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This is an exciting time in the optical industry because of the many
o p p o rtunities to advance patient care. By learning about the va ri o u s
aspects of vision-related quality of life, eye c a re professionals can offer
patients more compre h e n s ive eyewear solutions to meet their ove r a l l
visual needs.

Clinical research plays a vital role in evaluating the benefits of various
lens options to patients and enabling eye c a re professionals to make
i n f o rmed product recommendations based on objective ev i d e n c e.

T h a t ’s why Transitions Optical is so committed to education and
research. Along with sponsoring major symposia at national and interna-
tional meetings, concentrating on promoting eye health and maximizing
quality of vision, we have supported several independent clinical studies
that explore vision-related quality of life.We’re proud to bring the results
of this re s e a rch to you as part of an overall discussion on “ L i g h t , S i g h t
and Photochromics.”We’d like to thank NewYork University School of
Medicine’s Department of Ophthalmology for spearheading this research
and pulling together the results for the monograph.

This re s e a rch is significant because it provides clinical substantiation of the
i m p o rtance of visual comfort and long-term vision protection to vision-
related quality of life.This implies that eye c a re professionals can offer a
m o re compre h e n s ive solution with recommendations of products like
Transitions photochromic lenses, which address these aspects of the ove r a l l
visual experi e n c e.Transitions are higher-performing eve ry d ay lenses because
t h ey are indistinguishable from re g u l a r, clear lenses indoors for uncompro-
mised visual acuity, and darken when exposed to UV radiation outdoors
providing visual comfort in varying light conditions and convenient 100
percent UV protection. By approaching vision-related quality of life as
m o re than visual acuity, eye c a re professionals can add value to their
recommendations and, as the re s e a rch show s , i n c rease patient satisfa c t i o n .

We ’re pleased to serve our eye c a re professional part n e rs by bri n ging them
this va l u a ble new information and through our continued commitment to
i n n ova t ive product deve l o p m e n t s . Education is an important focus of our
e f f o rts because it enables us to provide practitioners with the know l e d g e
re q u i red to bring state-of-the-art vision correction to their patients.We
hope this monograph is helpful in understanding vision-related quality of
life and the latest information on “ L i g h t , Sight and Photochro m i c s .”

For more information on the research or Transitions Optical, Inc., e-mail
researchinfo@transitions.com.

Sincerely,

Dave Cole Denis Fisk
General Manager of the Americas Director of Global Education 
Transitions Optical, Inc. Transitions Optical, Inc.
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The relationship between light and sight is a complex one. Light
is essential to vision. But while light mediates vision, it may also
moderate vision, and the relationship between light and sight is
not always a positive one.

To many patients, light is perceived to be the solution to a variety
of visual problems. For the forty-something individual, struggling
to read the label on a bottle of medicine, or trying to decipher a
listing in the telephone book, t u rning up the light can make all the
d i f f e rence between seeing and not seeing. H ow many older patients
with vision-compromising conditions like cataract or macular
degeneration complain that they know they would see better if
only they could get more light? 

But there are others who view light as an obstacle and not a help.
Consider the person with a posterior subcapsular cataract, where
the constriction of the pupil induced by a bright light accentuates
lenticular changes and may prove virtually blinding. Or the mother
walking her children to school who is thrown off balance by glare
as she crosses the street and risks being hit by an oncoming car. So
while light is indeed essential to vision, it is the appropriate quality
and quantity of light that are essential to good vision.

And it is not only the light that can be seen that is import a n t .
I nv i s i ble light, especially light in the ultraviolet range, m ay be
a significant factor in the development of a number of ocular
diseases that ultimately compromise sight.

Fortunately, light can be manipulated. Ophthalmic lenses may be
used to moderate light and, in so doing, to improve the quality of
vision and protect the eye from potentially dangerous light expo-
s u re.T h ey serve to balance the positive and the negative effects of
light on the eye, in addition to correcting refractive errors.

This monograph explores the relationship between light and sight,
and suggests how best to use spectacle lens tre a t m e n t s – such as
f i xed tint sunglasses, p h o t o c h romic lenses, and anti-re f l e c t ive coatings
– to make that relationship a positive one.

“Nearly blind.... The light is intolerable....
This is the first time... that I have had too much sunshine....
Thin clouds cast a grateful shadow over all the glowing 
landscape. I gladly took advantage of these kindly clouds.”

Excerpt from the journal of John Muir, describing the sunblindness
he suffered while exploring the Muir Glacier in Glacier Bay, 1890.

We thought how carelessly he’d asked
That every day be sharp and drenched with light,
Nor wanted a moment of vision masked,
But begged for depth and clarity of light.

Gray Burr,“Eyestrain”
A Choice of Attitudes

I N T RO D U C T I O N



The Eye and Sight

CHAPTER 1.

L I G H T  A N D  S I G H T

Light and sight are intimately connected.Taking advantage of the
relationship between the two is what vision care is all about. But
how often is that relationship considered? 

What is light? What is sight? How are they connected?

Light arises in the sun, where thermonuclear reactions generate
electromagnetic radiation. Light is carried in an energy-bearing
vehicle (the photon).When a photon contacts matter, a series of
physicochemical phenomena occur that can produce biological
reactions. In the eye, the retina is the mediator for these reactions.
Detectors in the sensory retina transform the physical energy of
light into nerve signals that result in sight.Vision, then, may be
considered to be a transducing process, where a physical element
(light) is converted into electrical energy (sight).

When considering the relationship between light and sight, it is
usually visible light that is the concern.Visible light is that light
which produces vision. But the electromagnetic spectrum consists
of both visible and invisible light, and, while it is visible light that
is responsible for sight, the invisible portion of the spectrum is
also important.Visible light falls in the range of 380-700 nm.
Ultraviolet radiation is in the shorter wavelengths (100-380 nm),
and infrared in the longer wavelengths (700-1400 nm). Figure 1.

Figure 1. The electromagnetic spectrum.
(Courtesy of Essilor International)

The eye may be considered a vehicle or a facilitator for the
t r a n s f o rmation of light stimuli into sight.While it is the retina that
is directly responsible for the actual transduction process that con-
ve rts physical into electrical energy to produce vision, the other
structures of the eye transmit and moderate light entering the eye
to affect the quality and quantity of light that reaches the retina
and determines vision.This transmission and moderation of light
a re both essential elements for good vision, and the anatomy of the
eye is such that the appropriate balance between transmission and
moderation might be achieved.

The eyelids and iris serve to titrate the amount of light entering
the outer and inner eye respectively.The eyelids close or squint
to limit excessive light, and open wide to accommodate the maxi-
mum amount of light when conditions are dim.The iris sphincter
c o n t rols the entry of light into the inner eye, c o n s t ricting to decre a s e
the light stimulus with bright illumination, and dilating to maximize
the light stimulus with decreased illumination. Of the pro t e c t ive
outer coats of the eyeball itself, the surface area of the semi-opaque
sclera is several times that of the clear cornea, serving to limit the
access of light to the inner eye.And both the cornea and the lens
absorb and bend light, acting as re f r a c t ive filters to moderate and
direct the light stimuli that reach the retina.

In short , the eye is designed to act as much as a protection against
light as a conduit for its transmission.T h e re is a good reason for
t h i s .As far as sight is concern e d , with light it may sometimes
become a case of too much of what is generally a good – and
a necessary – thing. For while light is crucial to vision, light can
actually impair vision or even damage the visual apparatus and
compromise sight.

With visible light, the pri m a ry pro blems are excessive light and glare.
E x c e s s ive light can be modulated through the use of a filter, a dev i c e
that alters the intensity and the spectral distri bution of light passing
through it. Glare is essentially misdirected light. It compromises
visual function by producing glare disability, w h e re visual acuity is
reduced because of light elsew h e re in the field of vision. F i l t e rs can
d e c rease glare. Special anti-glare coatings for lenses are also ava i l a bl e.
These treatments will be discussed in more detail in Chapter 4.
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Although only a fraction of UVA and UVB reach the inner eye,
the high sensitivity of ocular tissues to the effects of UVR and the
importance of cumulative exposure make these fractions clinically
significant.

The ocular stru c t u res pri m a rily at risk from UVR exposure are the
eyelid skin, the conjunctiva , c o rn e a , c rystalline lens, and the re t i n a .
Acute and chronic exposure can produce acute and chronic disease.

Probably the most common acute ocular manifestation of UVR
overexposure is sunburn affecting the eyelid skin, manifested by
cutaneous swelling and erythema, in severe cases followed by
blistering and exfoliation. UVB has been tied to sunburn, and
UVA to tanning effects in the skin.

Photokeratitis is characterized
by pain, foreign body sensation,
p h o t o p h o b i a , and bl u rred vision.
On examination there is typically
a mild-to-moderate conjunctiva l
hy p e remia with ciliary flush and
an epithelial keratitis affecting
the superficial laye rs , with or
without staining, and usually
accentuated in the exposed inter-
palpebral zone. Figure 3. As a
rule, this is self-limited with no
long-term residua.

Solar re t i n o p a t hy develops after
i n t e n s e, u n p rotected UVR
e x p o s u re, most commonly
o c c u rring after looking at the
sun directly during an eclipse.
F i g u re 4. It may also be
o b s e rved in arc we l d e rs , i n
i n d ividuals monitoring sky
or sea conditions, in laboratory 
wo r ke rs exposed to UVR,
and in sunbathers .

Acute Ocular
Manifes ta t ions  of UVR
E x p o s u re

U V R and the Eye It is the inv i s i ble component of light – specifically ultrav i o l e t
radiation (U V R) – that may pose an actual risk to the health and
function of the eye. Potential damage to ocular stru c t u res from UVR
o c c u rs through two mechanisms: ionization and non-ionization.
In the form e r, tissue exposure to UVR leads to the production of
p o s i t ively-charged molecules called free radicals, which may alter
the stru c t u re of proteins or DNA. Non-ionizing effects of UVR
m ay be thermal or photochemical. Photochemical damage is gener-
ally produced by lower wavelengths (3 5 0-530 nm). It is a re l a t ive l y
low-energy, long-exposure phenomenon, which may be at least
p a rtially reve rs i bl e.T h e rmal damage, on the other hand, is associated
with higher wavelengths (530 nm or gre a t e r) and shorter exposure s .
H e re effects are pro f o u n d , i m m e d i a t e, and largely irreve rs i bl e.

Ultraviolet radiation is short wavelength radiation (100-380 nm).
Falling outside of the visible spectrum, it is invisible to the human
eye. UVR is subdivided into four regions, based on wavelength:
UVA (315-380 nm), UVB (280-315 nm), UVC (190-280 nm),
and UVV (100-190 nm). Since both UVV and UVC are filtered
by the protective ozone layer in the stratosphere, UVB and UVA
have been of primary concern from the viewpoint of eye (and
skin) exposure.The cornea absorbs the bulk of UVB, with a small
amount reaching the crystalline lens.The lens absorbs most of the
U VA , with only a minute pro p o rtion reaching the re t i n a . F i g u re 2.

Figure 2. UVR and ocular tissue sensitivity.

Figure 3. Photokeratitis.

Figure 4. Solar retinopathy.

UVB 280 - 315 nm

Visible 380 - 700 nm

UVA 315 - 380 nm
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P rotect ing the Eye
F rom UVR

C h ronic Ocular
Manifes ta t ions  of 
UVR Exposure

Among the ocular diseases attri buted to chronic UVR exposure
a re cutaneous neoplasms of the eyelids (basal and squamous cell
c a rcinomas and melanomas – F i g u res 5. – 6.), p i n g u e c u l a e,
p t e ry gia (F i g u re 7.), cataracts (F i g u re 8.), and age-related macular

degeneration (ARMD) (Figure 9.). Evidence is based on a combi-
nation of laboratory and epidemiological studies, and, while highly
suggestive, remains inconclusive. Some individuals may be more
s u s c e p t i ble to effects of UVR than others . Skin and eye pigment
m ay play a ro l e, along with here d i t a ry fa c t o rs .The existence of a
light resistance gene has been postulated. Since many of the disord e rs
linked to UVR exposure occur in older individuals, it is interesting
to consider a possible relationship between UVR exposure and the
overall aging process.The combination of dry skin, deep wrinkles,
sagging and loss of elasticity in the skin, mottled pigmentation, and
telangiectasia – all of which characterize photoaging – has been
tied to UVA exposure.

T h e re have been any number of studies in laboratory animals
demonstrating adve rse effects of UVR exposure on the corn e a ,
c rystalline lens, and re t i n a . Damage to all levels of the corn e a
o c c u rs with UVR, with the earliest damage in the epithelium,
p rogressing to stromal and endothelial changes with incre a s i n g
l evels and duration of exposure.Acute intense exposure to UVR
p roduces anterior cortical and subcapsular cataractous changes.
C h ronic exposure to UVA and UVB leads to cortical and posteri o r
subcapsular cataracts.

The two most widely cited epidemiological studies in humans are
the Chesapeake Bay Wa t e rman Study and the Beaver Dam Study.
These suggested a relationship between prolonged time spent
o u t d o o rs in the sun and the development of cortical cataracts and
ave rred exudative or atrophic macular degeneration. In a re c e n t
f o l l ow-up to the latter study, a strong relationship was found

Figure 8. Cataract.

Figure 9. Age-related macular degeneration
(ARMD).

Figure 5. Basal cell epithelioma of the eyelid.
(Courtesy of Dr. Richard Palu)

F i g u re 6. Malignant melanoma of the eye l i d .
(Courtesy of Dr. Richard Palu)

Figure 7. Pterygium.

b e t ween time spent outdoors in the summertime during the
teenage (1 3-1 9) and early adult (3 0-3 9) ye a rs and the risk of
early-onset A R M D.

