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Abstract 

 

Aim: The primary aim of this study was to find if there is any correlation between the 

corneal radius of curvature and its eccentricity.  

Method: 45 subjects participated in this study, 24 emmetropes, 18 myopes and three 

hyperopes. All subjects were free of ocular abnormalities and had no media opacities. All 

the subjects had normal ocular health and good visual acuity of 1.0 or better for both 

distance and near. The values for eccentricity and corneal radius of curvature were 

obtained by using a Topcon CA-100F Corneal Analyzer. 

Results: For the 4.5 mm zone the only significant correlation between corneal radius of 

curvature and eccentricity was obtained for the mean of the meridian (p = 0.007). On the 

other hand, we found no significant correlation for the average of two meridians or for 

meridian 1 and meridian 2 separately in the 8.0 mm zone. 

Conclusions: We found no correlation between the corneal radius of curvature and the 

eccentricity for both zones. In addition, no correlation could be found between the 

spherical equivalent of the refractive errors and the corneal eccentricity. The reason for 

not finding any significant correlation between the two entities could be due to factors 

such as smaller sample size and poor distribution of refractive errors in the sample. 

Moreover, there may be other factors that could influence the overall corneal shape like 

eye shape, axial length and corneal diameter, which was not evaluated in this study. 

Keywords: Corneal radius of curvature, corneal eccentricity, topography, conic sections, 

corneal shape descriptors 
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Sammanfattning 

 

Syftet med studien var att undersöka om det finns något samband mellan hornhinnans 

krökningsradie och eccentricitet. I studien deltog 45 personer; 24 emmetroper, 18 myoper och 

3 hyperoper. Alla personerna var fria från okulära abnormiteter och hade klara medier. De 

som medverkade i studien hade en god synskärpa både på avstånd och på nära håll med bästa 

korrektion. Synskärpan uppmättes till 1,0 eller högre per öga. Vi valde att enbart undersöka 

personer med refraktiva astigmatiska korrektioner som understeg -1,00D. På grund av likheter 

mellan ögonen, så som anatomi under ögonlocken, användes bara höger öga i studien. 

Värdena på hornhinnas krökningsradie, så väl som eccentriciteten erhölls via en Topcon CA-

100F Corneal Analyzer.  

 

Vid analys av en hornhinnezon på 4,5 millimeter kunde ingen signifikant korrelation påvisas 

för de enskilda meridianerna. Det kunde dock påvisas en signifikant korrelation mellan 

medelvärdet för de båda meridianerna och eccentriciteten (p=0,007). Vid analys av en 

honhinnezon på 8,0 millimeter kunde ingen korrelation styrkas mellan krökningsradien och 

eccentriciteten. Då ingen signifikant korrelation kunde styrkas, utökade vi parametrarna i 

syfte att hitta en korrelation mellan de refraktiva felen hos de medverkade och 

krökningsradien på hornhinnan. Vid analys av de medverkandes refraktiva korrektion och 

krökningsradien kunde ingen signifikant korrelation styrkas.  

 

Det som framkom i denna studie var att ingen stark korrelation mellan hornhinnas 

krökningsradie och eccentricitets-värdet kunde styrkas. Ej heller påvisades en korrelation 

mellan krökningsradien på hornhinnan och de medverkandes refraktiva fel.  
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1 Introduction 

This section gives a brief introduction about the corneal anatomy and its optical properties. A 

short insight about different conic sections and their relationship to corneal shape descriptors 

are also discussed. The last section of introduction would deal with the principles of 

topography and the importance of measuring the corneal surface.  

1.1 Optical structures 

 

The main function of the eye’s optical system is to focus light onto the retina. 

The image formed by the optical system is always focused, but not always onto the retina. 

When the optical image is focused in front of or behind the retina, the retinal image is out of 

focus or blurred (ametropia) (Grosvenor, 2006). Human eye contains two important refractive 

surfaces, the cornea and the crystalline lens. This work mainly deals with the cornea that is 

composed of five different layers. The purpose and function of each layer is explained below. 

1.1.1 Corneal epithelium 

Out of five layers, the epithelium is the outermost layer of the cornea. This layer contributes 

around 10 percent of the overall thickness of the cornea. This layer is in turn tightly packed 

with three cell types with 5-7 layers. There are three types of cells and shapes in the 

epithelium; they are from posterior to anterior, basal cells, wing cells, and squamous cells. 

