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INTRODUCTION, BACKGROUND AND SIGNIFICANCE OF THE STUDY

The priﬁcipal problem posed by the examinétion of
every cataract patient has always been: will the patient
be able to see considerably better after a successful
operation than before it ? Following this the question
arises whether retinal function is'good'enough to justify
surgery. Goldmann, (1972) saYs: "the conscientious surgeon
will advise an operation only if he can promise - quite
apart from the operational risk - that not only the doctor,
but also the patient, will benefit from the operation'.

When opacification of the ocular media, énd an associated
decrease in visual acuity is present, one is faced with the
question of what portioh of the visual loss is produced by
the ocular opacities. Commonly used clinical methods of
-testing visual resolution, such as two¥1ight_discrimination,
test-targets, color discrimination aﬁd’electroretinogram

are at the best estimates of gross retinal function.

Laser interferometry.

A coherent light method, using, e.g. the helium-neon



laser has been used to produce interference bands on the
retina in patiénts with the above mentiongd problems. This
‘technique utilizes the phenomenon of construétive and
destructive interference fringes on the fundus, avoids
opacities,land produces these fringes independently of
the ocular refractive power. |

It has been shown that laser interferqmetry is a
reliable means of predicting the visual outcome of cataract
extraction in the majority of the patients tested (Green

and'Cohen, 1971).

Gratings without Maxwellian View system.

The most frequently used technique here is the Cathode
Ray Tube-displayed sinusoidal grating pattern, introduced
by Schade in 1956. Campbeil and Green, (1965) modified
this technique to investigate the spatial contrast

sensitivity and it is this modification that is used today.

Two basic parameters may be altered. See Figure 1

1. spatial frequency, this is the reciprocal of cycle length.

A higher spatial frequency will result in there being more

bars displayed per unit length.



2. contrast, in this context contrast (modulation) is
defined in terms of the luminance (Lmax) at the center
of the bright bars and thé luminance (Lyiy) at the center
of the dark bars, such that, contrast = (Ipox- Lpin) /
(Lpax * Lpig) - Then, for a given'averége luminance,

(gnax + Lmin) / 2, the modulation threshold is measured

by increasing the contrast to the level at which the
fringes are just visible. The maximum value for contrast
occurs when Lyin = 2€To and from this level the modulation
can be reduced downwards to zero level at which Lax = Lmin»
thus representing a homogeneous field,

The'sinusoidai grating pattern is particularly simple,

in that it contains only one spatial frequency presented
in one meridian and is readily applicable to Fourier

transformation and linear systems analysis.

Flgure 1. cycle fength

|

Luminance

Distance



This figure represents the luminance change with respect to
distance of a sinusoidal grating. Contrast is defined as:

L Y/ @

- L. . Two contrast ratios are
ax in ) tras io

L.
min
illustrated: 1.0 and 0.5. Note that the mean luminance
level remains constant. Spatial frequency is defined as the
reciprocal of the angular distance between successive
maxima in the sinusoidal intensity distribution. The

highest spatial frequency that just can be detected is

thus a measure of visual function.

Grating patterns with Maxwellian View system.

One limitation of the above mentioned technique
is that opacities 1n the media interfere with the
production of the grating patterns..This limitation 1is
overcome by incorporating the fringe-producing system
into a Maxwellian View apparatus. As Cavonius and Hilz,
(1973) point out:. '""The Maxwellian view system is small,
inexpensive and relative trouble free. Because a single
entrance beam is used, alignment with the patient's
pupil is easier. Any test pattern can be used, as long

as it can be duplicated, i.e. photographed and trans-

illuminated".



The method uses a small bundle of rays entering
the eye, so that if a small area of the lens is free from
cataract, the light can enter as if no opacities were

present.



STATEMENT OF THE PROBLEM.

The ability to recognize Snellen letters subtending
different visual angles of arc at a certain distance is
the traditional clinical arrangement for visual acuity
assessment. However, visual resolution may be determined
with other test targets, which consequently can define
aculty differeﬁtly. The merits of these various targets
Which include point sources, nonius displacement,
checkerboards and grating are discussed by Ogle, (1969).