In addition to ocular disease related to UVR exposure, f rom the
v i ewpoint of pure visual function, UVR can adve rsely affect acuity
t h rough light-scattering effects in the cornea and lens, p roducing a
d e c rease in low-contrast sensitivity acuity.

The greater longevity people are enjoying in the 21st century
i n c reases the total potential lifetime exposure to UVR.T h i s , a l o n g
with profound alterations in the pro t e c t ive ozone layer seen after
ye a rs of env i ronmental abu s e, has served to increase the risk of
U V R - related ocular disease. Depletion of the ozone layer continu e s
to re p resent an international health thre a t . Despite worldwide effort s
to halt this tre n d , it is still progressing at an estimated rate of 12%
per decade globally (3% in the Nort h e rn Hemisphere). It has been
postulated that for eve ry 1% decrease in the ozone laye r, t h e re will
be an associated 4% increase in skin cancer and a 0.6-0.8% incre a s e
in cataract. Although traditionally UVA and UVB have been
considered the wavelengths posing the greatest potential threat for
UVR damage to ocular structures (with the atmosphere filtering
out the lower wavelength UVC and UVV), the ongoing loss of
the pro t e c t ive ozone layer increases the potential risk from the
m o re toxic UVC, p a rticularly at higher altitudes, in more southern
l a t i t u d e s , and during winter months when the ozone layer is thinner
and holes appear more frequently.

It has been mentioned that the eye tends to protect itself fro m
U V R .Aside from the obvious light entry level protection prov i d e d
by the mechanical actions of the lids and iri s , the cornea and lens
s e rve to moderate light by absorbing it, in addition to their re c og-
nized functions of refracting and focusing it.This is part i c u l a r l y
i m p o rtant with UVA and the re t i n a . It is the lens that is pri m a ri l y
re s p o n s i ble for filtering UVA and protecting the retina from the
potentially harmful effects of exposure.This filtering action of the
c rystalline lens becomes more significant in adulthood.As an indiv i d-
ual ages, the lens opacifies through the accumulation of fluore s c e n t
pigments which result from photo-induced chemical re a c t i o n s .
For example, b e f o re age ten more than 75% of incident UVR
passes through the lens, c o m p a red to only about 10% at age 30.
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It is interesting to postulate a form of ocular natural selection
h e re, w h e re possible UVR-related (and potentially reve rs i bl e )
c a t a r a c t ogenic effects developing from infancy onwa rds serve to
p rotect the older eye from more serious and largely irreve rs i bl e
UVR effects on the re t i n a .

Since vision-threatening UVR-related ocular disease is believed to
occur after ye a rs of UVR exposure, in much the same fashion as
cutaneous neoplasia, the importance of UVR protection start i n g
in early childhood cannot be ove re m p h a s i z e d . C h i l d ren generally
spend significantly more time outdoors than adults. It has been
estimated that 80% of the total lifetime sun exposure occurs before
18 years of age.

The derm a t o l ogy community has done an excellent job of educating
the public about the importance of avoiding ove re x p o s u re to UVR
and the need for pro t e c t ive sunbl o c k s .The situation with the eye
is not nearly as good. In a recent survey (A p ri l , 2 0 0 2), s p o n s o re d
by Transitions Optical, I n c. , and conducted by ICR in Media,
Pe n n s y l va n i a , while 79% of people we re awa re of the potential
h a z a rds to the skin from UVR exposure, only 6% knew that UVR
e x p o s u re could be associated with eye disease.

M o re than 90% of all UVR-
related skin cancers (b a s a l
c e l l , squamous cell, a n d
melanomas) occur above the
neckline in the so-called
exposed zones. F i g u re 10.
The lids are a common site
for the development of these
n e o p l a s m s , with an estimated
10% of all non-melanoma
skin cancers found in the
eye l i d s .Although the lids are
an especially vulnerable site
for UVR exposure, b e c a u s e
of their proximity to the
e x t e rnal eye they are not an
a rea where the use of topical
s u n block preparations is

When I s  UVR
P rotect ion Neces sar y

The Log ist ics  of  
P rotect ing Against  UVR

recommended (due to the potential for contact with or leakage into
the eye, p roducing a chemical ke r a t o c o n j u n c t iv i t i s ) . For this re a s o n ,
p rotection of the eyelid skin from UVR should be combined with
p rotection of the eye itself, and must be achieved in other way s .

Simply put, UVR protection is necessary whenever there is risk of
UVR exposure, which is all the time.T h e re is a common my t h
that sunlight is synonymous with ultraviolet light, with most people
thinking about UVR protection as sun pro t e c t i o n .This is not the
c a s e. Since UVR is inv i s i bl e, t h e re is no easy way for the ave r a g e
p e rson to accurately assess the risk of exposure to UVR.The media
is attempting to address this pro blem by announcing UV indices
and issuing ozone alert s , but the best way to deal with UVR expo-
s u re is to understand that it is a constant. I t ’s always there : on bri g h t
s u n ny day s , for sure, but also on those cloudy ove rcast days when
t h e re doesn't seem to be any sun. In fa c t , 50% of the UVR dose the
average person re c e ives is indirect – not direct – and due to re f l e c t e d
or scattered UVR.

C e rtain times of the day tend to place an individual at higher
risk for UVR exposure, i.e., in the late morning/early afternoon,
b e t ween 10 a.m. and 2 p. m . UVR intensity may also be higher in
c e rtain geographic are a s , i . e. , at higher altitudes and in southern
l a t i t u d e s .A n d , c o n t r a ry to popular belief, d i rect sunlight does
not pose the greatest risk for UVR; a c t u a l l y, s n ow has the highest
UVR reflectance fa c t o r, f o l l owed by water and sand.

F u rt h e rm o re, ongoing ozone depletion increases the danger of
e x p o s u re, not only to UVB and UVA , but also to the potentially
m o re harmful UVC.

If UVR is always there and cumu l a t ive exposure is the crux of the
p ro bl e m , then the conclusion must be that an individual should be
constantly protected from UVR. Since UVR is ubiquitous in the
e nv i ro n m e n t , complete avoidance is not possibl e. P rotection is the
next best tactic. C e rtainly protection under circumstances when the
potential for exposure is high – e. g . , sunbathing on the beach on

UVR and the Eye l i d s

Figure 10. Manikin demonstrating sunlight
exposure, using a chemical UVR dosimeter.

(Courtesy of Dr. Frederick Urbach)
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a cloudless day or snow skiing at high altitudes – is re c o m m e n d e d .
And, whatever the circumstances, protection must be simple and
c o nvenient to be consistently used.

B ro a d - b rimmed hats or visors have been advocated as effective
sun pro t e c t i o n ,but they w i l l o n ly eliminate approx i m a t e l y 5 0 %
of incident light. Glasses are the simplest and most effective UVR
p rotection for the eye, and not necessarily sunglasses, since sun
and UVR a re not the same thing. For UVR p ro t e c t i o n , a clear
spectacle lens that absorbs UVR, or has been specially treated to
absorb UVR, is sufficient to protect the eye – and the eyelids, if a
large enough frame or a warp-around design is used – from expo-
sure.The larger the frame the better: A13 square cm surface area
o f f e rs 60-65% UVR p rotection for the eye and the lids, while a
20 square cm area increases this protection to 96%.The short e r
the ve rtex distance – i.e. , the closer the lens is to the eye – the
better the pro t e c t i o n , as we l l .

But there are also practical – and functional – aspects to UVR
protection. Since potential exposure to UVR is generally higher
under conditions where glare and sun comfort are also issues, i n
addition to UVR pro t e c t i o n , people expect glasses to filter out
e x c e s s ive sun and minimize bothersome re f l e c t i o n s .This is best
a c h i eved through the use of a sunglass or a photochromic lens
that achieves sunglass darkness.

The gove rnment has mandated that all sunglasses – pre s c ri p t i o n
and over-the-counter – block UVR effectively: 99% of UVB and
95% of UVA . But the ideal sunglass must meet other cri t e ria as
we l l . It must be comfort a ble to we a r, and this means that it cannot
c o m p romise vision or unduly distort color perc e p t i o n . U n f o rt u n a t e l y,
by definition, all tints affect vision – especially when measured as
contrast sensitivity acuity – and color vision, and the effect is
greater with darker tints that offer increased ocular comfort under
conditions of high levels of illumination or glare. But while some
c o m p romise in contrast acuity or fine color discrimination in
exchange for the modulation of tro u blesome glare or intense
sunlight is acceptabl e, the basic pro blem with using sunglasses for
constant UVR protection is that constant sunlight protection is
not necessary . . . and not beneficial. S t a n d a rd sunglasses act as filters .
T h ey utilize a fixed-tint design that cannot adapt to different leve l s
of illumination.T h ey are not capable of providing both full-time

UVR and on-demand sunlight pro t e c t i o n , a l l owing as mu c h
transmittance of light as feasible to minimize negative effects on
color and contrast acuity.

If it is accepted that UVR is ubiquitous, that it may pose a threat
to good vision and the health of the eye so that constant pro t e c t i o n
is optimal, that the appro p riate filtering of sunlight and glare is
i m p o rtant to visual comfort and perform a n c e, and that people live 
– and function – in an indoors - o u t d o o rs world where the amount
of exposure to sunlight va ri e s , the ideal pro t e c t ive spectacle lens
should offer effective, c o m p l e t e, and consistent UVR pro t e c t i o n ,
as well as on-demand (or as needed) sun and glare pro t e c t i o n . I t
should minimally alter color va l u e s . And it should not impair or
diminish visual acuity.

This optimal spectacle lens then should allow the we a rer to see
we l l , to see accurately, to see comfort a bl y, and to see conve n i e n t l y,
all the while protecting the eye to pre s e rve good vision, as mu c h
as possibl e, for a lifetime. P h o t o c h romic lenses meet these cri t e ri a .
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Aspects  o f Color  V i s i o n

T h e o r ie s  and Mechanisms
of  Color  V i s i o n

Tri c h romatic T h e o ry

Color vision has evo l ved to a high level in man, and the ability
to see a wide arr ay of colors enriches the experience of the visual
world.The perception of the color of an object is dependent not
only on spectral content and luminance, but also on the surro u n d i n g
e nv i ronment and the state of the visual system.T h e re can be
individual d i f f e rences in color perc e p t i o n .The best examples include
congenital and acquired color vision defects. In addition, c o l o r
p e rception normally changes with age.A brief rev i ew of the theori e s
and mechanisms of color vision is helpful in understanding natural
and artificially-induced alterations in color perception.

There are two main theories of color vision: the trichromatic and
the opponent process theories.

The trichromatic theory was proposed by Thomas Young in 1802
and refined by Hermann von Helmholtz half a century later.This
theory states that color vision results from the action of three cone
receptor mechanisms with different spectral sensitiv i t i e s .When light
of a particular wavelength is presented to the eye, these mechanisms
a re stimulated to different degrees and the ratio of activity in the
t h ree mechanisms results in the perception of color. Each color
is coded in the nervous system by its own ratio of activity in the
t h ree cone receptor mechanisms.

Color vision is mediated by three classes of cone photopigments:
the short - wavelength sensitive (S W S) p h o t o p i g m e n t , which is
maximally sensitive around 440 nm; the middle-wavelength sensitive
(MWS) photopigment (maximally sensitive around 540 nm); a n d
the long-wavelength sensitive (LWS) photopigment (maximally
s e n s i t ive around 565 nm).The cones containing the photopigments
are referred to as SWS or S-cones, MWS or M-cones, and LWS
or L-cones.

The absorption spectra of the cone photopigments have been
d e t e rmined using psychophysical color matching techniques and
p hy s i o l ogical techniques such as micro s p e c t ro p h o t o m e t ry, re t i n a l
d e n s i t o m e t ry, and electro p hy s i o l ogic re c o rd i n g s .The cone spectra
obtained in the late 1980s using electro p hy s i o l ogic techniques
a re ve ry similar to the spectra obtained many ye a rs ago using
psychophysical color matching techniques.

1 7

Filters change the intensity (or quantity) of light.They also affect
the quality of light. Color is an important characteristic of light
that may be modified by filters . Since tinted lenses are basically
colored lenses, they change the colors of objects viewed through
t h e m . In this way, t h ey may alter color perc e p t i o n . Looking at the
world through rose (or blue or green or ye l l ow or violet) colore d
lenses makes the world look differe n t .To appreciate how va ri o u s
spectacle lens tints may alter color perception in the real wo r l d ,
some understanding of color vision is necessary.

CHAPTER 2.

C O L O R  V I S I O N  I N
T H E  R E A L  W O R L D



Trichromatic or
Opponent-Process Theory:

Which is Correct?

Color  Pe rc e p t i o n

Specifying Color

Factors Affecting
Color Perception

Color Perception
and

Different Light Sources

It was only in the late 1950s and 1960s that electro p hy s i o l ogi c a l
data we re obtained in support of the theory. For example, in the
macaque monkey many retinal ganglion cells and cells in the lateral
geniculate nucleus re c e ive antagonist inputs from different types
of cones; these cells which receive opposed inputs are called color
opponent cells.

Both theories appear to be corre c t .T h e re is evidence that in
the normal eye there are three types of cone photoreceptors and
t h e re are also post-receptoral neurons and pathways that compare
the outputs of the different receptor types.The tri c h ro m a t i c
t h e o ry explains how the cone photore c e p t o rs function, and the
o p p o n e n t - p rocess theory explains how information is encoded
p o s t - re c e p t o r a l l y.

Color is specified along three dimensions: hue, saturation, and
brightness. Hue is the perception most closely associated with
wave l e n g t h . A spot of 540 nm light has a hue that is gre e n .
Saturation refers to the white content of a color.A desaturated
color looks as though it has been mixed with white; it appears
washed out. Examples of desaturated colors are pastels. B ri g h t n e s s
of a color depends on the amount of radiant energy.A color
a p p e a rs brighter as radiant energy is incre a s e d .

