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Historicaily, two main approaches have been taken in Improving age-related vision loss. The medical
science approach is to affect or prevent the structural changes that Produce age-related aye dlseasa, as
for example, in lowering intraocular pressure with drugs as a treatment for glaucoma, or in replacing a
cataractous lens with an artificlal one. The rehabilitation science approach, on the other hand, is 1o
develop ways to ameliorate the functional consequences of vision loss, generally with vision aids and
adaptations. While both approaches are of obvious importance in pursuing the vision problems of an

aging soclety, the present discussion favours the second, more functionai approach,

This blas !s motivated by the thesis that the myriad structural problems that can and do occur in the
aging visual system all produce only three classes of tunctional changes In how images are formed in the
eye, or are processed by the visual apparatus: ’.'ﬂm_iu]._[mqm;ﬂm and dysfunction or

. Solution of visual problems at this level of analysis has the potential to
ameiiorate the effects of many pathotogical profiles at once. Lest the reader be sceptical of this 'treat the
symptam approach’, ponder the enormous bensfits of what might be thought of as the first low vision aid

the spectacle iens, which ameliorated the image degradation resuiting from refractive erro
that, for mast peopls, these errors are no longer considered to be a significant impairment.

s so effectively

The remainder of this paper wiil further develop this simpie taxonomy by briefly outlining the causes,
functional effects, and amelioration of each of the three classes of physical functional changes. Oniy

selected effects on visual function are described.

v LIGHT LOSS

Light loss refers to the condition of having too littie light enter the eye for typical visual performance.
While even youthful individuais with good vision often experience the effects of reduced llumination
when attempting to perform tasks that require more than the available light (such as reading without
a lamp at night), we consider light loss to refer to insutficient light entering the aye to perform visually

at the ievel of a typical youthful individual,

Nearly all oider peaple have significant light loss, and the distinction betwsen what is a normal and
what Is pathological is not clear cut However, Weale (1963) has estimated that typically, the light

entering the eye of a 60 year oid 9y Is only one-third that of the 20 year oid.
1.1 Causes

1.1.1 Miocsls - A main cause of light loss In oider people is pupillary miosis, a decrease in the
average size of the pupd. Since the pupil limits the amount of light that can enter the
6ye, a reduction in its average size resuts in a reduction In the average retinal
lluminance impinging on the retinas {see Figure 1). Miosis also results from the use of

some drugs used in the treatment of glaucoma.
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_ Figure | Munctions.

Caption /A large pupil (a) admits more light into the eye than a smail pupil (b). The smaller
<avorago pupl size of the older Individual (micsis) produces deciines In several visual



FIGURE 1
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1.1.2 Absorption - A second main cause of light loss in older eyes Is Increased light

1.1.3

absorption by the ocular media, especlally the crystalline lsns. With advancing age, the
lens absorbs, and hence filters out, more of the light that passes through Iit, making it less
transparent, much the same way sunglass lenses absorb light that passes through them.
One can further distinguish between spectrally uniform absorption, which affects all
wavelengths of light equally, and wavelength dependent absorption, In which the lens
absorbs more light from some parts of the visible light spectrum. As the human lens
ages, short wavelength light tends to be absorbed more than long. The relatively higher
passage of long wavelength gives the lens a yellowish cast, and tends to tint the light that
passes through it Both spectrally uniform and waveléngth dependent absorption
increase with age and are responsibie for a significant amount of light loss.

- Pupillary miosis and absorption conspire to
produce even more light loss than elther would by itseif. This Is becauss the miotic pupll
torces light enterifg the eye to pass through the thick center of the lans, which absorbs
more light than does its thinner periphery.

1.2 Functional Effects

1.2.1
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1.2.3

Acuity - Since visual acuity diminishes in low light, {e.g. Shiaer 1937), it is not surprising
that ocular light loss produces reduced acuity and impairs performance of tasks that
make demands on aculty, such as reading.

- Light loss produces significant reductions in our ability to detect
small light intensity differences in visual pattemns, especially fine patterns (Devalcis et al,
1974). Low levels of contrast, where one region of an image may differ little in its gray
scale value from its neighbouring region, become difficut to discemn (this is trye for
youthful individuals with excellent vision as well, under condiions of reduced
illumination), and may cause special visual difficulties with refatively low contrast images
such as curbs and shaded objects such as faces.

- Wavelength dependent light absorption may affect the ability ta

Color Discrimination
discriminate differences in hue. Short wavelength light, which appears blue in isolation, is
Increasingly attenuated by the lens with advancing age. This may be one reason why



color discriminations that young observers make by comparing relative amounts of short
and longer wavelength lights, are impaired in older observers. However, spectrally
uniform light loss may alsa produce age-related losses in color discrimination (Knobtauch
et al, 1987), since at lower luminances bluish and yeliowish hues become less distinct
(this is known as the Bezoid-Brucke effect). These troublesome coior discriminations

generally correspond to evaluating the relative amaunts of blue and yellow sensation in a
given patch of color.

