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Preface

This book started life as a compilation of a
series of 16 articles that were published in
the journal Optician between 1998 and
2000. Nine leading experts in the field of
binocular vision and orthoptics were in
vited to write these articles. The series was
acclaimed a success. and led to the idea for
this venture. Each author was invited to up
date their article to form the chapters of
this book. It is due to the willingness and en
thusiasm of these individuals that this
book has been possible. and we thank them
for this.

The original articles were designed to
meet the needs of eye-care professionals
who encounter binocular vision anomalies;
hence the reader will find that this book is
biased towards the commonest clinical bin
ocular vision problems. Several chapters
concentrate on the very common con
ditions of heterophoria and vergence

anomalies. particularly convergence insuf
ficiency. Different authors have been in
vited to cover these important topics from
slightly different approaches. and it is our
belief that this diversity of expert opinion
strengthens the book. Indeed, whilst this
book is cohesive in its content, it is hoped
that the presentation of different authors'
approaches will help readers to gain a
balanced perspective.

More than 90 per cent of NHS contacts
are said to occur in primary care. With its
focus aimed at practitioners working in
this sector, Binocular Vision and Orthoptics
has been designed to stress investigations
and treatments that are appropriate in this
area of patient care. Although a great
many orthoptic problems can be treated in
this environment, some can only be treated
medically or surgically, and these topics
are also covered in this book.

Some of the topics in Binocular Vision and
Orthoptics are dealt with in more detail in
another Butterworth-Heinemann book.
Pickwell's Binocular Vision Anomalies, writ
ten by Dr Bruce Evans. For the keen reader
this book provides an interesting, addi
tional source of information.

Some practitioners confess to perceiving
binocular vision and orthoptics as intimi
dating subjects. We believe that, once at
tacked with an inquisitive and logical
approach, these topics are far from daunt
ing. Indeed, we feel that they are amongst
the most fascinating and rewarding chal
lenges that eye-care practitioners can en
counter. We hope that this book will help
practitioners to share this enthusiasm,
which can only be of benefit to their
patients.

BruceEvans
SandipDoshi
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The routine eye examination should be
structured to detect all abnormalities of the
eye and refraction. To that end, some form
of evaluation of the binocular system
should be undertaken on every patient
with two eyes. A working knowledge ofbin
ocular vision anomalies is thus essential to
enable practitioners to rule out. treat or
refer appropriate binocular vision cases.

Prevalence of binocular
problems

Research shows that up to 8 per cent ofchil
dren have significant refractive errors,
although the definition of 'significant'
varies (lngran et al., 1986). According to
many authorities (Vaughan and Asbury,

1977; Simpson et al., 1984; Kasmann
Kellner et al., 1998; Abrahamsson et al.,
1999). 2-4 per cent have strabismus and
up to 5 per cent have amblyopia. depending
on how amblyopia is defined (Preslan and
Novak. 1998). In optometric practice. the
child patient is likely to be self-selecting or
referred if the practice has a special interest
in binocular vision or in children. The
result of this is that most optometric prac
tices will have a very large incidence of
patients who have significant refractive
errors and binocular problems. Children
will become adults. and these adults will be
very aware of the problems they had when
young and seek help or reassurance.
Added to this is the large number ofpatients
who have common low-grade binocular
problems such as convergence insuffi-

ciency and accommodative dysfunctions.
There is little in the literature to establish
reliably the prevalence of general binocular
problems. One study of second-year optom
etry students (Porcar and Martinez
Palomera, 1997) found that 32 per cent
suffered from such problems, and Hokoda
(Hokoda, 1983) found a prevalence of 21
per cent with general binocular dysfunc
tions.

History

Taking a good history is the cornerstone of
a good binocular routine. This will help to
establish a differential diagnosis and aid
investigation, which should begin with de
termining the most likely cause.
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This applies to patients requiring investi
gation for binocular vision anomalies and
to patients who have come for routine eye
examination.

Since amblyopia and strabismus fre
quently present at typical ages, it is impor
tant to elicit details of onset and, where
possible, the course of the condition. This is
useful in determining the likely prognosis
and if referral is appropriate. Vital informa
tion required to make a proper evaluation
includes:

• Age of onset of symptoms (ifany)
• Frequency of symptoms
• Time of occurrence of symptoms
• Speed of onset of symptoms
• Constancy of symptoms
• General health of the patient at the time

the symptoms were first noticed
• Any previous ocular investigations or

treatment.

Age of onset of symptoms
Understanding the age of onset of the bin
ocular problems is vital in order to enable a
prognosis to be made. Most authorities sug
gest that unless there is early intervention
for amblyopia and strabismus, the prog
nosis is poor. Griffin and Grisham (1995)
feel that any strabismus manifest before
the age 4 months can be classified as
congenital. After this period there has been
significant development of the accommoda
tive system, and the description 'early ac
quired' could be used. They use the term
'late acquired' for problems occurring up
to the age of 2 years but after 4 months.

Determining the exact month of onset
will help to determine how long there has
been normal cortical stimulation prior to
strabismus setting in. This will help the
practitioner to decide on the urgency of the
case, especially if surgery is a considera
tion.

Frequency of symptoms
Establishing the frequency ofthe symptoms
will help to establish the severity of the con
dition and the prognosis. Severe, annoying
symptoms usually suggest recent onset.
and in these cases binocular evaluation
needs to rule out incomitancy due to sys
temic conditions such as diabetes or
Graves' disease. Other causes include a de
compensating heterophoria. Previous his
tory is obviously a factor here, and it is
sometimes useful to contact the patient's

previous practitioner if the patient has not
been seen previously.

Factors in decompensating heterophoria
will depend upon the binocular status of
the patient, but could be caused by general
illness, fatigue, stress or an increase in
work load, as is frequently the case in
students coming towards the completion of
a course that culminates in examinations.

In these cases there is usually a decom
pensating heterophoria, commonly exo
phoria, but on occasions there is a
tendency towards accommodative excess
as a direct consequence of attempting to
utilize accommodative convergence for a
mild convergence insufficiency.

Time of occurrence of symptoms
Careful evaluation of when the symptoms
occur helps to complete the picture. For ex
ample, in a young child symptoms often
occur after close work, suggesting particu
lar attention be paid to the near visual per
formance during the consultation. In
divergence excess, for example, intermit
tent asthenopia and photophobia asso
ciated with television viewing or driving is
a useful clue. In these cases it is prudent to
evaluate distance ocular motor balance
outside the confines of modern examina
tion rooms. Viewing distances at the full
6 m or more will often enable the problem
to be found, using a cover test, that will
otherwise be missed.

Speed of onset of symptoms
Understanding when the symptoms first
started allows the practitioner to pinpoint
the aetiology. Diplopia with sudden recent
onset deserves very careful evaluation and
assessment. Symptoms should always be
evaluated in association with other signs.
Vascular accidents, neurological problems
or space-occupying lesions could cause
sudden onset diplopia. Raised intracranial
pressure is another cause of sudden onset
strabismus often associated with reduced
vision. These patients often have recent his
tory of headache and nausea, and spending
an appropriate time on interviewing the
patient is invaluable. Practitioners should
not be slow to reach for an ophthalmoscope
or in arranging urgent visual field assess
ment in this category of patient.

Constancy of symptoms
Constant strabismus rarely gives rise to
symptoms if it has been present for some
time. Almost by definition, it will be oflong

duration and less problematical for the
patient. Intermittent binocular problems
can be more difficult to assess because they
may not be present at the initial consulta
tion. Where binocular evaluation is unable
to elicit any problems commensurate with
the symptoms, it is always advisable to ask
the patient to return at a time when there
are most likely to be obvious difficulties. IT
this is not possible, repetitive testing may
fatigue patients enough to break down
their ability to maintain compensated bin
ocular vision.

General health of the patient
It is useful to establish the state of health of
the patient at the time that symptoms first
presented. For example, there is the often
quoted onset of hypermetropia and conver
gent strabismus associated with measles. It
seems unlikely that the measles would
cause either of these conditions, but it is
much more likely that the patient will
become decompensated and unable to cope
with the effort to maintain stable binocular
vision during a febrile illness such as this.

Family ocularhistory
It is well known that there is a strong asso
ciation between those patients who have a
family history of strabismus and those that
arc hypermetropic. The incidence of stra
bismus, for example, is between 2 and 4
per cent in the general population. In pri
mary care, nearly 10 per cent of patients
have some sort of binocular problem.

In large studies of children (Blum et a!"
1959; Waters, 1984) levels of visual diffi
culties have been found to be between 1 'i
per cent and 22 per cent, with some studies
finding as many as 38 per cent of patients
with abnormalities (Kasmann-Kellner et
al., 1998). Most of these are non-strabismic
and relatively easy to treat.

For patients with a parent who has stra
bismus, there is a four-fold increase in the
incidence. Where there is strabismus in a
parent and over 2 D of hypermetropia, the
risk factor for strabismus is increased by
four to six times (Ingram and Walker,
1979; Abrahamsson et al., 1999). For
those patients with a strong family history
and high hyperopia there is a 50 per cent
chance of developing strabismus (Abra
hamsson et al., 1999).

The group of patients most likely to visit
an optometrist is self-selecting (those who
are particularly aware of potential visual
problems will be those who have family
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members with significant visual histories).
Optometrists should therefore expect to see
a higher than average number of patients
presenting with binocular problems.

The patient's family history, including
that of parents, uncles, cousins, siblings,
grandparents and children, should be
sought. Details of ocular deviations, am
blyopia and refractive difficulties should be
recorded.

General personalhistory
General personal history should include
pregnancy and birth delivery, including de
tails ofpre-term, forceps or Caesarean deliv
eries. which could cause birth trauma. and
the health of the baby after birth.

Developmental history and information
about illness. regular medication. systemic
disease. accidental or non-accidental head
trauma and emotional crises must be
recorded.

Previous ocular history and treatment
This may be confused. since the patient has
often been told that there are epicanthal
folds or has sought advice from inappropri
ate sources. Where there has been inter
vention from an eye-care professional, it is
always best to ensure that the details are
sought from that practitioner rather than
relying on the history from the patient.

Symptoms

Patients suffering from decompensated het
erophoria often complain of a variety of
symptoms that could disappear if strabis
mus develops along with sensory adapta
tions (suppression or abnormal retinal
correspondence). These symptoms may be
difflcult to elicit from small children since,
even if they are able to express themselves.
children often assume that everyone suffers
from the same problems and consider them
to be normal.

Symptoms could include intermittent
blur for distance or reading; letters or
words doubling or moving; closing one eye
when reading; confusing, omitting or re
peating words; and lack of concentration
on close work (Table 1.1). In addition, the
patient might report loss of place during
reading. burning. itching. tearing and sen
sitivity to light in the absence of anterior
segment pathology. Some patients report
that they have difficulty with activities re
quiring good eye-hand co-ordination,

TableLl SyaptDma .Iodated
withclecompe..18tID1
heterophoria

• Intermittentblura~ distanceor near
• Closing oneoyewhenreading
• Confu.slng, omitting or repeating words

duringreadingWks
• Lack ofconcentratlon onclose work
• Loss of place,butnlng, Itchingor tearing

duringreadlnl
• Sensittvt~y to I1gh~

such as ball games. and sometimes that
they bump into things.

Headaches are common in children and
in adults. It is always vital to establish
when they occur. where. how frequently,
how severe the pain is. and what type of
pain is experienced. It is also useful to
enquire if there is any association between
the headaches and possible sinusitis.
Migraine headaches are an important dif
ferential diagnosis. Field examination
should be performed on all patients present
ing with headache of unknown aetiology.

Observations of the patient

General observations of the patient are im
portant. Head turns and tilts often indicate
some problem with extraocular muscles,
and the head posture tends towards the
field of action of an under-acting muscle to
help the patient avoid potential binocular
embarrassment. Postural changes and ex
cessive effort during visual tasks could indi
cate that all is not well. Patients will often
experience more difficulty during the test.
as they become tired. This is especially the
case if they are only just coping and are
then forced to operate beyond their comfort
zone. Cursory examinations will almost
certainly result in missing vital clues and
signs that will manifest themselves as fati
gue sets in. Care should be taken to associ
ate symptoms with the binocular test
results. Conversely. results that do not fit
with the patient's symptoms require
further clarification.

Vision

Vision should be measured monocularly
and binocularly, both with and without
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Figure 1.1
Examples of letter chart and possible
confusions (in script brackets) typicalof
amblyopicpatients

the habitual spectacles. in order to assess
the effect of the prescription on both the
vision and the binocular state. For non-am
blyopic eyes Snellen charts are sufficient.
but for patients who are unable to achieve
what can be considered normal levels of
vision. alternative charts (e.g. LogMar) are
preferable. The standard clinical criterion
for Snellen testing to assess the vision
threshold is to continue the test until only
SOper cent ofthe letters ofthe line are accu
rately identified. This is usually easy in
non-amblyopic eyes; however, in amblyo
pic eyes the first and last letters are often
correctly read in a number of different lines
while mistakes are made in the inter
mediate letters (Figure 1.1).

The reason for this is often cited as the
'crowding phenomenon'. It is sometimes
known as contour interaction, in which
there is interference of the letter contours
from surrounding letters. This is dependent
on letter thickness. separation of letters
and chart design.

For this reason line acuity is more impor
tant a measure of acuity than single letter
acuity, and where amblyopia is suspected
both should be measured (Table 1.2).

Table1.Z Amblyopia Ihould be
IUlpected when

• Letters are missed on several lineson Snel
len~esttna

• Letters are more frequently missed In the
middle than at the endof the line

• Letters are transposed InposlUon
• Isolated letteracultyIsbetter byoneor two

linescompared with singleletter acuityor
fullchart acuity
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Figure 1.3
Cambrid,qe crowdingcardsshould beused when testing children's binocularvision

Figure 1.2
Lo,qMAR charts:letter sizesareequalas they
arebased on a logarithmicscaleof the
minimum angleof resolution

Another possible cause of difficulty in
amblyopia is that localization and fixation
skills tend to be poor. Griffin and Grisham
(1995) suggest that in a complex environ
ment, amblyopic spatial uncertainty and
unsteady fixation can lead to an increased
number of fixation errors. A restricted field
with fewer errors is less distracting and
therefore each letter can be fixated more
easily.

Bailey-Lovie charts are a distinct im
provement over Snellen charts and steps
between the letter sizes are equal. being
based on a logarithmic scale of the
minimum angle of resolution. These are
known as LogMar charts. and are excellent
for binocular vision assessment (Figure
1.2).

When testing children there are several
alternative tests available, including the
Kay picture test. Lea symbols, Ffooks cube,
Ilhterute-E and Sheridan-Gardiner. Others
are available to deal with crowding, such
as the Cambridge crowding cards (Figure
1.3), Keeler LogMar crowding charts, Lea
crowding cards and the Kay crowding
picture cards. Preferential looking (PL)
tests such as the Cardiff acuity cards are ex
ceptionally helpful and easy to use for very
small children unable to letter match or
name letters/pictures.

As an additional diagnostic aid, a 2 log
unit neutral density filter placed in front of
the amblyopic eye will distinguish between
refractive, strabismic and organic amblyo
pia. An eye with strabismic amblyopia will
perform at least as well (or even better)
through the filter once dark adapted, while
the eye with organic amblyopia will show
a reduction in acuity that can be quite
marked.

Refraction

Any binocular assessment would be incom
plete without a thorough refractive evalua
tion. This is not surprising given the
relationships between accommodation and
convergence as well as the influence on ac
curacy of these factors in relation to
acuity. Furthermore the patient may de
velop strategies to deal with minor bin
ocular problems, which can easily be
remedied by prescribing accurate and ap
propriate refractive compensations.

Many practitioners are surprised by the
effect of even quite low-powered prescrip
tions on relatively minor vergence or ac
commodative difficulties. Dwyer and Wick
(1994) reported improvement in binocular
function after 1 or more months of wearing
initial spectacle corrections in 143 non
strabismic patients who had a refractive
error and a vergence anomaly, an accom
modative anomaly, or a combined

vergence and accommodative anomaly.
Recovery of the normal vergence or accom
modative function depended on the type of
refractive error. They reported that 79 per
cent of hyperopic astigmats recovered and
20 per cent of myopes recovered. Of the as
tigmats, 67 per cent of those with against
the-rule improved, as did 45 per cent of
those with against-the-rule astigmatism.
Patients were more likely to benefit from
this approach under the age of 12 years
(63 per cent), and only 41 per cent of older
patients benefited. Those with vergence dis
orders were more likely to be successful
(67 per cent), but only 38 per cent of
patients with basic exophoria were success
fully treated in this manner. Whilst this
study shows the benefit of dealing with the
refractive element, caution and careful
follow-up is advised.

Cover-uncover test

This is an essential test in all binocular
vision routines, and one with which all
practitioners will be familiar. In fact. while
it is the cornerstone of binocular assess
ment (after all, it is the only test that will
distinguish between heterophoria and stra
bismus), many practitioners are so familiar
with it that they pay it scant regard. In
recent years students have been en
couraged to estimate the degree of the
movement, and hence the amount of
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heterophoria present. Checking the ap
proximate amount of movement is easy. At
6 m. the 6/12 Snellen line is approximately
12 em long. and looking from one end to
the other will give the approximate move
mentof 2~.

While estimations are useful, practi
tioners should beware. since it has been
shown that cover tests give underestima
tions of results - especially at near - by as
much as I I A of exophoria and 13~ of eso
phoria (Calvin et al., 1996) using the US
standard method of measuring heterophor
las.

Cover testing is used to determine if there
is a heterophoria or strabismus present, to
elicit the presence of A or V patterns. and
to allow estimates of the size. direction and
rate of recovery of the deviation. It is also
used to establish the preferred eye and to
allow a rough evaluation of the patient's
ability to maintain fixation. Whilst this
book will not attempt to explain the basic
method of cover test procedures, a few
useful points are discussed. The author's
10 tips on the cover-uncover test are given
below.

Clinical pearls for the cover
uncover test:

• Make sure that the patient looks at a
letter size slightly larger than the
letter representing the threshold
acuity to ensure that fixation Is easily
maintained.

• Distance testing Is recommended at
h m, but Iflntermlttent divergent stra
bismus for distance Is suspected It Is
better to test at 20 m, Near testing Is
performed at either 30 em or 40 em.
depending on who gives the advice.
Ideally, practitioners should test at
the habitual near working distance of
Ihe patient.

• Make sure the illumination level in
the room Is high and that the patient
is well lit (but It Is not so bright as to
cause glare or discomfort).

• Remove the cover vertically; this will
avoid the observer doing a beautiful
cover test on hlrn- or herself.

• Holdthe cover In place long enough to
get a good result - some authorities
suggest 1 s, some 2 s (Evans, 1997).
Recent research suggests that 4-5 s
may be the period of choice (Barnard.
1447). Barnard has suggested that

the speed of recovery movements are
good predictors of symptoms. but that
the number of movements are not.

• If amblyopia is suspected take a little
longer before removing the cover, as
the amblyople eye takes longer to
take up fixation.

• Do not assume there Is no strabismus
Ifyou see no movement. There could
be a mlerotropla (see Chapter 11)
with abnormal retinal correspond
ence. so consider a 4~ suppression
test and the Bagolinl lens test (see
Chapter 9).

• Use the alternating cover test If you
are unsure of the direction of move
ment and to see how easily the bino
cularity breaks down. There should
be no difference In the amplitude of
the heterophorlas In each eye for
normal subjects (Barnard, 1997).

• When the patient wlll not pay atten
tion. consider using multiple targets
a few centimetres apart and watch for
a versional movement to re-Ilxate,

• Do not use additive prisms with their
bases In the same direction to measure
the heterophoria or strabismus angle;
they do not add arithmetically. For in
stance, adding a 40A and a 5A prism
gives 58A (Stldwell, 1990).

A useful tool for assessing what goes on
under the cover is an opaque occluder,
which is available from several sources. I

This allows the observer to see the eye
being occluded but prevents the owner of
the eye from seeing more than 6/60 equiva
lent and thus suspending normal binocular
vision, almost as if the occluder was
opaque.

Decision making in assessment of the
cover test inevitably involves the consid
eration of history, symptoms, and the
speed and quality of recovery as well as the
angle of deviation or degree of hetero
phoria.

It Is useful, especially if referring for
further treatment. to measure the hetero
phoria/tropia using a prism cover test. This
is accomplished by estimating the amount
of heterophoria and direction, and then
neutralizing the movement by introducing
a prism bar in front of one eye. In a strabis
mic patient it should be placed in front of
the deviating eye to measure the primary
angle.

The cover test is then repeated to assess if
the estimate is correct. and the prism bar
moved to adjust the level of prism intro
duced if the estimate is inaccurate. The pro
cedure is repeated until there is no
movement on repeating the cover test.

A caveat is justified at this point. Repeat
ing a cover test will inevitably interfere
with fusion and increase the risk of bin
ocular breakdown. which will exaggerate
the amplitude ofheterophoria or heterotro
pia measured. It should thus be appreciated
that the least number of attempts at
measuring will yield the most accurate
results.

Clinical pearl
It Is essential to be aware that measure
ment of the deviation will result In 11

change of what Isbeing measured.

Heterophoria measurements

Confirmation of the cover test results and
assessment of the level of decompensation
may be very useful, and can be made by uti
lizing any ofthe recognized methods of het
erophoria measurements (e.g, Maddox
wing test). The aligning prism, often called
the 'associated heterophoria' or 'fixation
disparity'. can be measured using the Mal
lett unit. It has been suggested that if both
tests are to be used in a patient with bin
ocular instability, the aligning prism
should be measured first (Braustet and [en
nings.1999).

AC/A ratio
Understanding the patient's AC/A ratio will
help to predict the expected change in het
erophoria measurements when spherical
lenses are added. There will be a corre
sponding amount of vergence induced for
every dioptre of accommodation exerted.
This can be calculated. However, most
practitioners use a clinically derived value
called the gradient AC/A ratio.

It can be measured either at distance or at
near. For distance measurements, a pair of
minus lenses is added to the basic distance
refraction result and the distance hetero
phoria re-measured, The measured change
then becomes the value of the AC/A ratio.
The ratio can be measured at near. when
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either plus or minus lenses may be added.
The results are not, however, always the
same for both the plus and minus gradients.
The reason for this difference is often to be
found in the results of the accommodative
facility tests. It cannot necessarily be
assumed that the patient will accommodate
accurately through the plus or minus
lenses, and thus all the results should be
treated with a certain amount of caution.
Nevertheless, the AC/A ratio can be
usefully employed to assess the effect of the
refractive correction on the ocular motor
balance whilst considering management
options in binocular vision management.

Convergence

Testing for convergence can be done im
mediately after the cover test. If a repeated
cover test has been necessary to ensure
that accurate information is recorded, care
should be taken to ensure that there is suffi
cient time to allow binocular vision to be
re-establishcd. This may involve asking the
patient to read a few lines of text. It is as
well to start off by assessing how well fixa
tion is maintained and then to bring the
target in closer to the patient. The target
used is either a vertical line, which can
more easily be noticed by the patient if it be
comes double, or a letter of 6/9 equivalent,
which has become the clinical standard
(Griffin and Grisham, 1995). A picture
may be better for small children. These tar
gets will allow a normal amount of accom
modation to be used. For this reason it is
not really a test of pure convergence, and it
may be better to use a dim pen-torch light
if it is desirable to measure convergence
free from accommodation.

There is often debate in optometric circles
regarding the best target to be used, with
some suggesting that a fine pencil point or
pen is sufficient and others insisting that
an 'accommodative' target is required.
This is generally believed to be a small
letter. This author believes that an accom
modative target can be either of these,
since the main criterion in this respect is
the ability of the patient to pay and
maintain attention to the target, which
then results in accurate accommodation.

Many patients are unable accurately to
report diplopia, sometimes confusing it
with blur, while others are so slow that the
results would be totally inaccurate if

recorded. Objective assessment is therefore
essential.

Failure values of over 8 em have been
suggested (Griffin and Grisham, 1995),
although Jones (1997) emphasized that it
is better to be able to maintain convergence
control accurately in the 15-20 cm range.
There is a lack of research that has at
tempted to control all the variables in
testing of convergence. Hayes et al. (1998)
suggested that a cut-off value of 6 em
would identify the worst 15 per cent of
cases in children, and that 73 per cent of
these were likely to be symptomatic.