The colors of objects are based on the wavelengths of light that
they reflect or transmit, but color perception is also affected by
the surrounding environment, by the observer’s knowledge of
an object’s characteristic color, and by the state of the individual
visual system.

Light sources with different spectral distributions can affect color
perception. A visit to the supermarket can demonstrate how color
perception is manipulated in everyday life.The type of lighting
used is based on the results of studies investigating the effects of
different light sources on the appearance of fresh beef and chicken.
Consumers preferred incandescent light for beef, as the color of
beef under this light source appeared to be red, as opposed to a
less desirable dark brown when seen under the fluorescent and
metal halide lights. In contrast, consumers preferred chicken under
fluorescent light rather than incandescent or metal halide light.
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Opponent-Process
Theory

The opponent process theory (E wald Heri n g , 1 8 7 8) p roposes thre e
mechanisms: a black-white mechanism, a red-green mechanism,
and a blue-yellow mechanism. Each responds in opposite ways to
different wavelengths of lights.The black (-) white (+) mechanism
responds positively to white light and negatively to the absence of
l i g h t .The red (+) green (-) mechanism responds positively to re d
and negatively to green light, and the blue (-) ye l l ow (+) mecha-
nism responds negatively to blue and positively to yellow light.

H e ri n g ’s theory was based on psychophysical observations (e. g . ,
a red after-image follows exposure to green light). F i g u re 1.

Figure 1. Illustration of opponent process of 
red-green, blue-yellow “after-image”effects.

Look at the X in the center of the white circ l e, then look at
the X in the center of the green circle for 15 seconds. L o o k
back at the X in the center of the white circ l e.The circ l e
will appear to be re d .

Repeat the above process for the ye l l ow circ l e.When looking
at the X in the center of the white circ l e, the circle will appear
to be bl u e.

X X

X X



Congenital Color
Vision Defects

Acquired Color
Vision Defects

How Are Color
Vision Defects

Classified?

Congenital color vision defects occur in approximately 8% of all
males and about 0.5% of females.They are relatively easy to classify,
are constant, and present with no observable pathology. Both eyes
are equally affected.The color-blind individual is often unaware of
the color defect and is usually able to name object colors correctly.
Typically, congenital color-vision defects are red-green, with an
X-linked recessive mode of inheritance.

A c q u i red color vision defects develop secondary to diseases of the
visual system or tox i c i t y.T h ey are less clear-cut, m ay progress with
time, are often associated with observable pathology, and the two
eyes are usually involved to different degrees. Males and females
are equally affected.The individual with an acquired color vision
defect tends to have reduced visual acuity and/or visual field loss,
and names object colors incorrectly.

The traditional classification of color vision defects is based on the
o b s e rve r ’s color-matching perform a n c e. An observer who needs
t h ree pri m a ry colors to match an arbitrary spectral color is defined
as a tri c h o m a t . An observer who needs only two pri m a ries for a
match is defined as a dichro m a t . An observer who needs only one
primary for a match is a monochromat.

There are three types of dichromats. An observer with a color
vision defect related primarily to a loss of the LWS pigment has
a protanopic defect.The missing photopigment is replaced with
MWS pigment. An observer with a color vision defect related to
a loss of MWS pigment has a deuteranopic defect.The missing
photopigment is replaced with LWS pigment. An observer with
a defect related primarily to a loss of the SWS pigment has a
tritanopic defect. Dichromatic defects are relatively rare. It is far
m o re common to find individuals who need three pri m a ry colors
in anomalous pro p o rtions to make a color match.T h ey are called
anomalous trichromats.

There are three types of “color weak”observers: protanomalous,
deuteranomalous and tritanomalous tri c h ro m a t s . C o n g e n i t a l
tritanomalous defects are very rare. Anomalous trichromats have
all three photopigments, but the peak absorption spectrum of one
of the photopigments is displaced.The MWS pigment is shifted
towards longer wavelengths for the deuteranomalous trichromat,
whereas the LWS pigment is shifted towards shorter wavelengths
for the protanomalous trichromat.
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Color Perception and the
Surrounding Environment

Color Perception
and Aging

Color  Pe rcept ion and
Color  Vis ion Defec ts

The apparent color of an object can also be affected by the sur-
ro u n d i n g s . For example, the two circles in F i g u re 2. a re the same
color, but they look different when they are seen against the two
surrounds.This effect is called color contrast.

Color vision changes with age.The ability to discriminate betwe e n
d i f f e rent colors diminishes in older indiv i d u a l s .The mechanisms
underlying these age-related changes are not fully unders t o o d .
H oweve r, it is known that changes in the re f r a c t ive media of the
eye (the pre-receptoral mechanisms) contribute to a reduction in
short wavelength light (or “blue” light) on the retina.

For example, t h e re are age-related changes in the lens and in the
diameter of the pupil.The lens becomes more ye l l ow with age,
acting like a ye l l ow filter and decreasing the amount of short
wavelength light that reaches the retina.The yellow or brownish
lens absorbs short-wavelength light and produces a blue-yellow
color vision deficit.The effect of the progressive yellowing of the
lens on color vision is exaggerated by the decrease in pupil diame-
ter (senile miosis) that also occurs with age. Color vision can be
improved in the elderly by using a higher illuminance level.

When color vision is defective, t h e t h ree attri butes of color vision ( h u e,
b rightness and saturation) will be defective in va rying degre e s .T h e re
a re two main groups of color vision defects: congenital and acquire d .

Figure 2. Examples of the effects of 
surroundings on the color of an object.



Arrangement Tests
(also designed to be used with
a standard illuminant C lamp) 

Is There Any Treatment
for Color-Vision Defects?

Arrangement tests assess hue discrimination ability.The observer
is re q u i red to arrange a set of colored samples according to their
s i m i l a ri t y. O b s e rve rs with congenital color vision defects make
c h a r a c t e ristic erro rs ; d i s c rimination loss in acquired defects is more
variable. One screening test designed for subjects with moderate
or seve re color discrimination loss is the Farn swo rth D-15 test.
The test and an example of a score sheet used to re c o rd the re s u l t s
are shown in F i g u re 4.

The Farn swo rth D-15 test can be used to screen for both re d - gre e n
and blue-yellow defects. It consists of 15 color samples.The color
d i f f e rences between the color samples are large so that erro rs acro s s
the color circle are possibl e.The test evaluates color confusions.

Another arrangement test that is useful for classifying the type and
extent of a color vision defect is the Farnsworth-Munsell 100-hue
test. It consists of 85 color samples and is a hue discrimination test.

Congenital color-vision defects are constant throughout life.These
defects cannot be cure d , but it is possible to improve discri m i n a-
tion of some colors for protan and deutan subjects with the use of
a red filter (the X-C h rom lens, a red-tinted contact lens). Red and
green objects appear equally bright to the naked eye, but when
viewed through a red filter red objects appear brighter and green
objects appear darker.The lens is prescribed monocularly, but the
decrease in light can produce stereo anomalies.

Some acquired color-vision defects can be effectively tre a t e d .
Perhaps the simplest example occurs in patients with nu c l e a r
s c l e rotic cataracts, w h e re the ye l l ow filter effect of the cataractous
lens is eliminated after successful lensectomy.Another intere s t i n g
example of a reversible acquired color vision abnormality is the
“ ye l l ow i n g ” of vision re p o rted in some cases of digitalis tox i c i t y.
This typically regresses when the drug is stopped.
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How Hue Discrimination
is Affected for Protan

and Deutan Observers

Types of Acquired
Color Vision Defects

Clin ica l  Test s  for  
Color  Vis ion Defec ts

Pseudoisochromatic Plate Tests
(designed to be used with a
standard illuminant C lamp)

Both protan- and deutan-observe rs show a discrimination loss
along the re d - green axis. P rotanopes and deuteranopes are
essentially monochromatic for wavelengths greater than 530 nm.
G re e n s , ye l l ow s , oranges and reds are indistinguishabl e. P ro t a n o m a l o u s
and deuteranomalous observe rs may have wavelength discri m i n a t i o n
close to that of dichromats (seve re anomaly) or discri m i n a t i o n
m ay be close to norm a l . Although both protan and deutan subjects
confuse reds and greens with ye l l ow, the reds appear darker for
protanopes and protanomals.

T h e re is an old clinical ru l e, often disobeye d , which states that outer
retinal diseases result in bl u e - ye l l ow (tritan) defects, while diseases
affecting the inner retina and optic nerve result in re d - green defects
( p rotan or deutan). It is now known that diseases affecting the outer
retinal laye rs can result in re d - green defects and diseases affecting
the inner retina and optic nerve often result in bl u e - ye l l ow defects,
p a rticularly during the early stages of the disease pro c e s s .

The majority of color vision tests are designed to identify abnorm a l-
i t i e s in chromatic discrimination and in color matching.As acquire d
defects are not symmetri c a l , color vision must be assessed in each eye.
Two types of screening tests are routinely used: the pseudoisochro-
matic plate tests and arrangement tests.

Plate tests are designed to screen for congenital re d - green (protan or
deutan) color vision defects.The choice of colors takes advantage of
the particular discrimination losses seen in congenital color vision
d e f e c t s .An example of a pseudoisochromatic plate from the Ishihara
test is shown in F i g u re 3.
Subjects with normal color
vision can easily see the nu m b e r
on the backgro u n d.The Ishihara
test is an efficient screening test
for protan or deutan defects, bu t
it cannot be used to determ i n e
if an observer is a dichromat or
an anomalous trichromat.

Figure 3.
Example of an Ishihara pseudoisochromatic plate.

In this plate, the individual with
normal color vision sees the  number 5.

The majority of individuals with color vision
defects cannot see the number.

Figure 4.
Farnsworth D-15
Color Vision Test.

The D-15 test is scored by
connecting the cap numbers
in the order chosen by the
subject.Cross-overs indicate
a color vision deficiency, they
occur along and/or parallel
to the protan,deutan or
tritan axes.



Selecting Spectacle Tints

In the ANSI X80.3-1986 and ISO 1889-3 1999 standards for 
ophthalmic non-prescription lenses, color requirements are based
on the re c ognition of traffic signals.The finding that all colore d
lenses alter the color vision of military pilots to such an extent as
to hamper the recognition of color signals was a major considera-
tion in the selection of neutral gr ay as the tint of choice by the
U.S. Military.

The choice to wear tinted vs. clear spectacle lenses may be based
on a number of perc e ived benefits, including enhancement of visual
p e r f o rm a n c e, heightened color perc e p t i o n , light or glare re d u c t i o n ,
and/or cosmesis.T h e re are also a va riety of misconceptions and
even frank myths that may guide tint selection. Looking at a tint is
not necessarily the same as seeing through it.

In a study of aesthetic pre f e re n c e s , groups of individuals with norm a l
vision and others with mild-to-moderate cataracts we re first asked to
s e l e c t a fixed tint based on how much they liked how that tint looke d
when placed over white and flesh-colored backgro u n d s . G r ay, b row n ,
ye l l ow, gre e n , p u rp l e, re d , o r a n g e, and blue tints at 50% transmittance
l evels we re tested. Table 1. For the normal gro u p, blue was the most
p re f e rred tint, f o l l owed by gre e n , p u rp l e, and gr ay. Least pre f e rre d
we re ye l l ow, b row n , and pink. For the cataract gro u p, blue was again
the first choice and brown the last, in order of decreasing pre f e re n c e.

These same test subjects we re then asked to wear the va rious tints
(gray, brown, yellow, green, purple, and blue at 50% transmittance
l evels) and compare them with a clear lens as they viewed a seri e s
of art works and nature photogr a p h s . F i g u res 5. and 6. s h ow
the dominant wavelengths for each test picture (measured using a 
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The Use of  Speci f ic T i n t s
to Improve Visua l  Funct ion

Specific Tints in
Diseased Eyes

Specific Tints in
Normal Eyes 

A va riety of specific lens tints have been suggested to improve
vision or enhance visual function in normal and diseased eye s .
Re p o rts of their uses are largely anecdotal, based on pers o n a l
o b s e rvations by patients or practitioners , and not necessari l y
supported by scientific evidence.

C e rtain tints have been recommended for specific ocular diseases.
These include ye l l ow tints to increase the apparent bri g h t n e s s
of objects or their surroundings in optic nerve disease secondary
to glaucoma or optic neuro p a t hy ; o r a n g e, ye l l ow - o r a n g e, or plum
tinted lenses for outdoor viewing in macular degeneration; and
red tints to improve contrast in retinitis pigmentosa.

A sizable body of re s e a rch has been conducted to evaluate the use
of colored filters and contact lenses by dichromats to assist in their
p e rception of colored objects. G re e n , or its cousin G-1 5 , s h i f t s
the color vision of the normal observer towards protanomaly.The
deuteranomalous individual is shifted towards normal by this tint;
h oweve r, the protanomalous color defective is shifted away fro m
n o rm a l . C a re must be taken in recommending green lenses to
deuteranomalous color defectives to assist in color discri m i n a t i o n ,
as the loss of brightness in a red traffic light may prove more detri-
mental than the gain in intensity in a green traffic light.

Red is generally a very uncomfortable color to look through.

B rown lenses shift the color vision of the normal observer towa rd
d e u t e r a n o m a l y. Since they shift the protanomalous indiv i d u a l
t owa rd norm a l , t h ey provide a definite benefit when traffic lights
are observed by these color defectives.

Ye l l ow tints act as blue bl o c ke rs .Ye l l ow is often the color of choice
for target shooters , because it re p o rtedly decreases haze and make s
objects appear sharper, increasing contrast.

