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There are t wo kinds of measures us ed to assess the r esolving power 

of the visual sys t em, those being , visual acui ty and contrast sensit i vity. 

Visual acui t y measuring, tests r esolving power by determining the smallest 

detail of a pattern that can be detected. Contrast sensitivi t y as s ess es 

resol ving power by determining the minimum contrast needed to perceive a 

particular pattern . 1 A sinusoida l grating pattern i s commonly used, where 

the difference between the light and dark bars can be r educed or increased, 

The difference a t which t he gratings are just resolved is the contrast 

threshold, and the reciprocal of the thres hold is the contrast sensitivity~ 

Cont rast sensit ivity is greatest for patterns of intermediate frequency 

only , the low spatial frequencies are attenuated due to the nonlinearity 

of the human visua l system's transfer function. 2 Curves of cont rast sens-

i tivi t y f unc tions s how that grating acui t y is a single point on the 

func t ion. Arden gratings are commonly used in cont ras t sens i t ivi t y t es 

t ing, but they ar e time consuming and di f ficult t o quantify. In this s tudy 

a comput er was used wi t h a cathode ray scr een to generat e t he gratings 

and t o record a ll data . 

Soft contact lenses , can be made i n a vari ety of fas hions , and in 

many d i fferent polymer s . This study was conduc t ed t o de t er mi ne i f a 

par t i cular design of a sof t contac t lens coul d marked l y affec t a subject ' s 

con t r as t sensit i vi t y, comparably t o ano t her des i gn of sof t contact lens. 

The study used four different brands of soft lenses, those being 

Bausch & Lomb U4 , Ci ba soft , Ameri can Hydron CMS, and the CSI lens. Ciba 

i s a lathe cut lens, U4is a spuncast l ens , Cr1S uses a cast molding sys t em, 

and the CSI i s made of a different polymer tb~n the HEMA cont en t of the 

pr i or three lenses. 



t1ethods 

Subjects . Nine subjects were used in this study. Each had a mod

era t e degree of myopia of less than 4.50 diopters, and astigmatism less 

than 0.50 diopters. All, at that time were soft contact lens wearers of 

some brand. The subjects ranged in age of from 20 to J5years. There 

were five males and four females comprising the group of subjects. 

Testing procedure. The contrast sensitivity test was administered 

to all subjects by the same tester. The experimental set up consisted 

of a semi darkened room which contained the computer and cathode ray 

screen on which the gratings were presented. The room also contained a 

Bausch & Lomb phoropter used for over refracting the contact lenses, and 

an American Optical slit lamp. The illumination was kept at a constant 

level for each subject and trial. The distance of the subject to the 

screen was also set as a constant. 

Each subject was fit with the four brands of lenses; U4, Ciba, CMS, 

and CSI , with the order of each lens fi t varying. One eye was fit on 
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each subject, and the physical fit was c hecked with t he slit lamp. An 

over refraction was performed on each fit to assure proper power selection. 

Each patient was able to read a 20/ 20 block of l ett ers with the lens by 

i t self. (See table 1) The best possible f it was used, however the base 

curve select i on varied with each brand of lens , allowing some lenses to 

f it be tter than others on each particular patient . (See table 2 . ) Ther e 

was also a slight problem with available lens powers. 



The subject was then ready for the contrast sensitivity testing, 

which was performed with the Optronix Series 200 Vision Tester. Using 
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the adjustment method, the subject turned the contrast up on a series of 

gratings from non-seeing to just barely detectable. A box which had the 

knob for the adjustment and a button to push to set the response and send 

it into the computer was used. Once the subject pushed the set button, 

the respomse went into the computer and a new trial could be made. Four 

trials were made for each spatial frequency, and the Vision Tester would 

then print out t he log contrast for each response, and calculate the mean, 

standard deviation and sensitivity for that particular frequency. (See 

figure 1.) Six different spatial frequencies were presented in this 

order: J, 11.4 , 0.50, 6, 22.8, and 1 cycles/degree. A graph was made for 

each lens and subject at the time of each trial, and if a particular 

point appeared to be out of line with t he others, that grating would be 

presented over again so that a new reading could be made. 

Analysis of dat a. For each of the f our l enses, a t able was made of 

the contrast s ens itivity a t eac h f r equemcy f or a l l subjects. These values 

were t hen graphed , with the exception of pat i ents 8 and 9 due t o i nsuf

f i cient room on t he gr aphs. ( See t ab l es J-6 and graphs 1-4). 