Three attempts should be made at the test
before any conclusion is reached. As with
most things practice makes perfect. and an
improvement is expected on each succes
sive attempt. If the results become repeat
edly worse, there is a suggestion of ill
sustained convergence. This can be the
result of poor convergence, reduced
fusional reserves, poor accommodation, or
simply difficulty in maintaining attention.

The patient should be asked when dis
comfort is noticed, as this may be more
relevant than when diplopia occurs. A
note of this distance should be made, as
well as the more usual blur, break and
recovery points. When blur or diplopia is
noted, cover each eye in turn and ask the
patient if the print becomes clear or is still
blurred. This will allow differentiation
between an accommodative and a conver
gence problem.

Assuming that the motility test reveals
no abnormalities of the medial recti
muscles, then there should theoretically be
no problem in converging almost all the
way to the nose for most individuals
(Griffin and Grisham, 1995).

Jump convergence

This is a measure of the ability to make ver
gence movements from one distance to an
other and to maintain fixation without
being distracted. The targets used are often
pencil tips or small letters on tongue depres
sor-type boards, held at 20 em and approxi
mately 35 ern, or sometimes 50 em, The
patient is asked to fixate from one ofthe tar
gets to the other and back again on com
mand. The quality of movements is
recorded. It can often be observed that
while convergence is normal. the patient
has a problem with maintaining fixation.
The optometrist needs to decide if there is a

primary problem with attention, fixation,
convergence or visual figure ground.

Occasionally convergence can be so
fragile and physiological diplopia such a
surprise that patients are unable to
maintain concentration on the target
because they are distracted by the physio
logical diplopia or the background against
which the target is held. This can cause
confusion, and it is as well to ask patients
to explain what they can see. Sometimes
the convergence can be better controlled if
the background is more homogeneous. Oc
casionally the brightly coloured shirt and
tie or clothing that the examiner is
wearing can be the cause of an apparent
convergence problem. Where this is the
case, it could be assumed that any increase
in background 'noise' from a visual point
of view could cause a breakdown in bin
ocular function.

The 20b. dioptre fusion test
This is often used with children as a screen
ing test to evaluate the ability of patients to
make a vergence movement to fuse a de
tailed near vision target. It is an excellent
test for young children where other tests
prove difficult. It is quick, easy and requires
no special equipment.

A 20b. prism is placed with the base
along the horizontal line and orientated
base outwards. This will displace the image
towards the nasal position and if single bin
ocular vision is to be maintained, will
result in the immediate initiation of a
fusional vergence movement inwards to
re-establish fixation. Observation of the
fusional movement is made. In addition,
the number of movements, smoothness
and speed of re-taking fixation is assessed
to gain an idea of the quality of fusion. The
test should be performed once with the
prism before the right eye and again, after
a pause for fusion to stabilize, with the
prism before the left eye.

The 4b. base-out suppression test
This test is used to attempt to ascertain if a
suppression area is present. If this is the
case during a cover test, it implies there is a
micro-strabismus.

The patient fixes an accommodative
target and the clinician introduces a 4b.
base-out prism in front of the right eye and
then in front of the left eye. If there is no
suppression zone, there will be no
movement of the eye after the prism is
added. This is because the apparent
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movement of the object induced by the
prism will be unobserved by the patient
because it will fall on the suppressed area.
This test is discussed in detail in Chapter
II, where it is noted that an isolated
detailed target is most appropriate.

Bruckner test
This is a simple and very sensitive test for
detecting strabismus. although it is not
always reliable. The clinician shines a
direct ophthalmoscope light at the bridge
of the patient's nose from a distance of
around 75 em, and observes the red fundus
reflex within the pupils. This should be
equal in appearance ifthere is no significant
refractive error or strabismus. Where there
is a strabismus, the red reflex will appear
brighter. There are some exceptions to this
rule, which must be taken into considera
tion in view of other clinical findings. Pupil
sizedifferences, pigmentary differences and
refractive anisometropia all will lead to the
fixing eye appearing to have the brighter
reflex (Griffin and Cotter, 1986; Griffin et
al., 1989).

The Hirschberg test
This test was first used in the latter part of
the nineteenth century. with a candle as a
light source. Nowadays a pen-torch light is
shone at the eyes of the patient from a dis
tance of 50-100 ern, The examiner ob
serves the corneal reflexes with his or her
dominant eye directly behind the light
whilst the patient fixes the light.

Some authorities suggest that 1 mm of
displacement of the reflex is equivalent to
12~. Others (Griffin and Grisham, 1995)
have suggested that the value should be
more like 1 mm to 22~. as proposed by
Jones and Eskridge (1970) and the photo
graphic study by Griffin and Boyer (1974).
It is vital to take angle K into consideration
when looking at the results of this test. A
zero angle is rare, and it is usual for there
to be an angle represented by displacement
of the pupil reflex of around +0.5
+1.0 mm. The realistic sensitivity is there
fore limited to about 5~. since it is almost
impossible to observe a displacement of
any less than 0.25 mm.

The Krimsky test
This is a similar test to the Hirschberg test.
which adds accuracy by using a prism bar
to centralize the corneal reflex. As in the
Hirschberg test, it is important to assess
the position ofthe pupil reflexes in each eye

in turn when measuring the angle. This
could be affected by prism adaptation. and
therefore the prism should be introduced
for a short period of time only - in the
region of 2-3 s would be appropriate. In
practice, if the patient is able to sit still long
enough and maintain fixation accurately.
cover testing can usually be accomplished.
As a consequence. this test is rarely used in
practice.

The fusional range test
This tests the ability of a patient to react to
increasing demands on vergence by
having to adjust the fusional vergence (see
Chapter 3). This is usually accomplished
either by use of a prism bar, in which case a
stepped vergence response is being tested.
or by use of Risley rotary prisms. which in
duces smooth increasing demands. The
test can also be performed using a synopto
phore. vectograms and tranaglyphs. Griffin
and Grisham (1995) suggested a speed of
4~ dioptres per second be used.

No assessment of binocular vision is
complete without evaluating this impor
tant function. which is performed at
distance and at the patient's usual reading
distance. Prisms are introduced. and
slowly increased. with the patient fixing a
target that is appropriate to ensure good ac
commodative interest.

It is customary in orthoptic practice to
measure the point when the patient
reports diplopia or the clinician notices mis
alignment of the eyes. This is called the
break point. The value of prism when bin
ocular function is restored is also recorded.
This is known as the recovery point. The
normative values expected are different de
pending on whether step or smooth

Table 1.3 Adequate values for
fusional ranses at near
(after Griffin and
Grisham, 1995)

Base Out

• Blur point 15 to 17
• Breakpoint 22 to 28
• Recovery point 8 to 11

Base In

• Blur point 12 to 13
• Breakpoint 20 to 21
• Recovery point 11to 13

vergence testing is performed (see Table
1.3 for expected results).

Additional valuable information may be
gleaned by asking the patient to report
when the object of regard becomes blurred.
This will be the point at which the patient
can no longer maintain accommodation
on the target and begins to lose comfortable
binocular function. This value may be
more significant from a functional point of
view than the break point. since it is
unlikely that any patient will continue to
be able to function efficiently after this
'blur point' has been reached.

When a patient reports that the target
seems to be moving. there is suppression
present. Good observers will also notice
that for base-out demand, the target will
appear to be reducing in size.

Understanding the information gleaned
in measuring fusional ranges will aid the
practitioner in deciding the significance of
the binocular problems. and will help in re
evaluation during progress checks while
treatment progresses.

Accommodation

Because of the physiological link between
accommodation and convergence. an as
sessment of the binocular status must in
clude evaluation of the accommodative
system.

The ability to stimulate and release ac
commodation both monocularly and bin
ocularly, and to change focus from one
distance to another, should be checked to
ensure that skill levels in both eyes are
similar where appropriate. The relation
ship between accommodation and conver
gence is also an important factor. and this
should be considered when making deci
sions in dealing with the patient.

Near point ofaccommodation
This test is usually performed both mon
ocularly and binocularly (Scheiman and
Wick. 1994; Griffin and Grisham, 1995;
Adler. 1998). In the UKmost texts refer to
the RAF rule. which is considered to be the
preferred method of use. This is convenient
because of the easy scales on the rule,
which relate centimetres. dioptres and
norms for age. However, the disadvantage
of a rest pressing firmly on the patients'
cheeks may increase awareness of where
they should be looking. There is sufficient
evidence in recent literature to suggest
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ability to stimulate accommodation. It is
often assumed that all patients are able to
release accommodation that has been
stimulated. Moving the target closer to the
patient than the blur point and then bring
ing it out again can check this. The patient
should be asked to report when the text be
comes clear again.

Figure 1.4
Semi-opaque occluder beingusedduring nearpoint of accommodation testing. Thepatient can
barelyread 6/60 but the eye undercovercaneasily beseenby the observer. Note that the right eye
is appropriately converging underthe coverduringaccommodation

that the proximal effect is significant (North
et al., 1993). This problem can easily be re
duced by using a simple near card and a re
tractable tape measure.

The near point of accommodation should
be measured in each eye. and significant
differences should be noted and evaluated
in the light ofthe other findings. Treatment
can be instituted if necessary. In the same
way that convergence should be tested
several times, accommodation should also
be tested at least three times. In normal
patients there will be a small learning
effect. This will result in each measurement
being at least the same as the previous one,
if not slightly better. In patients with ac
commodative insufficiency, there is likely
to be a receding near point of accommoda
tion.

The results obtained monocularly should
be compared to those obtained binocularly.
This will help to decide if there is an im
provement when convergence is involved,
which is the expected result. If there is a re
duction in accommodative near point bin
ocularly, poor convergence or reduced
base-out fusional reserves should be sus
pected (base-out fusional reserves are also
known as positive or convergent fusional
reserves).

Testing for the near point of accommoda
tion skills should be done slowly. This will
allow time for the patient to register if
there has been a subjective blur and then
to tell the practitioner. An excellent tool for
aiding diagnosis is the semi-opaque

occluder (Figure 1.4). Accommodation
will produce a convergence effect in both
eyes, and if the eye under the cover ceases
to converge it can safely be assumed that
the patient has stopped accommodating.
Likewise, observation of pupil reflexes is an
easy way to assess the performance of the
patient. Pupils will continue to constrict
whilst there is an increasing accommoda
tive response, and when the patient stops
accommodating the pupils will be seen to
dilate.

If accommodative insufficiency is sus
pected, latent hypermetropia should be
excluded by cycloplegic examination. An
alternative to this is the Mohindra method
of near point retinoscopy.

It is vital in cases of suspected insuffi
ciency that the target is brought all the
way towards the nose. It is very easy to mis
diagnose accommodative excess if this is
not diligently performed. since the assump
tion is that the patient has reached his or
her near point. In many instances the
patient is unable to control accommodation
accurately and institutes an 'all-or
nothing' strategy, resulting in accommoda
tive excess or spasm. In these cases the
target becomes clearer as it is brought
closer still. and near point retinoscopy will
reveal accommodation is leading
compared to convergence.

Releasing accommodation
Testing accommodation as described above
will enable an assessment of the patient's

Interactive accommodation
(binocular accommodative facility)
Having tested the patient's ability to stimu
late. sustain and release accommodation.
it is useful to check if the patient can
change accommodation at will. This test is
commonly used by optometrists, and can
provide valuable information about the dy
namics of the accommodative system. This
is accomplished by the accommodative flip
per method, and is often referred to as ac
commodative facility (flippers available
from Paul Adler. 50 High Street. Stotfold,
Hertfordshire SG5 4LL). This is first done
monocularly. and then binocularly.

Reduced interactive facility has been as
sociated with asthenopic near point
symptoms in young children (McKenzie et
al..1987).

The patient is asked to fix a suitable near
target at 40 ern whilst looking through a
-2.00 D lens. The introduction of a
-2.00D lens will initially make the print
blur. The patient must recognize this, and
work out if the blur needs to be resolved by
adding extra accommodation or by releas
ing accommodation. The patient is asked
to report that the print is as clear as it was
before the lens was introduced. The lens
holder is flipped to the other side. which
houses a +2.00D lens. In order to 'clear'
this. the initial accommodation resulting
from the -2.00 D lens will need to be
released. as well as another 2.00 D. The
ability to make both tasks clear is called a
cycle. Most normative values in the litera
ture are measured in cycles per minute
(Zellers et al., 1984; Table 1.4).

Once the ease of stimulating and releas
ing accommodation has been established
in each eye in turn. testing can begin
binocularly. Siderov suggested this should
be called interactive facility. because it
really measures the ability to operate the
accommodative system whilst making
flexible and appropriate changes in
vergence in order to maintain binocular
single vision (Siderov, 1990). Treatment is
usually based on orthoptic principles, and



Table1.4 Accommodative racillty
norm. (Zellen et al.•
1984)

+/ --2.00
• 11cycles per minute monocular
• !l cycles per minute binocular for young

adults
• 17cycles per minute monocular
• I] cycles per minute binocular
• f> cycles per minute with suppression

control
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Figure 1.5
Diagram showing thecardinal diagnostic directions ofgaze andtheextraocular muscles pulling in
those directions

is effective after only a few hours training
(Siderov and Johnson, 1990).

Adding a pair of minus lenses will result
in the stimulation of accommodation to
ensure the print clarity is maintained. It
will inevitably result in an increase in con
vergence. In these circumstances, this will
bring convergence closer than the plane of
the paper and hence produce what is effec
tively an esophoric posture. In order to
ensure that there is no diplopia or perceived
blur, a vergence movement outward is
required. This can be accomplished either
by utilizing base-in fusional reserves (often
referred to as negative or divergent
fusional reserves), or by inhibiting accom
modative convergence.

The converse will be true of asking the
patient to clear a pair of plus lenses. In this
case, it will be necessary to release accom
modation. This will result in a release of ac
commodative convergence, which will
lead to an exophoric posture. To cope with
this. the patient will need to be able to
utilize fusional convergence. If the fusional
reserves are low this will be difficult at
speed. and thus there will be a low score on
this test.

Observations over a 1 minute period will
help to determine precisely what is happen
ing. Sometimes the patient begins well and
becomes fatigued despite good monocular
skills; other times the patient may be
unable to accomplish the task at all. Some
authorities feel that measurements can be
accurately taken over a 30 second period
so long as the clinician is aware of the way
the patient performs the test. so that a
longer period can be given if difficulties are
suspected (Siderov, 1990).

Ideally. in the binocular situation the
patient should be asked to use some form of
suppression control to avoid a situation
where only one eye is really being used.

This can be in the form of a thumb-bar
reader or, more conveniently, a red-green
or polarized bar reader with the appropriate
red-green or polarized glasses. The OXO
test on the Mallett unit can be used, but
patients need to be advised to ignore any
movement of the strips.

Despite the usefulness of this method of
measurement of binocular accommodative
facility (interactive facility) there are some
potential hazards in its use, and the
accuracy of clinical measurements of ac
commodative facility has been criticized
(Kedzia et aI., 1999). Measurements are
prone to errors due to strong practice
effects(McKenzieet aI., 1987). Single meas
urements should be interpreted with
caution, Test parameters are critical, and
variations in target size, testing distance,
lens power used, speed of 'flipping',
lighting and task demand, and whether the
patient or clinician is holding the text
should be noted. Decreasing distance will
result in an improved ability to do this test,
which has been attributed to a strong
proximal effect(Siderov, 1990).

Motility

Testing for ocular movements is another es
sential test. There should be smooth move
ments throughout the motor field of action

of the extraocular muscles within the bin
ocular field (the field where both eyes are
operating together) and also in the mon
ocular field, where the eyebrows or nose
may be restricting the view.

The test is designed to elicit over- or
under-action of the extraocular muscles
and to identify any incomitancy. A non
focused pen torch at 33 cm is used for
fixation, and the patient is asked to look
directly at it. The pupil reflexes are
observed for symmetry, but it is important
to check where the reflexes appear to be
monocularly since the pupil centre and
position of the line of sight through the
optical components of the eye may not
coincide, resulting in non-central pupil
reflexes. Once the position of the reflexes is
known, they can be observed for any depar
ture from normal as the test proceeds.

The light is moved along each ofthe diag
nostic directions of gaze (Figure 1.5). The
patient can be asked to report any diplopia;
however, careful observation needs to be
maintained since long-standing strabismus
often leads to inhibition of the image be
longing to the non-fixing eye.

The pen torch should be moved in an arc
in front of the patient, as in a perimeter.
until the point is reached where the pa
tient's eyes stop moving. Repeating the test
with a near fixation card (in the shape of a
tongue depressor) as the target will allow
the patient to observe any tilting more
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easily. This helps to identify any torsional
element of the deviation.

It should be noted that the vertical
meridian is not a diagnostic direction of
gaze. However. it is still useful to test in
this direction, since it will help to identify
some A and V patterns.

The horizontal meridians will only
involve the lateral and medial recti, and it
is often convenient to start with these. Nar
rowing of the palpebral fissure and also lid
lag, which can be signs of Duane's
syndrome or hyperthyroidism (Dwyer and
Wick, 1994), should be noted. The
diagonal meridians should then be tested.

The practitioner should look for an over
or under-action of the muscles. If unsure, it
is worthwhile performing a cover test in
the nine cardinal points of gaze. In incomi
tant deviations, patients may report
diplopia. The image seen furthest away
belongs to the eye with the under-acting
muscle that pulls in that direction.

It is not uncommon to find that more
than one muscle is affected. Over long
periods of time contracture may take place,
leading to complications in making a firm
diagnosis regarding which muscle is the
primary problem. The use of a red and
green filter to help the patient identify the
diplopia is a useful and valid way to make
the diagnosis easier.

A useful tip when deciding if there is an
over- or under-action is to remember that
the image belonging to the under-acting
eye is further away.

Hess charts
Until recently it was rare for optometry
practices to possess a Hess or Lees screen.
These tend to take up lots of space, and the
time required led to only those practices
that specialized in this area using them.
More recently a computerized Hess screen
has become available which is accurate,
quick and affordable (available from Dr
David Thomson, telephone/fax 01707
851051).

Heterophoria

Heterophoria is measured under disso
ciated conditions. These dissociation tests
measure the departure from the situation
where the lines of sight would intersect the
object of regard without fusional vergence.

By deflnttion. the dissociated hetero
phoria is measured in the absence of bin-

ocular fusion (Super, 1992). The eyes are
usually dissociated by a device such as a
Maddox rod or by vertical prism. Hetero
phoria measurements are useful to elicit
the degree of stability, size and direction of
the heterophoria. Some authorities favour
assessing heterophoria solely by the cover
test and measuring the aligning prism
using, for instance, a Mallett unit.

The aligning prism is independent of the
amount of the heterophoria itself, and is a
measure of the ability of the patient to com
pensate for the heterophoria. Mallett
claimed that the degree of retinal slip
(fixation disparity) is related to asthenopia
and gives an indication of how to prescribe.
The dissociated heterophoria and aligning
prism have the apex ofthe correcting prism
in the same direction as the deviation.

Binocular sensory adaptations

Suppression
Suppression (see Chapter 8) is usually the
first line of defence for an individual experi
encing diplopia following the onset of stra
bismus, and is one form of sensory
adaptation. Small suppression zones can
occur in microtropia. Superficial foveal sup
pression can also occur in some cases ofhet
erophoria, and this could be a reason why
some apparent convergence insufficiency
patients fail to respond to simple exercises.
In normal binocular vision, physiological
suppression naturally occurs outside the
horopter and there is active cortical inhibi
tion (Griffinand Grisham, 1995).

Suppression can vary in its intensity on a
continuous scale from shallow (superficial)
to deep, as well as in its size and position
(either central or peripheral). Central sup
pression can extend 5° from the fovea.

There are many tests for suppression, all
of which vary in sensitivity. Shallow sup
pression can be elicited using a pen torch
at a distance at which the strabismus is
manifest, and asking the patient if diplopia
can be seen. Seeing two lights under these
conditions indicates that either there is no
suppression at all, or there is very shallow
suppression. If one light is reported, an ad
ditional neutral density filter or a red lens
should be inserted in front of the fixing eye
and the patient asked if he or she sees one
red light (in which case the other eye is sup
pressing), a pink light (in which case there
will be fusion), or both a red and a white

light (indicating a diplopic response).
Patients with strabismus and ARC may
report some variation to a pink light. indi
cating fusion, whilst those with suppres
sion and alternating strabismus will report
that the light changes from red to pink.
The advantages of this technique are that
it is quick and easy, and that most trial
cases and phoropters have a red lens.
Other methods include the Worth four-dot
test, stereoscope tests, bar-reading tech
niques, the Bagolini lens or even the
nonius bars on a Mallett unit. The Mallett
unit also has a specific test using words,
some of the letters of which are seen by
both eyes and some just by the left or right
eyes. These are of increasing size and allow
a measure of the degree of suppression.

In heterophoria, any foveal suppression
needs to be eliminated if full binocular
function is to be restored.

Another test for suppression is the 4t:.
base-out test at near (see Chapter 11).

Abnormal retinal correspondence
(ARC)

Abnormal retinal correspondence (see
Chapter 9) is another binocular adaptation.
and occurs when correspondence exists be
tween areas of the retina on the fixing and
strabismic eye that receive the same image.
The correspondence allows the brain to
'pretend' there is no diplopia, and permits
the development of a limited degree of
stereopsis. ARCis often described as harmo
nious or unharmonious; however, unhar
monious ARC must be accompanied by
diplopia, and if it is seen on clinical testing
in the absence of diplopia then it is always
an artefact of the test.

ARC is examined with a Bagolini lens
placed before the non-fixing eye while the
patient is fixing a spot light target. If a stra
bismic patient reports the streak of the
Bagolini lens as being centred on the spot.
then ARC is present. Practitioners without
Bagolini lenses can use a distance Mallett
unit at 3 m. If the patient sees that the
nonius lines are aligned when a manifest
strabismus is present, there is ARC.
Modern near Mallett units have a special
'large OXO' test for assessing ARC and sup
pression (available from 1.0.0. Marketing
Ltd, Institute of Optometry, London).

Stereopsis
Stereo-acuity should be reduced if suppres
sion is present, although it should be rc-
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Figure 1.6
TheSuper timed stereo test. Super (1992) suggestedthat the speedat which the stereo test is
performed is infact a better measureas to the binocularefficiency than recording the best stereo
acuity achieved

membered that 2 per cent of the binocular
population are stereo-blind (Super, 1992).
The use of sensitive stereo tests will also
confirm the presence of good vision, since
it is impossible to achieve good stereopsis
without good acuity in both eyes.

Super suggested that the speed at which
the stereo test is performed is in fact a
better measure as to the binocular effi
ciency than recording the best stereo
acuity achieved. He has described an in
strument, along with standardized norms,
to test for this, called the Super Timed
Stereo Test (Super, 1992; Figure 1.6).

Monocular sensory adaptations

Eccentric fixation
Eccentric fixation (see Chapter 10) exists
when a non-foveal point is used for fixation.
Since retinal sensitivity is reduced parafo
veally, there is always a reduced acuity
measured in these eyes that depends upon
the degree of eccentricity of fixation.

Assessment can be made by asking the
patient to fix the eccentric fixation graticule
of the direct ophthalmoscope while occlud
ing the other eye. This is usually a red-free

target to ensure that the patient remains
comfortable during the test. The fixation
should be classified by its state (i.e, steady
or unsteady), position (superior, inferior,
nasal or temporal) and size in degrees from
the centre of the fixation target. Readers
should refer to the manual of their particu
lar instrument for the precise dimensions
of the targets. In the absence of a purpose
built target, the macular stop can be used
and projected on the optic disc, which is ap
proximately 5° by 7°. An estimate of the
number of degrees of eccentricity can then
be made relative to the optic disc.

1 Bernell, a divisionofVision Training Products,
40l6N HomeStreet, Mishawaka, Indiana 4654,
USA or VTE, via F. Petrarca 10, 20040 Burago
di Mologora (MI), Italy.
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Classification of comitant eye

deviations

Frank Eperjesi

Terminology
Types of classification

Heterophoria
Heterotropia

Patients with abnormal eye movements or
eye positions often present to optometrists
for advice, and through history, symptoms
and evaluation the optometrist can deter
mine whether the eye deviation is
comitant or incomitant. The latter often
has a serious cause and requires referral
for an ophthalmological opinion,

Comitant deviations, however, are often
amenable to vision training and/or refrac
tive management. While it is acknowledged
that rigid classification is never strictly
possible, many comitant deviations fall
into groups, and therefore it is of value to
define the classic conditions that occur.