The renewal rate of epithelial cells depends on three factors:  

1: The overall cell mitosis 

2: The loss of cells from the surface 

3: A slow centripetal movement (i.e. a migration of the cells from the periphery towards the 

center) (Bergmanson, 2005) 

In the corneal epithelium at basal cells mitosis can be observed, here most of the mitosis 

occurs for the corneal epithelium, however occasionally one can find dividing cells even in 

the wing cell layer. Basal cells form the innermost layer, and they have a higher metabolic 

rate, which aids the process of dividing. Due to a higher metabolic rate, they also have more 

cytoplasmic organelle, such as mitochondria and a more developed Golgi apparatus. The 

basal cells also have a larger reserve of glycogen, this is needed in case the epithelium is 

damaged or stressed.  
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Wing cells forms two layers of cells right next to the basal cells. In general, they have a 

convex anterior surface and a concave internal surface (Bergmanson, 2010).  

Squamous cells are flat polygonal cells with zonula occludentes or tight junctions. This 

prevents fluid to leak into the cornea. On the anterior surface, a large number of micro willies 

and micropillicae are present. These micropillicae helps absorbing nutrients from the tear film 

by extending the surface area. They also harbor a thin layer of a glycoprotein called 

glycocalyx. The glycocalyx is secreted by the epithelial cells and is believed to help 

adherence of mucus to the tear film. (Bergmanson, 2010) 

Epithelial functions. 

1. Physical protection – Forms a protective layer. 

2. For refraction 

3. Ultraviolet radiation protection – Contributes to UVR blocking.  

4. Tear stabilizing – Microvillie helps stabilizing the tears. 

5. Acts as a fluid barrier – Zonula occludentes and tight junctions 

6. Shield against microorganism  

1.1.2 Anterior Limiting Lamina 

This layer is also known as Bowman’s membrane and it is made up of modified stromal 

tissue. The anterior surface is separated from the epithelium by a basal membrane, and on the 

posterior side, it ends abruptly at the surface of the stroma (the eye basic science in practice 

third edit). This layer connects the epithelium with the stroma and helps the layers to stay in 

place even in case of trauma. (Bergmanson, 2010) 

1.1.3 Stroma 

The stroma makes up 90% of corneal thickness. It is primarily composed of regularly oriented 

collagen fibrils with interspersed keratocytes. These collagen fibrils are organized in bundles 

known as lamellae. A normal cornea contains around 240 lamellae and the anterior lamellae 

are thinner with greater numbers than the posterior lamella. The main cell type to be found in 

the stroma is keratocytes. However, a small number of neutrophils, lymphocytes, plasma 

cells, and histocytes might be present in various numbers (Bergmanson, 2010). There are 

roughly 2.4 million keratocytes in an adult cornea. The keratocytes are extremely flattened 
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and modified fibroblasts and are connected to one another in a corkscrew pattern. The typical 

cornea does not contain blood or lymphatic vessels. However, sensory nerve fibers are present 

in anterior layers (the eye basic science in practice third edit). It is not entirely clear how the 

lamellae are organized in the periphery of the stroma (Bennet & Weissman, 2005) 

1.1.4 Posterior Limiting Lamina (Descemet´s membrane) 

PLL acts as the basement membrane for the endothelium, and is the thicket basement 

membrane in the entire body. In newborn babies, this membrane is only 3µm thick and grows 

roughly 1µm per decade. (Bergmanson, 2010) 

1.1.5 Endothelium 

The endothelium consists of one layer of cells, which are relatively thin. These cells do not 

reproduce, so the number of cells is reduced from around 4300 cells at birth down to 2500-

2000 cells per mm
2
 at the age of 80. One of the reasons for the loss of cells is trauma to the 

eye. In healthy young adults, all the cells in the endothelium are of the same size. With age, 

these cells degenerate and change form (plemorphism), size (polymegethism) and they may 

have a change in number of sides (polygonality) (Bergmanson, 2010). 

