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Cataract 
C. Stoneman 

Remarkable advances in the treatment of cataract have been made in recent 

years. Can we teach the eye well enough for these to be understood and 

Basic knowledge 
We are taught the names of the parts such as cornea, 
iris, lens, and retina and their functions such as focus
ing, image formation, and so on. Facts, such as the 
lens is a transparent biconvex disc about 4 mm thick 
and 10 mm in diameter suspended in position behind 
the iris by a radially arranged suspensory ligament, 
are well described and illustrated in popular elemen
tary textbooks. Most of these, such as Mawby and 
Roberts (1996) or Mackean (1981), provide sufficient 
detail for a grasp of normal eye function. Some, such 
as Freeman and Bracegirdle (1966) and Wood-
Robinson (1975), are more generous with terminol
ogy which is helpful but no high-school text has yet 
been found which provides all the details necessary to 
understand modern eye surgery. 

Additional knowledge 
Elementary books describe the position of the suspen
sory ligament but not its thickness. It is so exceedingly 
thin that it has neither nerves nor blood vessels so the 
lens cannot get nourishment or oxygen in the usual way, 
but has to depend on diffusion from the aqueous humour. 

The cells of the lens are ribbon-like fibres, roughly 
hexagonal in cross-section, which are laid down con
centrically like the leaves of an onion bulb. During 
life the lens develops layer after layer of these fibres, 
the newest on the outside and the oldest being trapped 
in the centre. [It may be that they vary in refractive 
index according to age so that we have a graded index 
lens of the type mentioned by Dawkins (1996).] The 
clarity of the lens, like that of the cornea, depends on 
the degree of swelling of these fibre-like cells which 
are made of protein. 

appreciated by our students? 

Introduction 
Having an operation for cataract is now almost com
monplace for elderly people; in Britain more than 
150 000 patients undergo cataract surgery each year. 
The treatment changes and evolves all the time. The 
best current procedures are so quick, reliable, and safe 
that they fail to attract the attention they deserve. 
Advances have been made by small steps rather than 
sensational breakthroughs. 

Most of us have been taught the eye at school and 
many have had the dubious pleasure of wrestling with 
a (dead) sheep's eye. By rights we are better informed 
about eyes than any other organ, so removal of a 
cataractous lens should be easily understood. Even so, 
it may be worth reviewing the knowledge provided by 
school to see how much it really helps. 

Abstract 

After receiving treatment for cataract by intraocular lens 
implant, the author found out as much as possible about 
this remarkable operation. Before describing the most 

recent developments and latest technology, the nature of 
cataract is discussed together with a brief outline of older 

methods of treatment. The question is addressed as to 
whether high-school biology can or should provide 

sufficient knowledge for pupils to understand this relatively 
simple defect and appreciate the latest complex remedies. 
Consideration is given to the possible development of new 

teaching aids from surgical research materials, for 
example, introducing pupils to the eye through recent 
advances in surgery, and so starting them off with the 

latest applications instead of the conventional 'naming of 
parts'. 

Key words: Cataract, Eye microsurgery. 

166 Journal of Biological Education (1998)32(3) 



The whole system is enclosed in the capsule, a cel
lophane-like membrane, which is impermeable to the 
lens proteins and so maintains them inside the lens in 
their swollen state. If the capsule is torn or punctured, 
the proteins dissolve out and the lens becomes 
opaque. It has been found that the fibre-like lens cells, 
if separated from the capsule, will regrow on their 
own. 

The lens lies in its position bathed by aqueous 
humour which fills the anterior and posterior cham
bers (figure 1). The fluid is normally kept at a pressure 
of about 16 mm Hg. Behind the lens is the vitreous 
body which makes up 80 per cent of the volume of the 
eye. This is a viscous jelly enclosed in a delicate trans
parent membrane. The extraordinary viscosity of the 
vitreous humour is due to the presence of the polysac-
charide hyaluronic acid. 

The proteins of the lens are unlike those of any 
other part of the body. They are more like egg albu
men than the collagen which is the main protein in the 
outer coat of the eye. As we get older, one of the lens 
proteins becomes less soluble and more opaque or 
cataractous, so light transmissmion is reduced. 

It is further reduced by a pigment which is almost 
colourless at first but gradually turns yellow with age. 
The lens of a child lets through 90 per cent of the blue 
light entering the eye, but the lens of a 78-year-old 
man transmits only 15 per cent. I can vouch for this as 
the lens in my right eye is 67 years old but that in my 
left is a new plastic implant. Through my right eye a 
flame of burning (propane) gas is hardly visible, but 
through my left it is a beautiful blue of startling 
intensity. 