Whether blue light is harmful to the eye is still the subject of some
c o n t rove rs y. R e s e a rch sponsored by the U. S.A rmy Env i ro n m e n t a l
Hygiene Agency indicated that blue-light hazard does play a role
in the occurrence of lesions developing as a result of observing a
solar eclipse without ocular pro t e c t i o n , bu t , under normal situations,
sunlight does not create a blue hazard . Lenses that block blue light
a re usually amber and make the surroundings appear ye l l ow or
o r a n g e.This tint supposedly makes distant objects appear more dis-
t i n c t , p a rticularly in snow or haze. For this re a s o n , amber sunglasses
are popular among skiers, boaters and pilots. Figure 5. Paintings with dominant wavelengths. Figure 6. Photographs with dominant wavelengths.

471 nm

486 nm

508 nm

578 nm

470 nm

481 nm

498 nm

561 nm

Table 1.
Peak Wavelengths.

Blue 478

Grey 550

Green 572

Yellow 575

Brown 578

Orange 584

Red 602

Purple Non-spectral

Pink Non-spectral



C o n c l u s i o n s

P ri t c h a rd 1908B scanning spectral radiometer).The chro m a t i c i t y
of each of the pictures through the clear and through each of the
tinted lenses was obtained. In F i g u res 7. and 8., the x-y coord i-
nates for each picture through each lens we re then plotted on the
C. I . E . 1931 chromaticity diagr a m . F i g u re 9. The rank of each
tinted lens was then plotted against the absolute distance betwe e n
the chromaticity coordinates of the picture through the clear lens
and through the specific tinted test lens. In general, the further the
lens shifted the chromaticity coord i n a t e s , the less it was pre f e rre d
for view i n g . In other wo rd s , the less the specific fixed tint changed
the color of the test picture, the higher it was ranked by the
o b s e rve r. O verall the clear or the purple lenses we re pre f e rre d . O f
interest was the finding that in neither test group were the same
lens tints preferred for looking at versus seeing through.

G l a re - related increases in contrast thresholds for the two test
groups using the various tints (gray, brown, yellow, green, purple,
and blue at 50% transmittance levels) we re also eva l u a t e d . In the
n o rmal eye s , the least glare-induced increase in contrast thre s h o l d s
was found when viewing through the purple or blue lenses. For
cataractous eye s , contrast thresholds under glare conditions we re
least impaired when viewing through the brown lens.

Tints are a category of filter that may prove useful in moderating
the effects of excessive light and decreasing glare, but they also serve
to alter color perc e p t i o n .This alteration may be for the better or for
the worse, as regards visual function and color vision.

Specialized tints may be beneficial for certain individuals under
specific circumstances to improve vision and promote visual com-
f o rt , but we a re rs must be wa rned that these tints do not necessari l y
function as effective and safe sunglasses or general purpose eyewe a r.
Since photochromic lenses are ava i l a ble in a va riety of tints, w i t h
changes in both the depth of color and the level of transmittance
depending upon illumination, t h ey would appear to offer a superi o r
a l t e rn a t ive to fixed tint lenses in providing a specific, o n - d e m a n d ,
color filtering effect when this is indicated, while minimally
affecting color values under circumstances where true-to-life color
perception is desirable.
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Figure 7. The chromaticity of paintings
with dominant wavelengths.

Figure 8. The chromaticity of photographs
with dominant wavelengths.

Figure 9. C.I.E.1931 chromaticity diagram.



People wear spectacles to see better.“Better”, however, can mean
different things to different people under different circumstances.
The standard way to determine better is through Snellen visual
a c u i t y. H e re 20/20 is the benchmark. In fa c t , the term 20/20 is 
so pervasive that it has become a colloquial phrase.

Although 20/20 acuity suggests “ n o rm a l ” v i s i o n , it is purely a
q u a n t i t a t ive measure of visual acuity determined under contro l l e d
c o n d i t i o n s . It says nothing about the quality of vision and does
not address the issue of visual function in the real world. It does
not convey any information about compromises in visual field,
loss of retinal elements, color vision deficiencies or decreased 
contrast sensitiv i t y. Each of these alone, or in combination, m ay
affect visual function to a greater or lesser extent, while not 
altering Snellen chart acuity.

Since spectacle lens filters (and tints) may modify the quantity and
quality of vision in a va riety of way s , a more tru t h - t o - real-life 
m e a s u rement of visual acuity is important in determining the effects
of these filters . Contrast sensitivity acuity is a good way to assess
real vision in the real wo r l d , because the real world is not bl a c k
and white. Contrast sensitivity measures the various shades of gray.

Spat ia l  Re s o l u t i o n

What is visual acuity? An acuity of 20/20 denotes the ability to recognize letters that are
approximately 0.35 inches tall and wide from a distance of 20 feet.
For acuities less than 20/20, the denominator re f e rs to the equiva l e n t
distance at which a normally sighted observer can identify the
l e t t e rs . For example, the observer with a visual acuity of 20/200
has to be at 20 feet to identify the same letter size that a “ n o rm a l ”
can identify at 200 feet.The establishment of 20/20 as norm a l
is somewhat arbitrary, since many individuals have acuity that is
actually better than 20/20 and others might have acuity slightly
less than 20/20 and still have normal eye s .

M e a s u ring letter acuity is an indirect way of assessing the spatial
resolution capacity of the central re t i n a . In psychophysical wo r k ,
spatial frequency is measured in units of visual field space. Fo r
e x a m p l e, h ow much information (in terms of the spatial distri bu t i o n
of luminance) is imaged in one degree of visual space? In visual
p s y c h o p hysical measures of spatial re s o l u t i o n , grating stimuli are
usually presented in order to standardize the amount of inform a t i o n .
A grating consists of spatially repeating light and dark bars . O n e
cycle of a grating consists of one light and one dark bar, and when
each bar has a width of 30 minutes of arc (minarc), the grating has
a spatial frequency of one cycle per degree (cpd). In an experi m e n t a l
p ro c e d u re typically performed in the laboratory to measure the
limits of spatial resolution, gratings of increasing spatial frequency
are shown to a subject until he or she can no longer resolve the

light and dark bars . In healthy yo u n g
o b s e rve rs , the foveal resolution limit
for a high contrast grating is about
60 cpd, which is equivalent to bar
widths of one-half of a minarc each.

In the clinic the resolution capacity
of the fovea is measured indirectly
by presenting letter optotypes of
d e c reasing size.The theory behind
letter acuity is directly related to the
resolution capacity as measured with
gr a t i n g s .The relationship betwe e n
spatial frequency in cpd and letter
size is demonstrated in F i g u re 1.
For example, an acuity chart “E” of
20/200 size subtends an overall size 
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CHAPTER 3.

W H E N  2 0 / 2 0
I S  N O T  E N O U G H :
C O N T R A S T
S E N S I T I V I T Y
A N D  G L A R E
A C U I T Y

Figure 1. The relationship between
spatial frequency in cpd and letter size.



Anatomical
considerations

of 50 minarc on the re t i n a . In this example the width of each dark
and light stro ke is 10 minarc.This letter size is equivalent to a gr a t i n g
whose bar widths are 10 minarc each, and there f o re has a spatial
f requency of 3 cycles per degre e. For a letter size of 20/20, t h e
e q u ivalent letter stro ke width is 1 minarc.Acuity of 20/20 denotes
that dark letter stro kes of 1 minarc in width separated by light gaps
of 1 minarc (equivalent to 30 cpd grating) can be re s o l ve d .

The spatial resolution of the eye depends on the density of
p h o t o re c e p t o rs , neural elements, and their interconnections in the
a rea of the retina underlying the stimu l u s .The density of cone
p h o t o re c e p t o rs is highest in the foveola (i.e. , the central one degre e
of the re t i n a ) .These central cones also have unique connections to
higher order neuro n s , connecting to one or perhaps two ganglion
cells per cone, so that spatial re p resentations are pre s e rve d .H e l m h o l t z
postulated that the maximum spatial resolution capacity of the re t i n a
would re q u i re at least one row of cones underlying the dark bar of
a grating and one row underlying the light bar.This is depicted in

F i g u re 2 (A , B, C). The background of these figures is a photo-
m i c rograph of the foveal cones in a human re t i n a . O verlaid on the
cone sampling array is a letter. In Figure 2A., the letter is large
(within the resolution capacity of the re t i n a ) . In this case, the coding
of the top horizontal stro ke of the “ E ” is coded by at least two row s
of cone photore c e p t o rs . L i kew i s e, the space between the hori z o n t a l
s t ro kes of the “ E ” is coded by at least two rows of cones. B e c a u s e
separate rows code dark and light are a s , the brain can interp ret this
as the letter “ E .” In F i g u re 2B., the horizontal stro kes of the “ E ”
a re coded by only one row each and this re p resents the smallest
re s o l va ble letter size. In F i g u re 2C., the dark and light stro kes of
the letter fall within the apert u re width of single photore c e p t o rs .
T h e re f o re, no information concerning the spatial pattern of light

Pre-retinal Effects
on Acuity

Outer Retinal Disease
and Acuity

and dark areas can be transmitted and the letters of this size fall
beyond the resolution limit of this cone sampling arr ay.

Measurement of letter acuity is very sensitive to pre-retinal effects.
Any perturbation in the optical pathway will cause a degradation
of the stimulus on the retina. An obvious example of this is an
a b n o rmal re f r a c t ive pathway. If a visual target is not focused at the
level of the retina, then the spatial distribution of the target’s ele-
ments will be spread across a larger retinal area than normal. In
the examples given in the previous sections, this would mean that
larger than normal letters would be required to ensure that light
and dark areas of each letter are coded by separate rows of cones.

Acuity is commonly employed to track progression of here d o re t i n a l
d i s e a s e s .The assumption underlying the use of letter acuity in these
patients is that as photore c e p t o rs are lost, the spatial re s o l u t i o n
capacity of the fovea decre a s e s .The relationship between photo-
receptor disease and acuity holds in diseases whose effects are
p h o t o receptor death in a large number of contiguous cells. H oweve r,
if the d i s e a s e causes death of randomly located isolated photore c e p t o rs ,
there may be little relationship between the number of remaining
p h o t o re c e p t o rs and letter acuity.This is due to the re d u n d a n t
i n f o rmation contained in letters and the constru c t ive nature of visual
perception. In Figure 3., there is a demonstration of the effects of
random loss of sampling elements on the ability to re c ognize letters .
The top row represents the
sampling array (in the case
of the retina this wo u l d
re p resent the density and
distribution of cones). From
left to right, the effects of
random cone loss (from 0%
loss to 90% loss) a re modeled
on the distri bution of
sampling elements in the
hypothetical sampling array.
The bottom of the figure
s h ows the effects of these
sampling losses on the 
appearance of letters of various sizes. It can be clearly seen that
large letters can be recognized with as few as 10% of the sampling
elements intact. More importantly, even the smaller letters can still
be recognized with substantial loss of sampling elements. In experi-
ments, 20/20 size letters could be correctly identified 80% of the
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Figure 2A. Figure 2B. Figure 2C.

Figure 3.

SAMPLING ARRAY DEGRADATION

Representation of the Effects of Sampling Loss.



Visual Field Losses
and Acuity

time with only 25% of
the sampling arr ay intact.
(F i g u re 4.) This suggests
that in a disease with a spa-
tially random loss of photo-
re c e p t o rs , the re l a t i o n s h i p
b e t ween letter acuity and
disease progression is not
linear and perhaps other
m e a s u res might be better
a s s ays of disease effects.

Many diseases have pro-
found effects on vision
while sparing acuity. For example, F i g u re 5. s h ows the Humphrey
visual field of a patient with retinitis pigmentosa.This patient’s
visual acuity was 20/20 in both eyes and his visual field profile is
s h own on the top right of this figure.A reas with normal sensitiv i t y
are shown in white, and areas with reduced sensitivity are plotted

Contra st  Sensi t iv i t y
and Ac u i t y

as a gr ay scale, the darker the
point the more abnormal the
s e n s i t iv i t y. As can be seen, t h i s
p a t i e n t ’s visual field was seve re l y
c o n s t ricted and only approx i-
mately the central 10 degre e s
had normal sensitivity.A picto-
rial re p resentation of the visual
world as seen by this patient is

presented in Figure 6. On the left is a view of a sports scene by
a person with good acuity and full visual fields. On the right is a
p i c t o rial re p resentation of this same scene, as this patient might see
it. Notice that although the central details are perceived normally,
most of the information in the peripheral visual field is not seen.
That is, although acuity is “normal,” this patient’s view of the
world is far from normal.

As already mentioned, m e a s u rement of acuity alone may miss disease-
associated losses of retinal stru c t u re and/or function. In these cases
other measures might be more appro p ri a t e. One such measure is
contrast sensitiv i t y. Contrast is a measure of the re l a t ive distri bu t i o n
of lighter and darker parts of a visual stimu l u s . It is commonly
d e f i n e d by a formula that relates the magnitude of the difference in
light intensity between the dark and light areas to the overall lumi-
nance of the stimu l u s . For grating stimu l i , contrast is commonly
calculated using the
Michaelson formu l a :
(Lmax – Lmin)/Lmax 
+ Lmin), w h e re Lmax
is the luminance of 
the light bars and Lmin
is the luminance of 
the dark bars . F i g u re 7.
s h ows the re l a t i o n s h i p
b e t ween calculated con-
trast and the appearance
of the gr a t i n g . I n
each set of diagr a m s ,
the grating is show n
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Figure 4.

Figure 5.

Figure 6.

Figure 7.



above and the spatial distribution of luminance for the grating is
shown below. For a grating with light bars of 100 cd/m2 and dark
bars of 0 cd/m2, the calculated contrast is 1 or 100%. As contrast
is reduced the luminance difference in the grating is re d u c e d , a n d ,
at some leve l , the luminance difference is too small to be perc e ive d .
This point is the contrast thre s h o l d . Contrast thresholds are norm a l l y
related to spatial frequency by the contrast sensitivity function
(C S F).A typical CSF is plotted in F i g u re 8. In this figure spatial
f requency increases along the x-axis and contrast decreases along
the y-axis. In general, detection of lower spatial frequencies re q u i re s
less contrast than detection of higher spatial frequencies.