1.2 Corneal Nerves 

The human cornea is the most densely innervated surface tissue in the body. Upon entry the 

nerves loses their myelination. A normal cornea has 300-600 times the sensory innervation 

density of the skin. This dense innervation is necessary since the cornea is the first line of 

defense against eye injuries. Nerves in the cornea can be lost from different types of surgery, 

injury to the cornea or other diseases. When the cornea does not have an appropriate density 

of nerve bundles, disease states such as dry eye, corneal ulcers can start to hinder proper 

vision. (Popper, 2009; Marfurt, Cox, Deek, & Dvorscak, 2009) 

1.3 Corneal optics  

The absence of blood vessels and the presence of epithelial barrier enable the cornea to 

maintain its transparency. Moreover, the structural arrangement of the stromal collagen fibrils 

and endothelial cells also plays a part in maintaining transparency. The epithelial and 

endothelial cells have a major role in regulating dehydration. The cornea provides the major 

refractive power of the eye. The transparent tissue of the cornea transmits most of the light in 

the visible spectrum with minimal scattering. Corneal transparency is preserved by cellular 

active transport mechanisms, which keep the hydrophilic corneal stroma less hydrated. The 

ideal physiological corneal hydration is approximately 78% (Edelhauser, 2006). Cornea 
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receives its nutrients from the tear film, aqueous humor and the limbal vessels. (Pettersson, 

2011). The cornea has a diameter of 12 mm horizontally and 11.5 mm vertically and it 

accounts for two thirds of the refractive power of the eye, ~ 43 Dioptre (D). The central 

thickness of the cornea is 0.5 mm and the thickness increases towards the periphery. The 

shape of the cornea flattens towards the periphery, which creates an aspheric surface. This 

aspheric surface has different radii of curvature in the horizontal and vertical meridians, 

which are 7.8 and 7.7 mm respectively.  

The shape of the cornea is important for contact lens fitting, for studying the variation among 

the population and for making better schematic eyes. In addition, it is also important to know 

the effects of long-term contact lens wear on the shape and physiology of the cornea (Kiley, 

Smith & Carney, 1984). However, it is practically impossible to describe the shape of the 

cornea (Jayakumar, 2005). 

Since the cornea is a living tissue, it is quite complex, and hard to describe the shape by a 

single unit (Swarbrick, 2004). With the advent of corneal topography and refractive surgeries, 

it became important to determine the corneal shape factor. Studies before the advent of 

corneal topography did not define the corneal shape and only mentioned them in relation to 

other ocular media. However, with the advent of modern technology accurate description of 

corneal shape became possible. Computer aided topographs have given us a more complete 

and accurate description of the corneal shape (Davis, Raasch, Mitchell, Mutti & Zadnik, 

2005). Corneal asphericity is one of the many indexes that describe the corneal shape and it is 

unit-less. It refers to the change in corneal curvature from the apex to the periphery. 

Normally, the cornea flattens from the apex towards the periphery and is related to the form of 

a prolate ellipse. Just a small percentage of the population has corneas that are oblate ellipse, 

which is steepening of the cornea from the apex towards the periphery (Davis et al, 2005). 

The shape of the cornea may vary with the meridians, (e.g. 180 vs. 90) and even with hemi 

meridian (e.g. nasal vs. temporal). There may also be a small diurnal change; therefore, any 

corneal descriptor only gives an average value of the shape (Swarbrick, 2004). 

Corneal shape factor can be described as following, P = Q+1 and the eccentricity can be 

linked to the following formula Q = -e
2
 (Mainstone, Carney, Anderson, Clem, Stephensen, 

Wilson, 1998). SF is the shape factor of the cornea and it is equal to e
2
. SF also equals to 1-P 

and Q = -e
2
 (See Table 1). So if given any one of the above-mentioned descriptors, all the 

others can be calculated (Mainstone et al. 1998; Lindsay & Atchinson, 1998). 
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When it comes to describing corneal shape, scientists assume corneal profile to be of a conic 

section in any meridian. This is an easy way to describe the shape of the cornea; however, it 

does not give an adequate description of the cornea. Ellipsotoric models can be used to 

describe the cornea more precisely but are more complex. So what is a conic section? A conic 

section can be a hyperbola, a parabola, an ellipse, or a circle (See Table 2). To sum it up, a 

conic section can be fully described by using two parameters. The first parameter is the apical 

radius and the second is the eccentricity (Lindsay & Atchison, 1998). The simplest way to 

describe this aspheric conic section is by using Baker’s equation. 