The purpose of the present work is to consider the
use of one such test stimulus, namely grating patterns.
This type of test target is used extensively in the
psychophysical examination of the human visual system.
Its greater relevance today is due to the work of Hubel
and Wiesel, (1962) and Campbell, Cooper and Enroth-
Cugell, (1966). who have shown that cells in the occipital
cortex in cats and monkeys respond best to lines and
edges of specific orientation, rather than to single

points and do not respond, in general, to diffuse flashes

of light. "



METHODS AND MATERIALS.

Contrast sensitivity of the human visual system
has been measured in the presence of opacities of the.
ocular media with the aid of both coherent light and
non-coherent light sources. To avoid the effects of
ocular media opacities the latter is combined with a
Maxwellian View system. The refinement of the Maxwellian
View method in this apparatus gave as a result an increased

ease of use in a clinical enviromnment, and simplified
calibration.

These advantages are gained by splitting the source
output into two channels with a metal coated optical wedge.
One'channel contains.the test grating while the other
delivers stray light to the retinal image of the grating
via a beam combiner. Contrast is determined by the
refléctance-transmittance ratio of the optical wedgé at a
given setting, and the average luminance is constant to
better than + 5 per cent, because the flux diverfed from
one channel is simultanecusly added to the other. Spatial
frequency was controlled in this apparatus by using two

counter rotating square wave gratings to produce Moire'



fringes (Goldmann and Lotmar, 1970).
" -In addition.. to the conventional Maxwellian View

system a ﬁariable prism was usea to sweep the exit bupil
horizontally across the entrance pupil of the test eye. The
rate at which the stimulus was swept across'thé test eye was
contfolled by a synchronous motor and was therefore kept constant.
One advantage to using a scanning system for presenting the
stimulus is that small eye and head movements would have less
effect on determination of the threshold. This view waé supported
by observations during the‘development of the apparatus that
grating patterns that were presumably below threshold'would‘often
return to above threshold with a small eYe or head movement. An
additional, possible advantage to the scanniﬁg system is that the
chances that the exit pupil will encounter a ''window' in opacified
media are increased. Thus, a scanning system that makes it possible
to present the stimulus under conditions of controlled duration
has the capability of reducing artefact in the data acquisition.

The five subjects, (4 males and 1 female), ranged in age from
24 to 31 years. None showed any evidence of pathology, ocular or
otherwise. All had a visual acuity of at least 20/25 (corrected).
Preliminary clinical data on these subjects was obtained as follows:
-1. Best Visuél acuity with correction.
2. Ophthalmbscdpic findings - from recent clinic records or by
-direct obervation.

3. Unaided visual acuity through the simulated cataract.



RESULTS.

\

Referring to the graphs, (pp.9% - 9¢), an additional
impression gained from the survey of thevfiye graphs is that
the shape of the contrast sensitivity function was not
significantly changed by interposing a simulated cataract
between the test eye and the Maxwellian sysfem.‘Also from the
sﬁbject‘s standpoint and based on earlier observations before
the scanning -device was incorporated into the apparatus,
determination of the threshold contrast level was much easier
and'ﬁore definite with the scanning device than without.

In addition to the individual graphs plotted for each
subject showing contrast sensitivity with and without simulated
cataract respectively, an additional graph was plotted for each
subjectléhowing the difference in contrast sensitivity between
the simulated cataract condition and the no-cataract conditibn.

These graphs are to be found in Appendix 1, pp 9f - 9j.
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APPENDIX 1.
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DISCUSSION.

In this pilot study a simple cataract analoguc was
constructed to study the feasibility of using the apparatus
to test retinal'resdlution and contrast sensitivity in
the presence of opacities. This was accomplished by using
only normal subjécts whose vision was reduced artificially
by means of simulated cataracts. These same subjects
acted as their owﬁ controls when trials were conducted
without the simulated cataracts.