There are other changes in lens composition in
cluding water and salt content, protein solubility, and 
possibly the permeability of the lens capsule. It is the 
balance between all these which keeps the normal, 
young lens crystal clear. 

Cataract 
The term is used to mean any opacity within the lens 
and usually causes progressive cloudiness of visual 
acuity. Often, cataracts are localized regions of the 
lens. The name seems curiously inappropriate but 
according to Mann and Pirie (1946) it was adopted 
long ago when it was thought that some kind of shut
ter dropped down behind the pupil. Even today, some 
people talk of cataracts as skins covering the eye 
which have to be taken off by a surgeon. Now, 
cataracts can be dealt with by techniques such as 
intraocular lens implant. 

About a quarter of the population have small spots 
in their lenses which are technically cataracts but 
which do no harm and never get worse. Why they 
form is not known, though they do run in families and 
can be associated with diabetes and kidney disease; 
nutrition, too, may play a part. There is a well estab

lished link with infrared radiation. Glass-blowers 
wear special spectacles to protect their eyes against 
the infrared (from hot, molten glass) which is known 
to cause cataracts. If, as a result of work or old age, 
cataracts become very extensive, sight fails al
together; then, as there is no medical cure, lenses have 
to be removed. 

Removing the lens 
Traditionally the treatment of cataract has been the 
removal of defective lenses by surgical operation. 
Many ways have been devised, some of them known 
in the East for more than a thousand years. Most 
methods involve cutting into the eye with a specially 
made knife. Devotees of Sherlock Holmes will recall 
(from 'Silver Blaze', in The Memoirs of Sherlock 
Holmes by Sir Arthur Conan Doyle) the description of 
a knife found in a dead man's hand: 

'Watson, this knife is surely in your line.' 
'It is what we call a cataract knife', said I. 
'I thought so, a very delicate blade devised for very 

delicate work.' 

To anyone who has tried to dissect a sheep's eye, 
cutting one open to remove the lens would appear to 
cause terminal damage. But for many years, cataracts 
have been routinely cut out and eyes successfully 
repaired. There are too many different methods to 
describe in detail; a brief resume' of recent procedures 
must suffice. 

Before the 1930s the operation most commonly 
performed was extracapsular cataract extraction 
(ECCE) by expression and irrigation, i.e. by pressing 
and flushing out the lens. This was a short, ten-
minute operation in which success depended on 
speedy closure of the wound to prevent undue loss of 
content. With this technique, surgeons had diffi
culties such as judging the amount of membraneous 
material which remained hidden behind the iris, after 
the operation. 

After 1935 there was a change to intracapsular 
cataract extraction (ICCE). The aim of ICCE was to 
remove a completely intact lens from the eye through 
a wide (13 mm) incision without disrupting the ante
rior (hyaloid) face of the vitreous body. Though in 
many ways more successful than the previous 
method, difficulties with the large incision were expe
rienced. Because of its size, there had to be extensive 
and meticulous cleaning of the wound which took 
more and more time so ways were sought to make it 
smaller. 

The removal of a dense cataract is a wonderful 
relief for patients who can see again, having been 
blind. But though light can pass to the retina, it cannot 
be focused so spectacles have to be worn to compen
sate for the absent lens, usually one pair for reading 
and anotfier for distance vision. 
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B lology in Action 

Replacing the lens 
It had been realized for a long time that this difficulty 
could be avoided by replacing the cataractous lens 
with a clear one. All that was needed was the right 
material to make the lens and the necessary surgical 
skill and technique to implant it. 

During the Second World War, airmen whose eyes 
were injured by the debris of their cockpit canopies, 
suffered less inflammation from shards of perspex 
than other materials. Consequently, perspex (Plexi
glass) was chosen to make replacement lenses for 
cataract patients. The material worked well though 
some lenses became obscured by collagen fibres on 
the surface produced by an immune reaction. A 
greater difficulty was the lack of secure attachment; 
there was insufficient anchorage in the space left by 
the absent lens. This problem was solved by a radical 
change in operating procedure. 

Lens emulsification 
In 1963 an altogether new approach to cataract 
removal was proposed — to enter the eye with a slen
der, tubular device through a narrow incision (3 mm 
wide), cut a slit in the front of the lens capsule (capsu-
lorrhexis), break up the cataract lens material, and 
remove it without enlarging the incision. Many ways 
of breaking up the lens were tried, such as macerating, 
drilling, agitating, oscillating, chopping, and chemical 
dissolving — with little success. Then, after three 
years of experiment, it was achieved using ultrasonic 
vibration to pulverize and emulsify the lens. 

