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Abstract: 

Eccentricity is a value that describes how much the peripheral curve radius flattens with 

respect to the apical curve radius. Much of the fitting of RGPs takes place in the 

periphery; this is why it is important to take into account eccentricity when fitting lenses. 

100 subjects had eccentricities measured of their right eye at 7, 8, and 9 mm chords and 

the data analyzed. The average eccentricities are 0.572, 0.603, and 0.635 for the 7, 8, and 

9 mm chords respectively. The average values show greater eccentricities as you move 

into the periphery of the cornea, demonstration that eccentricity can change a great deal 

with small changes in chord length. We have shown that there is a large, well distributed 

range of values at each chord. Very few of those sampled would have eccentricities that 

would not change the peripheral curve radius by ±1/8th D from the expected peripheral 

curve radius at a given chord. Furthermore, small changes in eccentricity can change the 

peripheral curve radius a great deal. Because of this large distribution of values, and 

because a small change in eccentricity can have great impacts on peripheral steepness, it 

is important to take into account eccentricity, and the position where the lens fits on the 

cornea when fitting RGP lenses. 
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Introduction: 
With the innovation of the comeal topographer, practitioners could more easily 

gather information about the comea, especially the periphery. This information could be 

used to aid in fitting of soft contact lenses, rigid gas permeable contact lenses, and more 

recently, reverse geometry lenses. Conventional keratometers only analyze the central 3 

mm when in the strait ahead position. Peripheral comeal information is obtainable with 

keratometers by having the patient look up, down, left, or right. However, peripheral 

information is difficult, and often inaccurate, to measure if you are not analyzing the 

1801
h or 90th meridian. In addition, this method is time consuming when you consider 

that a topographer gathers information about the entire comea in one exam. 

Comeal eccentricity is a value describing how much the peripheral cornea radius 

has flattened with respect to the apical radius . The formula for comeal eccentricity is: 

e = -._j [(P2-A2) I (d/2)2] 

Where e is the eccentricity; P is the peripheral curve radius in mm, A is the apical curve 

radius in mm, and d is the chord length in mm. A chord is a length that runs from one 

side of the comea to another, running perpendicular and through the visual axis. A chord 

is roughly equal to twice the radius from the apex of the cornea to the point of interest on 

the comea. For example, a point that is 3 mm from the apex of the cornea would be at a 

6 mm chord. When fitting a reverse geometry lens on an eye with a large eccentricity, 

you will have to flatten the fitting curve from the apical radius to get a proper fit. In 

contrast, you may use the apical radius as your fitting curve radius on an eye with a low 

eccentricity. 

Information about the peripheral comea, especially eccentricity, is particularly 

useful in fitting RGPs due to the fact that fitting of the lenses largely takes place in the 
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mid-peripheral cornea, and RGPs often require a more exact fit than soft contacts lenses. 

Furthermore, reverse geometry lenses require a more exact fit than normal RGPs due to 

the need for the lenses to center well. Without well centered reverse geometry lenses, the 

treatment zone will not be on the visual axis, giving less than desirable visual acuity. 

From the equation for eccentricity above, and using an apical radius of 7.80 mm 

(43.25 D) and an eccentricity of 0.50, at a 9.0 mm chord, the peripheral radius is 8.19 mm 

(41.25D). This means you would have to take into account a 2.00 D flattening in the 

periphery when designing your lens. Using the same eccentricity and apical radius at an 

8 mm chord, you would have to take into account approximately 1.37 diopters of 

difference in the peripheral curve. If we could use eccentricity information about the 

peripheral corneal steepness and the effects it has at various lengths form the apex, it 

would be theoretically easier to design RGP lenses. 

Using a 10 mm reverse geometry lens as a model, the optical zone diameter is 

approximately 6.0 mm, the reverse curve is 0.6 mm wide, the fitting curve is 1.0 mm 

wide, and the peripheral curve is 0.4 mm wide. This means that the fitting touch of the 

lens can occur any where from a chord of 7.2 to 9.2 mm along the fitting curve. Ideally, 

you need to take into account the eccentricity and the position where the lens is touching 

the eye to properly generate the fitting curve on your RGP and reverse geometry lenses. 