- The study was rendered more significant by the
inclusion of a scanning device designed to implement a
testing proéedure heretofore unused in this type of
instrument.,The possible advantages of sweeping the exit
pupil across the test eye wefe»listed earlier. (See
under Methods.and Materials).

In basic temms, a cataract may be thought of as an
optical element contéining é random d}stribution of
scattering centers. The scattering centers are simply
regions of appropriate size within the lens whose index

of refraction differs from that of the surrounding matrix.

10



Light passing through such a medium will therefore undergo
scattering, and imagery will be aberrated.\?ut another way,
the aberrations introduced by the raﬁdomly—distfibuted
scattering centers cause any incident light wavefront to
suffer distortions so severe that only hazy iafge angular
subtense objects (low spatial frequency) images are seen.
The major effect of the cataract oh imagery is to
produce phase aberrations on the obtical electromagnetic
wavefront propagating through the eye's cornea and lens.
Since the work of Benedek (1971), it is generally éccepted
that light scattering alone, as distinct from absorption
processes, is capable of accounting for the.image
characteristics of cataractous eyes. It has been shown
(Benedek, 1971) that a decrease in object contrast is the
result of having the components of the optical field
scattered randomly by the cataract. Similarly, random
scattering centers can account‘for glare sensitivity and
decreased resolution. These considerations, and the fact
that the overall infensities with and without cataracts
striking the entire retina are comparable strongly suggest
that the cataract introduces randam phase aberrations on

the optical wavefront by virtue of the fact that some

11



portions of the cataract have a different index of refraction
from that of adjacent portions. If this were not true, and
a cataract was instead composed primarily of randomly-
distributed, light—absorbing regions, far less light would
reach the retina. Furthermore, image contrast and resolution
would be higher than observed.

Readers interested in the biochemical bases for

opacification of the chrystalline lens can refer to Benedek's

(1971) paper.

Psychophysical aspects.

Spatial periodic stimuli (gratings) with a rectangular
or sinusoidal luminance profile have proven to be very
convenient for psychphysical and electrophysiological
experiments in vision. Theoretically, sinusoidal gratings are
the simplest light distribution. Indeéd, according to fourier
theory, any light distribution in tﬁe retinal image can
be expressed as the sum of its sinusoidal components.

In particular these stimuli have been employed for
studying the response of neurons at various levels in the

visual system as a function of the spatial frequency, i.e.

12



of the number of grating bars (light or dark bars) per unit
of visual angle. A sinusoidal stimulus has two relevant
variabies beside its spatial frequency: its éonﬂrast
(amplitude of the sine—wave-light distribution) and its
position with respect to the cell's receptive field (spatial
phasej.

_Using.microelectrodes to obtain responses of cat
retinal ganglion cells to sine-wave gratings, EnrothFCugell
and Robson, (1966) have shown that the contrast sensitivity
function is explainable in neurophysiological terms. Each
retinal ganglion.can be driven by illuminating a local area
of the retina. This area is classed as the recéptive field
of that cell. Electrophysiologically, the organization of
these receptive fields in the cat retina were originally
described as consisting of two mutually antagonistic
concentric areas.

Now consider an array of retinal ganglion cells
which overlap extensively and are of the same size. The
array's responsiveness tdvlow frequencies is reduced by
the inhibitory action of the surround mechanism, whilst
at high.frequencies the array's firing is reduced by the
summation within the center of the‘fieid. At intermediate

frequencies, the center response dominates and this

13
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responds to the maximizing of the contrast sensitivity
curve.

Consequently, to change the freduency selectivity
of these cells would then alter the sensitivity function.
This can be achieved.inllow iuminance conditions and in
thé presence of certain variations in stimulus pattérns.

Great progress in understanding visual.processing
was.made with the arrival of Campbell and Robson's (1968)
~paper in which they proposed that the fundamental and third
harmonic of square wave gratihg are processed by quite
separate spatial frequency chamnels. This suggestion, that
in the human visual system there existed chamnels sensitive
to bands .of spatial frequency, was substantiated by
Blakemore and Campbell, (1969) using an adaptation method.
They found that, by adapting to a grating of fixed spatial
frequency, there was a cbnsequent threshold rise for a
range of frequencies centered around the adapting frequency.
These hgman neurones then, whose sensitivity are Being
depressed, seem therefore to be frequency selective like

like those in the cat and monkey.