This chapter concentrates on the classifi
cation and appearance of comitant eye de
viations; investigation and treatment are
dealt within other chapters.

Terminology

The term 'strabismus' is used in many dif
ferent ways; it has been used as an
umbrella term to describe any deviation,
whether a heterophoria (latent strabismus)
or heterotropia (manifest strabismus). The
use of the term 'squint' is undesirable,
since in discussions with patients it may
become confused with the more common
use of this word to explain half-shut eyes.

The literature uses both 'concomitant'
and 'comltant' to describe an eye deviation
that is the same in all positions of gaze and/
or when it is the same when one or the
other eye fixates, although the deviation
may vary with fixation distance. However,
'cornltant' is becoming accepted as the
correct term to describe this kind of ocular
anomaly, and as it is consistent with its an
tonymous form incomitant ('non
comitant' in North America), it will be
used throughout this chapter. The terms
'latent strabismus' will be used synony
mously with heterophoria and 'manifest
strabismus' with heterotropia.

A brief note of the most usual forms of
treatment for each type of deviation will be
included (see also Chapter 6); the most
common types of management include re
fractive correction, orthoptic eye exercises
(vision training), manipulation of the re
fractive correction using small spheres and
prism, and referral for medical manage
ment (see also Chapter 14) or surgery (see
also Chapter 15).

Types of classification

Comitant strabismus classification is
complex, and deviations can be categorized
in many different ways; primary; secondary

to another condition; or consecutive (this
chapter discusses only primary types);
latent or manifest; constant or intermittent
(relates to manifest strabismus only); with
regard to eye position and direction of eye
movement during the cover-uncover and
alternate cover test; with respect to
fixation distance or the effect of accommo
dation; compensated or decompensated
(relates to heterophoria only); and with
respect to time (Figure 2.1).

Heterophoria

Heterophoria occurs where both visual
axes are directed towards the fixation point
but deviate on dissociation. It can be classi
fied (Table 2.1) according to; eye position
under the cover during the cover-uncover
and alternate cover test; fixation distance;
and whether compensated or not.

Fixation distance
Eso- and exophoria can also be classified
according to whether the size of the
deviation varies with respect to fixation
distance.

Esophoria
• Convergence excess; deviation greater at

near than distance
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Figure 2.1
Summary ofcomitanteye deviation classification

• Divergence weakness: deviation greater
at distance than near

• Non-specific (basic): deviation same at
distance and near.

Exophoria
• Convergence weakness: deviation

greater at near than distance
• Divergence excess: deviation greater at

distance than near
• Non-specific (basic): deviation same at

distance and near.

Note that convergence insufficiency is not
synonymous with convergence weakness
exophoria. The former is characterized by
an unusually remote near point of conver
gence. and is often but not always asso
ciated with an exophoria greater at near
than distance. Convergence weakness exo
phoria is often used to describe a decompen
sated exophoria at near. and the near point
of convergence may be within the normal
range (see Chapter 5).

Decompensation
Heterophoria can be classified according to
whether it is compensated or not: a decom
pensated heterophoria is defined as one
that causes symptoms.
. Developmental abnormalities in the

anatomical. motor or sensory systems may

result in a predisposition to symptoms.
People who do not have these developmen
tal abnormalities and who are healthy and
have no undue stress on the visual system
will remain asymptomatic. However. if
they become ill. run down. stressed. work
under poor lighting conditions. have long
periods of close work. change occupation
to a more visually demanding position. or
experience a reduction in their fusional
reserves. they may become symptomatic
(Evans. 1997).

A compensated heterophoria may de
compensate as the vergence system can no
longer comfortably overcome the hetero
phoria. which may intermittently break
down to a heterotropia. Other causes of de
compensation include uncorrected refrac
tive error. incorrectly prescribed glasses.
ill-fitting spectacles. aniseikonia. fatigue.
head injury. drugs and alcohol. Symptoms
of a decompensating heterophoria are
typically headaches. asthenopia. blurring
of print. intermittent diplopia. and visual
confusion.

Causes of esophoria
Anatomical irregularities include en
ophthalmos. narrow interpupillary dis
tance and extraocular muscle anomalies.
Refractive causes are hypermetropia and

anisometropia. High AC/A ratio and weak
divergent fusional reserves can also result
in this type ofdeviation.

Causes of exophoria
Exophoria can be caused by structural
anomalies including exophthalmos. wide
interpupillary distance and extraocular
muscle anomalies. Refractive causes are
myopia. presbyopia and anisometropia.
Weak convergent fusional reserves and in
creasing age may also result in an exo
phoria.

Causes of hyper/hypophoria
Vertical heterophorias can result from dis
placed globes. abnormal extraocular
muscles or ptosis. Refractive causes are
high myopia. also known as heavy-eye
syndrome. Weak vertical fusional reserves
can also playa role.

Other deviations
Other deviations are alternating hyper
phoria, in which either eye rotates
upwards on dissociation. and alternating
hypophoria, in which either eye rotates
downwards on dissociation. These are dis
sociated vertical deviations. and usually
result from an interruption to binocularity
in early life - generally infantile esotropia



syndrome. Cyclophoria is often associated
with oblique astigmatism.
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Table .1.2 The types of accomodative esotropias

Treatment of heterophoria
Management of heterophoria involves cor
rection of the refractive error. improvement
of the fusional reserves with orthoptic exer
cises. and bar reading (see Chapters 3-6.
16). When exercises are not an option. ma
nipulation of any refractive error using
small negative and plus spherical lenses
may be considered. Prismatic corrections
can be useful in some cases. For moderate
or large deviations it may be necessary to
reduce the angle surgically. although this
intervention is only rarely needed for het
erophoria.

Type!iof acccmodattve esotropla Distance Near

Esotropia
Pully accommodattve esotropia esotropia

Convergent excess orthotropia esotropia
(high ACIA ratio)

Convergent excess orthotropia esotropia
(normal ACIA ratio)

Accommodative plus esotropia esotropia
high AC!A ratio

Partially accommodatlve esotropia esotropia

Treatment

optical

optical. mfotics, surgery

surgery

optical.
surgery

accommodative treatment.
surgery

Heterotropia

'---------------------------------------------

Figure 2.2
(a) Fullyaccommodative left convergent strabismusthat is (b) fully corrected by the
hypermetropic correction

This is a condition in which one or other
visual axis is not directed towards the
fixation point. It can be classified as
primary. secondary or consecutive. A
primary deviation constitutes the initial
defect. A secondary deviation is as a result
of ocular disease. visual impairment or
surgical intervention. The latter is often
called consecutive. in which the original
deviation is replaced by one with a con
trasting direction.

Esotropia
Constant esotropia withanaccommodative
element
This deviation (Table 2.2) is present
under all conditions and increases when
accommodation is exerted. Onset is usually
at 3-4 years of age, and is associated with
hypermetropia. astigmatism and aniso
metropia.

A fully accommodative strabismus
results from uncorrected hypermetropia.
and the patient is orthotropic when
wearing the full refractive correction
(Figure 2.2). A partially accommodative
strabismus is present without spectacles.
and is reduced but not eliminated by the
wearing of a hypermetropic prescription.
Constant deviations are normally unilat
eral and result in the typical secondary
defects associated with such a condition.
e.g. amblyopia (see Chapter 10) and anom
alous retinal correspondence (see Chapter
9).

Management involves correction of the
refractive error and treatment of amblyo
pia; surgery may be required for a cosmetic

(a)

or functional result in cases that are not
fully accommodative (see Chapter IS).
Some cases can be straightened at near
with bifocals (see Chapter 6).

Constant esotropia withoutanaccommodative
element
One form of non-accommodative comitant
esotropia is infantile esotropia syndrome.
which presents in the first 6 months of
life.

Although it may be associated with
hypermetropia. refractive correction rarely
reduces the size of the deviation, which is
usually large. present under all conditions
and stable in size. with a limited potential
for single binocular vision (Figure 2.3).

It may be unilateral or alternating; if
alternating the deviation will not result in
amblyopia. It can be associated with
dissociated vertical deviation. oblique
muscle dysfunction and latent nystagmus

(b)

(see Chapter 13). The aetiology remains
controversial, and it may be that different
mechanisms acting early in life lead to the
same end-point.

Management involves correction of the
refractive error. treatment of amblyopia
and possibly surgery for a cosmetic or func
tional result (see Chapter IS).

Comitant strabismus can be caused by
pathology affecting the eye or visual areas
of the brain. Cases that do not have a clear
cause (e.g. uncorrected refractive error, de
compensation of previous heterophoria)
should be referred for neuro-ophthalmolo
gical assessment. Cases that do not
respond to treatment should also be
referred.

Intermittentesotropia with anaccommodative
element
Intermittent convergent deviations often
have an accommodative element. The



Figure 2.3
(a) A lIOn-accommodative left convergentstrabismus that is (b) not correctedby spectacles
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(a)

deviation is present only under certain con
ditions, and is therefore unlikely to cause
amblyopia,

It usually occurs at 2-5 years of age, and
is associated with a moderate degree of
hypermetropia and a normal AC/A ratio.
The convergent deviation is affected by the
state of accommodation, and this is the
primary factor in the aetiology of the stra
bismus. Two-thirds of cases of comitant
convergent strabismus have an accommo
dative element, and the angle of deviation
will be reduced by a refractive correction
for hyperopia, fully in some cases and par
tially in others.

For intermittent fully accommodative
esotropia, binocular single vision is present
for all distances when the hypermetropia is
corrected. Without refractive correction,
the patient is usually orthotropic for
distance and markedly esotropic for near.
When fully corrected, the patient is usually
orthotropic at distance and either esopho
ric or orthophoric for near.

Full cycloplegic refractive correction is
important, even at the risk of reducing the
distance VA slightly, to prevent the occur
rence of a partially accommodative eso
tropia and associated amblyopia. Orthoptic
exercises can be used with older children to
control the manifest deviation (see Chapter
6).

Intermittent convergence excessesotropia
In this condition, the eyes are straight for
distant fixation but there is an intermittent
ncar esotropia. There may be some control
when Iixing on a near non-accommodative
target such as a light. An esophoria may be
present for distance fixation. Onset is
usually at 2-5 years of age, and is more no-

(b)

ticeable when the patient is looking at
close objects. This condition is often asso
ciated with hypermetropia, but sometimes
occurs with myopia and always with an
AC/A ratio of greater than 5 : 1.

These children can often be managed
well with bifocals, at least until they reach
an age when they can undergo vision
therapy. Often. the strength of the near
addition can be gradually reduced with
time until the patient is comfortably
straight at distance and near with single
vision spectacles. Treatment may also
involve orthoptic eye exercises (see
Chapter 6) and surgery (see Chapter 15).

Intermittent nearesotropiawithout an
accommodative element
Binocular single vision is present for
distance fixation and intermittent esotropia
for near fixation, even when any extra ac
commodative effort due to uncorrected
hypermetropia is relieved. Multifocals are
inappropriate, as there is no accommoda
tive element. Any refractive error should
be corrected and amblyopia treated:
surgery is usually indicated. Orthoptic ex
ercises can be difficult for this group of
patients.

Intermittent distanceesotropia
These cases exhibit an esotropia on
distance fixation and heterophoria on near
fixation. Amblyopia, if present, should be
treated, and prisms can be used if the angle
at distance is 100 or less: surgery may be
necessary (see Chapter 15).

Intermittent cyclicesotropia
This deviation relates to time, the anomaly
occurring at regular intervals, with the

most common pattern being an alternate
day deviation. It is usually late onset, at
4-5 years of age. Occasionally, after 6
months, the alternate day pattern may
alter and the deviation become constant.
On the strabismic day a marked deviation
for near and distance fixation is present; on
the straight day an esophoria may be
present for ncar and distance fixation.

Surgery is usually indicated, especially if
the deviation becomes constant.

Intermittent non-specific esotropia
This is an intermittent esotropia not con
forming to any pattern; the deviation is in
termittently manifest at any fixation
distance and there is no significant change
in the angle of deviation for ncar or
distance fixation or with accommodation
exerted. Any refractive error should be cor
rected and amblyopia treated; surgery may
be considered.

By definition an intermittent strabismus
is not constantly undermining binocular
function, and therefore immediate treat
ment may not be necessary. However. if
periodic observation reveals that the devia
tion is becoming manifest more frequently.
treatment becomes urgent.

Microtropia
The definition of microtropia is disputed.
and clinicians disagree on its characteris
tics (see Chapter 11). The terms 'microstra
bismus', 'monoflxatlon pattern' (or
syndrome) and 'subnormal binocular
vision' all refer to the same or similar con
ditions. The term 'microtropia' is preferred
in the following discussion.

Microtropia can be described as a devia
tion of 1-100

, with some variability in the
magnitude of the angle. Besides the
manifest deviation there is often a latent
deviation seen on alternate cover test.
which gives the appearance of a hetero
phoria. There is usually ARC with some
peripheral stereopsis.

The causal mechanism is unknown, hut
it is often secondary to surgery or vision
training for an infantile or primary
comitant esotropia. and onset is from
birth or the time of therapeutic interven
tion.

Children should have any anisometropia
fully corrected and any amblyopia treated.
There are usually no symptoms, but the
prognosis is poor for bifoveal fusion.
However. if there is inadequate fusional
vergence to control the heterophoric



component, older patients may become
symptomatic and will require vision
training.

Dissociated verticaldeviation(DVD)
In this condition, when the vision of either
eye is embarrassed the affected eye deviates
progressively upwards but reverts to its
original position when the embarrassment
ceases.

It may be much more apparent in one eye
than the other, and may be associated with
binocular single vision or with a manifest
deviation. There is usually a history of stra
bismus from an early age, and spontaneous
elevation may be noticed by parents, par
ticularly when the patient is daydreaming
or fatigued.

Symptoms are rare. DVD is often asso
ciated with infantile esotropia syndrome,
and is associated with manifest or latent
nystagmus. Progressive elevation of either
eye is seen under cover, and a slow
downward movement when the cover is
removed. The elevation may be apparent
as the cover approaches, even before the
eye is actually occluded. The upward
movement of the eye is slow, and is more
marked on distance fixation and on pro
longed dissociation. When the occluder is
removed, the eye drifts down to the midline
and occasionally may move below the
midline before moving up again to refixate.

Nystagmus blocking esotropia
This is another type of early esotropia. It
occurs in young children with nystagmus
of early onset, typically prior to the age of 6
months; an esotropia often develops as the
patient learns to adduct the fixing eye in an
attempt to control the nystagmus (see
Chapters 13 and] 6). It eventually leads to
a large, constant, unilateral esotropia,
with an abnormal head posture to
maintain the position of the adducted eye.
Non-accommodative esotropia is usually
treated with surgery, although full refrac
tive correction and treatment of any asso
ciated amblyopia is advisable.

Esotropia associated with myopia
When uncorrected, some adults with high
myopia may demonstrate an esotropia.
The mechanism is uncertain, but normal
retinal correspondence is demonstrated
when the deviation is corrected. Visual
acuity might be reduced due to degenera
tive myopic fundus changes. Management

involves constant wear of a full myopic
correction.

Exotropia
This is a condition in which one eye
deviates outwards, and can be classified as:
primary, secondary or consecutive; inter
mittent or constant; occurring at distance
or near; and true or simulated. The follow
ing discussion relates to primary anomalies
only.

Constant exotropia
A divergent deviation constitutes the initial
defect, which is constantly present under
all conditions. Anatomical causes include
wide interpupillary distance, exophthal
mos, orbital asymmetry, muscle anomalies
and craniofacial anomalies. It may be
hereditary, and can be associated with
myopia.

It often commences as an intermittent
deviation, which then becomes constant
with time. The deviation may increase in
size when the patient is in bright sunlight,
and presentation is with a history of
closing one eye and photophobia. If the
deviation is alternating, visual acuity can
be equal.

Refractive error should be corrected and
amblyopia treated. Surgery is an option
(see Chapter 15) but there is a risk of post
operative intractable diplopia, and use of
Botulinum toxin A (see Chapter 14) may
be an alternative.

Intermittent exotropia
The eyes may be diverged at times but
aligned at others. Intermittent exotropia is
often related to fixation distance, but there
may be no accommodative element. There
are three types:

1 Near-fixation type (insufficient conver
gence). An exotropia is present on
near fixation with binocular single
vision on distance fixation, although
there may be an exophoria in the dis
tance. Onset is usually late, and may
be associated with myopia or presbyo
pia. It is very common among young
people with decompensating exo
phoria, who present with diplopia and
asthenopic symptoms. Investigation
will reveal a remote near point of con
vergence, a manifest deviation at
near, and binocular single vision at
distance.

2

3
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Management (see Chapters 5 and 6)
includes correction of the refractive
error, orthoptic exercises, base-in
prisms and, rarely, surgery.
Distance fixation type (excessive diver
gence). Associated with high ACjA
ratio and anatomical abnormalities,
this is a condition in which the patient
maintains binocular single vision at
near (there may be an exophoria) and
has an exotropia at distance. The dis
tance exotropia characteristically in
creases with greater viewing
distances, so it may be useful to test
the patient when looking at an object
out of a window (greater than 6 m).

The angle of deviation for near fixa
tion may increase on prolonged disrup
tion of fusion or elimination of
accommodation. Patients who demon
strate an increase in angle for near
fixation on occlusion or with plus
lenses are described as simulated dis
tance types, and these are character
ized by an increase in angle of greater
than 10i1 for near fixation with a
+3.00 D lens. The deviation may
appear controlled initially for distance,
but decompensates quickly on disso
ciation.

Onset is usually within the first year
of life but small-angle deviations may
not be present until later because of
the intermittent nature of the devia
tion. The condition is often noticed by
parents when the child is not concen
trating or is fatigued. The patient is
usually asymptomatic, but may be
aware of the divergence from the 'feel
of the eye' or notice an increase in the
visual field.

Like the near-fixation type, the de
viation is often larger in conditions of
bright sunlight, and photophobia is
common. Visual acuity is usually
equal, while good binocular visual
acuity indicates good control of the de
viation. Management is by full correc
tion of any myopic refractive error,
under-correction of any hyperopia,
orthoptic exercises for small deviations
« 15 i1), negative over-correction
when the ACjA ratio is high, base-in
prisms, tinted lenses when light consti
tutes a dissociative factor, and possibly
surgery.
Non-specific type. This is characterized
by a manifest divergent strabismus
that occurs at any distance and at any
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time. The size of the deviation does not
change with fixation distance, and
causes can be any of those described
for the near and distance types as well
as poor fusional ability. Surgery is
often the only management option.

Comitant verticaldeviations
Small comitant hyper-deviations may
occur as isolated conditions or associated
with moderate or large angle horizontal
deviations. Onset is typically between birth
and about 3 years. Angles are small. of
1-10°.

The magnitude of the deviation and the
fusional status determine whether the de
viation is constant or intermittent.

Treatment is the prescription of vertical
prism for deviations of 10° or less. Vision

training is a second choice as a treatment
option to increase vertical fusional ranges,
but can be difficult (Chapter 6). Cosmetic
hypertropia (and hypotropia) greater than
10° often requires surgical management
(see Chapter 15).

Summary

The classification of comitant eye devia
tions is complex. Categorization of devia
tions with similar characteristics into
groups will assist the practitioner in
deciding on the most appropriate line of
management. These deviations are
probably best categorized according to: eye
position and eye movements during the
cover test: whether the deviation is

constant or intermittent; the presence of
an accommodative element; with respect
to fixation distance; and whether compen
sated or decompensated.

References and further reading

Evans, B. J. W. (1997). Pickwell's Binocular
Vision Anomalies: Investigation amI Treat
ment. Butterworth-Heinemann.

Good, W. V. and Hoyt, C. (1996). Strabis
mus Management. Butterworth-Heine
mann.

Griffin, J. R. and Grisham, J. D. (1995). Bin
ocular Anomalies: Diagnosis and Vision
Therapy. Butterworth-Heinemann.

Rowe, F. (1997). Clinical Orthoptics.
Blackwell Science.



3
Optometric management of
binocular vision anomalies

Bruce Evans

Selection of cases
General concepts

Incomitant deviations
Treating the motor deviation

Sensory factors
Accommodative anomalies

Clinical pearls relating to optometric management of orthoptic problems:

• at every visit look for active pathology; if present. refer
• don't underestimate the effectof refractive errors; clear retinal Images aid fusion und

help acuity to improve in amblyopia
• significant Incomltancles are very unlikely to respond to optometric treatment (but

correcting the deviation in the primary position may help)
• only treat a sensory adaptation to strabismus if you nrc certain that you can correct

the motor deviation
• only treat a motor deviation in strabismus ifany sensory adaptation is very supcrflclal

or can be eliminated with treatment
• mlcrotropes are very often asymptomatic and best left alone
• large (more than about 20D.)deviations are difficult to treat. and surgery is often the

most appropriate management
• eso-devlatlons arc much harder to treat with exercises than exo-devlauons
• if there is an esophoria at near suspect hypermetropia. Ifhypermetropia is not reudl ly

apparent do a cycloplegic refraction. Ifthere is hypermetropia In decompensated eso
phoria then prescribe

• in heterophoria, removing the cause ofdecompensatlon (Evans, 1997<1), including
refractive corrections and changes to the workplace, often eliminates the need for
treatment

• in amblyopia, jf patching is not having a slgnlflcant effect look again for pathology
and refer

Introduction

There are almost as many optometric ap
proaches to treating binocular vision
anomalies as there are practitioners. This
chapter cannot describe them all. and for a
more comprehensive review the reader is
referred to Evans (l997a). The present
chapter will concentrate on approaches
that the author has found to be particularly
effective and practical in optometric
practice.

Investigative techniques were covered in
Chapter I and classification of binocular
anomalies in Chapter 2. The present
chapter will concentrate on the actual
methods involved in optometric manage
ment.

Selection of cases

There are only three good reasons for
treating orthoptic anomalies: if they are
causing problems; if they are likely to dete
riorate If left untreated; or iftreatment may
be required but will be less effective when
the patient is older.

Many binocular vision anomalies are
amenable to optometric management. and

the key to success is careful patient selec
tion. The box below gives some 'clinical
pearls' relating to the optometric manage
ment of binocular vision anomalies.

Some binocular vision anomalies are not
amenable to optometric intervention and
early referral is indicated (e.g, infantile eso
tropia syndrome or the more rare exotropia



Pigure 3.1
Scl1ematic illustration of ramp-type of exercise(on left; e.q., push-up NPC exercises) and step
type (on rigl1t; e.g.,flippers)
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in infants). Nonetheless, many cases can be
treated by the optometrist. Optometry is by
far the largest primary eye-care profession
in the UK,and there are several advantages
to treating orthoptic anomalies in primary
care optometric practices:

• The typical town centre optometric locations
are moreconvenientforpatients

• Optometric practices are often less intimidat
ing to patientsthan hospitals

• Conditions might seriously deteriorate whilst
patientsare on hospitalwaitinglists

• If conditions can be treated by optometrists,
then whylengthen waitinglistsbyreferring?

General concepts

Importance of refractive correction
Good binocularity requires precise fusion,
and this in turn requires clear and symmet
rical monocular images. Even in mon
ocular orthoptic anomalies, such as
amblyopia, accurate refractive correction
is crucial to give occlusion therapy the best
possible chance of working.

Anisometropia presents obstacles to bi
nocularity, principally differential pris
matic effects and aniseikonia (Evans,
1997a, pp. 118-23). The optometrist
needs to be skilled in dispensing, or to work
closely with an optician, to give the help
that these patients need. Contact lenses
may give the best chance for binocularity,
and a trial with daily disposable lenses
often helps to make the patient aware of
the potential benefits.

Ramp and step exercises
A distinction can be made between exer
cises that provide a smooth, gradual
stimulus (ramp) and those that employ a
sudden, step-like stimulus (Figure 3.1). An
example of the former is the push-up, 'pen
to nose' type of near point of convergence
exercise. The latter is exemplified by 'jump
convergence exercises', where the patient
rapidly alternates fixation between a

distant and a near object. Although a few
studies support the argument that one of
these types is more effective than another,
most authors seem nowadays to conclude
that orthoptic exercises are more likely to
be effective if they employ varied ap
proaches.

Sensory and motor factors
There is a distinction between sensory
factors and motor factors. Sensory anoma
lies include suppression, reduced stereo
acuity, anomalous retinal correspondence
(ARC) and amblyopia. Motor factors
include the deviation and fusional reserves.