  

where 

p = shape factor 

ro = apical radius of curvature (mm) 

x = sagittal depth over a specified chord length (mm) 

y = half chord length (mm) 

Many topographers use previously mentioned equation as a base for calculating the shape 

indices. (Jayakumar, 2005) 

The relationship of the descriptors of the corneal shape can be linked to each other by the 

following: See table 1:  

Table: 1                 

 −e
2 p SF (=e

2
) Q (=−e

2
) 

e
2
= * 1−p SF −Q 

P= 1−e
2 * 1−SF 1+Q 

SF= e
2 1−p * −Q 

Q= −e
2 p−1 −SF * 

 

Table 1: Descriptors of the corneal shape and its relation towards the different types of conic sections is given 

above. 
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Table: 2 

 e
2 p=(1−e

2
) SF= (e

2
) Q=(−e

2
) 

Hyperbola >1 <0 >1 <−1 

Parabola 1 0 1 −1 

Prolate ellipse 0< e
2
 <1 0 <p <1 0< p< 1 −1 < Q <0 

Circle 0 1 0 0 

Oblate ellipse <0 >1 <0 >0 

 

Table 2: Relationship of corneal descriptors to various ellipsoids is given above. 

 

 

Figure 1: Shows the different conic sections of the cornea. 

 

Figure 2: Shows the different conic sections, which can be used to describe the corneal shape.  
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1.4 Topography 

 

1.4.1 Different types 

There is a number of ways to analyze the shape of the cornea; the most used method 

worldwide is to use a keratometer. However, one of the main disadvantages with a 

keratometer is that it only measures the central 3 mm
2
 of the cornea. For conditions such as 

keratoconus and in the field of refractive surgery, we might need to measure a wider area of 

the cornea in order to obtain a better data. Therefore, it is a good instrument to follow up the 

progression of the changes throughout the surface of the cornea. (Benjamin, 2006) 

Technologies that are currently used for measuring the shape of the cornea are well developed 

and frequently used in clinical practices. Topographers available currently use reflection 

based or projection based techniques to evaluate the cornea (Klein, 2000). The most common 

method is based on specular reflection from the air and tear-film. Due to the convex shape of 

the cornea, a virtual image is formed a few millimeters behind the corneal surface. An 

illuminated pattern, normally Placido rings (a series of concentric bright and dark rings), is 

placed in front of the eye, meanwhile a camera views and records the image formed by the 

cornea. By knowing the location of the cornea relative to the Placido discs and the recording 

camera, the shape of the cornea can be calculated from the image captured. A virtual image of 

Placido rings formed by the cornea is shown in Figure 2. 

   

Figure 2: Image of the Placido discs reflected from the cornea. We can also 

see the different corneal zones. The red ring shows the 8.0 mm corneal zone 

and the red circle the 4.5 mm zone. 
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The second corneal topographic method involves projecting a slit onto the cornea surface 

from one angle, and examining the scattered light from another angle. Generally, the cornea 

scatters of light poorly; therefore, fluorescein eye drops are often applied to create a more 

diffuse surface. Triangulation is the used to reconstruct the image of the corneal surface. 

Reflection based topographer’s uses the principle of analyzing the distortion of a known 

pattern (the Placido rings) caused by reflection off the cornea. 

There are different instruments that can measure corneal topography using various principles 

such as videokeratoscopes, keratometer, and photokeratoscopes and most of them are 

reflection based topography systems. Reflection-based systems calculate the slope of the 

corneal surface, and then calculate the curvature and power of the cornea. The slope obtained 

cannot be directly converted into height without assumptions or additional measurements .The 

radius of curvature can be calculated and afterwards be converted into dioptric change by 

using standard keratometric index. All videokeratoscopes use the same mechanisms to 

provide similar information. However, they vary in some of their features, such as the size of 

the cone of Placido rings. One other thing that might differ is if focusing is manual or 

automatic (Corbett, 2000).  