This study has qﬁantitatively studied the relationship

between image contrast and resolution as influenced by a
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simulated cataract.

Finally, from the obtained data the contrast at which
a given size object can be seen was detenninéd as a function
of the cataract present.

| The study shows how the full assessment of visual

quality requires the fest of contrast discrimination as well
as resolution. Furthennore, it has been seen that such tests,
when made in the presence of pathological conditions‘leading
to image degradation, might be used to quantitatively assess
the degree of that pathological state. Thus, in the standard
test situation, the addition of variable contrast targets
would offer the possibility of a more complefe description
of fhe patient's visual quality.

Finally, the utilization of this procedure would
enablefdata.collection in the presence of image-degrading

pathology.

Conclusion.

The ideal retinal resclution tester for cataractous
eyes would have the capability of completely bypassing the
opacity in order to indicate what  the retinal resolution is.

On the other hand, an instrument of this kind that was less



than ideal would demonstrate a noticable distortion of the
contrast sensitivity function compared with the nommal.

The results of this preliminary study, with five
subjects, wherein simulated cataracts were used have shown
no significant distortions in the contrast sensitivity
curves between normal and cataractous. It seemé therefore
likely that the preéent apparatus would be an ideal resolution
tesﬁer of-the retina in the presenée of opacities. turther
work, however, is needed with more subjects and a more
refined apparatus before this statement can be fully

substantiated.

16
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- SUMMARY .

The nature and use of spatial periodic stimuli
(gratings) have been discussed. Without doubt they are a
powerful anaiytical tool in the hand of the researcher, who
attempts to evaluate the processing-of normal and abnormal
visual systems. The clinical application in optometric
practice and orthoptics may appear to be remote, but
there is no doubt that in conjunction with.other techhiques
(e.g. visually evoked responses), their subsequent
exploitation should soon offer a new diagnostic aid in

routine optometric investigations.



13

BIBLIOGRAPHY .

BENEDEK, G.B. (1971). The theory of transparency of the

eye. Appl. Optics 10: 459.

BYRAM, G.M. (1944). The physical and photochemical basis of
visual resolving power. 11. Visual acuity and the photo-

chemistry of vision. J.opt.Soc.Am. 34: 718.

CAIN, C.P. § WELCH, A.J. (1974). Measured and predicted
laser-induced temperature rises in the rabbit fundus:

Invest. Ophthal. 13: 60.

CAMPBELL, T.W., & ROBSON, J.G. (1968). Application of Fourier

analysis to the visibility of gratings. J.Physiol.’197: 551,

CAMPBELL, F.W. § KULIKOWSKI, J.J. (1966). Orientational

selectivity of the human visual system.  J.Physiol. 187: 437, Nov.

CAMPBELL, ¥.W., KULIKOWSKI, J.J. & LEVINSON, J. (1966). The
effect of orientation on the visual resolution of gratings.

J.Physiol. 187: 423.

CAMPBELL, F.W. & GREEN, D.G. (1965). Optical and retinal

factors affecting visual resolution. J.Physiol. 181: 576.



19

CAMPBELL, F.W. § GUBISCH, R.W. (1966). Optical quality of

the human eye. J.Physiol. 186: 558.

CAVONIUS, C.R. & HILZ, R. (1973). Invariance of visual
receptive field size and visual acuity with viewing distance.

J.opt.Soc.Am. 63: 929.

CAVONTUS, C.R. § HILZ, R. (1973). A technique for testing
visudl function in the presence of opacities. Invest.

Ophthal. 12: 933.

DAITCH, J.M. & GREEN, D.G. (1969). Contrast semsitivity of

the human peripheral retina.” Vis.Res. 9: 947.

DUKE-ELDER, S. (1969). System of Ophthalmology, vol. Xl.

Diseases of the lens and vitreous. Kimpton.