Randomized controlled trials (RCTs)
The placebo effect can be vast, and the
modern 'evidence-based' approach to
healthcare requires that interventions
(treatments) are shown to be more than
just a placebo (Evans, 1997b, 1997c,
1997d). Some interventions have strong
face validity (e.g. eliminating an exotropia
with negative lenses, since the outcome
can be largely predicted from the AC/A re
lationship). Others, such as exercises to
modify fusional reserves, have been sup
ported by RCTs (reviewed in Chapter 6 and
by Ciuffreda and Tannen, 1995). Some of
the methods within the broad discipline of
behavioural optometry have been criticized
as lacking rigorous scientific evidence
(Jennings, 2000). An attempt has been
made in this chapter to concentrate on ap
proaches that have been validated by ran
domized controlled trials, but there is a
need for more research of this type on
orthoptic treatments and vision therapy.

Incomitant deviations

Most recent onset incomitant deviations
are not amenable to optometric manage
ment, so this topic will be dealt with
briefly. Of course, any new or changing

I

incomitancy requires urgent referral for a
neuro-ophthalmologicalopinion.

Patients with early onset deviations
usually will have suppression or ARC that
prevents diplopia over most of the visual
field. When prescribing, generally it is
better not to disturb this adapted or par
tially adapted state. The optometric man
agement of intractable diplopia is discussed
in Chapter 7. It should be stressed that the
management of diplopia in most cases is
surgery (possibly preceded by trials with
Botulinum toxin injections), as discussed
in Chapters 14 and 15.

Occasionally, long-standing incomitan
cies may be helped by exercises to extend
the area of the binocular field over which
there is binocular vision, or to re-establish
it when it has broken down due to general
ill-health. In the latter case, the patient
may suddenly experience double vision,
which may be remedied by orthoptic exer
cises ifit is established that the general con
dition has cleared.

In some cases of diplopia from incomitant
deviations. prisms may be prescribed to
extend the area of single vision. These need
to be a compromise, but a prism to correct
the deviation in the primary position can
be helpful (see Chapter 16). In large
angles, Fresnel stick-on prisms can be
used. Several Fresnel lenses can be cut and
placed adjacent to one another on the lens,
so that the power increases in the direction
of action of the affected muscle. Although
Fresnel prisms are unattractive and cause
blur, they may be useful in new incomitan
cies whilst waiting for the condition to
stabilize before surgery.

Treating the motor deviation

An intermittent strabismus may be only
one step removed from a decompensating
heterophoria, and similar treatment ap
proaches may apply to both. The treatment
of the motor deviation in both heterophoria
and strabismus will therefore be dealt with
together in this chapter.

Early onset strabismus is usually asso
ciated with sensory adaptations (ARC or
strabismic suppression). Here, the 'clinical
pearls' should be applied. As a general rule.
motor deviations should not be treated
unless any sensory adaptations can be
eliminated, otherwise intractable diplopia
could result.

Small angle (less than 6~) strabismus is
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usually associated with good cosmesis,
deep sensory adaptations and no
symptoms, and hence is rarely considered
for treatment. Large angle strabismus
(over about 20-256.) is unlikely to
respond to non-surgical intervention, and
if it is of recent onset, producing symptoms
or ofpoor cosmesis, it is best referred, An ex
ception to this is when high uncorrected
hypermetropia causes a large eso-devla
tion, which can be straightened simply by
refractive correction.

Treating the motor deviation by
refractive correction
This approach is well-suited to horizontal
comitant deviations up to 10-206. (more if
latent hypermetropia is present). When a
moderate to large horizontal deviation is
corrected, then a previously problematic
small vertical deviation can sometimes
spontaneously become compensated. Four
factors limit the ability to correct comitant
deviations by refractive correction:

I Angle of deviation
2 Refractive error
3 Accommodation
4 AC/A ratio.

In some cases, refractive correction is the
only proper management - for example, in
a fully accommodative strabismus where
the esotropia simply results from excessive
accommodation to overcome uncorrected
hypermetropia. In another type of case,
where there is a high AC/A ratio causing
an esc-deviation at near, one of the man
agement options is to treat the deviation by
prescribing bifocals. Bifocals should be
fitted high, and some authors recommend
varifocals.

Many comitant exo-deviations can be
corrected with 'negative adds'. This is a
very simple approach which, where the
factors listed above are favourable, may
correct the deviation without surgery or ex
ercises. If the exo-deviation is only present
at near, then 'negative add bifocals' can be
simulated by fitting executive bifocals
upside down. Some practitioners may be
concerned that 'negative adds' might lead
to myopia, but Grosvenor et al. (1987)
found no convincing evidence that refrac
tive modification influences refractive de
velopment over the age of 2 years.

The clinical technique for this approach
is very simple. In heterophoria, the spher
ical correction that eliminates any fixation

disparity on the Mallett unit at the relevant
distance(s) is determined. In strabismus, if
the patient experiences diplopia then the
spherical correction to eliminate this is de
termined (see Chapter 7). If there is no
diplopia, a Maddox rod (if necessary, with
alternate occlusion) can be used to elimi
nate the bulk of the deviation. An objective
approach can be taken with the cover test.
Care should be taken with any approach in
volving repeated occlusion, since this can
cause an increase in the angle. The Mallett
unit can be used to refine any correction
once the axes are close to alignment, if
normal retinal correspondence occurs. The
Mallett unit fixation disparity test is not in
fallible, so a cover test should be carried
out with the proposed correction to ensure
that any strabismus has been eliminated
and that the recovery movement is fair. As
a general rule, the required correction is
the smallest that will eliminate a slip on
the Mallett unit and/or give good cover test
recovery (bearing in mind the effects of
tiredness) .

Patients with abnormal binocular
vision often do not show the usual adapta
tion to prisms or refractive corrections, but
it is a sensible precaution to leave the
patient with the correction in place for
about 3 minutes to ensure that its effective
ness is maintained (North and Henson,
1985).

Initially, the patient would be checked
after 1 month. In many cases, the refractive
modification can be gradually reduced
over time when this is possible without
inducing a slip on the Mallett unit or poor
cover test recovery.

Treating the motor deviation by
prismatic correction
This can be the preferred approach in small
to moderate comitant vertical deviations,
and can also be a useful approach in small/
moderate horizontal deviations that are
not amenable to refractive corrections or
orthoptic exercises. Base-in prisms are
commonly used for decompensated exo
phoria in the elderly (Winn et al., 1994),
and quite large degrees of prismatic correc
tion can be split between the two eyes. The
main factors limiting this approach are the
angle of deviation and the cosmesis of the
prism(s). Correcting a vertical hetero
phoria with prisms may mean that a
previously decompensated horizontal het
erophoria spontaneously becomes com
pensated.

A similar method is used to that described
for the refractive modification above, but
using prisms with the Mallett unit and
cover test (and possibly dissociation tests)
rather than spheres (see Chapter 7). A 3
minute prism adaptation test is again a
sensible precaution, although North and
Henson (1981) noted that prism adapta
tion is usually abnormal in orthoptic
anomalies, so the patients are unlikely to
'eat up' prisms.

Combined convergence and accommo
dative insufficiency can be particularly dif
ficult to treat. Some cases respond to
exercises, but others require positive lenses
with base-in prism (Evans, 1997a,
pp.92-3).

Treating the motor deviation by
fusional reserve exercises
When patient (and parent) motivation is
good, fusional reserve exercises are the
treatment of choice for exo-deviations of
up to about I5-20b.. In exo-deviations,
the ability to converge at the relevant dis
tance(s) is trained (positive fusional
reserves). Training divergent (negative)
fusional reserves in eso-devlations is
harder, but can be successful in well-moti
vated cases. The general approaches are
listed, together with modern examples, in
Table 3.1. It should be noted that some ex
ercises treat the positive or negative
relative accommodation instead of the
fusional reserves (Evans, 1997a, p. 100).
Vertical fusional reserves do not respond
well to treatment, but increasing horizontal
fusional reserves may help a hyperphoria
that is combined with a horizontal hetero
phoria to be compensated.

The efficacy of fusional reserve exercises
has been supported by randomized con
trolled trials (reviewed in Chapter 6).
There are a wide variety of fusional reserve
exercises (Table 3.1), but there is insuffi
cient research to be able to state with confi
dence whether one form of fusional reserve
exercises is better than another. Although
the exact mechanism of the therapeutic
effect of the exercises is not clear, a
common underlying theme seems to be
that the effort of straining to maintain
vergence close to the limit of the fusional
reserve stimulates an increase in that
fusional reserve (Chapter 6). If this is the
underlying factor behind the benefit from
exercises, then the precise form ofthe exer
cises may be irrelevant. It is quite possible
that differing reports about the success of



22 Billocular Visioll alld Orthoptics

Table 3.1 General approaches, with examples, of methods used In fusloD81 reserve exercises

Method Modern example

Haploscopic Instruments Aperture RuleTralner 1

Tranuglyphic methods (red/green) Computer orthoptics l

Polarized vectograms Bernell vectograms 1

Free-space techniques Institute Free-space Sterograrns
(lFS) I

Dinosaur exercise"

Filcilltytraining Flip prisms"
Loose prisms

Advantaaell/dilladvantaaell

• can be used for home or 'In-practice' exercises
• can be used to treat most horizontal deviations, Including eso-devlatlons
• Instructions Included: easy to use

• comprehensive range of exercises
• good for child motivation since transforms exercises Into a 'computer game'

• particularly well-suited to practices with optometric assistants
• home floppy disc' regimens are available

• more naturalistic than tranaglyphs
• stereoscopic relief can be employed which Increases patient Interest
• Inexpensive and well-suited to use by optometric assistants

• suitable for home or practice training
• Inexpensive
• IPSemploys stereoscopic relief, Increasing putient Interest and allowing

checks to ensure proper use
• naturalistic, so Improvement may better translate Into everyday life

• suitable for home or practice training
• Inexpensive
• probably best combined with ramp exercises

I LJ Kdlstrlbutor: Cerium VisualTechnologies. Appledore Road,Tenterden, Kent,TN30 7DB: phone: 01580765211.
2 Two versions of computerized orthoptic training are available from: Mr Keith Holland. 1Carlsbrooke Drive,Charlton Kings. Cheltenham, Gloucestershlre,
GL~2 hYA: phone 01242 233500.

I lnstitute Free-space Stereograms (IPS), available from: 100 Marketing Ltd.. Institute of Optometry. 56-62 Newington Causewuy, London, SBI hDS: phone
ll207 1711llBO,

• Availablefrom Paul Adler.50 High Street. Stotfold, Herts, SG5 41,1,: 01462732393

Table l.2 Features which may help
to Improve the
effectiveness of fusional
reserve exercises

• lntcrestlng for the patient
• use a wide runge of targets
• use both ramp and step stimuli
• employ feedback
• include features that allow the slmul

taneous training or monitoring of sensory
factors (e.g., monocular markers on vecto
grams or stereograrns to monitor foveal
suppression)

• with home exercises. arrange a follow-up
appointment soon (at the most 3-4 weeks)

• don't carryon with the same exercise for
too long

• he prepared to give 'top-up' exercises for
any regression, hut encourage the patient
that improvement Is usually quicker
second tlme around

~~ .--J

different designs largely stems from the
interest and enthusiasm that the design of
the exercise creates in the practitioner and
patient.

Nonetheless, there are certain features
that the literature suggests may improve
the effectiveness of fusional reserve
exercises, and these are listed in Table 3.2
(see also Chapter 6). In the author's
opinion, the single most important factor
influencing the success of exercises is the
enthusiasm of the practitioner. This may
be one reason why each practitioner will
speak far more favourably of their own pre
ferred exercises than of those favoured by
others.

It is not practical for this chapter to
describe many exercises in detail, and
instead it will concentrate on free-space
techniques that the author uses most
commonly. However. this is not to say that
other methods are any less effective. Some
optometrists report considerable success
with stereoscopic devices (e.g., Aperture

Rule Trainer), which can be rented out to
patients for use at home.

Free-space techniques
Free-space techniques have been used at
least since 1940 (Mann, cited by Revell,
1971), and do not require a stereoscope
but involve the fusion of two stereo pairs
by over-converging or under-converging
in 'free space'. One feature of free-space
techniques is the use of physiological
diplopia. which can be demonstrated by
using two fairly large and obvious objects
as targets: for example two pencils (Figure
3.2). Difficulty in seeing both the diplopic
images indicates a fairly gross degree of
suppression, which is usually overcome
quite quickly in heterophoria. Simple exer
cises based on physiological diplopia can
be used to treat esophoria (Evans, 1997a,
p.79).

Once patients have mastered the princi
ple of physiological diplopia with pencils,
then they can progress to other free-space



Optometric management oj binocular visionanomalies lIlI 23

Figure 3.2
Physiological diplopia: the patientfixes the further pencilA and notices that the nearerpencilB is
seenin crossedphysiological diplopia - the right eye's imageon the left and the left eye's imageon
the right. A changeaffixation to the nearerpencilshould result in thefarther onebeingseenin
uncrossed physiological diplopia

Figure 3.3
'Three cats' exercise. Thecardwith drawingsof two incompletecats is heldat arm's length, and the
patientfixes apencilheldbetween the cardand the eyes. Physiologicaldiplopic imagesof the cats
willbeseenas blurredimages,andthe pencildistanceadjusteduntil the middletwo catsfuse into a
complete cat with two incompletecats, oneon eachside(the resultant perceptis of threecats). The
patient is askedto try to see the cats clearly: to converge for the pencildistanceand relax
accommodation. that is, to exercisenegativerelativeaccommodation

techniques. Probably. the simplest of these
is the three cats exercise. available from
Clement Clarke International Ltd, Harlow,
UK (Figure 3.3 l. The exercise is particularly
useful for exophoric conditions, but can

also be used, with more difficulty, for eso
phoria.

Free-space stereograms
This type ofexercise has been used very sue-

cessfully in the Institute of Optometry
clinics (see Chapters 6 and 16). Any stereo
scope card can be used in a similar way to
the three cats exercise, or suitable targets
can be drawn easily with modern
computer drawing packages. Targets
should be chosen that allow a check for sup
pression. This can be achieved either by
having detail that is unique to each half
(picture) of the stereo pair, or by using a
target that gives stereoscopic relief (Figure
3.4). Stereoscopic targets give the patient
some encouraging feedback and a positive
perception of stereopsis, and also the direc
tion of the perceived stereopsis can be used
to check that the patient is converging or
diverging as appropriate.

Once patients have mastered free-space
stereograms using simple line targets, the
exercises can be further developed using
autostereograms. These are types of free
space stereograms in which stereoscopic
images 'appear' out of a page of dots or
other pseudo-random elements (Figure 3.5
and Chapter 6). They can be bought as
posters, postcards, books or videos, and
were developed from the work of [ulesz
(1971) with random dot stereograms. As
with any free-space stereogram exercise,
care should be taken to ensure that the
correct type of vergence movement is being
used, and all patients should be carefully
monitored to confirm an improvement in
their binocular status. The commonplace
autostereograms that can be bought from
newsagents and bookshops usually have a
low vergence demand, and may not there
fore be particularly useful for exercises.

It helps to give patients detailed instruc
tions, and the IFS exercises (see Chapter 6)
include four exercise cards and full instruc
tions that have been developed for practi
tioners' to give to their patients. The IFS
exercises (Chapter 6) are principally used
to treat exo-deviations, but the exercise
cards can be photocopied onto overhead
transparencies and the instructions modi
fied for eso-deviations.

Facility training
The 'flip prisms', or 'prism flippers', consist
of two pairs of prisms mounted on a hori
zontal bar, one pair (base-in; e.g. 3~ in) on
the top of the bar and the other pair (base
out; e.g. 12~ out) below. The prisms are
flipped between base in and base out, and
the number of cycles achieved in a minute
is measured (ideally, about 20) to deter
mine or train the vergence facility. This is a



24 Binocular Vision and Orthoptics

Figure 3.5
An exampleof anautostereoqram, as usedin the IFS exercises(Chapter6). Thepatient over
converges (to treat exo-deviations)in a similar way to that usedfor the 'three-cats' exercise. The
actual sheet that is usedas apart of the IFS exercisesis largerthan reproduced here

Figure 3.4
An exampleofafree-space stereogramas used, together with other approaches, in the IFS
exercises. Theexercise is carried out in the same way as the 'three cats' exercise, but the patient
enjoys stereoscopic vision asfeedback that the exercisesare beingperformedcorrectly. The IFS
exercisesaredescribed in moredetailin Chapter 6

'step' type of stimulus, which can also be
achieved with loose trial prisms. 'Jumping'
between targets of free-space stereograms
of different separation has a similar effect.

Flip lenses (e.g. ±2.00 D)can also be used
to train relative accommodation, or accom
modative facility. This is particularly
useful for patients who report slowness in

changing focus from the board to a book
(although this can be a sign of a refractive
error).

Motor exercisesfor convergence insufficiency
Convergence insufficiency is perhaps the
orthoptic anomaly that optometrists most
commonly treat. There are many different

diagnostic criteria that have been asso
ciated with the term 'convergence insufll
ciency', but in this chapter it is used simply
to refer to a remote near point of conver
gence that appears to be causing symp
toms. This can be conceptualized as an exo
phoria at an unusually close working
distance, the break point, within which the
exophoria breaks down to an exotropia
(see Chapters 6 and 16).

It should be within the scope of practice
of every optometrist to treat convergence
insufficiency with simple push-up 'pen to
nose' exercises (Chapter 16). It helps to
give written instructions emphasizing the
need to try and exert maximum conver
gence, and it is usually better to use an ac
commodative target rather than a pen. For
practitioners who are interested in expand
ing their repertoire of orthoptic exercises,
this is a good place to start. It is simple to in
troduce a second pen behind the first pen.
which is appreciated in physiological
diplopia, so as to check for suppression
(Figure 3.2). It is also straightforward to
augment push-up exercises with some
'jump' exercises, where the patient alter
nates fixation between distance and near
detailed targets. The 'bead on string'
exercise is very good for more severe cases
of convergence insufficiency, and can in
corporate an element of physiological
diplopia training (Evans, 1997a, pr.
116-17).

The three cats exercise (Figure 3.3) is
also effective at treating convergence insuf
ficiency, particularly if carried out at a
close working distance. It is a small step
from using the three cats exercise to using
some form of free-space stereogram; the
principle is similar, but stereograms intro
duce a stereo-percept (Figure 3.4, 3.5). In
this way the range of exercises with which
the practitioner is familiar can gradually
be increased whilst only treating a straight
forward and 'safe' condition.

Often convergence insufficiency is asso
ciated with decompensated heterophoria,
in which case it may be found that simple
convergence exercises also help the exo
phoria. Once experience has been gained
in using fusional reserve exercises (such as
the three cats or IFS) to treat convergence
insufficiency, then these techniques can
also be used to treat decompensated
exophoria (Chapter 16) and binocular
instability (Chapter 6), even when these
conditions are not associated with conver
gence insufficiency. As more experience is
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gained, the practitioner may progress to
treating cases of intermittent exotropia
and, in time, more difficult conditions,

Modification of exercises to treat
strabismus
Heterophoria is easier to treat orthoptically
than strabismus, but the difference
between a decompensating heterophoria
and an intermittent strabismus can be
rather arbitrary, In intermittent strabis
mus, the methods described above for
treating the motor deviation in hetero
phoria may be effective,

If a strabismus is associated with fairly
deeply ingrained sensory adaptations, then
treatment of the motor deviation becomes
much harder, and may be contraindicated.
To treat the motor deviation without elimi
nating deeply ingrained sensory adapta
tions could cause intractable diplopia.
Fortunately, those with deeply ingrained
sensory adaptations usually have small
angle strabismus and do not require treat
ment. The treatment of constant comitant
strabismus by orthoptic exercises should
only be attempted by competent practi
tioners, and this type of case is best referred
to a colleague if encountered by optome
trists who are just becoming interested in
orthoptic treatment.

If the sensory adaptation to a constant
strabismus is lightly ingrained, then some
times when the motor deviation is cor
rected (e.g. refractively or by exercises)
normal retinal correspondence and fusion
occurs. This can easily be tested by using
prisms or spheres to temporarily correct
the motor deviation in the consulting
room and investigating the effect of this on
the sensory status. If the sensory adapta
tion to the strabismus is still present when
the motor deviation is temporarily (in the
consulting room) corrected, then the
motor element should only be treated if it
is certain that exercises to eliminate the
sensory adaptation will be successful (see
below). If it is found to be appropriate to
treat the motor deviation, then care
should be taken to ensure that normal
retinal correspondence is present during
the exercises (Evans, 1997a, p. 174).
Generally, fusional reserve exercises
should only be started once a level of
acuity of at least 6/12 has been established
and the sensory adaptation to the strabis
mus has been treated (during which time
occlusion would have been used to
prevent diplopia).

Sensory factors

Treating foveal suppression in
heterophoria
Occasionally, patients with heterophoria
manifest foveal suppression (see Chapter
8). This is quite different to the suppression
that is often present in strabismus,
although it has been argued that foveal
suppression can sometimes represent an
intermediate stage in the development of
strabismus. Nowadays, foveal suppression
is most readily detected with the polarized
letters test on the Mallett unit.

Very often, any foveal suppression is
spontaneously eliminated when the motor
deviation is corrected. Occasionally it
requires treatment, and this can simply be
achieved with bar reading or with ana
glyphic or polarized septa (available from
Cerium Visual Technologies, Tenterden,
UK). Physiological diplopia exercises, such
as 'wire reading' and 'bead on a string',
can also be effective (Evans, 1997a, pp.
112-17). The Institute Free-space Stereo
gram exercises described in Chapter 6
include monocular markers, which may be
effective in treating foveal suppression.
Many designs of stereoscope cards also
have features that can be used to treat
foveal suppression.

Treating sensory factors in strabismus
Intractable diplopia: a sensory consequence of
strabismus
Sensory adaptations to strabismus can be
classified into binocular and monocular
(amblyopia). Amblyopia will be discussed
later in this chapter, and in more detail in
Chapter 10. Patients with strabismus will
have diplopia or binocular sensory adapta
tions resulting in single vision. The investi
gation and management of diplopia is
described in more detail in Chapter 7.

Treating strabismic suppression (a sensory
adaptationto strabismus)
Strabismic suppression can be a sensory
adaptation to avoid diplopia, and should
not be treated unless the motor deviation
can be corrected. If strabismic suppression
is very superficial then it will probably not
require treatment but will resolve sponta
neously when the motor deviation is cor
rected.

The general aim of treatment is to en
courage the patient to become aware of the
suppressed image, and then to integrate it
correctly with the image from the other

eye. It is important that the method oftreat
ment ensures simultaneous stimulation of
the foveal areas of both eyes, or of other
pairs of normally corresponding points. In
some convergent strabismus a position in
front ofthe eyes where the visual axes inter
sect may be found, and bifoveal images of
an object placed at this position can be a
good starting point. If binocular single
vision cannot be restored at once (e.g. by
correcting the motor deviation with spec
tacles), then occlusion will be required. Oc
clusion of the non-strabismic eye may, in
any event, be desirable to treat amblyopia.

The basic principle behind the orthoptic
treatment of suppression is to change the
stimulus parameters of the target before
the suppressing eye. Since the suppression
will be deeper for the more cortically signifi
cant foveal area, the suppression is often
attacked with larger, more peripheral
targets initially, and smaller targets are
used as the treatment progresses. This type
of orthoptic treatment is only really appro
priate for more experienced practitioners.
More details about the treatment of sup
pression can be found in Chapter 8 and in
Evans (1997a, pp. 164-7).

Treating anomalous retinal correspondence: a
sensory adaptation to strabismus
In the management of ARC, we are con
cerned mainly with the group of patients
showing moderately deeply ingrained
ARC. Patients with very lightly ingrained
ARC may require no treatment other than
correction of the motor deviation. Those
with very deeply ingrained ARC usually
have a bad prognosis for orthoptic exer
cises; typically these patients have long
standing strabismus of early onset. Again,
it needs to be emphasized that the ARC
should not be treated at all if the motor de
viation may not be successfully treated.
The treatment of HARC is described in
Chapter 9. As with all orthoptic treatment,
if non-surgical methods of treatment are
proving unsuccessful it is important to seek
a surgeon's opinion while the patient is
still young enough for binocular vision to
be restored. Small angle strabismus is often
associated with deeply ingrained ARC, but
these cases generally have good 'pseudo
stereopsis' and do not require treatment
other than for amblyopia.

