre-
sponding edges on images in section, correcting 
the effect of distortion due to the optics in 
Scheimpfl ug confi guration and correcting the 
distorting effect given by the fact that they are 
seen through the overlying corneal surfaces.

•      As previously mentioned this technology 
presents the substantial advantages of a wide 
coverage of the area measured and the possi-
bility to extend the topographic analysis to the 
back surface. In considering real corneas meet 
however important limitations: sectioning the 
cornea in radial directions and not considering 
the azimuthal component, the optical scanning 
systems are also implicitly affected by skew 
ray error.  

•   The time required to scan is relatively long 
(approximately 1 s in the modern conception 
devices), and then there is the possibility of 
 introducing   errors due to the microsaccadic eye 
movements of the eye examined. Some systems 
use software  corrections   for realignment of the 
acquired sections to overcome this problem.  

•   The presence of nonperfectly transparent 
areas of the corneal tissue (such as a scar or 
opacity) produces a phenomenon known as 
 hyper-backscattering      of a certain area of the 
cornea. This results in the recognition of a 
false edge and an error in the measurement of 
the surface.  

•   These instruments directly measure the eleva-
tions, from which it is then possible to deduce 
mathematical derivation for the curvatures 
and the refractive data of the cornea: the reso-
lution that can be achieved with this method, 
however, is signifi cantly lower than that which 
can be achieved with refl ection devices. For 
this reason, in the majority of cases manufac-
turers provided a hybrid Scheimpfl ug +  Placido 
system, allowing a direct  measurement   of the 
 curvatures   of the anterior corneal surface.     
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6.9     AS-OCT (Anterior Segment 
Optical Coherence 
 Tomography     ) [ 13 ] 

 Until now, optical tomography coherence has 
been applied with great success in ophthalmol-
ogy for the study of the retina and for the mea-
surement of the ocular distances, fi rstly of the 
axial length. Only recently industries have turned 
their attention to this for topography and tomog-
raphy of the anterior segment of the eye. The rea-
sons for this delay are to be found mainly in the 
complexity of this technology that is refl ected at 
least for now in high prices of products, in their 
robustness, in the diffi culty of obtaining images 
that contain the anterior segment in its entirety, 

and in the diffi culty of obtaining accurate mea-
surements comparable to those typical of the 
simplest techniques in spite of the promising 
quality of the images. 

 Optical tomography coherence is a technol-
ogy based on the measurement of the interfer-
ence of two beams of broadband radiation 
(typically infrared) from a reference arm and a 
sample arm [ 14 – 17 ]. 

 In its simplest embodiment, the radiation 
emitted from a broadband source, usually an 
infrared super luminescent diode, is sent in part 
to a reference arm and in part to a sample arm. A 
mirror is placed at the end of the reference arm 
that refl ects the beam back toward a fourth arm 
(detection arm) on which is placed a photodetec-
tor. Instead, the radiation sent to the arm of the 

  Fig. 6.3     On the left,  an image system of a section of the cornea with the shooting plane parallel to the plane of illumina-
tion.  On the right , an image system of a section of the cornea in Scheimpfl ug confi guration       

  Fig. 6.4    Image of the corneal section of a cornea affected by pellucid obtained by Scheimpfl ug technology       
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sample is backscattered by the ocular tissues and 
also toward the detection arm, where it interferes 
with the return beam from the reference arm. If 
the reference mirror is moved, thereby altering 
the length of the reference arm, the interference 
due to the ocular structures encountered by the 
incident beam of the sample arm can be sampled 
at various depths. In practice, the photodiode 
reveals a peak signal at each backscattering ele-
ment encountered by the beam incident on the 
sample at a position corresponding to that of the 
movable mirror of the reference arm. 

 This type of embodiment is that of the  Time 
Domain OCT   (TD-OCT) and is shown in 
Fig.  6.5a . It was the fi rst to be applied in the fi eld 
of ophthalmology for the measurement of dis-
tances, in particular the axial length of the eye 
and interdistances between the various ocular 
structures ( thickness   of the cornea, the anterior 
chamber height, thickness of the crystalline lens, 
etc.). Having this technique the need to move the 
reference mirror for obtaining a response from 
the structures at various depths, it presents the 
speed limit when it is necessary to make a scan of 
several contiguous axes (A-scan) to create an 
image of an ocular section (B-scan): eye move-
ments during a slow scan lead to an unwanted 
and uncorrectable distortion of the scanned 
image.

