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ABSTRACT: 

AN ANALYSIS OF POSTERIOR SURFACE ASPHERIC RGP 1 S 

USING COMPUI'ER-ASSISTED VIDEOGRAPHY 

Posterior surface aspheric rigid lenses are being used more and more to 

enhance fitting and to provide a multifocal option to presbyopic contact 

lens wearers. These lenses have very complex posterior geometries and 

therefore are difficult to manufacture and polish as well as verify. Computer 

lathes and neliT polishing techniques are making the lenses more reproducable 

and computer-assisted videography may be the next step in lens verification 

and quality control. This study is going to use the EyeSys Corneal Analysis 

System to analyze and present many different aspheric designs, calculate 

their eccentricities, and contrast and compare color map representations 

of each lens design. 
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I:~·:""~ODUC~ION 

Aspheric rigid corneal lenses have been used clinically to obtain a better 

lens to cornea fitting relationship and for the correction of presbyopia. The 

posterior curvature of aspheric rigid lenses flatten gradually from the apex 

to the edge. The base curve of an aspheric lens is the steepest point on the 

posterior surface. It is at the lens apex and is specified as the posterior 

apical radius. The amount or deJree of flattening from the apex to the edge 

is the lens eccentricity (e value). 

Not all aspheric designs are the same. Some lenses are modeled after conic 

sections. They have a mathematical definition and flatten at a constant rate 

from ape:c to edge. These lenses may be specified by their posterior apical 

radius and a single e value. Depending on the e value, these lenses are either 

ellipsoids, paraboloids, or hyperboloids.(Table 1) 

Aspheric designs not modeled after conic sections have variable rates of 

flattening and can not be specified by a single e value. These include 

sphere/asphere geometries iihich have a spherical optic zone of a certain 

chord diameter and an aspheric periphery. Biaspheric lens designs incorporate 

an aspheric optic zone of a certain eccentricity and an aspheric periphery of 

a different eccentricity. Posterior surface aspherics may also have a variable 

eccentricity which gradually changes from apex to edge. 

Lenses with low e values are used to improve fitting to the aspheric cornea 

which has an e value reported to be .50. Tnese lenses are especially helpful 

in the fitting of moderately toric corneas and, in some cases, keratoconus. 

Because these lenses more closely approximate the cornea and have a junctionless 
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back surface, they can be fit with less localized bearing. Some clinicians 

have experienced an increase in patient comfort because of this. 

Posterior surface aspherics with e values in the neighborhood of .80 or 

greater are used as multifocal lenses. Since the posterior surface flattens 

greatly uithin the optical zone, it induces a progressive addition effect. 

Lenses with high e values must be fit with a posterior apical radius much 

steeper than the flattest corneal keratometric reading. This is done to 

decrease edge lift, improve lens bearing and fit, and control lens movement. 

The lathinJ of aspheric lenses had been very difficult in terms of accuracy 

and reproducability. With the advent of computerized lathes, new manufacturing 

methods, and increasing ability to polish these lenses, accuracy and 

reproducability have been greatly increased. 

Clinicians have also had a difficult time verifying these lenses. Measuring 

central lens power and the posterior apical radius vms easy enough but the 

eccentricity l~S very difficult to assess. Interferometry has been used for 

this purpose as well as for assessing surface quality. DeFazio and Lowther 

modified a radiuscope with a tilting stage to measure curvatures:·a:t peripheral 

points on the posterior surface. Any point perip~erally on an aspheric surface 

is toric. It has two separate radii of curvature. These are termed the 

sagittal radius and tangential radius. The tangential radius is also known as 

the meridional radius and is always longer than the sagittal or transmeridional 

radius. (Figure 1) DeFazio and Lo\~her used sagittal radii values for certain 

points and calculated eccentricity using the equation: 

e1 Rs
2

- Rc/ 
y2.. 
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e = eccentricity 

Rs = sagittal radius 

Ro = posterior apical radius 

y = distance of measured point from 

apex or ~ the chord diameter 

This method is good for cala1latin~ e values for peripheral points but does 

not give one a feeling for the whole surface geometry. 