.24 Gilarg - Individuals with light loss tend to have problems with the type of glare that is
occasionally referred to as blinding glare. Blinding giare can arise from the sudden
change from a state of low light adaptation to exposure to bright light, as most of us
experience when exiting a dark movie theatre into daylight. Since lowered average retinai
llumination resuits in a lower average level of light adaptation, relatively intense lights

more often reduce visibility and make vision uncomfortable in people with a light loss
problem.

1.3 Amelioration

1.3.1 Individuals with light loss should arrange, when possible, to compensate for their lower
retinal illumination with higher environmental llumination, especially in performing tasks
that require high resolution (like reading) and high contragt sensitivity.

1.3.2 Where possible, higher contrast patterns (like black against white) should be seiected in

the home, especially for tems where safety is an issue, .g. stalr carpeting, stove knobs,
etc.

1.3.3 Whers color is important for its information value, differences In hues should be chosen
to avoid particular color combinations. Specifically, biue against green, and yellow and
orange against white should be eschewed. ‘

1.3.4 White blue tinted filters may, under some circumstances, compensate for color
discrimination losses Produced by wavelgngth dependent light absorption, they increase
light loss further, and should be avaided. .

IMAGE DEGRADATION

image degradation refers to any condition in which, due to optical factors, light quanta fall on a
hon-optimal retinal location, Of are too spread out. image degradation Is usually accompanied by
blur and loss of Image contrast.

2.1 Causes

21.1 Defocus - All refractive errors result In the condition of defocus, where rays of light
emanating from individual points in Space converge to a plane elther closer or more
distant than the retina (see Elgure 2). Since these rays intersect the retina either In fromt
of or behind their convergence (focal) point, they are spread out, and hence appear
blurred inthesamowayasafumpro]ectorthulamnoffocus. Nearly sveryone
experiences reduced ablity to accommodate, or focus the lens to near distance, with
increasing age. This condition is referred to as presbyopia. Cataract extraction inevitably
produces some refractive emor, whather It be from lack of lens (aphakia), or from residual
error associated with an Intraocular lens implant (pseudophakia).

Caption N the young eye (a), lens shape changes dynamically In order to focus images of nearby
If’or <ob]ects on the retina. The older oye loses its elasticity and with i, the ability to buige

Figure 2\ Sufficlently to focus the image of nearby .objects. Images, which would be in focus
gux somewhat behind the eye (dashed lines), become spread out on the retina,



2.2
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2.1.4
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Scatter - When smail particles in the ocular media refract light rays in random directions,
light Is said to be scattered. The Crystalline lens, in particuiar, scatters light lr-creasingly
in the later years of Iife. Severs light scatter by the lens is known as cataract. The
Scattering particles give the lens a cloudy, or milky appearance. As with lens absorption,
there are spectrally uniform and wavelength-dependent forms of light scatter. Tha former,
known as Mie scatter, arises from particles that are larger than a wavelangth of llitht. The
latter I8 known as Rayleigh scatter, and arises from particles that are smatle: than a
wavelength of light. Like wavelength- dependent absorption, Rayleigh scatter also affects
short wavelength light more than long. (The sky Is blue because of Rayleigh scatter). it
is not ctear how much intraocular light scatter Is of the wavelength-dependent sort.

Eluorescencs - As the size of the lens Increasas with advancing age, which it does with
advancing age, It accumulates substances which fluoresce. These substances absorb
light at Invisible ultra-vioiat wavelengths while emiiting light at a different, visible,
wavelength. The light emissions of this flucrescence are randomn In dlrection, do not
contribute coherently to retinal imagery, and hence have effects simiar to those of
scatter.

Prsmatic Effect - While quite uncommon, cataracts involving only a portion of the lens
can produce a sacondary Image that is superimposed on the primary retinal image.

Eunctional Etfects .
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Aculty - Defocus and scatter, while blurring the retinal Image in quite different ways, both
reduce the ability to Visually resotve fine spatial patterns, because they both spread or
smear light.

Contrast - Contrast, especially in the fine structure of spatlal patterns. Scatter may add
stray light uniformly to the retinal image, producing a veilling or dlsability glare, under
conditions of high illumination.

- Result from incomplete cataracts can be confusing and
troublesome.

ay



23 Amelioration

2.3.1 Spectacles and contact lenses are a highly effective means of correcting refractive errors.
Whlie correction of age-related refractive errors with spectacle lenses and lens implants
brings Images at the refraction distances in ciear focus, the presbyope and the corrected
aphake still experience a limited depth of focus relative to the younger individual.

2.3.2 Magnification of images by optical, electronic, or 'page-to-nose’ means may increase
functional aculty since magnification transforms the fine detalis of patterns into larger,
more detectable forms.

2.3.3 Presenting a test as white characters on a black background (reversed contrast)
enhances reading performance in most Individuals with glare from scatter, since less light
enters the eye and Is available for scattering.