The first apparatus consisted, essentially, of a long 

blunt probe in a stack of metal strips inside a wire coil. 
Alternating current at very high frequency (500 KHz) 
through the coil caused the needle to vibrate along its 
axis, and pulverize the lens material — the process is 
termed phacoemulsification. These early probes were 
inefficient, and during operation became so hot that 
they had to be water-cooled. They were replaced by 
piezoelectric instruments. The handpieces used by 
surgeons today contain a compressed, ceramic crystal 
which vibrates when high frequency electric charge is 
applied. The vibration is conveyed to the tip of a slen
der probe; there is little heat and no need for bulky 
cooling arrangements. So now small-incision ECCE 
can be achieved by phacoemulsification, bringing 
away all the lens material with minimal damage to the 
eye (see Duane, 1986). 

The development of instruments for small-incision 
ECCE by phacoemulsification has led to greater con
trol of conditions within the eye during the operation. 
The internal (intraocular) pressure, for example, is 
entirely under the control of the surgeon, who can reg
ulate the emulsification, the rate of (fluid) infusion, 
the rate of aspiration, and determine the size of the 
wound. 

Replacement 'in the bag' 
Removal of the cataract by phacoemulsification 
leaves a strong, intact eye with a clear view into the 
vitreous cavity. With all the lens material removed 
from a minimally traumatized eye, the surgeon is pre
sented with an ideal place for an artificial lens — the 
empty capsule left by the emulsified lens. It is possible 

Position of 
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Position of 
posterior chamber 
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Sclerotic 

Conjunctiva Anterior chamber 

Iris fully contracted 

Ciliary process 

Lens showing position 
of capsulorrhexis 

Cavity occupied by 
vitreous humour 

Figure 1 Diagrammatic section of an eye ready for implant surgery. 
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Position of incision. 
Three cuts made by diamond-edged 
and crescent blades to form a stepped 
self-sealing wound 

Lines of access to the lens 

Cornea 

Iris. 
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fully contracted 

Sclerotic 

Lens 

Figure 2 Diagrammatic section through part of the eye. 

to carry out a posterior chamber intraocular lens 
implant — 'in the bag'. 

It is important to have all the lens material removed 
because fragments attached to the capsule can regrow, 
cover the new lens, become opaque, and cause a 
secondary cataract. This happens to 20-30 per cent of 
patients but the condition easily succumbs to laser 
treatment. 

Once the capsular bag has been thoroughly cleaned, 
viscoelastic material is injected into the anterior 
chamber until the capsular bag is partially or com
pletely expanded, when an intraocular lens can be 
inserted. For a rigid implant the wound must be 
widened to about 7.5 mm. Softer material, such as the 
hydrogel used to make 'soft' contact lenses, can be 
folded over. Such a lens can be passed through an 
opening as small as 3.2 mm into the posterior chamber 
where it unfolds into its permanent, biconvex shape 
(see figure 3). 

Going small 
The cataract operation of the 1990s is a triumph of 
microsurgery. Throughout, the patient's eye is viewed 
by the surgeon through an operating microscope. 
Without highly specialized, sophisticated instruments 
the techniques described could never have been devel
oped. The surgeon must have good stereoscopic 
vision at all times to judge the minute distances 
between the cataract and adjoining surfaces. While 
both hands are occupied, manipulating the various 

instruments, foot pedals are used to control micro
scope movements and the phacoemulsification 
machine. Intraocular lens implant operations require 
many special skills, which can be acquired only 
through prolonged and diligent practice. 

One of the many advantages of 'going small' has 
been the development of 'no-stitch' operations. By 
approaching the goal through the sclera by a long but 
narrow (3.0-3.5 mm), stepped incision, it is possible 
to implant the lens and withdraw leaving a self-sealed 
wound. No stitches are required but surgeons have to 
be extraordinarily skilful (see figure 2). 