Treatingamblyopia (seealso Chapter10)
The best treatment is prevention. Opto
metrists should tell every strabismic,
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anisometropic or high hyperopic parent or
grandparent they examine that relevant
offspring should have a 'proper' (i.e. more
than a screening test) eye examination as
young as possible, and certainly in the first
2 years of life.

Anisometropic(or other types of refractive)
amblyopia. These often improve following
full refractive correction of the aniso
metropia, and this should be tried for about
6 weeks before occlusion, which will often
not be required. If acuity has not equalized,
then occlusion can be started as detailed
below. Full-time occlusion could interfere
with the development of binocularity; at
least 2 hours binocular vision per day is re
commended. The treatment of anisometro
pic amblyopia is clearly within the scope of
the optometrist. As always, any pathology
should be identified and referred, and any
cases that do not improve with patching
should be referred promptly.

Strabismic amblyopia. If the optometrist
encounters a strabismus in a young child
that can be fully corrected refractively
soon after its onset, then if any amblyopia
is present this may be eliminated shortly
after refractive correction. In the more
common scenario, where a young child
has a strabismus that has been present for
at least a year or two, patching will be
required. Although patching has become a
widespread intervention since first de
scribed many centuries ago, it should be
noted that there is some controversy
because of the lack of randomized con
trolled trials (see Chapter 10).

Passive occlusion (during everyday
visual activities) is widely accepted as the
appropriate treatment for patients whose
age is within the 'sensitive period' (up to
about 7 years). It may also be beneficial for
older patients (Rutstein and Fuhr. 1992),
although this may be inadvisable in strabis
mic amblyopia because of the risk of
breaking down ARC or increasing the de
viation from the habitual angle to the total
angle (see Chapter 10). Various types of
occluder are available, including penaliza
tion and fogging (Evans, 1997a. pp.
147-8), and there are many opinions as to
the best method. The most important yet
often ignored point is to ensure that the
patient does not 'cheat'.

There are also strongly held varying
viewpoints on the subject of whether the
occlusion should be full- or part-time. Full
time is sometimes said to be the ideal. but
clearly a child should not be rendered par-

tially sighted at school. Also, prolonged
full-time occlusion in a young child is
likely to have an adverse effect on the
potential for binocularity (Chapter 10). It
really depends on the age and level of
acuity of the child, and on the degree of co
operation from the patient, parent and
school. Most children will be willing to co
operate if they are told that they can watch
their favourite videos or play their favourite
computer games for 1-3 hours in the
evening as long as they wear their patch.
The parents' task is to enforce the rule 'no
patch no TV', and to make sure that the
patient sits far enough away and does not
cheat. If longer wearing times can be
achieved for other tasks without handicap
ping the child, then this will help. If the
child is a video game enthusiast, then a
daily record of their 'high score' with the
amblyopic eye can be a useful incentive.
This way patients can visualize the goal of
improving their amblyopic eye to reach a
similar level to their good eye.

Under 3 years of age, the occluder or
patch should be worn over the non-am
blyopic eye for 3 days and then changed to
the amblyopic eye for 1 day (3 : 1 occlusion)
to allow the development of the non-am
blyopic eye. Under 2 years, a 2 : 1 occlusion
regimen may be more appropriate. Strabis
mus occurring before the age of 1 year
should be referred urgently for an ophthal
mological opinion.

Occlusion is maintained until there has
been no further improvement for the last
5-6 weeks. Frequent checks are necessary
to monitor ocular health, binocular status.
and each eye's acuity. Maintenance (top
up) therapy may be necessary from time to
time. If a young child's visual acuity does
not improve with patching then the
patient should be referred to exclude the
possibility of pathology.

Active amblyopia therapy. Special
techniques and instruments for the active
treatment of amblyopia have been devel
oped, and it has been claimed that these
can be effective at all ages. An early active
amblyopia therapy device, the CAM
rotating grating stimulator, has been dis
credited by randomized controlled trials
(Evans, 1997a, p. 153). Sometimes the pur
poseful intensive use of commonplace ac
tivities (e.g. computer games) during
patching is considered to be a form of
active therapy, but in this chapter the term
'active therapy' is reserved for more special
ist approaches.

Perhaps the most commonly used device
for the active treatment of amblyopia in
the UK is Mallett's intermittent photic
stimulation (IPS. Mallett, 1985). It seems
that brief periods (30 minutes once a week)
of occlusion in adults for active amblyopia
therapy do not have any adverse effects on
the binocular sensory adaptations to the
strabismus (Mallett. 1988). Other forms of
active amblyopia therapy include after
image transfer. physiological diplopia, Hal
dlnger's brushes, pleoptics and pharmaco
logical agents (see Chapter 10). It should
be noted that most methods of active am
blyopia therapy remain to be proven by
double-blind placebo-controlled trials. One
such trial of the IPS unit is under way at
the Institute of Optometry.

Accommodative anomalies

Accommodative anomalies are beyond the
scope of this chapter, but it should be noted
that they are quite common and frequently
respond to orthoptic exercises. This subject
has been dealt with in depth by Cooper
(1987).
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4
Convergence and convergent

fusional reserves 
investigation and treatment

Angela Bishop

Among the most common binocular vision
problems encountered in optometric
practice are anomalies of convergence (see
also Chapters 1-3. 5. 6). This chapter
examines the optometric investigation and
management of these conditions.

Reflex convergence

Convergence is mainly a reflex activity, but
can be initiated voluntarily. Reflexconver
gence is controlled by the occipital cortex
and is considered to have four components:

1 Tonic convergence - the convergence
brought about by the tonus in the
extraocular muscles in an awake indi
vidual. With age, there is a decrease in
tonus and therefore a tendency
towards divergence.

2 Proximal convergence - the conver
gence induced by an awareness of the
nearness of the object. It is innate, and
independent of accommodation.

3 Accommodative convergence - the con-

vergence elicited on accommodation.
Most convergence is accommodative
convergence, and the relationship
between the amount of accommoda
tive convergence produced per dioptre
of accommodation is expressed by the
ACjA ratio (see Chapter 5).

4 Fusional convergence - the convergence
that makes the final adjustment to gain
binocular single vision. The stimulus
for fusional convergence is disparate
retinal images, and the response may
be positive (convergence) or negative
(divergence). Any inelasticity of
fusional convergence will give rise to a
heterotropia. Fortunately, fusional
convergence is the most easily train
able component of convergence. It is
per-haps worth mentioning that the
terms 'fusional convergence' and 'con
vergent fusion' are interchangeable.

Voluntary convergence

Voluntary convergence is controlled by the

frontal oculomotor area of the cortex, and
is the ability to converge without a near
stimulus. As voluntary convergence is
always accompanied by pupillary constric
tion. it is probably dependent on accommo
dation.

Reflex convergence and voluntary con
vergence use a common final pathway re
sulting in the co-contraction of the medial
recti. In the main reflex convergence is
used, but if fusional convergence is
reduced for any reason, voluntary conver
gence can be used to prevent further de
compensation.

Convergence, accommodation
and the AC/A ratio

Convergence becomes refined earlier than
accommodation and, despite decrease of
the latter with the onset of presbyopia, the
ability to converge remains fairly stable
throughout life.

Not only is the reaction time to accom
modate roughly twice that to converge,



accommodation is far less precise than con
vergence. Most people have a depth of
focus that allows the accommodation to
slip slightly without causing blurring
while reading. However, if the convergence
slips, diplopia is experienced (see Chapter
7).

The accommodative convergence to ac
commodation (ACj A) ratio stays the same
throughout life, suggesting that it is the
stimulus for accommodation that provokes
the convergence rather than the amount of
accommodation that actually takes place.
Cases of a normal ACjA ratio but with an
accommodative insufficiency will have
reduced accommodative convergence and
hence a secondary convergence insuffi
ciency (see Chapter 6).
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Figure 4.1
Theprism cover test enables the ACjA ratio to becalculated(courtesy of]. Kanski)

The AC/A ratio

There is an inborn link between accommo
dation and convergence. For every dioptre
of accommodation, a certain amount of ac
commodative convergence occurs. The
linear relationship between accommoda
tive convergence and accommodation is ex
pressed as the ACjA ratio. In simple terms,
a patient who has a 60 mm interpupillary
distance and who is fixating a target at 1 m
will accommodate 1 dioptre, and have a
convergence of 6~. The ACj A ratio would
therefore be 6 : I, but a pre-existing phoria
(or tropia) would modify this figure.

There are several methods of calculating
the ACjA ratio. The heterophoria/tropia.
gradient and the fixation disparity
methods are the most common calculations
used (see Chapter 5). In all of these
methods, convergent (esophoric) values
are taken as positive values and divergent
(exophoric) as negative values.

The heterophoriajtropia method of calcu
lating the ACj A ratio is given by the
formula:

AC-A = Interpupillary distance in centimetres

(

near p~oria _ distance f'hOria)
+ ~~()pla troPia

near distance in dioptres

The near and distance phorias (or tropias)
should be measured by using the prism
cover test (Figure 4.1). Using this method,
the normal values range from 4: 1 to 7: 1.

Thegradientmethodof calculating the ACj
A ratio is by determining the effect of spher
ical lenses on convergence. It can be
measured either at distance or near. If

measured at distance, only minus lenses
can be used; at near, plus or minus lenses
can be used. The phoria (or tropia) is
measured by the prism cover test or by
Maddox rod, first without any additional
lenses and then again with additional
minus or plus lenses. The ACjA ratio is
derived by:

AC phoria/tropia with lenses- phoria/tropia without lenses
A = dioptric power of lens used

This method gives a lower result than the
heterophoriajtropia method because it
excludes proximal convergence. It is,
however, regarded as the most accurate
method of determining the ACjA ratio.

The fixation disparity method of calcu
lating the ACj A ratio in heterophoria
involves three steps recorded graphically:

1 Use a graph with prism base-in as
negative values and prism base-out as
positive values on the x-axis and with
convergent (esophoric) disparity and
divergent (exophoric) disparity on the
y-axis. The amount of disparity in
duced by base-in or base-out prism
while maintaining binocular single
vision at a constant near distance is
plotted on the graph.

2 Use a graph to plot the amount of con
vergent (esophoric) or divergent (exo
phoric) disparity induced by plus or
minus lenses.

3 Compound the results to give the
amount of prism base-in or base-out
associated with changes in plus or
minus lenses.

The significance of the AC/ A ratio

The ACj A ratio is significant because of the

influence it has on the type of phoria (or
tropia). It also has an influence on the
choice oftreatment (see Chapter 3).

Influenceof the ACjA ratio on the type ofphoria
or tropia
If the ACj A is low the convergence response
for accommodation at near will be less
than normal, resulting in exophoria of the
convergence-weakness type or conver
gence insufficiency (see Chapters 2 and 6).
Treatment for convergence insufficiency
will improve the fusional convergence so
that the patient becomes symptom-free,
but it will not alter the basic ACjA ratio.

If the ACj A ratio is too high it will
produce over-convergence at near, result
ing in a convergence-excess esophoria (or
esotropia). Occasionally a high ACj A ratio
will produce pseudo-divergence excess,
where the near divergence appears to be
less than at distance. However, if fusional
convergence is suspended by occlusion
and the angle is re-measured, it will be
seen to be the same at distance and at
near.

Influenceof the ACjA ratio on the choiceof
treatment in amblyopiaand esophoriaof the
convergence-excess type
If the ACjA ratio is high, occlusion therapy
for amblyopia (see Chapter 10) may cause
the decompensation of weakly-held eso
phoria. In these cases, atropine occlusion
is often the better option. An alternative
drug used with conventional occlusion
therapy is phospholine iodide; this reduces
the amount of innervation necessary to
produce a dioptre of accommodation, and
so enables the near control to be main
tained.
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Convergence insufficiency

Aetiology of convergence insufficiency
The aetiology of convergence insufficiency
may be primary, secondary or consecutive.

Convergence insufficiency is both treatable
and, usually. curable. The patient will
attend the optometrist with symptoms to
discover that the treatment is not spectacles
(or a change of spectacles), but orthoptic
exercises. A course of exercises provides
total relief of symptoms, not just for the
short term but probably forever.

practice, is convergence insufficiency (see
also Chapters 5 and 6). Before examining
this area in detail, it may be useful to
consider the relationship between conver
gence insufficiency, insufficient fusional
convergence and voluntary convergence.

Convergence insufficiency describes the
inability to converge to a normal distance
from the nose, while insufficient fusional
convergence describes an inability to make
a convergent movement to attain and to
maintain fusion. Therefore, convergence
insufficiency is almost always accompanied
by insufficient fusional convergence. Ifcon
vergence is treated Without attention to
fusional convergence, the benefit is likely
to be only temporary.

Fusional convergence (and therefore
convergence) can become decompensated
for a variety of reasons. It has been
observed that patients with decompensated
fusional convergence very rarely have vol
untary convergence, and those with volun
tary convergence rarely decompensate.

Most patients can be taught voluntary
convergence. There are a variety of mech
anisms that may help the patient to con
verge voluntarily; some patients will use
diplopia, and others imagine a bee flying
towards the nose to trigger the convergence
response. After repetitive exercises the
patient will be aware of the proprioceptive
feeling of the eyes being converged. Once
the patient knows the feeling, it can be
brought about at will and soon becomes re
flexive. Patients with poor fusional conver
gence should complete their treatment
with the appreciation of voluntary conver
gence to prevent regression.

Primary convergence insufficiency is
not associated with any obvious het
erophoria, but often occurs or becomes

1

There are three main anomalies of conver
gence:

1 Convergence insufficiency - the pres
ence of abnormally low convergence
and/or convergent fusion

2 Convergence paralysis - the inability
to converge

3 Convergence spasm - intermittent
over-convergence.

The most common problem ofconvergence,
and probably the most common binocular
vision problem encountered in optometric

Anomalies of convergence

Voluntary convergence
There is no measurement of voluntary con
vergence; it is usually recorded as 'present'
or 'absent'. In cases where some effort is de
monstrable, it is recorded as 'attempted'.

Methodof measurement
Using either a prism bar or a rotary prism,
ask the patient to look at an accommoda
tive target while increasing prism base-out
in front of the eye with the better acuity.
The significant measurements are:

Blur and break points tend to reflect the
quantity of fusion, whereas the recovery
point indicates the quality of fusion, l.e. the
ease of change of fusional demands (the
facility) and the ability to maintain fusion
(the stamina).

6) is measured in prism dioptres. This
measurement of convergent fusion is also
called the 'amplitude of positive fusional
reserves' .

• Blur point - the measurement when ac
commodation can no longer keep the
image clear. The convergent blur-point
norm is 17A base out (BO) at near and
9A BOat distance.

• Break point - the measurement when
one eye loses fixation. The non-dominant
eye will diverge, and diplopia will be pres
ent if there is no suppression at the break
point. The normal convergent fusion
range is 30A-40A BOat near, and 14A
16A BOat distance.

• Recovery point - the measurement when
fusion is recovered when the prism base
out is reduced. This measurement
should be at least as large as the blur
point.

Methodofmeasurement
Using an RAFrule, ask patient to look at the
dot in the middle of the line and advance it
until one eye loses fixation - the objective
measurement of convergence. The sub
jective measurement of the near point of
convergence will be given by one of two
responses at the break point:

The line appears double - the eye that
turns out is the non-dominant eye

2 The line is seen to jump towards one
side, indicating suppression at the
break point. The line will appear to
jump towards the side of the suppres
sing eye.

Most authors advocate measuring conver
gence three times to detect fatigue, which
is often indicative of poor convergent
fusion.

In optometric practice, we are concerned
with the aspects of convergence that are
measurable and, preferably, treatable;
these are the near point of convergence
and the amplitude of convergent fusion
(see also Chapters 1, 5 and 6)

Near-point convergence
Convergence is measured in centimetres,
and the near point of convergence is
normally 6-8 em. Over 10 em is considered
to be low, that is, insufficient.

Measurement of convergence

Amplitude of convergent fusion
Fusional convergence (see Chapters 5 and

Optometric management of
the AC/A ratio
Many authors have advocated the use of
bifocals and/or phospholine iodide in cases
of a high AC/A ratio and minus lenses in
the cases of a low AC/A ratio (see Chapter
3). These expedients will give a temporary
solution and enable the development of the
appropriate fusional range. However, if the
amount of fusional divergence or conver
gence required for single vision is higher
than is likely to be sustained comfortably
without continuous exercises, the optom
etrist should refer the patient for surgery
(see Chapter 15). Recession of the medial
recti in cases of high AC/A and resection of
the medial recti in cases of a low AC/A are
the only ways to alter the AC/A ratio per
manently.
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symptomatic following a change of
visual demands at near. It occurs
mainly in teenagers or college stu
dents, or in older people following a
change of occupation to one with
higher near demands. The symptoms
are aggravated by poor health, anxiety
or by a lack of sleep.

2 Secondary convergence insufficiency
may be secondary to:
• intermittent exophoria/tropia of

divergence-excess type (diver
gence greater at distance); true or
pseudo

• exophoria/tropia of convergence
weakness type (divergence greater
at near) with/without a low AC/A
ratio

• vertical muscle defect
• misuse of the accommodative con

vergence mechanism, for example
in uncorrected high myopia, high
hypermetropia. newly corrected
presbyopia causing a reduced
need for accommodative-conver
gence, antimetropia or significant
anisometropia, reduced accom
modative facility (i.e. ability to
change accommodative demand),
or accommodative insufficiency

• poor general health (also asso
ciated with loss of accommoda
tion)

• paresis. loss or diminution of con
traction of the medial recti
through a midbrain lesion (see
Chapter 12)

• drugs/medication - for example.
tranquillizers

• head trauma (particularly
whiplash injuries) affecting
accommodation and convergent
fusion.

3 Consecutive convergence insufficiency
is caused when the postoperative
patient may be left with over-liberal
recession of one/both medial recti
and/or a low AC/A ratio.

Investigation
Symptoms usually comprise frontal head
aches. blurred near vision. occasional hori
zontal diplopia at near. aching eyes. and
grittiness associated with close work or
towards the end of the day. Patients often
close one eye while reading.

Reduced convergence and decreased
fusional convergence at near may be
present in the following tests:

• Cover test - no squint; there may be an
exophoria for near with a slow recovery

• Convergence -lower than normal
• Convergent prism fusion range for near

reduced
• Voluntary convergence - absent
• Bar reading - often reduced. demonstrat

ing an abnormal (usually low) AC/A
ratio

• Stereoacuity - may be reduced.

Ocular motility and accommodation should
be normal in each eye.

Prognosis and treatment
The prognosis is very good for primary con
vergence insufficiency. With rare excep
tions, convergence insufficiency responds
to vision training, i.e. orthoptic exercises.

For secondary and consecutive conver
gence insufficiency, the prognosis depends
on the cause.

Preliminary information concerningvision
training (orthopticexercises)
It is important that the patient is told at the
outset that there will be homework. Give
clear, preferably written. instructions (see
Chapter 3). Explain that a course of exer
cises is necessary to prevent future regres
sion, with four to six visits to the practice
at 2-weekly intervals (weekly if a child).

General instructions to the patient:
• The exercises should be done two or three

times a day for 3-5 minutes
• The eyes need to be relaxed after each

session by looking into the distance or
closing them for a few seconds.

Treatment plan
A suggested treatment plan is as follows
(see also Chapters 3 and 6):

1 Correct any refractive error
2 Treat to overcome the suppression
3 Treat to improve the convergence
4 Treat to increase the convergent fusion

range at near
5 Teach voluntary convergence to pre

vent regression.

1 Correct the refractive error. Slight
over- or under-corrections can be
used, but in the main patients are far
more comfortable wearing their
normal prescription and having treat
ment to improve their fusional re
serves.

2

3

Overcome the suppression. If there is
suppression at the near point of con
vergence, anti-suppression exercises
must be given. The exercises used later
in the course depend on the apprecia
tion of detailed physiological diplopia;
this may be difficult in the presence of
suppression (see Chapter 6). (If there is
no suppression at the near point of
convergence. proceed to the next
stage.)

Diplopia at the break point of con
vergence will be more readily appre
ciated if the image is brighter (i.e, less
easily suppressed). Therefore the
patient should use a pen torch to do
pencil-to-nose exercises. If diplopia is
still not appreciated at the break point
using a torch. the practitioner could
supply a red filter for use over one eye.
The patient will then see the torch
light as a mixture of red and white
and, at the break point. will see a red
and a white torch light. Other anti
suppression exercises include uniocu
lar reading with the suppressing eye
or. for children. using a red filter over
the non-suppressing eye and a red pen
while colouring in letters or pictures.
Improve the convergence. Give pencil
to-nose exercises using an accommo
dative target. and ensure that diplopia
is appreciated at the break point. If the
patient has reasonable convergence, a
better exercise is one employing
physiological diplopia. Using a dot
card from the tip of the nose. two lines
of dots are seen, which will automati
cally cross at the point of fixation. The
patient should practise to cross the
dots to within 3 em of the nose. A
variation of this is the Brock string.
One end of the string is attached to a
chair or the wall. and the other end is
held on the tip of the nose such that
the string is level. There is a movable
bead on the string. When the bead is
fixated, two strings are seen crossing
at the bead. The bead can then be
moved nearer to the nose and. there
fore. the point of crossing of the string.
As this method has a tactile input, it is
particularly useful for youngsters who
also have hand-eye co-ordination diffi
culties. Most practitioners instruct
their patients to continue to use their
dot card or Brock string as a 'warm
up' exercise before each of the follow
ing exercises.
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4 Increase the convergent fusion range
at near. The two types of stereograms
that are readily available are the cat
and double ring stereograms. Most
people can use the cat stereogram, but
patients with convergence insuffi
ciency secondary to a decompensating
near exophoria (sec Chapter 6) often
find the stereo effect of the double
rings easier than the cats. The stereo
gram of choice is whichever the patient
finds easier. The following steps may
be used with stereograms:
• Step 1. The patient holds the

stereogram at about reading dis
tance but at eye level. When look
ing at a pen held halfway between
the eyes and the card, the patient
will see three cats (or rings)
slightly blurred and smaller, the
middle cat will be complete (rings
give a stereo effect). When the
patient can steadily maintain
three cats (rings), the pen should
be changed for a pin or needle.

• Step 2. The patient should practise
taking away the pin while still
maintaining three cats (rings).

• Step 3. The patient should practise
taking the pin away (as above),
and then advance the card to
wards the nose, maintaining
three cats (rings). At this stage,
the patient will probably have vol
untary convergence.

• Step 4. The patient should practise
obtaining three cats as above or
by voluntary convergence using a
card that is cut in half. The cards
should then be separated horizon
tally, still maintaining three cats
(rings). If the patient did not
achieve voluntary convergence at
step 3, he or she should now have
attained it. Note: steps 3 and 4 are
often given together.

Ifthere is a need to alter or correct the refrac
tive error, a short period of adaptation
should be allowed before commencing exer
cises. If suppression is present, the treatment
required (stage 2) is one exercise. Stage 3,
the improvement of convergence, will take
at most two exercises, and stages 4 and 5
together will require two or three exercises.

Result
The patient should now be symptom-free,
and have a ncar prism fusion range of ap-

proximately 45~ BO to 14-161\ BI. In
addition the patient should now have vol
untary convergence, so there should be no
risk of regression.

It is very rare that primary convergence
insufficiency does not respond to exercises
but, in cases where exercises are not
possible or practicable (because of age, in
firmity etc.), the other options are base-in
prisms or surgery.

Base-inprism
The amount of base-in prism can be deter
mined by one of the following methods:

• The amount of exophoric slip on a fixa
tion disparity test

• Percival's criterion, where the fixation
point should be within the middle third
of the fusion range

• Sheard's criterion, where the hetero
phoria should be less than one-half of
the opposing fusional reserve

• 'Guestimate'.

Whichever of the above methods is used to
determine the amount of prism to be pre
scribed, the final amount should comply
with two principles:

1 Use the least prism necessary to render
the patient symptom free

2 The prism must be no more than the
lowest measurement of the distance
and near result as determined by fixa
tion disparity or Maddox rod.

Surgery
In cases of convergence insufficiency in as
sociation with excessive exophoria at near,
resection of both medial rectus muscles to
reduce the exophoria to a reasonable size
before exercises to improve the convergent
fusion will be the best option (see Chapter
15).