Contrast thresholds are plotted as a function of spatial fre q u e n c y
in F i g u re 9. For a human observe r, t h e re is an optimal spatial
f requency near 4 cpd
w h e re contrast thre s h -
olds are lowe s t .A s
spatial fre q u e n c y
decreases or increases
f rom this point, c o n t r a s t
thresholds are higher.
The highest spatial
f requency that can
be resolved at 100%
contrast is the acuity
l i m i t .This function is

Clinical Measures
of Contrast Sensitivity

hypothesized to be
mediated by a number
of independent fre-
quency channels
in the visual system,
each with a range of
spatial frequencies to
which it is sensitive
and an associated
contrast sensitiv i t y.
F i g u re 10. In this model, disease may have an effect on one or
m o re channels independently, and the associated loss in CSF may
be spatial fre q u e n c y - d e p e n d e n t .That is, contrast sensitivity might
be lost at low spatial frequencies but not at high spatial fre q u e n c i e s .
In this case acuity would be normal and deficits measured only at
the appropriate spatial frequency.

Because measurement of the complete CSFs re q u i res elaborate
instrumentation and experimental controls, a number of clinically
applicable screening tests have been developed to identify patients
with subtle contrast deficits that might indicate a subclinical visual
d i s o rd e r. For example, the Peli-Robson charts present letter
optotypes at a fundamental spatial frequency of 0.5 cpd.The chart
consists of two groups of three letters per row.The contrast of each
letter group decreases from 90% at the top of the chart to 0.5%
at the bottom. Patients are required to read the letters from top
to bottom until two of three letters in a single group are named
i n c o rre c t l y.The authors of this test propose that the measure m e n t
of a single (low) spatial frequency letter coupled with a measure
of high contrast acuity is sufficient to detect all patterns of CSF
loss observed in patients.

A second clinical contrast measure is the Regan low contrast
acuity test.This test consists of two charts of letter optotypes.T h e
contrasts of the letters on the charts are 96% and 11%.All of the
l e t t e rs on a single chart have the same contrast and decrease in
size from top to bottom. Patients are re q u i red to read the letters
f rom top to bottom and the smallest identifiable letter is re c o rd e d
for each chart . Using a nomogram supplied with the chart s , a line 
is drawn between these two acuity measure s . Contrast deficits
are indicated if the slope of the line is steeper than normal. One
advantage of this test is its relative insensitivity to refractive error,
since blur reduces visual acuity equivalently for both high and
l ow contrast.
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Figure 10.



The Usefulness of Contrast
Sensitivity Testing

Why Measure
Contrast Sensitivity?

Effect of Viewing 
Conditions

Contrast sensitivity testing, then, is one method of expanding the
amount of visual information that can be obtained from a patient.
But why should contrast sensitivity be studied? What additional
information does it provide that visual acuity will not? 

The world is a visually complex place. Objects va ry in many
d i m e n s i o n s , including size, b rightness and contrast.Visual acuity
only provides information about high contrast re s o l u t i o n : t h e
s m a l l e s t , high contrast object that can be seen. Contrast sensitiv i t y
helps provide additional information about the visual wo r l d .T h i s
includes information about the visibility of objects that va ry in
s i z e, contrast and ori e n t a t i o n . Contrast sensitivity can be measure d
for vertical, horizontal and oblique patterns.

Another reason for measuring contrast sensitivity is that patients
m ay describe changes in vision that are independent of visual acuity.
For example, patients may complain of visual pro blems such as poor
contrast re s o l u t i o n . Often these patients will have visual acuity that
is within normal limits, so that without further testing it is impos-
sible to determine the nature of the visual complaint. In this case,
contrast sensitivity testing is likely to show abnormalities that may
aid in diagnosis and treatment.

Contrast sensitivity can be affected by a number of fa c t o rs .T h e s e
fa c t o rs include va rious parameters related to the viewing conditions,
the general characteristics of the viewe r, and the ocular health of the
v i ewe r. Each of these fa c t o rs and their effects on contrast sensitiv i t y
need to be considere d .

One important factor that determines an individual’s contrast
s e n s i t ivity is the prevailing light leve l . Under daylight conditions
(photopic conditions), contrast sensitivity is optimal and small,
medium and large objects can be seen at re l a t ively low contrasts.
Under these conditions, the high spatial frequency cut-off
a p p roaches the limits of human visual acuity (i.e. , S n e l l e n
e q u ivalents of 20/20 or better).This is shown by the ye l l ow
c u rve in Figure 11.

As the amount of light is decreased to twilight conditions (mesopic
c o n d i t i o n s ) , contrast sensitivity is adve rsely affected.This is show n
by the gr ay curve in F i g u re 11. S e n s i t ivity is reduced (i.e. , t h e
c u rve is shifted dow n wa rd , indicating that more contrast is needed 
to view objects) pri m a rily for medium and high spatial fre q u e n c i e s .
This means that large objects are not affected by this amount
of change in light leve l , but as objects get smaller, the ability to

Characteristics of the Viewer 

detect them becomes more compro m i s e d . F i n a l l y, as the light
l evel gets even dimmer (scotopic conditions), the ability to see
even large objects becomes poore r.This is shown by the bl a c k
c u rve in F i g u re 11. Note that the peak sensitivity (the highest
point of the function) shifts to lower spatial frequencies with
d e c reasing luminance and that many objects which would be
v i s i ble under photopic conditions would no longer be visibl e
under scotopic conditions.

Contrast sensitivity is best when the patterns are viewed with the
f ove a ;s e n s i t ivity decreases linearly with peripheral view i n g . S e n s i t iv i t y
for all size patterns is poorer in the peri p h e ry.The decrease in
s e n s i t ivity with eccentricity has a steep fa l l - o f f. For patterns that
a re viewed at 5° e c c e n t ri c i t y, t h e re is almost a one log-unit loss
in sensitivity (i.e. s e n s i t ivity is reduced by nearly a factor of 10).
As expected, blur has an effect on contrast sensitiv i t y, p ri m a ri l y
for higher spatial frequency pattern s .

Another important factor for contrast sensitivity is the age of the
viewer.The ability to detect objects decreases as a function of age,
as shown in Figure 12. The black curve shows the contrast sensi-
t ivity function for younger subjects (20 to 30 ye a rs ) .With age, t h e
ability to see higher spatial frequencies (smaller objects) gets poore r.
Contrast sensitivity is reduced for subjects in the 50 to 60 age
range (shown by the red curve ) . S e n s i t ivity is reduced even furt h e r
with age as shown by the results for the patients in the 80 to 90
age range (see purple curve ) .What causes this decrease in sensitiv i t y
with age? There are two main factors that generally are to blame
for reduced performance with age: changes in the optical pro p e rt i e s
of the eye and reduced neural fa c t o rs .As shown by the blue curve,
a large portion of the loss in contrast sensitivity is due to changes
in the optical pro p e rties (i.e. , media opacities and pupil size) of the
eye.When the optical factors are bypassed during testing, contrast
sensitivity is greatly improved and becomes better than that of the
fifty year old group.

Just as contrast sensitivity decreases with age, it also develops with
a g e.A new b o rn has ve ry poor contrast sensitiv i t y.As the visual system
m a t u re s , contrast sensitivity improve s . As shown in F i g u re 13.,
the contrast sensitivity function of a three-month-old is poor
re l a t ive to adults.What is interesting about this curve is that infa n t s
a re poorer at detecting low contrast objects of all sizes – not just
small objects. In fa c t , a ny low contrast object is difficult for an
i n fant to see.
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Effects 
of Disease

Perhaps the most important determinant of contrast sensitivity is
the health of the eye. N u m e rous ocular and systemic diseases affect
the contrast sensitivity function. D i f f e rent diseases affect the contrast
s e n s i t ivity function in different way s : Some diseases affect high spatial
f re q u e n c i e s , w h e reas other diseases affect intermediate spatial fre-
quencies, and still others selectively affect lower spatial frequencies.

The most common change in the contrast sensitivity function is a
loss in high spatial frequencies.This can be caused by a number of
ocular pro bl e m s , including changes in the optical quality of the eye
with such conditions as corneal edema, re f r a c t ive error and mild
c a t a r a c t s . Non-optical fa c t o rs that reduce contrast sensitivity pri m a-
rily for higher spatial frequency patterns include mild amblyopia
and macular diseases. Patients with open-angle glaucoma and
moderate field losses may also exhibit high spatial frequency losses.
L i kew i s e, patients with re l a t ively mild retinitis pigmentosa may also
h ave high spatial frequency losses.This type of vision loss in
depicted in Figure 14.

Some diseases produce losses
at a range of spatial fre q u e n c i e s ,
or a broad spatial fre q u e n c y
l o s s. This pattern of loss in
shown in Figure 15. and can
be caused by diabetes and cer-
tain types of cataracts. Patients
with open-angle glaucoma
with widespread field losses
also fall into this category.
Patients with moderate and

severe amounts of amblyopia may also exhibit this pattern of loss.
In many patients with a variety of diseases, high spatial frequency
contrast sensitivity losses may progress to become broad spatial
frequency losses.

The final pattern of contrast sensitivity loss is selective for lower
spatial fre q u e n c i e s .This is shown in F i g u re 16. This type of
contrast sensitivity loss is most often seen in patients with diseases
of the optic nerve, such as optic neuri t i s .These contrast sensitiv i t y
losses can remain after the optic neuritis has re s o l ved and may
appear in the fellow eye.This type of contrast sensitivity loss is
especially important because visual acuity can be normal (20/20
or better), despite complaints of vision pro bl e m s .This group of
patients is the most likely to be missed if Snellen visual acuity is
used as the sole measure of visual performance.

C o n c l u s i o n s

Filters and
Contrast Sensitivity

Contrast sensitivity testing is an important adjunct to visual acuity
t e s t i n g . It may detect losses in visual function that are not detectabl e
with visual acuity testing alone. In addition, contrast sensitiv i t y
testing may be able to distinguish between different patterns of
disease loss.As such, contrast sensitivity testing may provide vital
diagnostic inform a t i o n . In addition, f o l l owing contrast sensitiv i t y
m e a s u res over time may provide a useful indicator of prog n o s i s .

Filters, by definition, affect contrast sensitivity.This is important
in both normal and abnormal eye s . M e a s u ring changes in contrast
s e n s i t ivity with filters at va rious levels of transmittance and with
d i f f e rent tints can help determine the optimal balance betwe e n
e nv i ronmental conditions (e. g . , dim light, g l a re and bright sun-
l i g h t ) , the individual eye, and the filter (tint) in maximizing visual
function under circumstances where a simple 20/20 Snellen acuity
is simply not enough.

Since photochromic lenses act as filters under circumstances when
this filtering action is most beneficial to vision and as clear lenses
when filtering is not necessary (or even desirable), they have the
least potential for compromising contrast acuity.
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Optimal Il luminance

G l a re

A “ l u m e n ” is the unit of measurement of the amount of light
incident on a surfa c e.The higher the lumen nu m b e r, the bri g h t e r
is the surfa c e.Typical values are shown in Table 1.

Going from indoors under artificial light (400 lumens) to the beach
(12,000 lumens) can increase illuminance 30 times. E ven wa l k i n g
f rom the shady side of the street (1000 lumens) to the sunny side
(3500) more than triples illuminance. Optimal lighting is in the range
of 1000-1400 lumens. L evels above 3500 produce ocular discomfort .

F i xed tint and photochromic lenses reduce higher luminance to
m o re comfort a ble leve l s . Neutral gr ay fixed tint and photochro m i c
lenses absorb the reflected luminance from objects and their back-
grounds in the same pro p o rt i o n s , e n s u ring that contrast re m a i n s
c o n s t a n t .The transmittance of the lens determines the amount of
reduction in the illuminance.

To understand the benefit in reducing glare, it is important to
define glare. G l a re is the loss in visual performance or visibility, o r
the annoyance or discomfort , p roduced by a luminance in the visual
field greater than the illuminance to which the eyes are adapted.
G l a re can come directly from a light source – i . e. , facing towa rd
the sun – or be re f l e c t e d . In the example of the beach, the eyes are
being subjected to ten to twe l ve times as much light as is desirabl e.
When glare reaches these leve l s , it becomes uncomfort a bl e.

F i xed tint and photochromic lenses help eliminate glare by absorbing
or reflecting light. H ow much light the lens can absorb or re f l e c t
depends on the darkness or reflectance of the lens and its coating.
The amount of light a lens should absorb depends on how and
w h e re it is used. H e re photochromic lenses offer a definite benefit

4 1

Nearly 160 million A m e ricans wear pre s c ription eye g l a s s e s , and about
80 million pairs are purchased annu a l l y. The pri m a ry indication for
prescribing spectacles is to correct refractive errors. But achieving
20/20 vision is not always enough.Visual function and visual comfort
go beyond the responses on a Snellen acuity chart and may be the
most important criteria for satisfactory vision in the real world.

Light is essential to vision, but too much light can make seeing
m o re difficult. Among the va rious functions pre s c ription eyewe a r
m ay serve, in addition to correcting ametro p i a s , g l a re pro t e c t i o n
and light modulation rank high.

T h roughout history, people have tried va rious ways to minimize
the effects of bright light and glare.The Eskimos, while hunting and
f i s h i n g , used whalebones with slits to reduce the glare off the ice.
The Chinese invented the Tcha Chi, a tea lens with a brown tint.

The modern fixed tint sunglass and the more recently deve l o p e d
p h o t o c h romic lens serve these functions more effective l y. Some dis-
cussion of light exposure and the adaptation of the eye to differi n g
light conditions is necessary to understand how and why they wo r k .

CHAPTER 4.