Dr. Joe, in his article in the Journal of the American Optometric Association, 

showed a correlation between the eccentricity of an eye and the relative change in the 

post-Ortho-K keratometries. 1 This could be another use fore values besides fitting and 

designing lenses. Previously, factors such as initial topographies, amount of astigmatism, 

and desired flattening were used as indicators of ortho-K success. If we had more 
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information about eccentricity, we could use it as an additional way to predict successful 

ortho-K. 

Knowing how eccentricity can affect lens design, we wanted to determine what 

the average eccentricity and distribution are of the human cornea. Also, we wanted to 

know what the eccentricity is at various chords of the cornea since all RGP do not fit at 

the same place. It would be beneficial to know how the eccentricity values are 

distributed in the general population. If the range is tightly distributed, then it may be 

possible to assume a standard eccentricity value that will work for most patients. 

Methods: 
Corneal topographies were taken of the right eye of 100 optometry students using 

the Medmont topographer. All subjects were in good ocular health and did not have any 

corneal dystrophies, degenerations, or previous refractive surgeries. The Medmont 

topographer was used due to its high reliability and repeatability and also because it takes 

multiple readings during each exam to give an average value. 2 The Medmont also 

automatically finds the flat median of the eye and allows you to find the eccentricity 

value along any meridian and at any distance from the apex. It calculates the eccentricity 

by averaging the nasal and temporal values along the specified meridian at a particular 

distance on either side of the apex.2 All values were taken along the flat meridian 

because reverse geometry lenses are fit on this meridian. Eccentricity values were taken 

at the 7, 8, and 9 mm chords. 

Data and Results: 
Average eccentricity values were calculated at the various chords. The values were 

0.572 at 7 mm, 0.603 at 8 mm, and 0.635 at 9 mm. These values are summarized in table 

1. 
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T bl 1 A t . •t I t th h d a e . verage eccen nc1 ty va ues a e various c or s . 
7 mmchord 8 mmchord 9 mm chord 

Average 0.572 I 0.603 I 0.635 
Standard deviation ±0.125 I ±0.138 I ±0.141 

The average value of the eccentricity increases as you go more into the periphery. 

This can be anticipated because the cornea becomes more aspheric as you move away 

from the apex. Also, the distribution shows a slide toward higher eccentricity as you 

move to the periphery as shown in Figures 1, 2, 3, and 4. For simplicity, the distribution 

was divided into the categories: low (e = 0.10 to 0.39), medium (e = 0.40 to 0.69), and 

high (e = 0.70 to 0.99). At a 7 mm chord, 8% of the subjects had eccentricities in the low 

range, whereas 6% where found in this category at the 8 and 9 mm chord. The medium 

values show a decreasing occurrence trend as you move into the periphery: 79% for the 7 

mm chord, 72% for the 8 mm chord, and 60% for the 8 mm chord. Contrary to this, the 

high values show increasing occurrence as you move into the periphery: 13%, 22%, and 

34% for the 7, 8, and 9 mm chords respectively. 

Analyzing the peripheral corneal at a 7 mm chord, using the formula for 

eccentricity, an apical radius of 7.80 mm, and the average e value of 0.572 from above, 

gives us a peripheral radius of 8.05 mm (41.88), a difference of 1.38 D from the apical 

radius. The question now is how much does the e value need to vary to change the 

peripheral cornea by ±1/81
h D? 1/81

h diopter was chosen because RGPs are rarely made 

with specifications more exact than to the 1/81
h diopter. With an apical radius of 7.80 

mm, the e value can range from 0.557 to 0.602 and have the peripheral curve be within 

±1/8 D of the expect peripheral curve radius of 8.05 mm, based on the average e value at 

this chord. (Table 2) Only twenty of the 100 would have eccentricities that would give 

peripheral curve radius within ±1/81
h D of the expected average peripheral curve radius. 
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(Table 3) To state this another way, with an apical radius of 7.80 nun at a 7 nun chord, it 

takes a change in eccentricity of 0.015 less or 0.030 more to change the peripheral curve 

by 1/8th D. 