-

ENROTH-CUGELL, - C. & ROBSON, J.G. (1966). The contrast
sensitivity of retinal ganglion cells of the cat.

J.Physiol. 187 517.

GITTER, K.A. (1970). Pediatric diagnostic ultrasonography.
J.Pediat.Ophthal. 7: 7,

GOLIMANN, H. (1972). Examination of the function of the

cataractous eye. Am.J.Ophthal. 73: 309.

GOLDMANN, H. § LOIMAR, W. (1970), Retinale Sehscharfenbestimmung

bei Katarakt. Ophthmologica, 161:. 175.



20

GREEN, ‘D.G. (1970). Regional variations in the visual
acuity for interference fringes on the retina.

J.Physiol. 207: 351,

GREEN, D.G. (1967). Visual resolution when the light enters
the eye through different parts of the pupil.
J.Physiol. 190. 583,

GREEN, D.G. § COHEN, M.M. (1971). Laser interferametry in
the évéluation of potential macular function in the presence

of opacities in the ocular media. Trans.Am.Acad.Ophthal.Otol.
75. 629.

GSTALDER, R.J. & GREEN, D.G. (1971). Laser interferometric

acuity in amblyopia. J.Pediat.Ophthal. 8: 251.

GUILD, J. (1956). The interference systems of crossed
diffraction.gratings - theory of Moire' fringes.

Qxford Univ. Press.

HUBEL, D.H. § WIESEL, T.N. (1962). Receptive fields;
binocular interaction and functional archtecture in the cat's

visual cortex. J.Physiol. 106: 160.

KULIKOWSKI, J.J.(1971). Effect of eye movements in the

contrast sensitivity of spatio-temporal patterns. Vis.Res. 11: 261.



21

KULIKOWSKI, J.J., ABADI, R.V. & KING-SMITH, P.E. (1973).
Oriental selectivity of grating and line detectors in

human vision. Vis.Res. 13: 1479,

KULTKOWSKI, J.J. § KING-SMITH, P.E. (1973). Spatial
arrangement for line, edge and grating detectors revealed

by subthreshold sunmation. Vis.Res.'13: 1455,

MAFFEL, L. § FIORENTINI, A. (1973). The visual cortex as

a spatial frequency analyzer. Vis.Res. 13: 1255.

MIRIKAWA, T. & TAMURA, O. (1970). Relation between ERG and

postoperative vision in cataract. Jap.J.Clin.Ophthal. 24 43,

MOVSHON, J.A., CHAMBERS, B.E.I. § BLAKEMORE, C. (1972).
Interocular transfer in normal humans, and those who lack

stereopsis. Perception, 1: 483.

NES van, F.L. § BAUMAN, M.A. (1967). Spatial modulation

transfer in the human eye. J.opt.Soc.Am. 57. 401.

OGLE, K.N. (1969). Visual acuity, in The Retina.

Univ. of Cal. Press, Berkely and Los Angeles, p. 443.

SCHADE, O.H. (1956). Optical and photoelectric analogue
of the eye. J.opt.Soc.Am. 46: 721.



22

SPAETH, E.B., FRALIK, F.B. & HUGHES, W.F., Jr. (1955).
Estimation of loss of visual efficiency.

Arch.Ophthal. 54: 462, Sept.
WESTHEIMER, G. (1966). The Maxwellian View. Vis.Res. 6: 669.

ZUCKERMAN, J.L., MILLER, D. & DYES, W. et al. (1973).
Degradation of vision through a simulated cataract.

Invest.Ophthal. 12: 213.

Le GRAND; Y. (1935). Sur la mesure de l'acuite' oculaire au

moyen de franges d'interfe'rence. C.R. Acad.Sci. Paris,

200: 490.



	Refinement of a method to assess visual resolution and contrast sensitivity in the presence of ocular opacities
	Recommended Citation

	Refinement of a method to assess visual resolution and contrast sensitivity in the presence of ocular opacities
	Abstract
	Degree Type
	Degree Name
	Committee Chair
	Subject Categories

	tmp.1528165345.pdf.0gAnK