Cases of trauma (particularly whiplash
injury) often have an associated accommo
dative insufficiency and, if the diagnosis is
certain, these patients will need a reading
addition with base-in prisms for near work.

Convergence paralysis

Aetiology
Convergence paralysis is associated with a
lesion in the area of the third nerve
nucleus or in the area of the corpora quadri
gemina, and therefore occurs commonly

with reduced accommodation. It is fre
quently associated with Parinaud's
syndrome (the inability to elevate or
converge) where there is a lesion in the
area of the pineal gland. Otherwise, the
most common cause of convergence paral
ysis is head injury.

Investigation
Symptoms include crossed horizontal
diplopia with increased separation at near.
Tests will reveal an alternating divergent
squint increasing in size with the nearness
of the fixation target and with diplopia.
There will be no underaction of the extra
ocular muscles, but there is usually
some reduction of accommodation (sec
Chapter 5).

Treatment
Refer for an investigation of the cause (sec
Chapter 3). Base-in prism will be necessary
and, if associated with internal ophthalmo
plegia, an addition for near.

Convergence spasm

Aetiology
Convergence spasm is always accompanied
by spasm of the accommodation and
miosis. It is usually a hysterical response.
but can occasionally be organic.

Investigation
Symptoms include headaches and general
eye discomfort. Print tends to blur, go
double or appear to become smaller and
merge. Distance objects are often double
and blurred after close work.

Over-convergence is most easily seen
when testing convergence using the dot
on-the-line target on the RAP rule, and one
eye will over-converge with diplopia.
Milder degrees can be seen on negative con
vergence, i.e. when the dot-on-the-line
target is withdrawn from the near point of
convergence and one eye loses fixation.
The target will then be seen in uncrossed
diplopia.

Treatment
Refer for an investigation of the cause. Prior
to referral, a cycloplegic refraction is
necessary to confirm the absence of an
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accommodative spasm due to latent hyper
metropia.

The first step in treatment is to treat the
underlying cause. Where this is not
possible. an addition for near will be neces
sary. Convergence spasm does not usually
respond to exercises.

Summary

Most of our reflex convergence is the
convergence that occurs in response to

accommodation, but with fusional conver
gence making the final adjustment to
obtain binocular single vision.

The link between accommodation and
convergence is expressed in the AC/A
ratio. If the AC/A ratio is high, the phoria
(or tropia) will have greater convergence
at near. However, a high AC/A ratio may
enable control at near in an exotropia, so si
mulating an intermittent divergence
excess type of squint (a pseudo-intermittent
divergence-excess type exotropia), and
therefore could effect the wrong treatment.

If the AC/A ratio is low, the phoria (or
tropia) will have less convergence at near,
resulting in a predisposition for conver
gence insufficiency.

Convergence paralysis and convergence
spasm require referral for investigation for
the cause, but convergence insufficiency is
easily treatable by improving the fusional
convergence and by teaching voluntary
convergence. It is a simple course of exer
cises that is easy to administer, with no ex
pensive pieces of equipment and a virtually
100 per cent success rate.
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Anomalies of convergence

Adrian Jennings

A small heterophoria is a normal aspect of
binocular vision and rarely causes
problems. When problems of vergence
control do arise. a distinction must be
made between a functional loss of control
of the vergence mechanism and patho
logical causes giving rise to incomitance.
The investigation of incomitant deviations
is covered in Chapter 12. This chapter
reviews the non-pathological failure of
vergence control typically seen in decom
pensated heterophoria.

The compensation of a heterophoria de
scribes the ease with which the fusional
mechanisms (see Chapter 4) maintain
control. A well-compensated heterophoria
is associated with good stereopsis and
symptom-free binocular vision. Decompen
sation results in visually provoked asthen
opia and intermittent diplopia.

Measurement and normal
values

There are many methods of detecting and
measuring heterophoria (see Chapters 1,
2. 4 and 6). In the UK. the Maddox rod.
Maddox wing and cover tests are favoured.
In the USA and most ofEurope. prism disso-

dation (the von Graeffe technique) is the
method of choice.

Population studies show that large het
erophorias are rare. and at distance few
normals have more than 1~ or 2~. Statis
tical analysis indicates that distance het
erophorias are not distributed normally.
but are actively 'orthophorized' by bin
ocular experience. A period of several
hours' occlusion destroys this fine-tuning
and exposes an underlying normal distribu
tion (Dowley, 1987).

The near heterophoria increases by
about 1~ every 10 years, reflecting the re
duction in accommodative ability in older
patients (Firer and Pickwell. 1983). The
increase in exophoria from distance to
near is referred to as the 'physiological exo
phoria'. While the average near hetero
phoria for all age groups is 4-6~

exophoria. a normal young person's near
heterophoria is close to zero. and in old age
8~ exophoria is not unusual.

Accommodative convergence

In young people, the major influence on
convergence is accommodation (see
Chapter 4). The amount of convergence
induced by 1 D of accommodation (the AC/

A ratio) is different from one person to
another. but is largely fixed for life for an
individual.

A high AC/A ratio means that accommo
dation causes a large change in convergence.
whereas with a low AC/Aratio, accommoda
tion has little effect. There are several ways
of measuring the AC/A ratio. but unfortu
nately they give widely differing values.

The gradient test
The most popular method is to note the
change in heterophoria on a Maddox wing
as the accommodative demand is varied by
placing pairs of plus spheres (up to about
+2.00 DS) and minus spheres (up to about
- 3.00 DS) in addition to the refractive cor
rection.

The change in heterophoria is plotted
against the change in accommodative
demand. The gradient of a line through
these points is the AC/A ratio. Actually
plotting the relationship is rarely neces
sary; the AC/A ratio is apparent from in
spection. Average values found by this
method are about 2.5~/1 DS (Von
Noorden, 1980).

Heterophoria comparison method
Comparison ofthe heterophoria at distance
and near gives a direct measure of the inllu-
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Phoria Comparison Method - Calculation

The change in accommodative stimulus
from infinity to 33 em =3.00 DS

e.g. Distance: orthophoria, Near (33cm):3~ exophoria. PD = 6cm
The ratio of accommodative convergence to
accommodation (ACjA) = 15M3.00DS
= 5: 1

F

F

(Exo negative. Eso positive)

The gradient test gives the lower value,
perhaps because the large typeface of the
numbers does not require full accommoda
tion. Also, the real distance of the numbers
is obvious, and this proximal cue conflicts
with the visual stimulus created by change
in the power of the lenses. With small ac
commodative targets at distance and near,
the heterophoria comparison method
avoids these problems and gives a better ap
proximation to the true value (Figure 5.2).

Clinically it is important to be able to des
ignate the ACjA ratio as high or low; that
is, whether a patient's accommodation has
a major or minor effect on convergence. As
long as the chosen method allows this to be
done, then the truth of the actual value is
not important - e.g. 4: 1 is high on the
gradient test but low for the heterophoria
method.

A normal ACjA ratio results in a similar
heterophoria at all distances. A high ACjA
ratio induces a greater esophoria at near
than at distance, and aggravates the effect
of any hypermetropia. Although a high
ACjA can cause problems of fusional
stress, it also offers a convenient method of
management (see Chapters 1 and 3). A
high ACjA ratio allows the heterophoria to
be compensated by adjustment ofthe spher
ical component of the refrative correction,
e.g. by over-minusing in pre-presbyopic
exophoria or by prescribing a near
addition in convergence excess. Patients
with a low ACjA ratio will not change
their convergence very much under the in
fluence of a change in accommodative
demand, and exercises may prove to be
necessary.

ACtA =15N3DS =5

Change in convergence Dist - Near:
9~ + 9~ - 3~ = 15~

Change in accommodative stimulus:
3.00DS1

1
33 cm

6cm PD

Dist Phoria - Near Phoria
PD-

ACtA = Total chamWin conyerl:ence (4)
Change in fixation distance (Dioptres)

Figure 5.1
Phoria comparison method - calculation

(YtPDx F) x 2 - (Dist Phoria - Near Phoria)

Figure 5.2
Heterophoria comparison method- calculation

ence of accommodation. In normal young
people, the physiological exophoria is very
small, about 2~ (Walline et al., 1998).
Accommodation induces almost all the
necessary convergence, leaving little
demand on fusional convergence (see
Chapter 4).

More quantitatively (Figure 5.1), if a
patient with a 60-mm interpupillary
distance is orthophoric at distance and 3~

exophoric at near (33 em), the total
change in convergence from distance to
near is:

The distance heterophoria = Ortho,
PD= 6cm.

Ideal adduction of the right eye from
infinity to 33 em = 3 em x 3 D = 9~

Ideal adduction of the left eye from infinity
to 33 em = 3 em x 3 D = 9~

The near heterophoria = 3~ exophoria.

The change in convergence induced by the
accommodation = 9~ + 9~ - 3~ = 15~

The assessment of
compensation

A clinical diagnosis of decompensation is
largely based on the characteristic
symptoms of asthenopia associated with
concentrated use of the eyes, usually
problems at near associated with reading
(see Chapters 1, 3 and 6). Over-reliance on
any individual clinical measure is unwise.
Indeed, a whole series of tests is needed for
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of decompensation. particularly for pre
scribing prism and monitoring the effect of
exercises (see Chapter 3).

The quality of the cover test recovery
Assessing the quality of the cover test
recovery is a valuable diagnostic sign but it
is difficult to do well (see Chapter 1). Deter
mining the amount of prism to compensate
requires an even higher level of skill, and
most clinicians would prefer to usc the
fixation disparity unit.

Figure 5.3
Ncarpoint of convergence measurement. Thisassessment is not just of the nearpoint but of the
controlofconvergence over the whole range from distance to near

a reliable prediction of decompensation
(Saladin and Sheedy, 1978; Sheedy and
Saladin, 1983; see Chapters 1 and 6),

Near point of convergence
The most direct measure of the quality of
vergence control is the near point of con
vergence (NPC), measured with the RAF
rule or the tip of a pencil (Figure 5,3).

The assessment is not just of the near
point but of the control of convergence
over the whole range from distance to
near. The patient fixes the target and the
examiner moves the target in from about
SOern while observing the eyes. The eyes
should turn symmetrically and the pupils
constrict as the patient converges on the
approaching target. In cases of defective
convergence, the ease, smoothness and
symmetry of the eye movements are poor
over the whole range. The NPC is greater
than 10 ern and the patient fatigues rapidly
with repetition (see Chapters 4 and 6).

At the near point, the dominant eye con
tinues to fix while the non-dominant eye
turns out. When convergence is lost, the
patient should immediately report di
plopia. If this is not noticed. the examiner
continues moving the target towards the
eyes until it is reported. The objective NPC
is the limit of convergence, and the subjec
tive NPC is indicated by the onset of
diplopia. Any difference between the objec
tive and subjective values indicates central
suppression and decompensation.

Mallett (1966) recommended Capobian
co's variation on the NPC test. in which a
pen torch is used as the stimulus and a red

filter is placed over the dominant eye (so
that the non-dominant eye can be seen
when it diverges at the near point). The
filter enhances differences between subjec
tive and objective NPCs, and facilitates the
detection of foveal suppression.

Rather than using the 'push-up' tech
nique, 'jump' convergence requires the
patient to make a jump in convergence
from a distant to a near target. This is a
more difficult test, requiring accurate
analysis of disparity and physiological
diplopia (see Chapter 1).

The examiner holds a fixation target a
few centimetres further away than the
push-up NPC, while the patient fixes a
letter on the 6-m test chart. The patient is
asked to transfer fixation from the distance
target to the near target, and the examiner
observes the patient's eyes. Normal
subjects can make a single, smooth change
in convergence. However, those with poor
convergence make several adjustments to
the angle of convergence, may notice
diplopia. and very commonly pull their
head back to increase the fixation distance.
This movement can be quite fast. Care
should be taken to avoid the patient's head
banging on a hard headrest.

Fixation disparity
The presence of a fixation disparity is not
sufficient by itself to be a reliable indicator
of decompensation, although it is grounds
for further investigation (see Chapters 1
and 6). The fixation disparity unit comes
into its own as an aid to the management

Fusional reserves
Fusional reserves measurements are time
consuming, and the results can be difficult
to interpret (Chapter 4). The full graphical
analysis of fusional reserves has never
been as popular in the UK as in the USA
and continental Europe (Fry, 19H 3; Hof
stetter, 1983); however, monitoring the
increase in fusional reserves as an indicator
of progress in exercises is very useful.

Stereopsis and central suppression
The central suppression that accompanies
a badly decompensated heterophoria pre
cludes high-quality stereopsis (see Chapter
8). Values of 240 seconds of arc or worse
on the TNO stereotest should be treated as
suspicious. Small suppression areas can be
detected with the suppression test on the
near fixation disparity unit. The 4tl base
out test (see Chapters 1 and 8) can be used
to reveal larger areas of supression.

Management of decompensated
heterophoria

Modification of the refractive
correction
Modifying the spheres
If the ACjA ratio is high and the patient has
adequate accommodation, the prescription
can be modified to stimulate the accommo
dation and drive convergence in the
desired direction (see Chapter 3). The
appropriate addition (minus for exo or a
plus near addition for eso) can be relined
using the fixation disparity test.

The long-term strategy is to allow the
fusional reserves to consolidate under
the less stressful circumstances of a
reduced heterophoria so that the prescrip
tion can be reduced later to the normal re-



fractive correction. In practice this can be
difficult to do. and it is not uncommon to
find records littered with repeated instruc
tions 'must reduce add next time'. A coura
geous approach to reduction is often
successful.

Prescribing prism
Modifying the spherical component of the
correction changes the heterophoria and
keeps the eyes in their correct position. Pre
scribing prism allows the eyes to move to
an abnormal posture while maintaining
binocular vision. There is always concern
that this will encourage an increase in the
heterophoria and a demand for even larger
prisms.

Base-in prism to relieve poor conver
gence in the elderly and debilitated has
often been found to be effective (see
Chapters 3, 4 and 6). The arbitrary pre
scription of 2~ base-in right and left has a
long and successful history. Small vertical
prism determined on the fixation disparity
unit or even subjectively while viewing the
6/5 line binocularly can also be extremely
effective, If the benefit of a vertical prism is
in doubt, a brief presentation the wrong
way round establishes the asymmetry of
demand.

Base-out prism has traditionally been
viewed with caution because of fears that
the patient will converge and require in
creasingly strong prism. It is prudent to
give the patient several minutes of bin
ocular vision wearing the proposed prism
and then to recheck the heterophoria with
the prism in place. If the correction main
tains its effect over several minutes, it may
be sensible to incorporate it into the
prescription. However, it is possible to
get caught out even after taking these
precautions.

Increasing the fusional abilities
Exercises can improve fusional conver
gence so that the heterophoria becomes
compensated (see Chapters 3, 4 and 6). Tra
ditional exercises employing physiological
diplopia or stereoscopes can be highly effec
tive as part of an organized and well-super
vised regime of typically 10 minutes a day
for 2 or 3 weeks (Evans, 1997). Exercises
are arduous for the patient and are of their
nature repetitive and boring. However,
they can be justified if 2-3 weeks of
intensive exercises give many months of
relief from symptoms.

Although it may help to motivate
patients for exercises to be presented as
analogous to jogging or other fitness
routines, this is a doubtful concept.
Patients with primary (non-paretic) de
compensated heterophoria have normal
version movements. This can be easily
demonstrated by asking patients fixing at
their abnormal NPC to make a version
movement to the left or the right. Each eye
turns in quite normally when under the
control of version innervation. The extra
ocular muscles are normal; it is the quality
of control for disjunctive movement that is
defective. Orthoptic exercises (see Chapters
3 and 6) break down suppression and focus
attention on the disparity analysis neces
sary for good control of vergence. The
purpose of exercises is to develop the fine
disparity analysis necessary for accurate
vergence control.

Although it hardly matters from the
practical point of view, it is not clear
whether the conventional view that exer
cises increase the fusional reserves without
affecting the size of the heterophoria is
correct. It may be that exercises also
reduce the heterophoria by enhancing the
ability to prism adapt (North and Henson,
1982).

Convergence anomalies

Convergence weakness exophoria
This is the classic decompensated hetero
phoria (see Chapters 1-4, 6). It commonly
presents in young adults, particularly
students, who complain of asthenopia and
intermittent diplopia associated with pro
longed reading. The near point of conver
gence is suspect and fatigues on repetition.
The jump NPC is even worse, often
>20 em, There is poor convergence
control over the whole range, and it is this
loss of control that results in a poor NPC
rather than the patient simply having a
reduced range of normal convergence. The
relationship between a remote near point
of convergence and decompensated exo
phoria at near is discussed further in
Chapters 4 and 6.

The neglected technique of dynamic
retinoscopy is useful in diagnosis. Patients
with convergence insufficiency tend to
reinforce their poor convergence by maxi
mizing their accommodation so that they
do not have the usual lag of accommoda
tion at near. (They have a low value of
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'high neutral'; only about +0.50 rather
than +1.2 5 DS). They cannot relax to a
normal near lag because any relaxation of
accommodation results in loss of control of
convergence.

Exercises are the treatment of choice and
are almost always successful (see Chapters
3 and 6). Indeed, if they are found not to be
successful then careful review of the diag
nosis is prudent, in particular a check on
medial rectus function.

Convergence excess esophoria
Uncorrected hypermetropia and/or a high
AC/A ratio can result in a decompensated
esophoria at near (see Chapters 1-4). With
a high AC/ A ratio, the full distance correc
tion reduces rather than eradicates the
near esophoria. A bifocal correction
reduces the accommodation and hence the
near esophoria. Exercises can be done as
an alternative or perhaps in addition to
bifocals. The management plan is to reduce
the addition after a few months wear when
vergence control has improved.

Divergence excess exotropia
Here the patient rarely has any symptoms,
but reports that friends notice a large inter
mittent distance exotropia (see Chapters
1-4). This may be difficult to demonstrate
in a consulting room. Wall decorations
and the 3 m mirror form a strong fusional
stimulus. The distance heterophoria may
appear large but well controlled with no
fixation disparity. Getting the patient to
look out of the window at a distance
panorama will often show the true extent
of the problem.

The patient can sometimes feel the eye
drifting out, but suppression prevents
diplopia. Occasionally a patient will accom
modate and deliberately blur distance
vision to control the deviation.

The large change in angle from distance
to near should not be taken as indicative of
a very high AC/A ratio. The change from
distance to near is not only the effect of ac
commodation but also of a strong compo
nent of voluntary control. which reduces
the deviation at near. A few hours' occlu
sion disrupts the habitual status and
reveals an underlying basic deviation that
is equally large at near and distance (see
Chapter 4). Most cases of divergence excess
are like this - i.e, 'simulated' rather than
'true' (Von Noorden, 1980).

Management is difficult. The fusional
reserves are usually greater than normal.



38 Binocular Vision and Orthoptics

hut still not sufficient to control the devia
tion. Exercises to increase the reserves are
hampered by the immediate distance sup
pression when binocular vision is lost. The
deviation is so large that base-in prism is
usually ineffectual.

If the patient is young and the AC/A ratio
is high, over-minusing can be effective and
rarely disrupts near vision, perhaps
because of the underlying basic deviation
in most divergence excess. The onset of
presbyopia and the need for a near addition
tends to increase the near exophoria. If the
condition becomes cosmetically unaccept
able, it may' be necessary to refer for an
ophthalmologist's opinion on surgical in
tervention (see Chapter 15). This can be
very successful. particularly in the usual
simulated divergence excess.

Divergence insufficiency
This is a large esophoria at distance with a
relatively normal heterophoria at near and
it completes Duane's classification. It may
he related to anomalies of accommodation,
and a cycloplegic refraction is wise (see
Chapter 1). Exercises may help (see
Chapter 3), but it is rare as a primary con
dition and is usually caused by lateral
rectus weakness. If so, it should be
managed as an incomitant deviation (see
Chapter 12).

Summary

Anomalies of convergence are functional
rather than pathological. but they reduce
visual efficiency and cause distressing
symptoms. The common conditions of con
vergence insufficiency and convergence
excess can be very effectively treated by an
optometrist who modifies the prescription
or organizes a brief period of exercises.
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Decompensated exophoria at

near, convergence
insufficiency and binocular

instability: diagnosis and the
development of a new

treatment regimen
Bruce Evans

Convergence .1nsufficiency and decompensated. exophoria at near
Binocular tnstabillty

Treatment
Goals of the IPS exercises

Description·ofthe.IFS exercises

Convergence insufficiency and
decompensated exophoria at
near

Two of the most common orthoptic
problems are convergence insufficiency
and decompensated exophoria at near.
Both these problems can be treated by
using exercises to train the convergent
(positive) fusional reserves and negative
relative convergence.

Nomenclature
Some confusion arises owing to differences
in nomenclature. The Duane-White classi
fication (Evans, 1997, pp. 6-7) describes
exo-deviations as basic if the deviation is

similar at distance and near; divergence
excess if the exo-devtation is greater at
distance; and convergence weakness if the
exo-deviation is greatest at near.

In the USA, the term convergence insuffi
ciency is often used to describe a problem
atic convergence-weakness exophoria. The
condition is often defined according to a set
number of criteria. For example, Rouse et
al. (1998) defined convergence insuffi
ciency as a syndrome based on near exo
phoria, low convergent fusional reserves
(e.g, failing Sheard's criterion), and near
point of convergence more remote than
7.5 em. Depending on how many of these
features were present, these authors classi
fied their subjects as low suspect, high

suspect or definite convergence insuffi
ciency. Rouse et al. (1998) found that 18
per cent of patients seen in an optometry
clinic might have such a condition that
requires treatment.

In the UK, such an anomaly might be
termed a decompensated exophoria at near, or
a decompensated convergence-weakness
exophoria. The former term seems clearest,
and the difference between the North
American and UK nomenclature might be
partly the result of differences in the diag
nosis of the condition, as discussed below.
In the UK. the term convergence insufficiency
Is generally taken to mean a remote near
point of convergence (see Chapter 4, and
Stidwill, 1997). Although this is often
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associated with a decompensated exo
phoria at ncar (sec Chapter 16), the two
can occur independently.

Definition of decompensated
heterophoria
The original use of the term 'decompen
sated' or 'uncompensated' in referring to
heterophoria seems to be to describe the
component of the heterophoria (uncom
pensated) for which the patient was unable
to compensate (Turville, cited by Giles,
1960). In most cases the heterophoria is
fully compensated, but in others treatment
is required because a component becomes
decompensated.

Evans (1997, p. 231) defined a decompen
sated heterophoria as occurring when the
vergence eye movement system fails to
overcome a heterophoria adequately. In
practical terms, most clinicians seem to use
the term decompensated when they consider
that the heterophoria requires treatment.

The term 'decompensated heterophoria'
is defined by some authorities as a sympto
matic heterophoria (Marton, 1954;
Solomons, 1978). However, there are rare
occasions when a heterophoria might
require treatment even ifit is not producing
symptoms. For example, foveal suppression
may exist as a sensory adaptation to hetero
phoria. In young patients, this, or an en
largement of Panum's fusional areas
(Pickwell, 1981), might represent an inter
mediate stage in the development of strabis
mus (microtropia), and hence treatment
may be appropriate even in the absence of
symptoms. However, it should be noted
that some authors argue that the presence
of suppression in heterophoria is associated
with symptoms (Goersch, 1979). The
symptoms of decompensated heterophoria
include:

Blurred vision
2 Double vision

Distorted vision
4 Difficulty with stereopsis
5 Monocular comfort
6 Difficulty changing focus
7 Headache
8 Sore, tired, aching eyes
9 General irritation.

phoria that produces clinical signs on a
certain instrument. For example, Cagnolati
(1991) defined a decompensated hetero
phoria as one that produces a fixation dis
parity on the Zeiss Polatest. Rushton et al.
(1994) described a decompensated hetero
phoria as one that produces a fixation dis
parity on the Mallett unit. An obvious
problem with this interpretation is that the
meaning will be completely dependent on
the test and on the precise test conditions.
Diagnosis of decompensated
heterophoria
Undoubtedly, the desire to characterize a
decompensated heterophoria as one that
produces symptoms and/or produces a
given test result reflects the need for clini
cians to reach a clear decision on whether
a heterophoria requires treatment. The
crucially relevant question is which
clinical test(s) are able to detect with any
degree of certainty whether a heterophoria
requires treatment. Since the vast majority
of cases of heterophoria that require treat
ment are symptomatic, the question can be
rephrased as, which test is best at detecting
symptomatic heterophoria? This is an im
portant question, because the symptoms of
decompensated heterophoria are non
specific; symptoms that can result from a
heterophoria could alternatively result
from a completely different problem. If a
patient has symptoms suggesting a decom
pensated heterophoria, then clinicians
need to know which clinical test(s) are
going to help them to determine whether it
is indeed the heterophoria that is producing
the symptoms, or whether the symptoms
result from something else.