The topographs can be of either small-cone or of big-cone placido disc, or slit-scanning 

device. Placido disc systems work by projecting series of concentric rings on the anterior 

corneal surface. It does not measure corneal elevation instead derive the anterior surface 

elevation by reconstructing the actual curvature measurements using algorithms. Small-cone 

systems projects more rings onto the cornea and have a shorter working distance than those of 

big-cone type, this gives greater amount of measurement points. However, they require a 

more steady hand to acquire an accurate image. Large-cone Placido disc systems uses a longer 

working distance, which projects a fewer set of rings onto the cornea. This makes them more 

forgiving when it comes to measuring patients with a deeper set of eyes. Slit scanning or other 

elevation devices can directly measure both the anterior and posterior cornea by using 

something called a light-base analysis or time domain. This data can then later on be 

converted into diopters, or corneal thickness.  

 

1.4.2 Coloring scale 

Topography maps are displayed by utilizing a coloring scale. Steeper curvatures are displayed 

in warm colors such as red or orange, whereas flatter curvatures are displayed in cool colors 
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such as green or blue. The maps are displayed in either an absolute or a normalized scale. The 

absolute scale are a fixed range of curvature, is regardless of the map that is chosen. The 

normalized scale in the other hand shows the range of power, or curvature, calculated from 

specific maps that previously were chosen.  

 

Another good use for the topography is when applying rigid gas permeable lenses, or when 

evaluating pupillary defects. According to Topcon CA-100F Corneal Analyzer manual is a 

good way to measure the corneal shape and it´s also a good tool in the process of applying 

soft contact lenses. The topography displays the taken pictures in an absolute scale, which 

displays the picture in the color range from different shades of blue to red. This makes it 

possible for an experienced person to get a good overview in a just a short period of time.  

Good measuring can be done on both non-reflecting surfaces and/or surfaces that are not 

completely even.  

Mainstone et al. (1998) state that many ocular components are known to vary linearly with 

increased refractive error and therefore it is likely that corneal asphericity may also vary with 

refractive error. Carney et al (1996) found out that the cornea has a tendency to flatten less 

rapidly towards the periphery with increased myopia.  In recent years, there has been a rapid 

increase in refractive surgeries worldwide. Knowledge of corneal shape will give a better 

understanding of the post-operative outcome and its impact on visual acuity. It is also 

important to understand the difference between eyes as well as difference between individuals 

(Mainstone et al, 1998). 
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2 Aim 

The primary aim of this study was to find if there is any correlation between the corneal 

radius of curvature and its eccentricity. 
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3 Material and Method 

3.1 Inclusions 

The study was performed at Linnaeus University, Kalmar, Sweden. 45 subjects participated in 

this study, 16 men and 29 women. The subjects were both students and people recruited out of 

the general population. Included in the study were 24 emmetropes, 18 myopes and 3 

hyperopes. The age ranged from 18 to 61 with the mean value of 25±7. The study included 

subjects within the range of normal refractive error. Therefore subjects with an astigmatic 

refraction bigger than -1.00 DC where excluded. None of the subjects was diagnosed with any 

systemic or ocular diseases.  

3.2 Material 

During the study, the following instruments and tools were used:  

Topcon CA-100F Corneal Analyzer 

Trial frame 

Slit lamp- Keeler SL-40 (Keeler Ltd Berkshire UK) 

3.3 Method 

Before the procedure started all the subjects were informed both in writing and verbally about 

the procedures. All subjects signed an informed consent. All subjects were treated in 

accordance with the tenets of the Declaration of Helsinki. Thereafter, a screening for ocular 

anatomy abnormalities using the slit-lamp biomicroscopy was conducted. The main reason 

was to exclude subjects who had media opacities. All the subjects had normal ocular health, 

were free of any ocular diseases or systemic disease. None of the subjects had any history of 

ocular surgery or trauma.  

Non-cycloplegic binocular subjective sphero-cylinder refraction was performed by using a 

Jackson cross-cylinder in a phoropter. This was done to ensure all the subjects had good 

visual acuity of 1.0 or better in the right eye. Corneal topography and palpebral fissure 

measures have a tendency to exhibit a high degree of symmetry between the left and right eye. 

Therefore, only the right eye of the subjects was used for all measurements in the study. None 

of the subjects was full time contact lens wearers. Only part time users were allowed, but 

instructed not to use lenses the day before the measurement was performed. 
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Videokeratographic digital images were taken of anterior corneas of all 45 adult participants. 