   A more complex implementation is that which 
goes under the name of Fourier Domain OCT 
(FD-OCT) [ 18 ], which eliminates the need of 
 scanning   the reference mirror to have a measure-
ment at various depths. This allows for the pos-
sibility of acquiring slice images relatively 
quickly, thereby reducing artifacts due to eye 
movements. The  Fourier Domain OCT  , in addi-
tion to decreasing the time of acquisition, also 
presents advantages in terms of signal-to-noise 
ratio compared to the Time Domain. The basic 
idea is to measure the spectral interference 
between the radiation  returning   from the refer-
ence arm and the sample arm in a certain range of 
wavelengths emitted by the source. This means 
that each wavelength obtains an interference 
value of the return radiation by the two arms 
(sample and reference arms) in a single A-scan. 
The set of these values at various wavelengths is 

processed with more or less complicated algo-
rithms, but basically containing a Fourier trans-
formation, to obtain the profi le of the refl ectivity 
of the sample acquired along an axis. 

 The Fourier Domain OCT devices are in turn 
classifi able into the following two classes 
depending on how they get the interference at 
various wavelengths: Spectral Domain OCT 
(SD- OCT   in Fig.  6.5b ) and Swept Source OCT 
(SS- OCT   in Fig.  6.5c ). 

 The fi rst class of instruments uses a source 
that emits a certain range of wavelengths all at 
the same time. The detection arm contains a spec-
trometer or a device suitable to decompose the 
returned signal from the sample and reference 
arms in their components at various wavelengths. 
In only one stroke the sensor of the spectrometer 
collects the spectrum necessary, after a sequence 
of processing, to determine the profi le of refl ec-
tivity along an axis of the sample. An example of 
what is achieved with this technology is shown in 
Fig.  6.6 .

   The second class of devices uses instead a 
light source that is a tunable laser, i.e., laser 
whose wavelength can be changed very quickly 
[ 19 ]. This laser is  driven   so as to emit in sequence 
the various wavelengths and is synchronized with 
a photodiode, which replaces the spectrometer on 
the detection arm. A processor, which knows the 
 wavelength   emitted by the source associates the 
value measured by the photodiode, and recon-
structs in a certain time interval the interference 
spectrum between the beams coming back from 
the reference arm and the sample arm.  

6.10     Brief Introduction 
to Automated Systems 
for Keratoconus Screening 

6.10.1     Objective Parameters 
for Quantifying the  Ectasia   

 The fi rst step toward the creation of systems for 
the recognition of keratoconus has been dictated 
by the need to objectify and quantify the morpho-
logical distortions caused by the onset of ectasia. 
Quantitative indicators may in fact exceed the 
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limits of a purely subjective and qualitative inter-
pretation of the  topographical framework   of a 
cornea. The calculation of  indices   also makes 
possible the temporal interpretation of a case 
through the comparison of these parameters in 
the follow-up of the patient: it is in fact possible 
to monitor over time even very slight variations, 

so as to keep under observation in a detailed 
manner the evolution of the pathology. 

 Since the dawn of modern corneal topogra-
phy, different authors have proposed different 
quantitative methods to represent the videokera-
toscopic characteristics of keratoconus. The 
changes induced by the onset of a cone can be 

  Fig. 6.5    ( a ) Time domain 
OCT, ( b ) spectral domain 
OCT, ( c ) swept source OCT       
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observed considering wide range of parameters 
derived from multiple morphological and refrac-
tive aspects. 

 Since the analysis of the  anterior surface   of 
the cornea is prior to that of the entire anterior 
segment, and given that the fi rst topographers 
provided only sagittal data, the fi rst screening 
systems for keratoconus and the fi rst  indices   are 
based on the analysis of sagittal curvatures of the 
cornea front: quantitative descriptors derived 
mainly from sagittal data, such as the KISA% 
index proposed by Rabinowitz et al. [ 20 – 22 ], the 
 Cone Location and Magnitude Index (CLMI)   
proposed by Mahmoud et al. [ 23 ], and the 
 Keratoconus Prediction Index (KPI)   and 
Keratoconus Index proposed by Maeda et al. [ 24 , 
 25 ], have been and are being widely used for 
keratoconus detection. 

 Given the desirable characteristics of the tan-
gential curvature in the representation of the 
shape of keratoconus some authors have aban-
doned the  sagittal   representation in favor of the 
more sensitive tangential representation. Calossi 
[ 26 ] developed some  indices   derived from the 
tangential curvature to determine the likelihood 
of compatibility with a topographic pattern of 
keratoconus, considering the symmetry and the 
change of curvature in the ectatic area. 