The operation now 
A patient undergoing posterior chamber intraocular 
lens implant surgery is unaware of its intricate com
plexity. The most notable features of the whole mirac
ulous business are speed and lack of pain. The patient, 
remaining conscious throughout, has the eye prepared 
by the instillation of drops to dilate the pupil, followed 
by an intravenous sedative and local anaesthetic by 
drops (without injection into the eye itself). The oper
ation which takes about 20 minutes is carried out 
under the operating microscope, after which the 
patient lies in bed with a bandaged eye for an hour or 
so. There is no stitch, no pain, discomfort, blood or 
other discharge. The patient must avoid violent activ
ity for a week or two to give the new lens time to set
tle; a full working life can be resumed after a few 
more weeks. Five or so years ago such an operation 
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Figure 3 Five stages in the microsurgery of an intraocular 
implant: 1. Looking down on the lens of the eye through a 
greatly dilated pupil (the outer black ring represents the iris). 
The lens surface is cut causing a rupture — capsulorrhexis; 2. 
Mechanical destruction of the lens begins with furrows cut at 
right angles; 3. Furrows are extended to break the lens into 
pieces; 4. The pieces are broken down by ultrasonic vibration 
(phacoemulsification) and sucked out to leave an empty lens 
capsule; 5. The capsule is cleaned and filled with methylcellu-
lose. Into this 'bag' is inserted a plastic implant, folded in two, 
where it unfolds and assumes its proper shape and position 
(assisted by two spring-like threads). 
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would have been regarded as an impossibility. 

Basic knowledge reviewed 
Advances in the treatment of diseases and defects 
depend on knowledge of anatomy and physiology and 
of technology which is constantly changing. To appre
ciate these advances, students must have a basic 
knowledge of (in this case) the eye plus the relevant 
technology i.e. the scientific principles followed by 
their application. Teachers have to decide what 
knowledge is 'basic' and what is inessential. Eyes suf
fer troubles other than cataracts and need treatments 
such as corneal grafting and repair of retinal detach
ment. It is difficult and time-consuming to provide all 
the necessary facts but one solution is to turn the usual 
teaching procedure round, and teach the applications 
before the basic knowledge. 

New visual aids 
All new surgical procedures have to be communicated 
to fellow surgeons and their students and this is most 
often done through visual media. Cataract operations 
employ optical instruments linked to video cameras. 
Already many video recordings of surgical operations 
have been made available for use in schools (and seen 
on television). If enough of this material can be 
obtained and appropriately edited, then we shall be 
able to teach, in a sense, 'back-to-front'. Instead of 
beginning with the naming of parts from the book and 
doing the basics on paper, we shall be able to see into 
the eye like a surgeon and introduce its anatomy by 
visual encounter. The strength of this teaching 
approach rests on the use of real video footage — that 
is real shots of a real eye being operated upon. 

We should learn from mistakes of the past such as 
illustrating new textbooks with pictures from old text
books, and employing graphic artists concerned more 
with presentation than anatomy. We should follow 
successful examples such as the use of endoscope 
videos to introduce the alimentary canal. We should 
look upon these by-products of innovative surgery not 
as educational luxuries, but as essential means of 
introducing basic human biology. 

Acknowledgements 
I am most grateful to John Bell, Consultant Ophthalmic 
Surgeon, first for an impeccable cataract removal and implanta
tion, and second for providing the factual information from 
which this account has been compiled; also to Alan Box, 
Ophthalmic Optician, for patiently answering my many ques
tions while testing my eyes. 

References 
Dawkins, R. (1996) Climbing mount improbable, London: 



Penguin Books. 
Duane, T. D. (1986) Clinical ophthalmology. Philadelphia, 

USA: Harper and Row. 
Freeman, W. H. and Bracegirdle, B. (1966) An atlas of histology. 

London: Heinemann. 
Mackean, D. G. (1981) Life study. London: John Murray. 
Mann, I. and Pirie, A. (1946) The science of seeing. 

Harmondsworth: Penguin Books. 
Mawhy, P. and Roberts, M. (1996) Biology. 3rd edn. Harlow, 

Essex: Longman. 
Wood-Robinson, C. ed. (1975) Living things and their environ

ment. Revised Nuffield Biology Text 3. London: Longman. 

The author 
Colin Stoneman was a biology teacher, teacher trainer, and 
inspector of schools. He is now retired and lives at Beech 
House, North Road, Goudhurst, Kent TNI 7 IAS. 

Living biology in schools 

edited by Michael Reiss 

LIVING BIOLOGY IN SCHOOLS 

KB 

For a number of reasons, recent years have seen a decrease in 
the use of living organisms in schools and colleges. While some 
of the thinking behind this decrease is to be applauded, other 
reasons reflect the various pressures faced by teachers. The Institute of Biology therefore 
set up a Working Party to address the issues surrounding living biology in the class
room'. This book is the result. 

Across the 5-19 range this book: 
Promotes the use of living organisms in schools; provides clear guidance on the legal 
issues; informs on safety aspects; provides guidance on the use of pupils as subjects; 
explores moral and ethical concerns. 

Orders to the 'Institute of Biology', 20-22 Queensberry Place, London SW7 2DZ. 

Price: £12.50 
£8.00 (IOB members when ordering with personal cheques only) 

Journal of Biological Education (1998) 32 (3) 171 