All the subjects were instructed to sit comfortably with the chin and forehead well rested 

against the topograph. The subjects were asked to fixate and try to look as steady as possible 

at the green light, while a picture was maintained on the screen.  The apparatus were adjusted 

back and forth with a joystick, which made it possible to maintain a clear and steady picture. 

All the pictures were stored on the hard drive. Three pictures were taken on the subject’s right 

eye and averaged. All three pictures had to be of good quality for this, if not, new picture were 

taken. The pictures that were taken were displayed in an absolute scale. 
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4 Results 

The main aim for this study was to find if there is any correlation between the eccentricity and 

the radius of curvature on the anterior surface of the cornea. We measured by topography and 

observed values for two zones, 4.5 mm, and 8.0 mm. Within these two zones, we measured 

eccentricity and the corneal radius of curvature at two different meridians. Mean values of the 

meridians and eccentricity were obtained from the instrument.  

Each of the meridians and the average of the two different meridians were compared with the 

corneal radius of curvature with a Pearson correlation coefficient test. Thereafter a trend line 

was added to display the angle of the correlation. The radius of curvature and the eccentricity 

changed between the meridians as well as between the analyzed zones (4.5 mm vs. 8.0 mm). 

When looking at the meridians separately, and comparing them with the eccentricity no 

statistically significance could be found (see figure 3 and 4). However, for the average of the 

both meridians combined we found a weak but significant correlation (see figure 5). 

Displayed below are the figures for the 4.5 mm zone.  

 

 

Figure 3: The correlation between meridian 1 and the radius of curvature for the 4.5 mm zone. (R
2
 = 0.076 

r=0.276 and a p-value of 0.072) 
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Figure 4: The correlation between corneal radius of curvature for meridian 2 and the eccentricity for the 4.5 mm 

zone (R
2
 = 0.059, r=0.242, p=0.104).  

 

Figure 5: shows the correlation between the average value of corneal radius of curvature and eccentricity 

obtained from both meridians for the 4.5 mm zone (R
2
=0.153, r=0.391 and a p-value of 0.007). 
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The same statistically analysis were performed for the 8.0 mm zone. We used a Pearson 

correlation coefficient test to see how strong of a correlation there is between the radius of 

curvature and the eccentricity. No significant correlation could be validated when looking at 

meridians separately (see figure 6 and 7), nor could it be found for the averaged value of the 

both meridians combined (see figure 8). Displayed below are the figures for the 8.0 mm zone.   

 

Figure 6: shows the correlation between meridian 1 and the radius of curvature for the 8.0 mm zone. R
2
=0.058, 

r=0,240 and p=0.110. 

 

Figure 7: The correlation between corneal radius of curvature for meridian 2 and the eccentricity for the 8.0 mm 

zone (R
2
=0.078, r=0.279 and p=0.062) 
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Figure 8: The correlation between the average value of corneal radius of curvature and eccentricity obtained 

from both meridians for the 8.0 mm zone, R
2
=0.077, r=0278 and p=0.068. 

Since we did not find any strong correlation between radius of curvature and corneal 

eccentricity, we correlated refractive error (spherical equivalent) with radius of curvature 

obtained for the 4.5 mm zone. Figure 9 shows poor correlation between the two components. 

 

Figure 9: The spherical equivalent plotted against the radius of curvature. (R
2
=0.0008 r=0.028 p= 0.85) 



 

17 

 

Figure 10 shows the mean of eccentricity for each measured zone, with standard deviations as 

error bars. The mean ± SD for the 4.5 mm and 8.0 mm zone was 0.23±0.21, and 0.46±0.08 

respectively. The values of the zones were analyzed by a paired student’s t-test with a p<0.01. 

Displayed in figure 11 is the mean value for the corneal radius of curvature for each measured 

zone, with standard deviations shown as error bars. The mean ± SD for the 4.5 mm and 8.0 

mm zone was 7.61±0.24, and 7.56±0.25 respectively. The mean values of the zones were 

analyzed by a paired student’s t-test with a p =0.24.  

 

Figure 10: The mean eccentricity value for the two measured zones, with standard deviation displayed as error-

bars. 