Table 2: Average e values, expected peripheral curve radius, and eccentricity 
needed to change the expected peripheral curve radius by l/81

h D using an apical 
radius of 7.80 nun 

Expected Eccentricity needed to change 
Average peripheral curve the peripheral curve radius by 
e value radius using ±1/81

h diopter 
average e value low value high value 

7 nun chord 0.572 8.05 mm 0.557 0.602 
8 mmchord 0.603 8.16nun 0.572 0.616 
9 mmchord 0.635 8.31 mm 0.617 0.650 

At the 8 nun chord, using a 7.80 nun apical radius and average e value of 0.603, 

the peripheral curve radius is expected to be 8.16 mm (41.36 D), a variation of 1.88 D 

from the apical radius. At this chord, thee value can range from 0.573 to 0.616 and have 

the peripheral curve be within ±ll81
h D of the expected peripheral curve radius of 8.16 

nun. (Table 2) Seventeen of those sampled were within ±1/81
h D of the expected average 

peripheral curve radius. (Table 3) 

Table 3: Percent of subjects sampled having eccentricities that are within ±1/81
h 

diopter of the expected average peripheral curve radius using an apical radius of 
7.80mm 

% of subjects 
sampled 

7 nun chord 20% 
8 nun chord 17% 
9 nun chord 5% 

Looking at the 9 nun chord and the same criteria as with the 7 and 8 nun chords, 

the expected peripheral radius is 8.31 nun (40.63 D), a difference of 2.62 D from the 

apical radius. E values between 0.617 and 0.650 would give expected peripheral curve 

radius values that are within ±1181
h diopter of the expected average peripheral curve 
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radius. (Table 2) At this chord, only 5 of those sampled would fit this criterion. (Table 3) 

All of these values would be different using an apical radius other than 7.80 mm. 

Figure 1: Occurence at 7 mm Chord 
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Figure 2: Occurence at 8 mm Chord 
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Figure 3: Occurence at 9 mm Chord 
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Figure 4: Occurence at 7,8, and 9 mm Chords 
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Conclusion: 

o7 mm Chord 

1

•8 mm Chord 

o9 mm Chord 

We have shown that there is a general trend of higher eccentricity as you move 

more into the periphery of the eye. The farther you move peripherally on an individual 

eye, the greater the eccentricity, and also the population average for eccentricity increases 
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as you move more peripherally. There is a fairly large distribution of values at each 

position measured. Even though an average value was calculated at each position, the 

average value does not represent a large percentage of the population. At the 9 mm 

chord, only 5% hade values that would give peripheral curves within ±1/8 D of the 

expected peripheral curve radius, only 17% meet this criterion at the 8 mm chord, and 

20% at the 7 mm chord. One average value cannot be assumed to be true in the vast 

majority of the population thus emphasizing the need to take eccentricity into account 

when fitting any type of RGP lens. 

All formulas above were calculated using an apical radius of 7.80 mm (43.25), 

assuming that all eyes have the same apical radius . Since we know that this is not true, it 

would be beneficial to see in future studies how eccentricity and the apical radius 

correspond to each other. It would also be interesting to determine to what extent the 

eccentricities show a different average and distribution when the apical radius is taken 

into account. In addition, the numbers would be different if a keratometer was used to 

measure corneal steepness instead of a topographer. A keratometer actually measures 

steepness at a 3 mm chord, and does not measure the apical radius. Without a true value 

for apical radius, one cannot technically calculate eccentricity and will only get a gross 

estimate. 

If you use a computer program and topographer to design your lenses, even if it is 

one that takes into account corneal eccentricity, you don't know where the lens is 

touching the cornea without putting a lens on the eye. The eccentricity that is given by 

the topographer may not be at the correct chord. We have seen how eccentricity can vary 
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greatly on the same eye as you move into the periphery, even by moving 0.5 mm on the 

cornea. 

It would be beneficial if there was an average eccentricity of the human cornea as 

a starting point whether or not you use eccentricity to design your lenses. This would 

save the practitioner and the patient time and heartache. However, we have shown this 

not to be the case. Eccentricities vary widely from person to person and we have shown 

that a small change in eccentricity can produce a large change in the peripheral curve 

radius. It is important to take into account as many factors as possible when fitting any 

type of RGP. This includes not only the value of the eccentricity but also the position on 

the cornea where you measure the eccentricity. 
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