For each sub ject a table was made of the res ults of each particular 

lens. (See tables 7- 15) . Graphs were drawn f r om t his da t a f or all sub

j ec ts . (See graphs 5-lJ). A graph was also made of the mean r eadings of 

each lens, on a JxJ log paper and also a 2x2 log paper, allowing the differ

ences of each curve t o be noted wi t h more ease. On the 2x2 graph the 0.50 

cycles/degree point had to be dropped due to i t f al l ing off the scale. 

(See graphs 14- 15) . 
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Results 

Graphs 1-4 indicate that there is a variability for each lens from 

subject to subject. There is no s trong difference noted between any of 

the curves plotted for each lens. However, what did appear, was that the 

curves for the Ciba and CSI lenses demonstrated more variability than the 

CMS and the U4 lenses, which appear to be more bell shaped and uniform. 

Graphs 5-lJ. Very few graphs consistantly showed the sensitivity 

higher for one particular lens. On graphs 5, 6, and 7, t he CS! lens 

appeared to have higher sensitivities, but on t he remainder of the graphs 

a particular lens did not stand out. 

Graphs 14-15. Graph 14 exhibits normal bell shaped curves for each 

of the four lenses. For the very low frequencies, the curves appear t o 

be superimposed. Graph 15, eliminated t he very low frequenci es and allows 

a spreading out of the remainder of the f our curves . The CS I lens appears 

once again t o give a better sensit ivity function throughout most of the 

curve, but when standar d deviation is taken in to account , the super ior

ity no longer s tands out . I t is in teresting to no te , however that t he 

CSI , Ciba and ~t lenses all had a peak sensitivity at about f our cycles/ 

degree , while the CMS lens peaked at three cycles/dgree. 

Discussion 

The results of this s tudy does not consistantly s how one lens to be 

superior to another. The CSI lens appears to give a better contrast 

sensitivity function than the other three l enses, but one could not call 

it a better lens once standard deviations are t aken into account. How

ever, on certain subjects i t d i d appear to be the lens of c hoice. One 

problem that was encountered with the CSI lens was that on some patients, 

it buckled no natter which base curve was selected . This buckl ing did not 

occur with any of the other three lenses . 



+ ..l.•GI 1/f-'IJ/ 
sf# ($t; 

-5-

More testing on the theory of contrast 

should be done before ruling out that there 

}:JL- tJ( ~~~ .. 

sensitiv~nd contact lenses 

is statisticall y no differ-

ence between l ens manufacture. Also, a detailed statistical analys is 

should be performed alongside of the graphing technique used here. It 

also would have been interesting to compare the contact lens contrast 

curves to the curves generated when the subjects wore their glasses. 

This might have led a clue to the variability of the curves found in 

t his s t udy. 
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Table l. Over refractions of all lenses . 

au b_j ~_c_t _________ __ _Q~--- Ciba CMS CS I ------ -- --- - - ····- - . 

1. M. Faber -. 25x90 +,_50-. 2_5x6_5 ..._ . 2.5-. 2_5xl0 -. 25x85 

2 . A. Mitchell 4-0.50 -.25xJ.5 plano ._50-. 25x45 

J. D. Cleary -+- • 50-. _50xlJO -t-, 2_5-.50xl2.5 -r, 2_5-_50xl25 -+"• 7 5-. 50xl20 

4. L. Lewis plano plano -_50x60 -.2_5x6_5 

5· T. Petito -.2_5-.2_5xl20 -.2_5-._50xl40 -.7_5xl40 plano 

6 . c. Cupal plano plano -.50xl20 -. 25x150 

7. L. Boggs .;-.25-. 25x90 +-. 25-. 25x85 -. 2_5x80 -+-. 25-. 25x7 5 

8 . s . Schaff +· 25-.50xl5 -.25-.75xJO -. 50x95 plano 

9 . L. White +·25-.25x60 -. 25x60 -. 25x50 -. 25x60 

Table 2. Fits and powers of lenses used. 