2.3.4 Control of illumination can be critical for effective visual performance In Individuals with
glare resulting from scatter. The cattering condition, usually a cataract, absorbs so
much light that the Individual suffers from light loss. Yet the addition of light to
ameliorate the light ioss may reduce visibliity by degrading the image with scattered light.
Such individuals see best only within a small range of lllumination and contrast. Tinted
lenses and sunglasses are one means of ilumination control.

23.5 Tinted lenses that selectively fiitar out waveiength and ultraviolet light can be useful for
reducing the effects of wavelength-dependent scatter and fiuorescence. However, it Is
unclear how much these particutar effects contribute to Image degradation in aging and
diseased ayes.

BECEPTOR AND/OR NERVE DAMAGE OR DYSFUNCTION

This class of physical-functional change refers to any kind of age related problem in retinal
production of neural Impuises in response to light, or in transmission of those impulses from the
retina to the brain. Pathological causes will not be described here since there are 80 many
physiological conditions that can lead to receptor and nerve damage and dysfunction, and since
knowtedge of the causes yieids little insight into effects on visual function and amelloration. There Is
evidence that In the absence of specific ldentiflable pathology, aging also produces measurable
diffuse losses in neural efficiency (see Werner et al, 1990 for a review).

3.1 Eunctional Effecty ...

There is some evidence that age-related declines in visual function are greater than can be
accounted for by the optical factors described In sections 1 and 2. Therstore, part of the
declines observed In aculty, contrast sensitivity, and color dlscrimination may be due to neural
losses. How much can be attributed to neural factors is still very much an open research
guestion. _

Neural losses from disease, however, invarlably produce defects of the visual fleld, which are
generally local areas of blindness or reduced visual sensitivity called scotomas. Surprisingly,
Scotomas may often go unnoticed by the individual with fleld defects unti much of the visual
field is lost. (There is & normal scotoma in the visual fleid of all human eyes, where the optic
nerve makes Its entry Into the eye). What distinguishes the functional effects of one pattemn of
scotomas from another is their size, and even more importantly, their location. This is because
different regions of the retina are speclalised for different visual functions. An understanding of
the functional effects of visual field defects requires a brief examination of some retinal anatomy.

Elgure 3 lllustrates the distribution of the two visual light receptor types (the receptors produce
neural Impuises in response to light} across a cross-section of the retina. The rod receptors,
most numerous in the mid periphery of the visual field have very high sensitivity, and are thus
waell sulted for night vision. (This is why a star is more detectable If one aims the aye slightly
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away from ). The rod system, however, does not signal Information about color. From this, it
Is easy to see why peripheral visual field defects cause problems with night vision. Since the

EIGURE 3
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Caption,/ Schematic representation of receptor denstity for cones (solid line) and rods (dashed line) across
for
Figure 3

the retina. The nasal periphery lies closer to the nose, while the temporal periphery lies closer
to the ear.

The cone receptors, on the other hand, which have lower sensitivity and are for use In daytime
light levels, mediate color vision and are highly concentrated in the central retina, allowing us to
resolve the fine detalls of visual Images. When we attend 1o an object, we reflexively move our
eyes so that its image falls in the central visual fieid. For these reasons, central fleld defects
cause dramatic losses In visual aculty, resolution, and color perception. Eye movements made
to Inspect an object are especlally frustrating, since such mavements only serve to make the
object less visible, :

p—
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Finally, central field defects invariably result in problems with glare, since there are few receptors
that are sutable for daylight levels of liumination. In this case vision must be mediated by the
higher sensitivity rods, and since the rods are saturated with light, they are unable to

signal the changes in light level over space or time, that they are abie to at lower light levels.

3.2.1 Magnification - Magnification by any means usually provides functional reiief to those
with central field defects because it aliows the Image to be resolved by more peripheral
retina, which has lower visual acuity.

3.2.2 Minification - MinMfication can, in limited circumstances, be useful to those with only
central visual field remaining. The theory is that by compressing a wider angle view of
the world into a smaller image, peripheral objects are more likely to be detected. In
practice, the sacrifice In central visuaj resolution that comes about with minification,
greatly reduces its benefits.



3.23 Ulumination Control - Tinted lenses, sunglasses, and reduction of lamp Intensities, can
all reduce the glare that arises from loss of cone function when central visual fleids are
dysfunctionai.

3.2.4 Eccentric Fixation - With central field loss, individuals perform high resolution tasks best
when they can relocate the image of an attended object, say, a word, to the most central
peripherai region with healthy retina. Some individuals train themselves to use one
healthy peripheral location quite consistently, relative to the use of randomly chosen
peripheral areas, improving performance of tasks Jike reading.

CONCLUSION

The goai of this paper has been to produce a simple classification of the physical causes of age related
declines In vision at a level that allows the identification of optical and physiotogical factors with particutar
vision rehabilitation strategies, Some effects on visual function have been identified with each physical
cause, but the list is incomplete, both so as to simplify the discussion, and becauss the effect of age on
many visual functions has yet to be measured. The three categories of causes of vision decline, however,
would seem ta be sufficiently broad to encompass most effects on visual function that ars likely to be
encountered.
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