








Fig 5.—Reading speed as a function of contrast for three character sizes: 0.2°, 1.0°, and 6.0°. Average data are plotted for the young-normal
subjects and old-normal subjects. Individual data are shown for the monofocal and multifocal patients.

0.1° at a viewing distance of 100 m.)
Since reading speed becomes highly
dependent on retinal contrast near the
acuity limit, patients with multifocal
IOLs may need to be slightly closer to
such signs before reading them rapidly.

It is rare to encounter low-contrast
text (<30%). Veiling glare on a com¬

puter screen is one case in which this
can occur. In such a case, patients
with multifocal IOLs may experience
greater difficulty than normal readers,
and so care in adjusting lighting condi¬
tions may be important.

Reading is a visual task that typically
uses high-contrast images of medium or

high resolution. How would the multi¬
focal IOL be expected to affect perfor¬
mance on other real-world visual tasks?
Low-resolution tasks, such as visually
guided walking,24·25 should be unaf¬
fected because the multifocal IOL has
little or no effect on low-frequency con¬
trast sensitivity. Faces are stimuli with
features having a range of contrasts.
One study26 showed that contrast
thresholds for face recognition are quite
low, indicating that normal vision can
tolerate much more than a twofold at¬
tenuation of contrast in this task. Ac¬
cordingly, we would expect patients
with multifocal IOLs to have little trou¬
ble with face recognition. For the most
part, human vision is designed to toler¬
ate large changes in image contrast
with small effects on performance. Only
under low-contrast viewing or near the
acuity limit (where tolerance to con¬
trast reduction breaks down) would we

expect patients with multifocal IOLs to
experience any difficulty.

This research was supported by a grant from the 3M
Vision Care and a fellowship from the Graduate School
of the University of Minnesota, Minneapolis (Mr
Akutsu).

We thank Andrew Luebker for his technical assis¬
tance, Dena Naylor for help with subject recruitment,
and Steve Maa for technical assistance.

Drs Legge and Lindstrom receive payments as con¬
sultants for the 3M Vision Care. Ms Kirby is an

employee of the 3M Vision Care. Messrs Akutsu and
Showalter and Dr Zabel have no commercial or propri¬
etary interest in the 3M diffractive multifocal IOL.

References

1. Klein SA, Ho Z. Multizone bifocal contact lens
design. Soc Photo-Optical Instr Engineers. 1986;
679:25-35.

2. McGill E, Ames K, Erickson P, Robboy M.
Quality of vision with hydrogel simultaneous vision
bifocal contact lenses. Int Contact Lens Clinic.
1987;14:476-482.

3. Collins MJ, Brown B, Bowman KJ. Contrast
sensitivity with contact lens corrections for pres-
byopia. Ophthalmol Physiol Opt. 1989;9:133-138.

4. Charman WN, Walsh G. Retinal image qual-
ity with different designs of bifocal contact lenses.
Trans Br Contact Lens Assoc. 1986;9:13-19.

5. Atebara NH, Miller D. An optical model to
describe image contrast with bifocal intraocular
lenses. Am J Ophthalmol. 1990;110:172-177.

6. Simpson MJ. The diffractive multifocal in-
traocular lens. Eur J Implant Refract Surg. 1989;
1:115-121.

7. Holladay JT, van Dijk H, Lang A, et al. Opti-
cal performance of multifocal intraocular lenses. J
Cataract Refract Surg. 1990;16:413-422.

8. Duffey RJ, Zabel RW, Lindstrom RL. Multi-
focal intraocular lenses. J Cataract Refract Surg.
1990;16:423-429.

9. Hansen TE, Corydon L, Krag S, Thim K. New
multifocal intraocular lens design. J Cataract Re-
fract Surg. 1990;16:38-41.

10. Olsen T, Corydon L. Contrast sensitivity in
patients with a new type of multifocal intraocular
lens. J Cataract Refract Surg. 1990;16:42-46.

11. Olsen T, Corydon L. Contrast sensitivity as
a function of focus in patients with the diffractive
multifocal intraocular lens. J Cataract Refract
Surg. 1990;16:703-706.

12. Vanderschueren I, Zeyen T, D'heer B. Mul-
tifocal IOL implantation: 16 cases. Br J Ophthal-

mol. 1991;75:88-91.
13. Lehmann RP. Paired comparison of contrast

sensitivity in diffractive multifocal IOLs and con-
ventional monofocal IOLs. Aust N Z J Ophthalmol.
1990;18:325-328.

14. Legge GE, Rubin GS, Luebker A. Psycho-
physics of reading, V: the role of contrast in normal
vision. Vision Res. 1987;27:1165-1177.

15. Pelli DG, Robson JG, Wilkins AJ. The design
of a new letter chart for measuring contrast sensi-
tivity. Clin Vis Sci. 1988;2:187-199.

16. Watson AB, Pelli DG. QUEST: a bayesian
adaptive psychometric method. Perception Psy-
chophysics. 1983;33:113-120.

17. Legge GE, Ross JA, Luebker A, LaMay JM.
Psychophysics of reading, VIII: the Minnesota
Low Vision Reading Test. Optom Vis Sci. 1989;66:
843-853.

18. Howell DC. Statistical Methods for Psy-
chology. Boston, Mass: PWS Publishers; 1982.

19. Owsley C, Sekuler R, Siemsen D. Contrast
sensitivity throughout adulthood. Vision Res. 1983;
23:689-699.

20. Rubin GS. Reliability and sensitivity of clin-
ical contrast sensitivity tests. Clin Vis Sci. 1988;2:
169-177.

21. Legge GE, Pelli DG, Rubin GS, Schleske
MM. Psychophysics of reading, I: normal vision.
Vision Res. 1985;25:239-252.

22. Parish DH, Sperling G. Object spatial fre-
quencies, retinal spatial frequencies, noise and the
efficiency of letter discrimination. Vision Res.
1991;31:1399-1415.

23. US Federal Highway Administration. Man-
ual on Uniform Traffic Control Devices: For
Streets and Highways. Washington, DC: US Dept
of Transportation, Federal Highway Administra-
tion; 1988.

24. Pelli DG. The visual requirements of mobil-
ity. In: Woo GC, ed. Low Vision: Principles and
Applications. New York, NY: Springer-Verlag
NY Inc; 1987:134-146.

25. Marron JA, Bailey IL. Visual factors and
orientation-mobility performance. Am J Optom
Physiol Opt. 1982;59:413-426.

26. Isenberg L, Luebker A, Legge GE. Image
enhancement of faces for normal and low vision.
Invest Ophthalmol Vis Sci. 1989;30(suppl):396. Ab-
stract.