Subject UL~ Ciba CMS CSI 

l. M. Faber good (pts lens) sl. loose sl. loose sl. loose 
- J . OO - J .50 -J. OO - J .OO 

2 . A. Mitchell good good sl. tight buckles 
-2. 25 -2.00 -2.00 - 2 .00 

J . D. Cleary good sl. loose good good 
- J.25 - J . 50 - J . 25 -4 . 00 

4 . L. Lewis sl. t i ght good good buck les 
-2. 25 -2. 00 - 2 . 00 - 2 . 00 

5· T. Petito good good not centering good 
-4 .50 -4 . _50 -4._50 -5 .00 

6 . c. Cupal good sl. loose loose buckles 
-1.50 -2.00 -1.75 -2.00 

7. L. Boggs loose good sl. tight sl, loose 
- 2.25 -2.00 -1. 7.5 -2.00 

8 . s . Schaff good good sl. tight good 
-1. 25 - 1 . _50 -1.50 - 1 . 00 

9 . L. '.·lhi te s l. loose (pts lens) loose sl. loose good 
-±. _50 - 1 . _50 - 1.75 -1. 00 

( sl. - slightly) 



Table J. 

Patient 

1. M. Faber 

Figure 1. Example of trial printout. 

TRIAL 1 
J CYCLES I DEG 

RESP . 
1 
2 
J 
4 

LOG CONTRAST 
-1.98 
-2.16 
-2. 22 
-2.25 

MEAN -2.152 
STD DEV .105 
SENSITIVITY 142.1 

Sensitivities of all subjects with the u4 lens. 

Cycles/degree 
0._50 1.0 J.O 6.0 11.4 22 .8 

44.2 68.0 245 .5 121.6 46 .8 16 .9 

2. A. Mitchell J7.2 81.3 ll2.J 128 .8 42 .7 28 .5 

J. D. Cleary 77.6 121 .7 226 .5 246 .9 102 .9 70.4 

4. L. Lewis Jl.6 85 .6 225.2 152.2 ]4 .1 22.0 

5· T. Petito 69.2 88 .1 126 .6 102 . J 56.6 J2.0 

6 . c. Cupal 18.1 J9 .1 8J.7 87.1 46 .8 12.6 

7. L. Boggs 29.9 58.9 187.J 116.1 4J.4 10.8 

8 . s . Schaff 45 .2 82 .7 2J9.9 2J7.l 56.6 25.6 

9. L. White 70. 0 95·5 22J .9 188.4 71.6 22.8 

MEAN 47.0 BO.J 185.7 l5J.4 55·7 26.8 

STD DEY 20 .7 2J .8 61.7 58 . 1 20 .7 17.8 

- 8-
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Table h , Sens i tivities of all subjects wi th the Ciba l ens. 

Patient Cycles/degree 
o. 50 1.0 J.O 6.0 11.4 22 .8 

l. M. Faber 48 .4 101.7 165 .0 112.8 64.6 22 .8 

2. A. Mitchell 55.6 71.2 1Y+.9 171.8 110.3 J2.4 

J. D. Cleary 69.2 1Y+.9 JJ8.8 29J.4 168.8 112.8 

4. L. Lewis 22.9 79·9 184.1 2J7.1 79.9 4J.9 

5· T. Petito 46.0 69.6 203 .0 56.2 5J.4 25.7 

6. e. Cupal 17.4 JJ.5 91.7 104.1 46.8 16.5 

7 · L. Boggs )4 .1 80.8 152.2 167.9 70.4 17.0 

8 . s . Schaff 5J .7 75 .0 189.5 115.5 31.3 17.0 

9. L. White 28 .5 76.J 191.6 116.1 51.0 6.1 

MEAN 41.8 80.J l8J.4 152.8 75.2 J2.7 

STD DEY 17.1 27.1 67 .7 7J.7 41.8 Jl.9 

TABLE 5· Sensitivities of all subjects wi th the CSI lens. 

Patient Cycles/degree 
0.50 1.0 J.O 6.0 11.4 22 .8 

1. t-1. Faber 27.7 75.0 207 .7 94 .4 56 . 2 15.9 

2. A. Mi t che11 28.7 57. 2 119 . 5 114 . 2 89.6 25.0 

J . D. Cleary 44 .9 150. 5 196 . 1 2Jl.7 118 . 2 72 .4 

4. L. Lewis 41.2 79.0 180 .9 288 , L!- 146 . 2 )6 .5 

5· T. Peti to 78 .9 92 .6 J05 . 5 208 .9 9J .9 J8.2 

6 . c. Cupal J7.4 52.2 2J5 .8 11J . 5 6J.5 15 .6 

7. L. Boggs 20.5 67.2 125.2 140 .4 99.4 12.2 

8. s. Schaff 59 .2 80.4 15J.l 110 .9 6J.1 25.7 

9. L. White 70.0 104 .1 J02. 0 2)4.4 107. 8 18 . J 

MEAN 45 . J 84 .2 202 .9 170 .8 9J.1 28 .8 

STD DEV 19.9 29 .6 68 .4 70 .6 29 . J 18 .7 
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Table 6. Sensitivities of all subjests with the CMS lens. 