The current author knows of only two
thorough studies that have addressed this
question. Sheedy and Saladin (1978)

assessed the dissociated heterophoria.
fusional reserves and fixation disparity
curve with the Sheedy disparometer for 33
symptomatic and 43 asymptomatic third
year optometry students. These authors
carried out a discriminant analysis to deter
mine which tests were best at discriminat
ing the symptomatic from the asymp
tomatic subjects. Sheard's criterion was a
good discriminator for exo deviations, and
a variant of Percival's criterion was good
for eso-deviations. The authors' data on
fixation disparity variables do not relate to
the Mallett test because Sheedy and Saladin
used the Sheedy Disparometer, which does
not possess a good foveal fusional lock. This
means that the patient is not under fully as
sociated conditions, so the test docs not
reflect the normal binocular status ill
everyday viewing conditions. Several
authors have suggested that instruments
with a foveal fusion lock (e.g. the Mallett
unit) give more natural (Mallett, 1988. p.
265; Cooper et al., 1992) and less variable
(Wildsoet and Cameron, 1985; [aschinski
Kruza and Schubert-Alshuth, 1992) results
than equipment that does not have a foveal
fusion lock.

The other thorough study that investi
gated the relationship between symptoms
and tests assessing whether a heterophoria
is compensated was performed by Jenkins
and colleagues (Jenkins et al., 1989; Yekta
et al., 1989). This was a thorough study.
evaluating 118 subjects consulting an op
tometric clinic, and is the only study in the
literature to plot receiver-operator curves
and calculate sensitivity and specil1city of a
clinical test for detecting symptomatic het
erophoria (Figure 6.1). The authors found
that, if an aligning prism of 1.6. or more
was taken as indicating a test fail for the

The symptoms can be broadly classified into
three categories: visual perceptual distor
tions (1~3), binocular disturbances (4-6),
and asthenopia (7-9).

Alternatively, decompensated hetero
phoria is sometimes defined as a hetero-

Figure 6.1
Receiver-operatorcharacteristiccurve (ROC) ofaligningprism for detectingdecompensated
heterophoria, re-drawn with permission from Jenkinsei (/1. (1989)
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Mallett test. then the test had a sensitivity of
75 per cent and a specificity of 78 per cent
for detecting symptomatic heterophoria in
pre-presbyopes (Jenkins et al., 1989). The
authors also looked at other variables that
can be measured with some fixation dispar
ity equipment (fixation disparity. slope of
forced fixation disparity curve). but these
did not provide further useful information
(Yekta et al., 1989). Similarly. the size of
the dissociated heterophoria was of little
value in predicting whether the phoria was
symptomatic or not.

The research of Jenkins and colleagues
broadly supports the claims made by
Mallett (1964). and shows that the
presence of a significant aligning prism on
the Mallett unit is a good indicator of the
likelihood of a symptomatic heterophoria
being present. This may account for the dif
ferent approach to diagnosing a decompen
sated exophoria at near in the UK and in
the USA. In the USA, where the Mallett
unit is not commonly used, there is no
single diagnostic test that is likely reliably
to inform clinicians of those cases of decom
pensated heterophoria that require treat
ment. Hence. clinicians need to adopt a
more lengthy and complicated diagnostic
procedure (e.g. Rouse et al., 1998).

In the UK, where the Mallett unit is in
widespread use. the diagnosis for most
cases is relatively straightforward. Three
quarters of cases who have a symptomatic
heterophoria will have a significant
aligning prism on the Mallett unit. There
fore if a patient has symptoms and an
aligning prism on the Mallett unit, then it
is very likely that the heterophoria
requires treatment and more detailed
testing may not be required.

Although the sensitivity and specificity of
the Mallett unit are good, they are not
perfect and there will be cases where more
detailed investigation is required
consider. for example. a patient who has
symptoms that are strongly suggestive of a
decompensated heterophoria (e.g. asthen
opia during near vision), normal refraction
and accommodation, an exophoria on near
cover testing. and yet no aligning prism. In
these cases, other tests of compensation
may be required, such as a careful inspec
tion of cover test recovery, Sheard's criter
ion (for exophoria) and Percival's criterion
(for esophoria). Similarly. if a patient has a
significant aligning prism on the Mallett
unit and yet has no symptoms, then it
might be useful also to assess foveal sup-

Figure 6,2
Flowchart summarizing the diagnosis of
decompensated heterophoria. Symptoms are
described above. 'Other tests of compensation'
includeSheard's criterion (thefusional reserve
opposing the phoriashould beat least twice the
phoria)and Percival'scriterion (onefusional
reserve should not bemore than twice the
other). Sheard's criterionis especially useful in
exophoria,Percival'sin esophoria

pression (e.g. with the Mallett polarized
letters test; Evans. 1997, pp. 61-2) and the
other tests of compensation. This approach
to the diagnosis of decompensated hetero
phoria is illustrated in Figure 6.2 and in
the third case study in Chapter 16.

Binocular instability

Occasionally. patients have symptoms that
are suggestive of decompensated hetero
phoria but have a very small heterophoria.
Such cases may have binocular instability.
Binocular instability is characterized by
low fusional reserves and an unstable het
erophoria. The fusional reserves are
usually low in both directions (divergent
and convergent) so that the fusional ampli-

tude is lower than 20~ (Evans. 1997.
p. 65). The unstable heterophoria can be
detected with a Maddox wing test. A
movement of the arrow in the Maddox
wing test of ± 1~ is normal, but ±2~ or
more is abnormal. The binocular instability
is likely to be more significant if it is
detected with naturalistic tests, such as the
Mallett fixation disparity test when it will
manifest as an unsteady position of the
green monocular markers. Binocular in
stability may be associated with suppres
sion (possibly transient) with the Mallett
polarized letters test. Binocular instability
can also cause a movement of the letters in
the Mallett polarized letters test.

Evans (1997, pp. 65-6) gave a historical
overview of binocular instability. which
was first described in 1938. The condition
is common in dyslexia, but also occurs in
other people. Binocular instability can be
associated with decompensated hetero
phoria, but also occurs independently. The
differential diagnosis of the two conditions
is summarized in Table 6.1.

How can an orthophoric patient have
a binocular vision anomaly?
There are both sensory and motor factors
that might contribute to difficulties with
fusion and lead to binocular instability.
Sensory factors include uncorrected refrac
tive errors. anisometropia, and anisei
konia. Aniseikonia will occur even in
bilateral emmetropes, for example when
reading, because text at one end of a line
will be nearer to one eye than the other,
and vice versa at the other end of the line.
H is easy to speculate why motor factors
might cause a negligible heterophoria to be
associated with symptoms from binocular
instability. Julesz (1971) showed that,
even when inspecting small targets,
vergence errors in excess of 20' arc occur
during saccadic eye movements. For very
large saccades (such as when the eyes
return to the beginning of the next line
when reading) the vergence error is likely
to be greater and will be exacerbated by
minute degrees of incomitancy which may
exist in nearly everyone (van Rijn et al.,
1998). So, even for an orthophoric patient,
significant fusional reserves may be
required (both divergent and convergent)
to overcome these transient errors in
ocular alignment. Hence. motor demands
may result in a significant need for
'vergence in reserve' for orthophoric
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Table 6.1 OUferentlui diagnosis QftJlnoc.. lar JnstatJiUty .nddec~lUpel'lfiltted

heterophoria

V>N

Decompensated exophoria is the most
common type of decompensated hetero
phoria. and is relatively easy to treat. Most
cases respond well to exercises, and the
basic principles behind these exercises are
described in Chapters 3 and later in this
chapter. Cases that do not respond to exer
cises can be treated by refractive modifica
tion ('negative adds'; Chapter 3) or by
base-in prism (Chapters 3 and 4).

Rather than repeating the subjects dis
cussed in other chapters, this chapter will
describe in more detail the rationale
behind a new regimen of exercises that
have been developed to train convergent
fusional reserves. These exercises are the
Institute Free-space Stereograms (IFS),
which can be used to treat decompensated
exophoria, convergence insufficiency (see
Chapter 4) and most cases of binocular in
stability.

The usual approach to the treatment of
binocular instability is to remove or treat
any sensory factors that are interfering
with fusion and to train the fusional
reserves. Some sensory obstacles, such as
anisometropia or cataracts, may require
contact lenses or surgery. More commonly
the patient has foveal suppression, and the
IFS exercises include components which
have been designed to treat this suppres
sion. Most patients with binocular instabil
ity are exophoric or orthophoric, and
training the convergent fusional reserves
with the IFS exercises may be all that is
required to eliminate their symptoms. In a
few cases of binocular instability the
patient may be esophoric at near, in which
case the IFS exercises are contraindicated.

Are convergent fusional reserve
exercises effective?
A single-masked controlled study by Damn
et al. (1978) found that fusional reserve ex
ercises were effective at improving the con
vergent fusional reserve of 12 normal
students. This study suggested that slower
stimulus change may be preferable to more
rapid changes, although the paper noted

Treatment

this test is used might influence the results
obtained. Figure 6.4 outlines an approach
that has been used in the Institute of
Optometry clinics.

May bepresent, llkely to be constant
during binocular viewing, usually
unilateral

NotsignifIcantly correlated

Nonlusstrips are misaligned, but are
not necessarily moving

Thefusional reserveopposingthe
beterophorlais usually low

DecumpensQtecl heterophori"

Heterophcrta must be present

Stable: movementofIlrrowIn
Maddox wing test usually less than
±24

Recovery usually slowlindhesitant

where C is a constant minimum amount of
vergence that needs to be held in reserve
and M is some factor that needs to be multi
plied by the heterophoria. The above
formula would be applied to the opposing
fusional reserve; the non-opposing
fusional reserve would simply need to
exceed C. Hence, for an orthophore, the
convergent and divergent reserves would
have to exceed C. The author is unaware of
any research investigating the above hy
pothesis, which must therefore remain con
jecture at present.

If the above hypothesis is correct, then,
where it co-exists with a significant hetero
phoria, binocular instability may be consid
ered as one aspect of the decompensated
heterophoria. In cases where the binocular
instability occurs in the absence of a signifi
cant heterophoria, the term 'decompensat
ing orthophoria' might be technically
appropriate. but could cause semantic ob
jections.

From a clinical viewpoint, the symptoms
of binocular instability and decompensated
heterophoria are very similar. Figure 6.3
gives an algorithm that may assist in the
diagnosis of these conditions, It can be
seen that the Mallett unit fixation disparity
test plays an important role, and some un
published research suggests that the way

Stattsucallystgnltlcllnt
associatinn

Binocular instability

Heterophoria maybe present,
but pattent maybeorthophorlc

lJnstable: movementofarrow In
Maddox wing test usually ±2A
or more

Recovery mayor may not be
normal

Usually both convergentIlnd
divergentreservesare low, result
may worsenmarkedly as patient
tires

Oneor both Noniusstrips move.
'l'here may bean altgnlng prism,
or the movementmaybeequal
In both directions

Often present, likely to be
transient, may be alternating

Reluuonshlp with specific
reading dlllkultics
(dyslexia) -Evans et Ill.
(l994)

Fusional reserves

Foveal suppression

lleterophorlu

Aligningprism
iflxation disparity]

Cover test

Sign

Slablllty ofheterophoria

In view of the above argument that ortho
phoric patients and patients with a low het
erophoria may need to have some
'vergence in reserve', a better arithmetic
approach may be:

and Sheard's criterion as

V> MP+C

V> 2P

patients and patients with only a low het
erophoria.

It is possible that the distinction between
binocular instability and decompensated
heterophoria is an artefact resulting from
the historical way in which we view hetero
phoria and fusional reserves. The two
main methods of assessing fusional
reserves are lntersubject (comparing
values with norms) and intrasubject (com
paring the opposing fusional reserve with
the heterophoria). The usual intrasubject
method (Sheard's criterion) requires that
the appropriate fusional reserve is a
multiple (2x) of the phoria. If 'P' is the
phoria, 'V' is the opposing fusional reserve
(to blur point) and N is the norm for the
fusional reserves, then the intersubject
method can be summarized as



Decompensated exophoria at near, convergence insufficiency and binocular instability: diagnosis and the development of a new treatment regimen 43

Score

1 Does the patient have one or more of the symptoms of decompensated heterophoria
(headache, aching eyes, diplopia, blurred vision, reduced stereopsis, monocular comfort, sore eyes, general irritation?
If so, score +3 (+2 or +1 if borderline)

Are the symptoms at ODor N ?

(All the following questions apply to D or N, as ticked - if both ticked, complete 2 worksheets)

2 Is the patient orthophoric on cover testing?
YesDor NoD If no, score +1

3 Is the cover test recovery rapid and smooth?
YesDor NoD If no, score +2 (+1 if borderline)

4 Is the Mallett Hz aligning prism: <16 for patients under 40, or <26 for pxs over 40?
YesDor NoD If no, score +2
If a vertical aligning prism of 0.56 or more is detected, see note in legend

All the following questions apply to horizontal results

5 Is the Mallett aligning prism stable (Nonius strips stationary with any required prism)?
YesDor NoD If no, score + 1

6 Using the polarized letters binocular status test, is there any foveal suppression :;::3?
YesDorNoD If no, score +2

Add up score so far and enter in right hand column
If score: :;:: 3 diagnose normal, ~ 6 treat, 4-5 continue down table adding to score so far

7 Sheard's criterion:
(a) Measure the dissociated 'phoria (e.g. Maddox wing, prism cover test); record size and stability
(b) Measure the fusional reserve opposing the heterophoria (I.e. convergent, or base-out, in exophoria). Record as
blur/break/recovery in 6.
Is the blur point, or if no blur point the break point, [in (b)] at least twice the phoria [in (aj]?
YesDor NoD If no, score +2

8 Percival's criterion: measure the other fusional reserve and compare the two break points.
Is the larger break pointless than twice the smaller break point?
YesDor NoD If no, score + 1

9 When you measured the dissociated heterophoria, was the result stable, or unstable (varying over a range
of ±26 or more) (e.g. during Maddox wing test, if the Hz phoria was 46 XOP and the arrow was moving from 2 to 6,
then result was unstable)
Stable 0 or Unstable 0 If unstable, score +1

10 Using the fusional reserve measurements, add the divergent break point to the convergent break point.
Is the total (= fusional amplitude) at least 206?
YesDor NoD If no, score + 1

Add up total score (from both sections of table) and enter in right-hand column. If total score: 5 then diagnose
compensated heterophoria, if >5 diagnose decompensated heterophoria

Figure 6.3
Algorithm to aidin the diagnosis of binocularinstability and decompensated heterophoria. Although there will always beexceptions, the algorithm
shouldhelpin the diagnosis of most cases. A slightly simplifiedprocedure can usually befollowedfor the diagnosisof verticalheterophorias. If a
vertical aligningprism ofO.5~ ormoreis detected, then, after checkingtrialframe alignment, measurethe verticaldissociated 'phoria. If this is more
than the aligningprism (i.e. 1~ or more) and therearesymptoms then diagnose decompensated heterophoria; but the algorithm can still be
completed for any horizontalphoriathat may bepresent

that earlier research by Daum had found
that more rapid change was better.

Another single-masked controlled trial
by Vaegan (1979) used mechanized equip
ment to treat 47 normal subjects. This in
teresting study found that: 'Substantial

longstanding gains in either convergence
or divergence prism vergence scores can
result from just 5 min of sustained effort at
an angle halfway between the break and
recovery points'. The clear implication of
this research is that the key component of

the exercises is sustained effort to over
converge or over-diverge. The author went
on to state: 'Whether synoptophore or
jump vergence stereocards are used to
induce the movement, the critical variable
is the length of time it is maintained. The
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simply the result of a placebo effect then
both convergent and divergent measure
ments should have improved. These
authors argued that several techniques arc
needed to help the benefit of exercises
transfer into everyday life.

Cooper and Feldman (1980) investigated
eight normal adults. Half were given
random dot stereogram convergence exer
cises. and the other half just looked at a
random dot stereogram target without any
changing vergence. The group receiving
the experimental treatment improved and
the others did not.

One of the most rigorous studies is that of
Daum (1986). Twenty-one subjects
received convergent fusional reserve exer
cises in a synoptophore. Unfortunately, the
effect of treatment was measured on the
same instrument, so it is not clear how
much of the improvement is solely speciflc
to this instrument. The convergent
fusional reserves improved significantly,
but those of a control group who just
received version exercises remained un
changed. Subjects were treated for a total
of 2 hours over a 2-week period, and it was
found that the best outcome was achieved
when a 'little and often' approach was
taken (12 x 1O-minute sessions).

The limited literature in this field does
therefore provide some objective (rando
mized controlled trial) evidence to support
the efficacy of fusional reserve exercises.

Figure 6.4
Flowchart illustrating testing procedure for Mallettfixation disparity (PD) test. Px. patient

5 min used here were effective and even
more time is desirable'.

Cooper et al. (1983) studied seven
subjects with decompensated exophoria at
near in a randomized controlled crossover
trial. Although the study was double
masked, the study design did not control
for the practice effect. Subjects showed sig
nificant improvement in positive, but not

negative, fusional reserves. Measurement
of both fusional reserves, although only
the convergent reserve was treated, repre
sents a further form of experimental
control. From the patients' point of view it
is unlikely that they knew that the conver
gent reserve but not the divergent should
improve, and since both were measured in
a similar way, if the improvement was

What are the essential features of
successful exercises?
It was noted in Chapter 3 that fusional
reserve exercises can employ a variety of
methods of dissociating the eyes. These
include red/green, polarization, and haplo
scopic devices (e.g. stereoscopes). An alter
native method, used since 1940 (Mann,
cited by Revell, 1971), is to employ free
space fusion (Chapters 3 and 4). This has
several advantages, including the fact that
no specialist equipment is needed and the
exercises are therefore inexpensive (Figure
6.5). Additionally, recent research has
shown that vergence latencies are much
shorter - equivalent to saccades - under
free-space conditions, but not when
viewing through artificial instruments
(Hung, 1998). This may support the
clinical observation that exercises that are
carried out under more natural. free-space
conditions may be more effective at trans
lating into everyday life.

Notwithstanding the method of drssocia-
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Figure 6.5
TheInstitute free-space stereograms(courtesy of1.0. O. Marketing Ltd)

tlon, there appears to be two schools of
thought regarding the most effective type
of exercise. One viewpoint, typified by
Vaegan (1979) is that the details ofthe ex
ercises are relatively unimportant and the
key feature is to maintain an over-con
verged posture for as long as possible. If
this hypothesis is correct, then the most im
portant feature of the design of the exercises
might be to keep the patient amused and in
terested during potentially boring periods
of over-convergence.

An alternative point of view is that it is
best to use the widest possible range of
targets (e.g. different sizes and shapes) to
help the effect translate into everyday life.
Similarly, a variety of stimulus speeds may
be helpful. A review by Ciuffreda and
Tannen (1995) noted that although steps
of disparity yield greater expansion of
ranges than slow ramps of disparity,
probably each should be used since both

the 'slow' and 'fast' vergence system con
troller subcomponents would then receive
appropriate stimulation and feedback.

Goals of the IFS exercises

The IFS exercises were developed with the
goal of satisfying both of the above hypoth
eses. The exercises were designed to keep
the patient in an over-converged posture
for as long as possible whilst keeping them
interested and amused with a variety of
tasks and different stimuli. The various
targets and types of stimulation (step and
ramp) should also fulfil the requirements of
the second hypothesis: to employ a variety
of targets and stimuli, which may help the
benefit translate into everyday life.

The more detailed goals of the IFS exer
cises are outlined in Table 6,2, The exer
cises are designed to be used at home,

employing a parent and child team. They
can be used by adults or older children by
themselves, but it helps to warn the patient
that some of the instructions are phrased
in 'child friendly' language.

It should be stressed that the exercises
themselves do not represent any new
breakthroughs. The principle of free-space
stereograms is more than 50 years old, and
the IFS exercises are best thought of as a
new interpretation of an old idea. The
features of the exercises have been
designed with an awareness of recent
research, but the general principle is
similar to previous forms of free-space exer
cises,

A key feature of the exercises is very
detailed instructions to make the parent, or
older patient, the 'vision therapist'. The in
structions are arranged in a series of stages
to enhance a sense of progress for both the
patient and parent. Usually several stages
are progressed through each day, and this
tends to encourage the participants.

Patients are asked to do the exercises for
10 minutes twice a day, and they are often
postponed until school holidays to facilitate
a morning session. The exercises can also
be effective if only done for 10 minutes a
day, but they are then likely to take longer
to complete. It is far preferable to have a
short period (e.g. 3 weeks) of concentrated
exercises than to try and continue for
much longer. Even 3 weeks is quite a long
time for a child. and it helps if, when the ex
ercises are issued, the child is aware that a
check-up appointment has been booked in
3 weeks time so that there is a clear date to
work towards.

Description of the IFS exercises

Patient selection
The most common use of the exercises is to
treat decompensated exophoria at near.
They can also be used to treat convergence
insufficiency (see Chapter 4), some cases of
decompensated basic exophoria (at
distance and near), intermittent near exo
tropia and (with more skilled practitioners)
constant exotropia at near. For many
patients the exercises are all that are
needed: for others the patient may need
supplementary exercises (see Chapters 3
and4).

Similar exercises to treat eso-devtations
have been piloted in the Institute of Optom
etry clinics. For these exercises it helps to
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Figure 6.7
Sampleof instructions accompanyingIFS Card1. This is only a small section of the instructions,
whichare moredetailed

stereopsis. The separation of the targets on
this page is small so that only a mild degree
ofover-convergence is required.

Quite early on in Card 1. patients experi
ence the first of 10 self-test questions.
These questions ask patients about the 3-D
image they see, to confirm that the depth
perception is in the right direction. If not,
then they are instructed to stop the exer
cises and to consult their eye-care practi
tioner.

Card 2
Card 2 is the real 'workhorse' of the exer
cises, and uses targets with a very marked
stereoscopic relief (Figure 6.8). As well as
the conventional 'ring' targets, there are
also several shapes that are seen to 'float'
in three-dimensional space. Throughout
this card, the need to keep the targets clear
is stressed.

A variety of different techniques are used
on Card 2. Again, there are regular self
checks to ensure that patients are over-con
verging and not over-diverging (Figure
6.9). First, patients 'visually trace' around
the rings, trying to enhance their sensory
perception of stereo-acuity. Next. they are
taught to appreciate the more subtle differ
ences in stereo-acuity between the different

shapes. The awareness of physiological
diplopia and stereo-perception should help
to reduce any suppression. However, there
are also special targets that are designed to
treat foveal suppression. With these small
targets the eyes see a four-limbed star (.),
but with some of the limbs seen only by
each eye. Thus any suppression is
revealed, and patients are taught to try
and overcome this. The patients then pro
gressively 'jump' down to the lower set of
rings, and repeat the exercises with those.
As these become further apart, they
require greater degrees of over-conver
gence.

After spending some time concentrating
on the stereo-perception of each target,
patients are then instructed to rapidly track
down the page, over-converging as appro
priate for each successive target. This repre
sents a form of 'step' (phasic) exercises,
rather like using accommodative flippers.
In the final stage for Card 2, patients are
taught to move the page gradually towards
them whilst maintaining an over-con
verged posture. This represents a form of
'ramp' (tonic) exercises. Once patients are
viewing the target at about 17 ern, then
they again track down the page, exercising
rapid changes ofconvergence.

Figure 6.8
IFS Card 2. Theactualcard is A4 size, larger
than that shown

Card 3
To maintain patient interest, Card 3
employs a different approach. It uses an
autostereogram, which has been specially
created for the exercises (Figure 6.10).
Autostereograms are pictures based on
random dot stereograms, and the principle
and history of the development ofthese has
been summarized by Thimbleby and
Neesham (1993). These images have been
very fashionable, and readily hold a fasci
nation for people of all ages.