With the advent of computer-assisted videography systems, we now have a new 

and potentially much better iv.ay to analyze and verify posterior aspheric 

surfaces. Computer-assisted videography systems have been used primarily 

for corneal curvature analysis, diagnosis of corneal disorders such as 

keratoconus, and as a tool in contact lens fitting. \Vhen used on a contact 

lens surface, these systems can provide accurate curvature data for a multitude 

of points. Multiple videographic map displays give a clinician a good understanding 

of the posterior surface geometries of different aspheric lenses. 

PROCEDURES 

In this study 1ve used the EyeSys Corneal Analysis System to compare and contrast 

a manufactured button of known eccentricity (.57), four multifocal aspheric 

rigid lens designs, tl1ree single vision aspheric rigid lens designs, and one 

spherical lens design. 

POSTERIOR APICAL RADIUS 

8.15 mm 
7.90 mm 
7.90 rrm 
7.90 mm 
7.20 mm 
8.30 mm 
7.90 mm 
7.90 nm 
7.90 rrm 

LENS DESIGN 

aspheric button 
VFL 
VF'L 2 
VF'L 3 
APA 
Quantum 
Envision 
spherical Fluorocon 
Ellip-See-Con 



Each of these lenses '~re analyzed by the EyeSys Corneal Analysis System, 

a computer-assisted videolceratoscope. The Corneal Analysis System has the 
., 

'~ l capability of measuring concave as well as convex surfaces. Calibration 

data stored within the computer must first be reversed to obtain accurate 

data. Each contact lens was affixed to the contact lens mounting unit supplied 

by EyeSys >-Jhich was then attached to the positioning chinrest. After careful 

centering, an eight ring Placido's disc was projected onto the posterior 

surface. The Corneal Analysis System has a large depth of focus, so to ensure 

accurate and repeatable results a systematic focusing procedure was used. The 

focusing joystick was pushed forward enough to blur the reflected mires. The 

joystick was then pulled back until the mires first became clear. The reflected 

mires ,.,en~ then photographed by the videokeratoscope and analyzed by the 

processing unit. This method produced accurate repeatable results for chord 

diameters up to eight millimeters. 

c We obtained data from the contact lens map printout which provided us with the 

posterior apical radius value, peripheral curvature values, and average curvature 

data for certain distances from the apex. (Figure 2) These radius values are 

the sa~ittal radii. Using this data we calculated e values for each lens. We 

also used the color map printout to provide a topographical presentation of 

each posterior surface. Each printout was standardized by assigning the 

darkest maroon color a value .01 rnrn steeper than the posterior apical radius 

and each successive color change .05rnm flatter. This provides a means by which 

"t·Te can compare the color maps for each lens. 

RESULTS 

The data in Figures 3 - 11 show the differences in the color map topography 

printouts. The aspheric button is an ellipsoid "t'lhich was measured by interferometry 
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and sent to us with a known e value of .57. The color map printout shrnvs a 

posterior geometry which flattens from apex to edge at a continual rate. 

It's e values as calculated in this study are shown in Table 2. Note that the 

e values decreased slightly in the periphery. This may be due to imperfect 

lathing and polishing techniques or a slight error in the EysSys' ability 

to measure more peripheral radii. 

There is great similarity between all four rnultifocal lenses. The APA lens 

is in a 7.20 mm posterior apical radius but by making each color represent a 

change in curvature of .05 mm, we are able to compare surface geometry, of 

different base curves. All four multifocal lenses show a great amount 

of flattening beginning at a point one millimeter from the a~~- This is to 

er,sure that a sufficient add power can be made within the useful optical zone. 

' Eccentricity values have been calculated for these rnultifocal lenses in Table 2. 

All four lenses continue to flatten in the extreme periphery, as shown by the 

e values, although not at as great a rate as centrally. These -lenses, because 

of their rapid flattening, must be fit 2-4 diopters steeper than the flattest 

corneal curvature. 

Compare the rnultifocal lenses to the control sphere, the Quantum, and the 

Envision. The color map of the control sphere shows no pattern of peripheral 

flattening as e)~cted. Intermediate and peripheral curves of the spherical 

lens are not depicted in the color map nor in the eccentricity calculations. 

The Quantum and Envision are single vision aspherics and are made with 

essentially the same design. They shou minimal flattening centrally in the 

optic zone. Both lenses begin to flatten gradually at a point approximately 

3.5rnm from the ape~~. The lenses do not flatten a great deal in the periphery 
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compared to the multifocal lenses. Their eccentricities are calculated 

in Table 2. The Envision is a biaspheric design and the Quantum is a 

Sphere/aspheric design. Both are very similar to a spherical lens with a 

well blended peripheral curve system. Because of this, they should be 

trial fit initially on K. 