C L E A R, F I X E D
T I N T, A N D
P H O T O C H RO M I C
L E N S E S

Table 1.
Illuminance of Typical Environments.

Indoor, with artificial light 400 lumens 

Sunny day, in the shade 1,000 - 1400 lumens (optimum lighting)

Sunny day, on the grass 3,500 lumens (comfort limit) 

Concrete highway 6,000 to 8,000 lumens 

Beach or ski slopes 10,000 to 12,000 lumens 

High altitude snowfield Over 12,000 lumens



A n t i - A g ing and
P re s e r va t i o n
of  Night  V i s i o n

g l a re. It can seriously impair vision and create dangerous situations
when driv i n g , b o a t i n g , or skiing. L o n g - t e rm , it may lead to eye
fatigue (asthenopia). It has been demonstrated that two or more
g l a re sources in the field of vision are additive. F u rt h e rm o re, t h e
retina must re-adapt to resume vision after the bright source is
re m oved from the field of vision.

D i s a bling glare occurs because the eye is not a perfect optical
s y s t e m . I n s t e a d , the inhomogeneities of the optical media obey
R ay l e i g h ’s law (1 / l 4) and scatter light across the retina onto the
retinal image of the object and reduce retinal luminance contrast.
D i s a bling glare affects the visual system because light scattered in
the ocular media reduces visual acuity and the differential light
t h reshold is raised. R e s e a rch has shown that the total scattered light
at the fovea is pro p o rtional to the number of scattering part i c l e s
per unit volume of the ocular media.This is why disabling glare
is more pro blematic after age 40, especially for individuals with
cloudy ocular media associated with cataracts.

A lot is expected from the eye s . D u ring a normal day, the eye s
will use about the same amount of energy as the legs would use
in walking fifty miles.This and the additional bu rden of glare
m ay force the eyes to strain to see we l l .We a ring fixed tint or
p h o t o c h romic lenses can reduce this strain, d e c rease the impact
of harsh glare, and eliminate the need to squint.The appeal of
“ a n t i - a gi n g ” is an important benefit of fixed tint and photochro m i c
eyewe a r.We a ring fixed tint sunglasses or photochromic lenses not
only keeps the sun from damaging the eyes and the skin aro u n d
the eyes, it also cuts down on squinting, which helps stave off the
development of fine lines and wrinkles around the eyes.

Night vision can be significantly affected by an indiv i d u a l ’s prev i o u s
e x p o s u re to sunlight during the day.Visual acuity, c o n t r a s t , a n d
overall sensitivity can be reduced by up to 50%, due to the sun’s
sustained bleaching of the photochemical rhodopsin in the ro d s
of the re t i n a .The correct fixed tint sunglasses or photochro m i c
lenses during the day can block the appropriate light and protect
retinal sensitivity at night.

E x p o s u re of the eye to bright light produces both a temporary and
a cumu l a t ive effect on the subsequent ability to see at night. S t u d i e s
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D i s c o m f o rt Glare

D i s a bling Glare

over fixed tint lenses: When sunlight illumination is high,
p h o t o c h ro m i c lenses provide lower transmittance, and reduce the
excess illumination. Under reduced sunlight illumination, the lenses
d a r ken to a lesser extent and do not reduce illumination unneces-
s a ri l y. G l a re tends to affect individuals with lighter eye colors more
than those with darker colored eyes for the same reason that lighter
skin is more susceptible to bu rn i n g : T h e re is less pigmentation.

T h e re are two types of glare : (1) d i s c o m f o rt , and (2) d i s a bling (or
veiling) glare. Both may result from direct and reflected luminance.
D i s c o m f o rt glare usually starts at about 3,000 lumens and includes
luminance levels that result in disabling glare.The response of the
u n p rotected eye to low levels of discomfort glare is a slight squint.
D i s c o m f o rt glare can occur in any we a t h e r, including ove rcast day s .
E ven mild glare causes eye fa t i g u e. D i s c o m f o rt glare to higher
luminance is usually manifested by pupillary constriction, closure
of the palpebral apert u re, and turning of the head.The cause is not
fully unders t o o d , but has been related to pupillary activ i t y.

To quantify the discomfort caused by glare, a measure called
b o rderline between comfort and discomfort (B C D) is used.T h e
median BCD for ages 20 ye a rs to 68 ye a rs performing outdoor
occupations is 6500 cd/m2 (1900 ft L), c o m p a red to 3400 cd/m2
(1000 ft L) for indoor wo r ke rs . BCD is a function of age: At age
10 ye a rs BCD is about 8500 cd/m2.This decreases to about 1700
cd/m2 at age 50.The cause of this loss upon aging is probably due
to changes in the ocular media and the neural re t i n a .

When light reaches the intensity of about 10,000 lumens, it actually
blocks vision and is re f e rred to as disabling or veiling glare. D i s a bl i n g
g l a re causes objects to appear to have lower contrast than they
would we re there no glare.The light that normally contri butes to
the brightness of the retinal image is instead scattered to adjacent
p a rts of the re t i n a ; this lowe rs the contrast of the retinal image.
An important aspect of disabling glare is that a bright source close
to the line of sight will cause the most visible glare, and bri g h t
s o u rces outside of a 30° angle to the line of sight do not prov i d e
a significant glare sourc e. An example of direct disabling glare is
looking towa rds the sun at sunrise or sunset or towa rds automobile
headlights at night.

Re f l e c t ive disabling glare occurs when light is reflected off a car
bumper or windshield on a sunny day. It is so intense that it ove r-
whelms the eye with blinding light, masking what is behind the



A) Dark to clear

A) Two color (rainbow filter)
Blue to Pink

Figure 1.
Gradient lenses.

Ref lec ting Lenses

Po l a r ized Lenses

F i xed tint lenses are absorp t ive lenses that selectively transmit
p o rtions of the optical spectru m . A red lens absorbs in the bl u e
region of the spectrum, while continuing to transmit maximally
in the red re gion of the spectru m , resulting in the red color of
the lens. Neutral lenses absorb almost equally across the visibl e
s p e c t ru m , a n d , as a re s u l t , appear gr ay in color.

Whether specific colored tints in both fixed tint and photochro m i c
lenses may offer benefits to normally sighted and/or visually impaire d
i n d ividuals in improving visual comfort and function remains a
topic of great intere s t . E x p e rimental support for anecdotal re p o rt s
is necessary before tint-specific recommendations can be made.

Not all fixed tint lenses prov i d e 100% UV p ro t e c t i o n .The attenu a t i o n
of visible light that occurs when a fixed tint lens is wo rn may dilate
the pupil re l a t ive to we a ring no lens.This may result in more UV
actually entering the eye with a fixed tint lens than without it.

Reflecting lenses (mirror lenses) are manufactured by vacuum or
chemical deposition of metallic coating on the lens substrate.
Inconel (a mixture of iro n , n i c ke l , and cobalt) is commonly used
for sunglasses, because of its neutral gr ay color. Such coatings often
a re easily scratched, and should have a pro t e c t ive coating ove r l ay.

Po l a rized lenses are another type of lens that may be used for sun-
g l a s s e s .Ambient sunlight is unpolari z e d . In unpolarized light, t h e

di rection of vibration is random (in all
d i re c t i o n s ) .When light is reflected fro m
a surfa c e, it is partially or completely
plane polari z e d , with the plane of
polarization of the reflected light per-
pendicular to the plane of incidence
of the light. Figure 2. Polarized lenses
contain a stretched thin polyvinyl film
with iodine and quinine compounds that
result in the iodine becoming aligned
and pre f e rentially absorbing in one axis.
Light incident on smooth surfaces such
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F i xed Tint Lenses

h ave shown that a 2- or 3-hour exposure to sunlight delays the
initial phase of dark adaptation as much as 10 minutes and eleva t e s
the final level of adaptation 0.5 log unit.After 10 daily exposures,
visual acuity and contrast discrimination show a 50% eleva t e d
t h re s h o l d .The visual decrement experienced from excessive sun
light exposure usually re t u rns to normal after a 24-hour period of
protection against sunlight. Lenses with a luminous transmittance
of 12% to 15% have been found to be effective in preventing the
loss of night vision, contrast discri m i n a t i o n , and visual acuity.

It is particularly important for persons who engage in tasks where
night vision is important – i . e. , d riving or flying – or in such
occupations as a police officer, the military, an astro n o m e r, a n d
h a r b o r / river pilots, to wear fixed tint or photochromic lenses to
maintain maximum visual performance on the job.These lenses
should have 20% luminous transmittance or less when undert a k i n g
a c t ivities of two hours or greater duration in bright sunlight.
When complaints of poor night vision are reported, the eye care
practitioner should remember to assess daytime outdoor exposure
and make eye wear recommendations accordingly.

F i xed tinted lenses are ava i l a ble in plastic as well as glass and can be
manufactured in almost any color of the rainbow. Lighter, fashion
tints are used pri m a rily for cosmetic purposes to enhance a we a re r ’s
l o o k s .Typical colors for fashion tints include pink, p u rple or brow n .
D a r ker tints allow the we a rer to use the lenses as sunglasses.The va s t
m a j o rity of lenses used as sunglasses are gr ay or brow n , and some-
times green in color.The tint can be solid (where the entire lens is
the same color), or gradient (where the lens is darker near the top
of the lens and lighter towa rd the bottom, or where one color gr a d-
ually changes to another color across the lens). F i g u re 1. F i xe d
tint glass lenses are produced by incorporating a colored materi a l
into the glass melt when casting the lens, or vapor depositing metal 
oxides onto the surface of the lens to produce the color. F i xed tint
plastic lenses are produced either by vapor depositing metal ox i d e s
similar to glass lenses, or by the more ubiquitous technique of dip-
ping the plastic lens into a dye bath and allowing the appropriate
amount of time in this bath to produce the amount of color incor-
poration desire d .Wi t h d r awing the lens from the dye bath at the
a p p ro p riately controlled rate, such that more dye is incorp o r a t e d
into a portion of the lens, p roduces lenses having a color gr a d i e n t .

Figure 2.
Effectiveness of a polarizing lens.

Unpolarized light - 
the direction of

vibration is random

Polarized light -
vibration occurs in
one direction only

Polarizing filter with its
axis vertical absorbs the

plane polarized light
produced by reflection at

the glass surface



P h o t o c h ro m i c
Glass Lenses

m a t e rial will become is determined by the ratio of B to A at any
i n s t a n t .This ratio is controlled by several fa c t o rs , including the
amount of ultraviolet irr a d i a n c e, t e m p e r a t u re, and rate that B fa d e s
to A (specific to the photochromic system chosen and the lens
m a t ri x ) . F i g u re 3. illustrates how UV irradiance shifts the reaction 

to the ri g h t , favo ring the colored state; and heat shifts the re a c t i o n
to the left, favo ring the colorless state. This explains why all
p h o t o c h romic systems are less colored as the temperature incre a s e s
and the equilibrium condition of this reaction is shifted towa rd s
the colorless state. H oweve r, re s e a rc h e rs have made significant
s t rides in reducing the effects of temperature on perform a n c e.

E ven though photochromic lenses function using UV irr a d i a n c e,
not all photochromic lenses provide 100% UV pro t e c t i o n . G l a s s
p h o t o c h romic lenses normally provide only 90% UV pro t e c t i o n ,
and some plastic photochromic lenses provide less than 100% UV
p ro t e c t i o n . Similar to the situation with fixed tint sunglasses, 1 0 0 %
UV protection is important because the attenuation of visible light
may dilate the pupil relative to wearing no lens, resulting in more
UV entering the eye with the photochromic lens than without it.

In photochromic glass lenses, the photochromic reaction is achieve d
t h rough the UV-induced oxidation of chloride ions to chlori n e
atoms and the reduction of silver ions to silver atoms.These silve r
atoms cluster together and block the transmittance of light, c a u s i n g
the lenses to darke n .The pre s e n c e of copper(I) c h l o ride perm i t s
the reve rsibility of the reaction by permitting the copper(+ 1) a t o m
to react with the chloride atoms, p rohibiting their escape from the
m a t rix as gaseous atoms. In the process the copper(+ 1) ion is
oxidized to produce copper(+ 2) i o n s , which then react with the
s i l ver atoms to complete the reve rse re a c t i o n , resulting in the lens
becoming transparent again upon re m oval from UV irr a d i a n c e.
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A n t i -Re f l e c t ive  (AR)
C o a t i n g s

P h o t o c h romic  Lenses

as glass, c o n c re t e, or water produces polarized reflected light that
may be removed by viewing the surface through a polarizing lens
o riented with its vibration plane perpendicular to the re f l e c t e d
l i g h t . Po l a rized lenses eliminate reflected glare, e n a bling the eye
to view objects illuminated by polarized light.This minimizes eye
fatigue and promotes vision comfort .

A R coatings may be applied to clear, f i xed tint, or photochro m i c
lenses to minimize the effects of low-intensity glare in the form of
“ghost images”. These ghost images result from the reflection of light
off the surface of the lens. In clear lenses or in photochromic lenses
in their clear state, this can lead to a “mirror” effect, observed by a
person looking at the lens wearer. For fixed tint sunglasses or dark-
e n e d photochromic lenses, because the background illumination is
re d u c e d , a reflected image on the backside of the lens from a sourc e
behind the we a rer may be particularly bothersome to the lens we a re r.

A R coatings function by reflecting light. The reflected light fro m
the A R coating destru c t ively interferes with the light being re f l e c t e d
f rom the lens substrate or underlying laye r. The effect minimizes
reflections and maximizes transmitted light so that the lens perform s
as intended.To function pro p e r l y, the film thickness of the A R c o a t i n g
should be one-fourth of the light’s wavelength – i . e. , in the range
of 100-190 nm for visible light – and the re f r a c t ive index of the
AR film should be equal to the square root of the underlying lens
substrate or the underlying AR film.