 

 

 

Figure 11: The mean corneal radius of curvature for the two measured zones, with standard deviation displayed 

as error-bars. 
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5 Discussion 

 

The main purpose of this study was to see whether the corneal radius of curvature correlates 

with eccentricity. The reason for this is that theoretically steeper corneas should have a more 

prolate shape corresponding to higher e-value than those of the flatter type. Therefore, we 

wanted to examine how well eccentricity correlates with radius of curvature.  

We found no correlation between eccentricity and radius of curvature for individual meridians 

in both zones. We found a weak but significant correlation between the corneal radius of 

curvature and eccentricity for the average of two meridians in the 4.5 mm zone. On the other 

hand, we found no significant correlation for the average of two meridians in the 8.0 mm 

zone.  

The reason for not finding any significant correlation between the two could be due to factors 

such as small sample size and poor distribution of refractive errors in the sample. Moreover, 

there may be other factors that could influence the overall corneal shape like eye shape, axial 

length and corneal diameter, which was not evaluated in this study. A study by Carney et al. 

(1997) showed that myopes have a tendency to have steeper central corneal value; however, 

they did not find a strong correlation between the corneal radius of curvature and asphericity 

(Carney et al, 1997). The finding of our study is in agreement with their study but we have to 

consider that we had only 18 myopes in our sample with the highest error of -7.00 D. We 

included all types of ametropias (both axial and refractive), the myopes had both steeper and 

flatter corneas, and this may have influenced the overall outcome of the study.  

Previously Mainstone et al (1998) conducted a study to find a correlation between the radius 

of curvature, axial length, corneal asphericity, and refractive errors in a hyperopic population. 

They did not find any significant correlation between the refractive errors and the corneal 

radius of curvature in hyperopes. We had a large emmetropic group of 24 subjects who may 

have regular corneas and only 3 hyperopes. The three hyperopes severely undermined the 

hyperopic group. The three hyperopes in the study had a refractive error of + 0.75D, +1.00D 

and + 4.5D, respectively. Therefore, it may be important not only to know the refractive error 

but also it is important to determine the type of refractive error. This could not be possible 

without measuring the axial length of the eye and determining if the refractive error is axial or 

of the refractive type.  
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In subjects with unstable tear-film, topographers can obtain readings that are much flatter than 

the original readings because of drying up tears on the cornea (Corbett 2000). Phillips & 

Lynne (2007) states that the number of measuring points is the same for all the concentric 

rings and even accommodation, vergence could also have an impact on the topography 

readings. This might be a reason that readings in the periphery are not as reliable as central 

values and the results can be more unreliable on the nasal side especially when considering a 

bigger corneal zone. This factor in combination with above mentioned factors would have 

affected our findings resulting in a poor correlation between corneal eccentricity and radius of 

curvature.  

If the study should be repeated, more factors needs to be taken into account. For example 

measuring the horizontal and/or vertical visible iris diameter (HVID, VVID) would be 

interesting. Does an eye with a smaller HVID/VVID have a tendency to flatten more rapidly 

towards the periphery? Additionally since the corneal radius of curvature did not change 

much between the 4.5 mm and the 8.0 mm zone it might be good to measure an even bigger  

corneal zone. Since change in the radius of curvature between the two zones is quite small it 

is possible, we are evaluating only the apical radius of curvature. Moreover, it would be 

interesting to measure the rate of change for the corneal radius of curvature and compare with 

it eccentricity. 

6 Conclusion  

We found no correlation between the corneal radius of curvature and the eccentricity for both 

zones. In addition, no correlation could be found between the spherical equivalent of the 

refractive errors and the corneal eccentricity. The reason for not finding any significant 

correlation between the two entities could be due to factors such a small sample size and a 

poor distribution of refractive errors in the sample. Moreover, there may be other factors that 

could influence the overall corneal shape like eye shape, axial length and corneal diameter, 

which was not evaluated in this study. 
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Appendix 2 

Topcon CA-100F Corneal Analyzer 

Namn:__________________________________ 

Biomikroskåpet: Retro illumination._________________ 

                           Optisk sektion av cornea:____________ 

 

Refraktion: 

Autorefraktor Höger:_____________Vänster:_____________ 

 Fri visus Sfär Cylinder Axel Visus  Fri visus 

Nära40cm 
Visus 

Nära40cm 
Höger             Bin                 Bin         Bin         Bin 

Vänster    

 

Mätning 1: 

 

 

 

 

 

 

 

Mätning 2: 
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