The Ellip-See-Con is an example of an ellipsoid. The color map printout 

shmvs a posterior geometry which flattens from apex to edge at a continual 

rate. A single e value can be used to describe ellipsoids. The Ellip-See-Con 

is approximately .65 according to the Conforma Contact Lens Fitting Guide. 

It's eccentricity as calculated in this study is shown in Table 2. OUr 

calculations show that the Ellip-See-Con varies slightly from a perfect 

ellipsoid. Lenses with e values such as the Ellip-See-Con are single vision 

lenses and ,.fill need to be fit around one diopter steeper than K. 

DISCUSSION 

We have used the EyeSys Corneal Analysis System to analyze and present eight 

seperate posterior surfaces. All aspheric surfaces are not the same and only 

few can be described by a single e value. By combining multiple e values, 

which were calculated using DeFazio and Lowther's formula, with computerized 

color map printouts, we have sho\vn the differences in a spherical posterior 

surface, an ellipsoidal surface such as the Ellip-See-Con, a spher/aspheric 

geometry such as the Quantum, the biaspheric geometry of the Envision, and surfaces 

with variable eccentricities such as the VFL 3 and APA. 

Aspheric designs are extremely complicated and therefore they are difficult to 

manufacture, polish, and verify. Tne advent of computer-assisted videography 
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systems should provide practitioners with a greater understanding of aspheric 

surfaces and a better ~my to verify these lenses. They should also be beneficial 

to the manufacturers in quality control and development of new and better 

designs. 



TABLE 1 LENS SHAPE VS. E VALUE 

LENS SHAPE 

SPHERICAL 

ELLIPSOIDAL 

PARABOIDAL 

HYPERBOLOIDAL 

e VALUE 

e = o 

o < e < 1 

e = 1 

e > 1 



(Table 2) ECCENTRICITY CALCULATIONS 

LENS Ro y Rs e . 
VFL I 7.90mm lmm 7.93mm .69 

2mm 8.04mm .75 
; 3mm 8.20mm .73 '-

4mm 8.29mm .63 

VFL II 7.90mm lmm 7.95mm .89 
2mm 8.09mm .87 
3mm 8.22mm .76 
4mm 8.30mm .64 

VFL III 7.90mm lmm 7.96mm .98 
2mm 8.11mm .92 
3mm 8.24mm .78 
4mm 8.38mm .70 

APA 7.18mm lmm 7.23mm .85 
2mm 7.35mm .79 
3mm 7.53mm .76 
4mm 7.77mm .74 

SPHERE 7.89mm lmm 7.88mm .00 
2mm 7.86mm .00 
3mm 7.86mm .00 
4mm 7.87mm .00 

ENVISION 7.91mm lmm 7.9omm .00 
2mm 7.90mm .00 

( 1 3mm 7.90mm .00 
4mm 7.99mm .28 

QUANTUM 8.32mm lmm 8.29mm .oo 
2mm 8.28mm .00 
3mm 8.31mm .00 
4mm 8.38mm .25 

ELLIP-SEE-CON 7.90mm lmm 7.93mm .69 
2mm 7.99mm .60 
3mm 8.07mm .55 
4mm 8.12mm .47 

BUTTON 8.14mm lmm 8.16mm .57 
2mm 8.22mm .57 
3mm 8.29mm .52 
4mm 8.39mm .51 
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FIGURE LEGENDS 

FIG. 1 At pt. Z: AB is the tangential radius 
CD is the steeper sagittal radius 

FIG. 2 Contact Lens Map 

FIG. 3 BUTTON color map 

FIG. 4 VFL color map 

FIG. 5 VFL 2 color map 

FIG. 6 VFL 3 color map 

FIG. 7 APA color map 

FIG. 8 CONTROL SPHERE color map 

FIG. 9 QUANTUM color map 

FIG. 10 ENVISION color map 

FIG. 11 ELLIP-SEE-CON color map 
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Fig. 1 
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• 
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At pt. Z: AB is the tangential radius 
CD is the steeper sagittal radius 
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