P h o t o c h romism is defined as a reve rs i bl e, light-induced change in
color. Through a chemical reaction, a colorless species is changed
to a colored species by exposure to ultraviolet radiation. Re m ov i n g
the radiation source will re t u rn the colored species back to a color-
less species. Sunlight is the typical radiation sourc e. To d ay, the most
a d vanced technology offers a lens that is both clear indoors and
a c h i eves sunglass darkness outside.

P h o t o c h romism is a dynamic system where equilibrium betwe e n
the colorless A and the colored B is establ i s h e d . H ow dark the

Figure 3.
Photochromic reaction in glass lenses.



F ront surface incorporation through Imbibition or Tr a n s - B o n d i n g
are proprietary processes developed and commercially introduced
by Transitions Optical, I n c.With Imbibition, the photochro m i c
compounds are driven into the surface of the lens.The photo-
c h romics are permanently imbedded into the surface to a uniform
depth of 150 to 200 micro n s , about 20 times deeper than an
o rd i n a ry lab tint.The compounds become part of the lens and
cannot be scratched or peeled off. Imbibed lenses have no bu l l ’s
eye or raccoon effect.

C e rtain lens materials offer excellent physical characteri s t i c s , bu t
function poorly as photochromic host materials because the kinetics
of the photochromic reaction are slow in these materi a l s. T h e
Trans-Bonding process made it possible to offer state-of-the-art
photochromic technology in desirable lightweight, strong, durable
(high-impact) materials like polycarbonate and Trivex™. In Trans-
B o n d i n g , a high-impact lens re c e ives pro p ri e t a ry surface tre a t m e n t s
and a series of ophthalmic grade layers, which provide excellent
a d h e s i o n , scratch re s i s t a n c e, and optical puri t y, along with 100 per-
cent UVR protection and outstanding photochromic perform a n c e.
Trans-Bonding has made it possible to produce photochro m i c
polycarbonate, an ideal lens material for children.

When comparing the performance of photochromic lenses, t h e
f o l l owing list of pro p e rties should be considere d :

• Indoor clari t y

• A c t ivation and fade speed

• Outdoor darkness

• Consistent coloration, plus uniform color
d a r kened and fa d e d

• Lens lifetime – continues to darken 

• Ability to darken at high temperature s

• UV pro t e c t i o n

• Availability in lens designs and materi a l s

P h o t o c h romic lenses provide many patient benefits, not the least
of which is the convenience of allowing a single pair of lenses to
p e r f o rm well under a wide va riety of circ u m s t a n c e s .These lenses
a re clear indoors , semi-dark under cloudy or shaded conditions,
and sunglass dark under high illumination conditions.They provide
visual comfort by mitigating the illuminance extremes to which the
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P h o t o c h ro m i c
Plastic Lenses

Plastic photochromic lenses are a re l a t ively new deve l o p m e n t .
Transitions Optical introduced the first commercially viable plastic
lens in the early 19 9 0 s .The photochromic reaction in plastic lenses
d i f f e rs from that in glass. Organic compounds such as ox a z i n e s ,
pyrans and fulgides are added to the lens materi a l .These materi a l s
absorb strongly in the UV re gi o n .When these molecules are
exposed to UVR, the molecule undergoes a re a rrangement re s u l t i n g
in two or more small chromophores converting to one large chro-
m o p h o re. F i g u re 4. On a molecular leve l , this large chro m o p h o re

is capable of absorbing at lower energies or at wavelengths that are
in the visible re gion of the electromagnetic spectru m . M i l l i o n s
of these photochromic molecules undergo this chemical reaction
upon exposure to UVR.The photochromic molecules in this large
chromophore or “open” state absorb visible light, causing the lens
to darken.The open state also absorbs UV as well, or to a greater
e x t e n t , than in the colorless closed state.When the exciting
wavelength is re m ove d , the molecules re t u rn to their ori gi n a l
o rientation and the tint fa d e s , re t u rning to a clear or slightly tinted
l e n s , depending on the technology used. P h o t o c h romic compounds
are incorporated into a lens by one of two technologies.

The earlier method consisted of the incorporation of photochro m i c s
t h roughout the lens material or “ i n - m a s s”. This was first done
in the mid-1960s using molten glass containing silver halides.
T h i rty ye a rs later, this technology was adapted for plastic lenses.
H e re photochromic compounds are mixed into the monomer,
then poured into a mold and cure d . Limitations of this technolog y
include the possibility of “ bu l l ’s eye ” or “ r a c c o o n ” effects for
high plus or high minus lenses re s p e c t ive l y, and the inability to
d e l iver truly clear performance indoors because of the excessive
p h o t o c h romic dye.

Figure 4.
Photochromic reaction in plastic lenses.

COLORLESS STATE
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C o n c l u s i o n s

d u ring outdoor we a r. E x p e riences with re g u l a r, clear lenses and
p h o t o c h romic lenses we re equivalent indoors .

Results clearly demonstrated that glare-induced conditions may
p revent a patient with 20/20 vision from “ s e e i n g ” s a t i s fa c t o rily –
i . e. , being totally satisfied with a given visual situation. S p e c i f i c
f i n d i n g s , based on the comparison of photochromic lenses to
clear lenses, i n c l u d e d : 1) Decreased eye strain (tearing and bu rn i n g ) ;
2) Reduction in pain and loss of visual performance due to glare ;
3) Improved adjustment from indoor to outdoor lighting; 4) Better
adaptation to different lighting conditions; and 5) Enhanced
performance of outdoor activities, with the photochromic lenses.

In this study, p h o t o c h romic lenses scored significantly higher than
re g u l a r, clear lenses in overall satisfa c t i o n . In fa c t , four out of
f ive patients pre f e rred the visual comfort experienced with the
p h o t o c h romic lenses over that found with re g u l a r, clear lenses.

F i xed tint sunglasses can provide significant attenuation of high
illumination conditions outdoors. However, they also act to further
decrease illumination under low light conditions, indoors and out,
and can impair vision.

Clear lenses, on the other hand, p rovide minimal reduction in light
intensity indoors or at night, but they do not protect the eyes fro m
e x c e s s ive light or glare under conditions of high light intensity.

P h o t o c h romic lenses offer similar clarity to clear lenses with the
added benefit of situational attenuation of light intensity. The finding
that four out of five patients in the clear ve rsus photochromic lens
comparison study preferred photochromic lenses over clear lenses
indicates how important glare reduction is to the overall visual
experience. The potential long-term vision protection afforded by
the 100% UVR filtering function of photochromic lenses, t h e i r
ability to shield the lids from photoaging changes induced by light
e x p o s u re and squinting, and the pre s e rvation of night-vision they
may provide are important considerations. With the introduction
of the latest photochromic technolog y, it is now possible to offer
patients a higher-performing everyday lens that provides excellent
visual acuity, visual comfort, visual convenience, and long-term
vision protection.
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F i xed Tint Sunglass Lenses
v s .

P h o t o c h romic Lenses

Clear Lenses
v s .

P h o t o c h romic Lenses

eye is exposed. At the same time, t h ey do not unnecessari l y
d e c rease illuminance under conditions where illumination is low,
t h e re by maximizing visual function.

F i xed tint lenses offer definite advantages for visual function and
visual comfort over clear lenses under conditions of excessive opti-
cal illumination. F i xed tints may prove disadva n t a g e o u s , h oweve r,
under conditions of reduced optimal illuminance. The benefit of
photochromic lenses over fixed tint lenses is that indoors, at night,
or on dark day s , t h e re is much less or no activating radiation, so that
these lenses function as clear lenses.When high illumination condi-
tions are encountered outdoors , these lenses darken to sunglass
d a r k n e s s .This is particularly true with the latest technology lenses
o f f e red by Transitions Optical, I n c. , with 89% transmittance indoors
and 15% transmittance outdoors .

Ideally spectacles lenses should: 1) Modify the solar ambient illumi-
nance for optimum visual comfort and performance (appro p ri a t e
darkness for the given illumination situation); 2) Eliminate the harm f u l
p o rtion of the optical spectrum that is not re q u i red for vision (100%
UV protection); 3) Preserve night vision (appropriate darkness for
high illumination); 4) Pe rmit normal color vision (in part i c u l a r,
traffic light signal re c og n i t i o n . ) ; 5) Require minimal care (re s i s t a n c e
to scratching and impact); and 6) Be optimized for the situational
lighting env i ronment (clear under low illumination and dark under
high illumination). P h o t o c h romic lenses – as opposed to clear or
f i xed tint lenses – c h a n g e, on demand, with va rious levels of optical
illuminance to better meet these re q u i re m e n t s ,a n d o f f e r t h e most con-
venient – and most phy s i o l ogic – solution to changing light conditions.

The performance of clear lenses was compared to that of
p h o t o c h romic lenses in a recent clinical study.Test subjects we re
given a pair of clear lenses to wear for 30 day s , and a pair of the
latest photochromic technology lenses offered by Tr a n s i t i o n s
Optical, Inc. to wear for 30 days.At the end of each trial period,
subjects we re asked to complete a VRQOL instru m e n t .T h i s
i n s t rument was developed by a team of eye c a re pro f e s s i o n a l s ,
statisticians and photochromic scientists in 1999. Structured as
a questionnaire, it explores va rious aspects of visual acuity and
c o m f o rt according to five subscales: Vision Comfort , D a i l y
A c t iv i t i e s , Conditions Experi e n c e d , Fe a t u res and Satisfa c t i o n .

P h o t o c h romic lenses we re found to produce a significant
i m p rove m e n t in visual comfort and satisfaction over clear lenses 



There is a growing belief that environmental factors may play a
key role in the etiology of a rapidly increasing list of ocular
and systemic diseases. Both acute and chronic exposure to these
e nv i ronmental fa c t o rs can be import a n t , and with chro n i c
e x p o s u re, susceptibility may be greatest in early life, i . e. , d u ri n g
infancy and childhood. Although the die may be already cast,
d i s e a s e - w i s e, in some conditions even before birt h , by the comple-
ment of genes inherited from the parents, there is accumulating
evidence that it is a combination of genetic predisposition and
e nv i ronmental exposure that contri butes to certain disease states.

The argument for this joint genetic/env i ronmental theory for
disease is especially s t rong in the case of cutaneous neoplasms. S k i n
c a n c e rs are the most common form of cancer, with more than one
million A m e ricans diagnosed with cutaneous malignancies annu a l l y.
While most can be cure d , an estimated 7000 people in the U. S. d i e
f rom skin cancer each ye a r. UVR exposure plays a major role in its
e t i o l og y. C u mu l a t ive exposure is the issue here and most re l evant is
the history of bl i s t e ring sunbu rns during childhood. D e rm a t o l ogi s t s
h ave done an admirable job of alerting the public to the risks of
UVR exposure, and the public by and large has taken their advice
s e ri o u s l y, using pro t e c t ive clothing and topical sunblocks almost
ro u t i n e l y – especially young childre n , who are considered to be
most at ri s k .

UVR Exposure and 
Ocular Disease

The eye and the skin share much in common, and it appears that
the eye and the ocular adnexa may suffer from the same potential
for damage from UVR exposure as the integument.The eye may
be at an even greater risk than the skin, s i n c e, u n l i ke the skin, t h e
eye does not develop a tolerance to UVR, but becomes more
sensitive with repeated exposure. Chronic UVR exposure has
been implicated in a number of eye diseases, including neoplasms
of the eyelid skin, pingueculae, pterygia, cataract, and macular
d e g e n e r a t i o n . L a b o r a t o ry studies in animals have demonstrated that
UVR exposure damages ocular tissues.The epidemiological studies
done in humans have provided suggestive, but not definitive,
evidence of UVR-induced ocular patholog y.The two most
f requently quoted studies – the Beaver Dam Study and the
Chesapeake Bay Waterman Study – were conducted in an adult
population and focused pri m a rily on patterns of sunlight exposure
in adult life. If indeed it is early exposure that is most significant,
perhaps the absence of a clear-cut definitive cause-and-effect
relationship between UVR and cataracts/macular degeneration in
these studies can be explained because early childhood exposure
was not specifically evaluated.

And while Derm a t o l ogy has implemented a highly successful
public health movement to protect the skin from adverse effects
of UVR exposure, the eye has been sadly neglected. T h e re are no
ava i l a ble topical sunblock preparations that can be used safely and
e f f e c t ively in and around the eye s . And while UVR-filteri n g
spectacles offer excellent protection against UVR for the eye
(and the eye l i d s ) , the ve ry population that is considered the most
s u s c e p t i ble to UVR- related diseases in later life – childre n – re p re s e n t
the smallest segment of the population wearing spectacles.

120,300,000 individuals or 57% of the adult population (defined
as 18 years old or more) wear prescription spectacles, as compared
to 8,960,000 or 16% of children (defined as under age 18). A n d
while the majority of adults (52%) who wear prescription specta-
cles also wear prescription sunwear (34% fixed-tint sunglasses and
18% photochromics), only 11% of children wearing prescription
spectacles also wear prescription sunwear (7% fixed tint sunglasses
and 4% photochro m i c s ) . Tables 1. and 2.These statistics, c o m b i n e d
with the fact that children spend much more time outdoors than
a d u l t s , with an estimated 80% of lifetime sun exposure occurri n g
b e f o re age 18, should make ocular sun protection for children an
absolute pri o ri t y.
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CHAPTER 5.

S E E I N G  W E L L
F O R  A  L I F E T I M E :
F I X E D  T I N T  A N D
P H O T O C H RO M I C
L E N S E S  A N D
C H I L D R E N

Table 1.
Total % of Adults and Children Who Use Clear,

F i xed T i n t , and Photochromic Pre s c ription Spectacles.

Table 2.
% A d u l t / C h i l d ren Spectacle We a re rs Who Use

F i xed Tint Sunglasses and Photochro m i c s .