Patient Cycles/degree 
o. 50 1.0 3.0 6.0 11.4 22.8 

1. M. Faber 31.8 51.6 80.8 81.8 28.0 14.0 

2. A. Mitchell 44.2 59-9 166.9 121.6 75-9 18.4 

3· D. Cleary 64.2 110.9 333.0 266.1 126.6 41.7 

4 . L. Lewis 51.9 67.2 213.8 157 .6 46.8 26.9 

5· T. Petito 32 .9 115.5 254 .1 68 . 0 38.9 13.0 

6. c. Cupal 20.1 50.4 87.6 71.2 38.9 12.1 

7. L. Boggs 21.3 92.3 151.4 79.9 17.5 7 .7 

8. s. Schaff 63.1 133.4 312.6 175.8 72. 0 2J. O 

9 . L. Whi t e J0.9 65.7 190.5 97 . 2 40 .0 12 .6 

MEAN 40 .0 8J .O 198 .9 124 .4 5J .8 18 .8 

STD DEY 16 .7 J0 .8 89 . J 65 .6 JJ . 1 10 .4 
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Table 7. Sensitivities of patient M. Faber with each lens. 

Lens o. 20 1.0 J.O 6.0 11.4 22.8 

u4 44.2 68.0 245.5 121.6 46 .8 16.9 

Ciba 48.4 101.7 165.0 112.8 64.6 22.8 

CSI 27.7 75.0 207 .7 94.4 56.2 15.9 

CMS Jl.8 51.6 80.8 81.8 28 .0 14.0 

Table 8. Sensitivities of patient A. Mitchell with each lens. 

Lens o. 20 1.0 J.O 6.0 11.4 22.8 

U4 J7.2 8l.J 112.J 128.8 42.7 28 .5 

Ciba 55.6 71.2 1]4.9 171.8 llO.J J2.4 

CSI 28. 7 57.2 119.5 114.2 89.6 25.0 

CMS 44.2 59·9 166.9 121.6 75.9 18.4 

Table 9. Sensitivities of patient D. Cleary with each lens. 

Lens 0.50 l.O J.O 6 .0 11.4 22 .8 

U4 77.6 l 2J .7 226 . 5 246 .9 102 .9 70 .4 

Ciba 69 .2 1J4 .9 JJ8.8 29J .4 168 .8 112.8 

CSI 44 ,9 150.5 196 .1 2Jl.7 118 . 2 72.4 

Cl'lS 64 .2 110 .9 JJJ . O 266 . 1 126 .6 41.7 



-12-

Table 10. Sensitivities of patient L. Lewis with each lens. 

Lens o. 20 1.0 J.O 6.0 11.4 22 .8 

u4 Jl.6 85.6 225.2 152.2 )4.1 22 . 0 

Ciba 22.9 79.9 184.1 237.1 79-9 43.9 

CSI 41.2 79.0 180.9 288.4 146.2 J6 .5 

CMS 51.9 67.2 213.8 157.6 46.8 26.9 

Table 11. Sensitivities of patient T. Petito with each lens. 

Lens 0.20 1.0 J.O 6.0 11.4 22.8 

u4 69 .2 88.1 126.6 102.J 56.6 32.0 

Ciba 46.0 69.6 20J.O 56.2 5J .4 25-7 

CSI 78.1 92.6 J05.5 208.9 93-9 38.2 

CMS J2.9 115.5 254.1 68.0 38.9 13.0 

Table 12. Sensitivities of patient C. Cupal with each lens. 

Lens 0.,20 1.0 J.O 6.0 11.4 22 .8 

U4 18.1 J9.1 8J.7 87.1 46 .8 12.6 

Ciba 17,4 33·5 91.7 104.1 46 .8 16.5 

CSI 37.4 52.2 2J5.8 113.5 63.5 15.6 

CMS 20.1 50.4 87.6 71. 2 J8 .9 12 . 1 
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