 Other indices based on decomposition into 
Zernike polynomials of the  anterior surface   of the 
cornea have been proposed by Schwiegerling and 
Greivenkamp [ 27 ] (Z3 index) and Langenbucher 

et al. [ 28 ], essentially the maps of elevation of a 
group of healthy patients and a group of patients 
with the cornea affected by keratoconus have 
been decomposed into a set of  Zernike polynomi-
als   and the coeffi cients resulting from the fi tting 
were compared. The statistical comparison 
showed that the coeffi cients that mainly discrimi-
nate healthy eyes from keratoconus are those of 
the third order,  c3

1±

   and  c3
3±

  . 
 Posterior corneal  curvature   and pachymetry 

data provided by Scheimpfl ug imaging have been 
investigated by Ambrósio et al. [ 29 ], who showed 
that corneal-thickness spatial profi le, corneal- 
volume distribution, percentage increase in thick-
ness, and percentage increase in volume were 
different in keratoconus and normal eyes. 
Measurements obtained from the posterior cor-
neal curvature using a Scheimpfl ug camera have 
been  evaluated   in several other papers [ 30 ,  31 ].   

6.11      Modern Hybrid Systems   
Based  Assisted Learning   

 The recognition of keratoconus by its morpho-
logical features is a daunting and challenging 
task and, given that there is no gold standard for 
the certainty of keratoconus and that there is no 
agreement on what the signs of topographic lows 
are, the interpretation of topographical frame-
works is often subjective. In addition, if on the 
one hand modifi cations induced by the onset of a 

  Fig. 6.6    Image of the corneal section of a healthy cornea obtained by technology ASOCT in confi guration spectral 
domain       
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cone are such and so many that they can be 
observed considering a number of parameters 
resulting from multiple aspects both morphologi-
cal and refractive, on the other, keratoconus 
shows itself in forms so different and heteroge-
neous that only one class of indices is not often 
enough to ensure its correct diagnosis and 
description. The combination of such parameters 
and the weight to be assigned to each of them is 
often so complicated that many authors, in order 
to take into account all the heterogeneous vari-
ables related to the presence of a  corneal ectasia  , 
thought of making use of assisted learning tech-
niques and actually abstracting the problem of 
classifi cation [ 24 ,  25 ,  28 ,  32 ,  33 ]. 

 Assisted learning itself is a multidisciplinary 
fi eld: it bases its roots on the results of studies in 
fi elds such as artifi cial intelligence, probability 
and statistics, computational complexity theory, 
information theory, and neurobiology. The main 
objective of a system based on assisted learning 
is actually to learn to automatically recognize 
complex patterns and make intelligent decisions 
based on data provided in a fi rst stage (training) 
producing useful behavior (or in our case a cor-
rect classifi cation) for new cases. Nowadays, we 
are not yet capable of reproducing automatic 
learning systems similar to that of humans. 
However, effective algorithms were invented for 
certain types of learning tasks. 

 In the fi eld of classifi cation patterns of corneal 
topography and recognition of frameworks of ker-
atoconus, three types of systems have been mainly 
used: decision trees, artifi cial neural networks, and 
support vector machines [ 34 ,  35 ]. The fi rst method 
is a method of learning in which the element that 
learns is representable by a set of rules if-else. An 
artifi cial neural network is instead an adaptive sys-
tem that changes its structure based on external or 
internal information that fl ows through the net-
work during the learning phase. In practical terms 
neural networks are nonlinear structures of statisti-
cal data organized as modeling tools. They can be 
used to simulate complex relationships between 
inputs and outputs that other analytic functions fail 
to represent. The SVM (Support Vector Machine)    
fi nally are a set of supervised learning methods 
used for classifi cation. Given a set of  training   

examples, each marked as  belonging   to two pos-
sible categories, a training SVM algorithm builds 
a model that can predict which category must be 
from a new sample input. 

 What is usually done is to collect a large series 
and classify them according to clinical experi-
ence in at least two classes (the sick and the 
healthy). Cutting across this division we shall 
proceed to divide the set into two groups the fi rst 
of which will be used to train the expert system 
and the second to assess the performance of the 
classifi er: the choice of cases to be used in the 
training set and the control set must be random, 
but the number and the ratio of cases to be used is 
a key parameter for the success of the training. 
The choice of parameters which will serve as 
input to the system is an essential step and 
requires experience and sensitivity. 

 The only drawback to this approach is that of 
a priori classifi cation frameworks: as there is no 
fi xed rule for the certainty of keratoconus and 
being the interpretation of the clinical frame-
works still too arbitrary such arbitrariness is 
refl ected in what the expert  system   learns, in a 
much stronger way when the  diagnosis   of kerato-
conus is precocious. In fact, the more prema-
turely topographers are able to read signs of 
ectasia the less agreement there will be on the 
interpretation of signs and classifi cation.     
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