60

50

40

30

20

10

0
Clear Prescription Fixed Tint Photochromics

Spectacles Sunglasses

60

50

40

30

20

10

0

Fixed Tint and Fixed Tint Photochromics
Photochromics Sunglasses

ADULTS
CHILDREN

ADULTS
CHILDREN



As serious as the situation with the potential for UVR-related eye
and skin disease may be in the U. S. , it is wo rse in other areas of
the wo r l d , p a rticularly in re gions of high altitude, in southern lati-
t u d e s , and where ozone depletion is more marke d. A good example
is Australia, whose inhabitants suffer one of the highest rates of skin
cancer anywhere, with one out of two Australians being treated for
skin cancer at some point during their lifetimes and melanomas
being the third most common cancer nationwide. M o re than
t wo decades ago (in 1980), the Anti-Cancer Council of V i c t o ri a
launched an aggre s s ive campaign to alert the public to the necessity
of UVR pro t e c t i o n. Their “ S l i p !
Slop! Slap!” admonition (“Slip on
a shirt , slop on sunbl o c k , slap on a
hat!”) has become more than a
slogan; it is now a way of life for
most Australians, many of whom
a re all too awa re of the dangers of
U V R as manifested by eye disease
and skin cancer in themselve s ,
re l a t ive s , or fri e n d s . F i g u re 1. I n
1 9 8 8 , this highly successful publ i c
health initiative evolved into The
S U N S M A RT progr a m . F i g u re 2.

Children are a very important focus
of this program. In many Australian
schools, students are not permitted
to play outdoors in summer months
without a hat, sunblock, and, in some
c a s e s , s u n g l a s s e s . (“The Slip! Slop!
S l a p ! ” campaign has been expanded to
become “Slip! Slop! Slap! And Wrap!”,
with wrapping on a pair of sunglasses
added.) In ye a rs to come, p reve n t ive
campaigns like this one will like l y
produce the best indirect evidence in
human subjects of the risk of UVR
e x p o s u re to the skin and the eye, i f
the children of this protected genera-
t i o n , being raised with strict guidelines

for UVR pro t e c t i o n , demonstrate a decrease in the incidence of
skin cancer, p t e ry gi a , cataract and macular degeneration, as com-
p a red to earlier unprotected generations.

Spec tacle s  and 
S p o r t s  Pro t e c t i o n

Spec tacle s  and
E ye Comfor t

The pri m a ry role of spectacles is to improve and enhance vision. I n
addition to correcting subnormal vision and, when specially tre a t e d ,
p rotecting the eye from excessive UVR exposure, spectacles can per-
f o rm other important functions that are especially significant for chil-
d re n . Polycarbonate lenses offer excellent UVR pro t e c t i o n .T h ey are
also shatterp roof and can shield the eye from impact injuries in play
and in sport s , p a rticularly when sturdy or wrap-around frame designs
are used. Because the rough-and-tumble lifestyles of most children
increase their susceptibility to ocular injuries, polycarbonate is the
material of choice when prescribing for children and adolescents.

T h e re we re an estimated 42,915 sport s - related eye injuries in
2 0 0 0 . (F i g u res courtesy of Prevent Blindness A m e ri c a , b a s e d
on statistics provided by the U. S. Consumer Product Safety
Commission National
Electronic Injury Surveillance
System Pro d u c t ) . Of these,
nearly half (2 0 , 1 1 4) we re
related to ball sports (baske t-
b a l l , b a s e b a l l , s o f t b a l l , f o o t b a l l ,
golf and racquet sport s ) .
44.7% occurred in childre n
14 ye a rs old and yo u n g e r, a n d
69.6% in children and young
adults up to age 24. Table 3.
To protect this vulnerabl e
p o p u l a t i o n , it is strongly re c-
o m m e n d e d that all child,
a d o l e s c e n t , and young adult
athletes – even emmetropes –
wear pro t e c t ive eye we a r.

While appro p riate spectacles can provide the we a rer with good
vision, they can also promote comfortable vision, particularly under
conditions of excessive light or glare. UVR protection in and of
itself does not provide sunlight and glare protection; this is the role
of specialized filters and lens tre a t m e n t s . For this purpose filters
typically take the form of tinted lenses, e. g . , in the ord i n a ry sun-
glass.While all sunglasses function as filters of light to some degree,
not all necessarily function as effective UVR filters . Although the
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Figure 1.
Sid Seagull:“Slip! Slop! Slap!”
(Reproduced with the kind permission

of The Cancer Council Victoria)

Figure 2.
SUNSMART

(Reproduced with the kind permission
of The Cancer Council Victoria)
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Ocular Sports Injuries (2 0 0 0)
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Spectacle s  and
Ocular Conve n i e n c e

government has set standards for adequate UVR filtration in both
p re s c ription and non-pre s c ription sunwe a r, these standards are 
not necessarily adhered to, p a rticularly in low-end ove r - t h e -
counter (OT C) s u n g l a s s e s. And since there is a higher perc e n t a g e
of e m m e t ropes in the child ve rsus the adult population, and since
emmetropes do not require corrective spectacles and therefore typ-
ically do not use prescription glasses, the majority of children who
wear sunglasses do not wear prescription sunglasses. Unfortunately,
many of the OTC sunglasses manufactured for children are of very
l ow quality.T h ey may not meet ANSI standards and provide ade-
quate UVR protection.The extremes are the “play” sunglasses, sold
in toy and convenience stores, the lenses made of cut-out disks of
cheap tinted plastic, of such inferior quality that they may actually
distort and impair vision and give little if any UVR protection.

The indoors - o u t d o o rs life style of most children translates into
s u n g l a s s e s - o f f - s u n g l a s s e s - o n , a n d , as any parent know s , the more
kids handle any t h i n g , the more potential for damage or loss. B u t
the same pair of sunglasses that might cut down excessive sun-
light and glare on the baseball field and enhance performance as
the first game of a double header commences with the sun high
at 12 noon, may become an obstacle in the eighth inning of game
two as dusk approaches and the unnecessary – and unwelcome –
f i l t e ring action impairs contrast vision and can adve rsely affect
p e r f o rm a n c e.But pro p e r U V R p ro t e c t i o n is important noon-to-dusk,
as is the impact protection for the eye that polycarbonate lenses
p rov i d e.This is precisely why polycarbonate photochromic lenses
would appear to be the first choice in eyewear for childre n .T h e
full-time UVR and impact pro t e c t i o n , plus the on-demand sun-
light and glare protection they provide, accommodates the indoors-
o u t d o o rs life of the child. For the ametropic child who re q u i re s
c o rre c t ive spectacles, p re s c ribing a photochromic lens makes the
most sense: one pair for many purp o s e s . And for the emmetro p i c
c h i l d , w h e re it is not visual corre c t i o n , but UVR, i m p a c t , s u nlight
and glare protection that is called for, a ve rsatile lens that will
adequately protect the eye in all ways and offer the conve n i e n c e
of fitting in with the rapidly changing indoors - o u t d o o rs life style
of the average child, while providing visual comfort , is what is
re q u i re d . H e re again, a quality polycarbonate photochromic lens
fills the need pre c i s e l y.

The Many Roles  
of  Spectacle s

In both children and adults, spectacles have been traditionally
p re s c ribed to enable the we a rer to see we l l . This is no longer
e n o u g h . Spectacle we a re rs expect to see we l l , to see comfort a bl y,
and to see conveniently with their glasses. In the child, the ri g h t
spectacles should achieve all of these goals and, in addition, h e l p
the child to continue seeing well for a lifetime, by prov i d i n g
p rotection against potential UVR-related vision-thre a t e n i n g
diseases in adult life.

C h i l d ren growing up in this enlightened age of preve n t ive medicine
a re a wo r k - i n - p rogress who will one day demonstrate that preve n t i n g
disease is a far more effective approach than treating it. Pa rents are
the guardians of their offspring in this re g a rd . Long ove rdue measures
to take better care of the env i ronment are finally being implemented.
Global wa rming and ozone depletion are the inheritances being left
behind by this generation to future ones. Perhaps to compensate for
this unfortunate legacy, t h e re is currently a strong emphasis being
placed on the importance of a healthy lifestyle, balanced diet, the use
of nu t ritional supplements, and the avoidance of additives and tox i n s .

UVR protection has already been incorporated into this formu l a
for a healthy life as far as the skin is concern e d . But the same
conscientious pare n t s , who would not think of allowing their
c h i l d ren to spend an afternoon at the beach without the genero u s
application of sunbl o c k , m ay allow their eyes to go unpro t e c t e d .
This despite the fact that survey after survey has shown that people
value their sight above all the other senses. Perhaps better education
of their patients by eye care practitioners on the hazards of UVR
exposure to the eye will remedy this dangerous oversight.
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T h e re have been largely unsubstantiated re p o rts of blue tints prov i n g
useful in visual training in children with dyslexia.

And then there are those proverbial rose-colored glasses, promising
not so much that the we a rer will see better with them as that the
world will look better through them.

Recent research has challenged some of these vision myths and
demonstrated that not all tints are created equal. Some may show
promise for improving the quality and quantity of vision in differ-
ent individuals under different circumstances. Experimentation
continues to investigate which ones, in which people, and under
what conditions may indeed prove to be enhancing tints.

Aside from the functional aspects of visible light and sight, t h e re
is the even more important issue of that inv i s i ble component of
l i g h t – u l t r aviolet radiation or UV – and its possible role in the
e t i o l ogy of such vision-threatening diseases as cataract and mac-
ular degeneration. P rotecting the eye from UVR is a definite
p ri o rity in this era of preve n t ive medicine. .. and ophthalmolog y.
Spectacle lenses with UVR filters are the most conve n i e n t , e f f e c t ive,
and efficient way to provide this protection for the eye. F u rt h e rm o re,
it is becoming increasingly clear that this protection must begi n
early in life to be effective.

But sunlight is not synonymous with ultraviolet light. I d e a l l y
spectacles should provide the consistent protection re q u i re d
against UVR-mediated ocular disease as a constant and the as-
needed or on-demand functional protection against excessive
sunlight and glare to maximize visual comfort and perform a n c e.

One fact has already been made clear, h oweve r.All tints work in
some way as filters , so that, by definition, t h ey cut down on the
amount of light entering the eye.This will clearly only prove bene-
ficial when it is a matter of too much light, not too little, being pre-
sented to the eye.The conclusion must be that the ideal filter filters
light when filtering is necessary for visual comfort and efficiency
and otherwise does not impede transmission of light that is essential
to sight. P h o t o c h romic lenses provide this va ri a bl e, a s - n e e d e d ,
on-demand type of filtering and provide the ideal spectacle lens to
both mediate and modulate light in its function of producing sight.
In addition they provide complete and constant protection against
UVR to help pre s e rve good vision.
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CHAPTER 6.

L O O K I N G  A T  T H E
W O R L D  T H RO U G H
RO S E - C O L O R E D
G L A S S E S :
I S  I T  R E A L LY
B E T T E R ?

T h e re are those who would argue that the world shouldn’t need
a tint to look good. The real world is best seen as a real world to
the eyes of the beholder. But there are circumstances where re a l
m ay not be best – world-wise or vision-wise. I t ’s all a question
of balance and of degre e. Just as too little light can impede vision,
too much light can impair vision.There are times and places where
the use of filters to decrease excessive or stray light will incre a s e
the efficiency of light in mediating vision.And the quality of light
is import a n t , as we l l .

The simplest example occurs with bright sunlight. Here the simple
f i l t e ring action of a tinted sunglass lens can lessen visual discomfort ,
enhance visual efficiency, and improve contrast acuity. U n f o rt u n a t e l y
these same parameters might well be adve rsely affected when illu-
mination decreases and the filtering effect of the sunglass is no longer
necessary – or advantageous.

Specific selective filters have been suggested to improve vision in
normal individuals under certain circumstances.Yellow and amber
tints, for example, have been purported to improve contrast sensi-
tivity and cut down reaction times in pilots, marksmen, and skiers.
Blue tints have been recommended for tennis players to facilitate
tracking the ball.

F i l t e rs are used by industry to color the real world what is felt to
be a better or more attractive shade, with selective lighting and
tints enhancing things ranging from meats and produce in super-
markets to people looking at themselves in dressing room mirrors.

C e rtain tints have been advocated to improve qualitative and/o r
q u a n t i t a t ive acuity in the visually impaire d .The pre s c ription of
c o l o red lenses to facilitate discrimination of re d / green traffic signals
in colorblind drive rs is a common device to promote road safety.
It has been suggested that specific tints might prove helpful in
enhancing visual function in such sight-threatening disord e rs as
c a t a r a c t , macular degeneration, g l a u c o m a , and retinitis pigmentosa.



This monograph started out with the wo rds of John Muir and
G r ay Burr to dramatize the sometimes ambivalent re l a t i o n s h i p
b e t ween light and sight.These same men will help end it.

Muir re c ove red completely from his sunblindness and went on,
among other things, to see the establishment of his belove d
Yosemite as the jewel of the national park system, d e s c ri b i n g
his great joy in returning “... into Heaven’s light... making haste 
with all my heart to store my mind with the Lord’s beauty.”

And Burr continued his romance with light and sight, extolling the
eye as the marvelous instrument that turns one into the other:

Only the eye can drink
From a lake a mile away
Or climb ten mountains in
Less time than it takes to say,

Land on the moon, the stars;
Fall, rise, hurdle, sprint;
Put a lid on the world
Or narrow it to a squint.

Lover of light, whose lies
Deceive us, doctors say,
Let physics chew surmise.
Dine out on the crusty day

And drink the sun’s gold wine,
Devouring all that seems.
From color, form, and depth
Concoct your optic dreams

And give them to the mind
As its best evidence.
Then only, thought may grind
A harder sharper lens.

Gray Burr,“Eye”
A Choice of Attitudes
Wesleyan UniversityPress, 1969
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