The images can be viewed by over-con
verging or by diverging, so great care is
taken in the IFS instructions to ensure that
only over-convergence is used by patients
during the exercises. The images that are
used in the IFS Cards 3 and 4 have been
specially designed by a company called
Altered States, which is a leading
European manufacturer of custom
designed autostereogram images. When
patients over-converge appropriately, they
see a series of steps leading up towards
them. As their eyes 'walk up each step',
they over-converge by increasing degrees.
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Improving 3-D vision: Mega 3-D!

After completing Card 1 you will not be surprised by the pictures on Card 2. What
you can see is five pairs of targets, each target is made up of two rings, with other
shapes as well. Before long these shapes float off the page towards you, in a type of
'vi rtual reality'. The smaller targets are at the top of the page; and the targets
become further apart towards the bottom of the page. Surprisingly, the smaller top
two targets are easier to do than the larger ones. So start with the smaller targets.

Stage 1: the smallest targets

For now, try to ignore the larger targets and just concentrate on the smallest size at
the top of the page. Don't think about the shapes: at this stage just concentrate on .
the rings. The procedure is exactly the same as for the circles on Card 1. However,
there are no dots so you have to make your eyes go cross-eyed without using the dots.

As before, make your eyes go cross-eyed (you can use a pencil if you have to) until
you see four blurred targets instead of two. Then, change how cross-eyed you are
until you see three targets. The inner rings on the central target should look like they
are closer to you than the outer ones. IF THE INNER RING SEEMS FURTHER AWAY
THEN STOP DOING THE EXERCISES AND TELL YOUR EYE CARE PRACTITIONER.

Practice keeping three targets instead of two or four. You may need to twist the page
to keep the targets level. Try to keep the targets as clear as possible. When you can
see three targets and keep them clear for most of the time then go on to stage two.

Figure 6.9
Sampleof instructions accompanying IFS Card 2. This is only a small section of the instructions,
which aremoredetailed

Figure 6.10
II'S Card 3. Theactualcardis A4 size, largerthan that shown

follows a similar principle to that used in
Card 3. These last two cards do not require
very high degrees of over-convergence.
since this would make it too difficult to
achieve fusion in the slightly unusual
world of virtual, autostcrcograrn, reality.
Nonetheless, exploring this fascinating per
ceptual experience does manage to keep
the patient in an over-converged state for
quite long periods of time, helping to conso
lidate the effect of the exercises.

Follow-up
Very rarely do patients telephone in to
report a problem with the exercises. The
problems they might report and solutions
to these are given in the practitioner in
structions that come with the IPSexercises.

At the follow-up appointment, after 3-4
weeks, the practitioner should enquire
about how easy or difficult the exercises
have been. how often they have been done,
and for how long on average each day.
Patients should be asked about any change
in their initial symptoms and whether any
new symptoms have occurred.

The relevant clinical tests should be
repeated and the results compared with
those obtained before giving the exercises
(see third case study in Chapter 16). If the
symptoms and clinical signs have im
proved, then the exercises can be stopped.
Occasionally the exercises need to be con
tinued for a little longer. If there has been
no or very little improvement, then alterna
tive approaches need to be considered, as
discussed in Chapters 3 and 4, and in
Evans (1997). If the exercises have been
successful then the patient is asked to keep
them and it is explained that a further 'top
up' session with the exercises is occasion
ally required. Most older patients recognize
the return of their symptoms and initiate a
further session of exercises themselves.
Younger patients may need to be re
examined, perhaps in 3 months. to check
the clinical signs. Patients can be reassured
that top-up exercises are usually much
easier and need to be carried out for a
shorter period than first time around.

On each step is a letter, and the child has to
read this out to the parent, who records the
result. There are the usual 'self-checks' to
ensure that the exercises are being per
formed correctly, and the result is recorded
for the practitioner to check at follow-up
appointments.

As with the rest of the exercises. the in
structions clearly guide the patient
through the stages of this phase of the exer
cises.

Card 4
Card 4 is another autostereogram, and

Conclusions

The IPS exercises are not a panacea but. for
some patients, represent a fairly straight
forward and cost-effective method of
treating certain common orthoptic anoma
lies. This generic type of exercise has been
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validated with randomized controlled
trials. and the IFS exercises have been
designed to contain the features that the lit
erature suggests are the most important
parameters for this type of intervention. It
is hoped that a randomized controlled trial
with the exercises will be possible soon. A
preliminary open trial of over 20 consecu
tive patients has produced encouraging
results (Evans. 2000).
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Figure 7.3
Algorithmfor investigating diplopia (modified after von Noorden, 1996, p. 209)

Practitioners sometimes feel a sense of
rising panic when a patient reports
diplopia, yet the investigation of diplopia is
really a fairly straightforward deductive
process, as summarized in Figure 7.3.
Covering one eye will determine whether
the diplopia is monocular or binocular.
Monocular diplopia in children can be due
to refractive errors, cataracts, corneal
disease, or occasionally retinal disease
(Taylor, 1997). Sensory causes of mon
ocular diplopia and polyopia (more than
two images) include brain trauma, cerebro
vascular accidents, and migraine.

When diplopia is binocular, then
orthoptic tests should be used to detect
the presence of strabismus in all or any
positions of gaze. The direction of the
diplopia (horizontal. vertical. oblique, tor
sional) should be determined by question
ing the patient. Some authorities argue
that torsional diplopia (from cyclotropia)
never occurs in isolation but always
accompanies vertical or oblique diplopia.
By introducing a red filter in front of one

eye, or by covering an eye, the practitioner
can determine whether any horizontal
diplopia is crossed (heteronymous,
suggesting an exotropia) or uncrossed
(homonymous, suggesting an esotropia).
If diplopia occurs after surgery, it should
be determined whether it is in accordance
with the postoperative deviation or para
doxical (crossed with esotropia and un
crossed with exotropia), in which case
there is a persistence of the preoperative
sensory adaptation (von Noorden, 1996.
p. 208).

The practitioner should detect and inves
tigate any incomitancy as outlined in
Chapters 12 and 16. A computerized Hess
screen is now available which facilitates
the quantification of incomitant deviations
in optometric practice (available from
1.0.0. Marketing Ltd, London). Recent
onset diplopia from a new incomitant stra
bismus should always arouse a strong sus
picion of active pathology which requires
urgent referral (Evans, 1997a). New
comitant strabismus can also result from

Diplopia: when can intractable be treatable? 51

pathology. and requires urgent referral
unless there is an obvious cause that
responds to treatment. For example. an
obvious cause of esotropia is uncorrected
hypermetropia, in which case refractive
correction should eliminate the strabismus.
In another example, if an optometrist has
been monitoring a large exophoria for a
number of years and this starts to decom
pensate with increasing schoolwork.
causing diplopia, then the optometrist may
choose to correct this by refractive manage
ment or with orthoptic exercises (see
Chapters 3 and 6).

Monocular diplopia or binocular triplo
pia can occur through a rather similar
mechanism to paradoxical diplopia:
because of a persistence of the sensory
state preceding a surgical intervention.
The strabismic eye sees two images of a
fixation point as a result of competition
between the innate normal retinal corre
spondence and long-standing anomalous
retinal correspondence that existed before
surgery. When both eyes are open, the
normal retinal correspondence in the
dominant eye can cause triplopia (von
Noorden, 1996, pp. 269-70).

Most cases of strabismus do not have
diplopia but have developed binocular
sensory adaptations. These adaptations
are either harmonious anomalous retinal
correspondence (HARC) or suppression,
and these topics are discussed in Chapters
8 and 9. Intractable diplopia (see below)
suggests that either patients were unable
to develop sensory adaptations (e.g. they
were too old when the strabismus
occurred) or that there has been a change
in their sensory or motor status.

Rarely, binocular diplopia can result
from a change in fixation preference, when
a previously dominant eye becomes the
more myopic, causing a change in ocular
dominance. Such cases are resolved by
correction ofthe myopia.

A particularly troublesome form of
binocular sensory diplopia occurs in non
strabismic patients who have developed a
macula or retinal lesion causing metamor
phopsia. Bifoveal fusion may be impossible,
yet peripheral fusion is likely to be
normal.

It is possible that sensory diplopia might
also occur as one of the anomalous visual
effects accompanying migraine or epilepsy.
One theory is that these anomalous visual
effects result from hyperexcitability of the
visual cortex (Wilkins, 1995, p. 157).
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Covering one eye halves the sensory input to
the visual cortex, and thus reduces the prob
ability of such anomalous visual effects
(Wilkins, 1995, pp. 21-3). Hence, sensory
diplopia from this source could conceivably
present as binocular diplopia that resolves
on covering one eye, although the patient
does not have a strabismus.

Can the patient achieve
binocular single vision?

It is noted in Chapter 14 that the complaint
of binocular diplopia strongly suggests
that there is the potential for binocular
single vision, especially if the patient can
consciously control the diplopia by
adopting a compensatory head posture. Ex
ceptions are the intractable cases described
later in this chapter. In every case, it is im
portant to establish whether the diplopia
can be eliminated. This should be investi
gated with prisms before surgery is consid
ered.

Loose prisms, rotary prisms (e.g. in a re
fractor head) or prism bars can be used. It
should be noted that errors can occur
when prisms are stacked (e.g. several loose
prisms placed in a trial frame; Firth and
Whittle, 1(94).

The effect of prisms on diplopia from
comitant strabismus can be investigated
using the Mallett OXO test (Figure 7.4;
available from 1.0.0. Marketing Ltd. Tel.

Figure 7.4
Diagram sholVing the useofa Mallett unit to
investigate the effectofprisms on diplopia

0207 3780330). Even incomitant cases, if
the incomitancy is subtle, sometimes
benefit from the prism suggested by testing
with the Mallett unit in the primary
position (see Chapter 16). An advantage of
the Mallett OXO test is that it does not dis
sociate the patient. but instead preserves
normal viewing conditions. For patients
with good visual acuity, the usual small
OXOcan be used. Patients with poor acuity
can use the large OXO. which is included
on modern near Mallett Units (the usual
use for the large OXO is for assessing
sensory factors in strabismus; Chapter 9).

If a diplopic patient views the appropriate
test whilst wearing the polarized visors.
then he or she should report seeing two
OXOs, one with a line above the X and
another with a line below the X (Figure
7.4a). The position of the OXOsreveals the'
type of diplopia (e.g. horizontal in Figure
7.4). Prisms are introduced and adjusted to
bring the OXOs closer together (Figure
7.4b). It should be determined whether the
patient can fuse the diplopic OXOs (as in
Figure 7.4c). If this is not possible, then
there may be sensory fusion disruption
syndrome or horror [usionis, as described
below. If the patient can fuse the OXOs,
then the prism should be refined to elimi
nate any fixation disparity (Figure 7.4d). If
there is no significant incomitancy, then
the patient should be able to move the head
and, when viewing through the appropri
ate prisms, maintain binocular single
vision. In patients with horizontal diplopia
and with adequate accommodation.
spheres (minus for exotropia, or plus at
near for esotropia) can be used to try and
eliminate the diplopia by altering the
accommodative convergence.

If a prismatic or spherical correction
eliminates the diplopia. then this can be
prescribed. Some patients adapt to the cor
rection and require a stronger prescription,
but this is not usually the case. This is
because patients with binocular vision
anomalies do not usually adapt to prisms
(North and Henson, 1981), unlike patients
with normal binocular vision (North and
Henson, 1992; Rosenfield, 1997). With
larger angles that may require surgical in
tervention a prism adaptation test or a trial
with botulinum toxin is advisable before
surgery, as described in Chapter 14.

A postoperative diplopia test can be used
to investigate the presence of diplopia or
suppression in patients without the poten
tial for binocular single vision. The post-

operative diplopia test is also described in
Chapter 14. Patients with diplopia or sup
pression should have this test carried out
before surgery, to assess the risk or
inducing intractable diplopia after surgery.

It can be difficult to investigate the effect
of prisms in patients with very large devia
tions. The management of these patients is
discussed in Chapter 14.

Overview of commonplace
treatments for diplopia

Many cases of diplopia can be treated by
optical or surgical means (for example, see
the first case study in Chapter 16). Table
7.1 gives examples of typical treatmen ts
for some of the causes of diplopia that are
listed in Figure 7.3. Occasionally diplopia
does not respond to standard treatment. or
other considerations mean that the usual
treatment (e.g. surgery) is contraindicated.
These cases are described as intractable
diplopia.

Causes of intractable diplopia

The word intractable means 'not easily
dealt with'. Intractable diplopia can be
very distressing for patients, sometimes
greatly impairing their ability to live a full
and happy life. Some cases can be managed
surgically, and an ophthalmologist will be
able to advise on this. Other cases cannot
be managed surgically, and these patients
may turn to the optometrist to treat the
diplopia through optical or other means.

The author sees cases of intractable
diplopia that are referred for hypnosis, and
the main causes of intractable diplopia in
these cases include;

• Secondary deviation from unsuccessful
surgery; in some cases a surgeon advises
against further surgery

• Late onset strabismus, which may in
some cases be inoperable (e.g. for medical
reasons)

• Acquired anisometropia (e.g. iatrogenic
to complicated cataract or refractive
surgery); some cases may not be suitable
for contact lenses

• Retinal distortion following detachment
or macula lesion

• Sensory fusion disruption syndrome (see
below)

• Horrorfusionis (see below).
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'luhle 7.1 Overview of common treatments for diplopia and associated
llrognoses

Outcome: Patient is still under treatment with hypnosis.

Case study 1. G2S37: 2 S-year-old male with intractable diplophl from sensory fusion
disruption syndrome

1982). Kirschen (1999) stated that horror
fusion is is only seen in some patients who
have had a strabismus since early child
hood. Treatment is usually aimed at alle
viating any intractable diplopia, and this
may require occlusion or hypnosis.

Heterotropic patients with sensory fu
sion disruption syndrome (Case Study 1)
can achieve motor superimposition of their
diplopic images, but sensory fusion cannot
be attained. If appropriate prisms are
placed before the eyes, then the patient
reports that the targets are 'on top of each
other, but not together'. One of the images
is often seen in constant motion (Kirschen,
1999). The condition usually follows
closed head trauma. For treatment, Lon
don (cited by Evans, 1994) recommended
monovision or, as a last resort. occlusion.
Kirschen (1999) recommended a black
contact lens, or partial field occlusion
where the central field is occluded with a
frosted disc placed at the optical centre of a
spectacle lens. Hypnosis has been used
with some success for patients with
sensory fusion disruption syndrome (see
below).

Both horror fusionis and sensory fusion
disruption syndrome can be diagnosed by
using prisms or a synoptophore to try and
bring the diplopic images together to see if
they can be superimposed and fused. It is es
sential that these conditions are identified
before surgery, since surgery would not be
able to eliminate the diplopia. Indeed. it
has been suggested that some patients may
find it easier to ignore diplopic images that

Variahle

Variable

Progn()!iIH

Good
Good

Dlplnpla not usuallya major
problem

Good
Variable
Variable
Good
Ilsualfygood

Symptoms andhistory: Head injury 6-} years ago, rcsultingin coma I'm 10months. Since
then has recovered quite well, with rehabilitation. Physically good (takes anti-epileptic
medication). mentally agile (some memory problems), but intractable diplopia. Referred
by Moorfields Eye Hospital to see if hypnosis Can help the. diplopia. The diplopia is
present all the time, oblique, same for DandN, Worse when Concentrates, at night, and
when tired. The right eye's image stllyS still, but the left eye's image conslaatly moves.

Initifllnisultsand monagemettt:Lowmyope and corrected visual acuities 6/6 in each eye,
V<\riable angle strabismus at distance and near, but 110 marked .incomitancy seen on
motility testing. Prisms were adjusted in a trial frame and with these thediplopie images
could be. brought together bllithe patientneverobt<\ined fusion, The left eye's Image
oscillated and WaS never stationary, No stereo-acuityeould be demonstrated with any
prismatic correction.

other direction. It appears that the patient
is unable to achieve motor fusion. Caloroso
and Rouse (1993) said the condition
should be differentially diagnosed from
aniseikonia, undetected small angle HARC
and deep foveal suppression (when horror
fusionis would not be present for large
targets). Many affected patients are con
genital esotropes, and Griffin (1982) stated
that there may be no diplopia because of a
complete lack of correspondence.
However, diplopia is often present, and
some authors, confusingly, seem to have
considered horror fusionis to be synony
mous with intractable diplopia (Griffin.

Artlflctaltears

llsual treatment

Refractive correction
Surgery

Sllrgery
Surgery (insomecases)
Attention to cause
Bxplanation and reHSSUral1CC
Rtlfractive!prJsmatlc!surgical

correction or exercises(see
Chllptcrsl and IS)

Surgical(Hunlikelyto resolve
withtime)

further surgery nfllpproprlattl)

I{rlcent onset lncomitant
struhtsmus

Post-surglcal strahismus

DisludgedlOL
Epi.mUflul membrane
Sensory causes
Physlologlcal dlplopta
Recent onset comltantstrabismus

Retrucuvc error
Media oplldtll~s!lentlculllr

polyopia
Corneal tear film

Cause of diplopia

Horror fustonts and sensory fusion
disruption syndrome
Heterotropic patients with horror fusionis
cannot demonstrate fusion, even when the
deviation is corrected with prisms or in a
haploscopic instrument. These patients
report a 'jumping over' phenomenon: as
the prism is increased and the diplopic
images move together they suddenly
'jump' and. for example. crossed diplopia
suddenly changes to uncrossed diplopia.
The same phenomenon occurs when the
angle of deviation is approached from the

An additional potential category is patients
who have received inappropriate orthoptic
treatment. For example, this could happen
to adults who have had a strabismus since
childhood to which they have developed a
full sensory adaptation (e.g, deep HARC).If
such a patient was given, in adulthood,
full-time occlusion for some time, then it
might conceivably cause the HARC to
break down, resulting in diplopia. Simi
larly. if attempts were made to treat either
the HARCor the motor deviation of such a
patient in isolation then this could also con
ceivably result in intractable diplopia. It is
noted in Chapters 3 and 9 that the motor
deviation should only be treated if any
sensory adaptation can be corrected and
vice versa. Indeed, it is only very rarely
necessary to treat a patient with deep
sensory adaptations to a strabismus. So far
the current author has not seen any
patients whose intractable diplopia results
from inappropriate orthoptic treatment.
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are a long way apart so that surgery might
make the symptoms worse through
reducing the angle of the deviation.
However. each patient is different, and it
should not be concluded that patients will
necessarily be helped by increasing the sep
aration of the two images (see Case Study
2). It seems safer to conclude that, if the
diplopia cannot be eliminated, it is gener
ally best to avoid changing the angle of the
diplopia from that to which the patient has
become accustomed, unless testing has
suggested that the patient may be more
comfortable with a new angle or equally
tolerant of a cosmetically improved angle
of deviation.

Management of intractable
diplopia

The management options for intractable
diplopia are limited, and include occlusion
and hypnosis.

Occlusion
Occlusion is the simplest method to treat in
tractable diplopia. As long as the diplopia
is of the binocular type (Figure 7,3), then
occlusion can eliminate the diplopia. There
are various forms of occlusion, which differ
in the type of optical appliance and in the
depth of occlusion. These are summarized
in Figure 7.5.

Tarsorraphy and botulinum toxin are
invasive, associated with a higher risk
than other methods, and achieve a very

Figure 7,5
Typesof occlusion

poor cosmetic outcome. They are therefore
best considered as a last resort.

A simple eye patch is perhaps the oldest
form of occlusion. If the patch fits well,
then this method is virtually guaranteed to
achieve a satisfactory outcome, in terms of
completely blocking out the image from
the unwanted eye. There are a few cases so
sensitive to any visual input from their
non-preferred eye that they can be
bothered by the peripheral visual image
that can be experienced in the occluded
eye of occluding spectacles or even contact
lenses. For these rare cases, an eye patch
may be the preferred approach. However,
the method is unsightly and for most cases
is best thought of as a temporary measure.

Similarly, the use of a blackened spec
tacle lens achieves a poor cosmetic
outcome and is best thought of as a tempor
ary measure. However, this approach
should not be ignored. For example, elderly
patients with diplopia from a recent onset
deviation who are waiting to see an
ophthalmologist can be helped consider
ably by either providing an eye patch or,
for spectacle wearers, covering the spec
tacle lens of the non-preferred eye with
masking tape. Patients who have under
gone a cataract operation in one eye and
who have induced anisometropia whilst
awaiting the operation in the other eye can
also be helped in this way.

In the days when glass lenses were in
common usage, Chavasse lenses were
used. These have an irregular surface to
depress the visual acuity whilst permitting

the eye to be seen from the front. Similarly,
frosted lenses are translucent and are cos
metically better than black lenses. CR39
lenses can be frosted, and plastic materials
are much preferred for reasons of safety.
An inexpensive translucent occluder can
be made with Favlon or with sticky tape
stuck onto a normal spectacle lens. A few
diplopic patients who are particularly sen
sitive to any image in their non-preferred
eye can still be bothered by the image from
a frosted or Chavasse lens.

Bangerter foils (available from Spectacles
Direct, Tamworth) are an interesting form
of translucent occlusion. These are 'press
on' films that are adhered to a lens, in a
similar way to Fresnel lenses. Bangerter
foils are not prismatic, but instead are
frosted with a series of differing degrees of
opacification. The foils were originally de
veloped for amblyopia therapy, and are
graded according to the typical level of
decimal visual acuity obtained through the
foil. McIntyre and Fells (1996) described
the use of these filters to treat patients with
intractable diplopia. Their open trial
included 14 patients with strabismus onset
in childhood and 10 with strabismus onset
in adult life, including two with metamor
phopsia from retinal dysfunction. Unsur
prisingly, they found that the filters were
much more likely to be successful for
children. The ultimate goal of gradually
reducing the density of the required filter
until the patient was asymptomatic with
no filter or with an almost clear filter was
achieved in four of the childhood onset
patients. None of the adult onset group
achieved this, but one-third of these ended
up with good and one-third with fair 'foil
cosmesis', and one-third with an unsatis
factory outcome.

Spectacle lenses of a high and/or inap
propriate power can be used to blur, or
'fog', the non-preferred eye and this may
make it easier for the patient to suppress a
diplopic image. This approach is particu
larly suitable for cases where the non-pre
ferred eye already has a high refractive
error. However, not all cases are able to
suppress a blurred image, and occasionally
a patient may be encountered who prefers
clear diplopic images at a 'familiar' degree
of separation to diplopia where one of the
images is unclear (see Case Study 2).

Wildsoet et al. (1998) investigated the
effect of different types of occluders
(opaque, frosted, +1.50D blur) on visual
function of the non-occluded eye in 20



Diplopia: when can intractable be treatable? 55

CaseStudy 2. F6102: 73-year-old man with intractable diplopia who did not benefit
from blurring of the weaker image or moving the images further apart

Outcome: Patient reported that diplopia was worse with new glasses, images are further
apart and he finds that this makes it harder to ignore the diplopia. We changed R lens
back 10 13.00OS and fine-tuned prism for maximum comfort. With the final glasses,
the patient reported that the double vision was easier to tolerate than he could remember
it ever heing in the past.

Symptoms lind history: High myope, right macula haemorrhage 1984. Patient has had
constant oblique diplopia associated with a strabismus (investigated at Moorfields) for
over 10 years, particularly with television, The diplopia is not changing and the patient
docs not drive, He has tried various prismatic corrections, none of which have ever
eliminated the diplopia, Wearing: R-13,OODS L-9.50/-0.50 x 135 with 4~ down L
and 5~ out L effective prism at pupil centres.

Initial results and management: VA with glasses: R3/60 L6/9. Refractive error:
R-- 18,00OS = 6/60; L-9.00/-0,50 x 95 = 6/9 -t-. Distance cover test with usual glasses
6£\ R esotropia. Unable to eliminate diplopia with prisms. Dilated fundoscopy, fields,
pressures, etc all OK. Explained to patient that RE is so blurred and already only
partially corrected, Suggested to him that we reduce RE prescription to -8.00 DS (to
balance L) in the hope that he will then find the RE easier to ignore, so no need to bother
with decentring or prism, Patient agreed to try this.

the 'mystique' surrounding hypnosis) help
to create a very strong placebo effect that
convinces them that they are in a special
state. It is no surprise that suggestions that
are made to the patient about how they
wiIl change as a result of the hypnosis
often have the desired effect. since placebo
effectscan be very powerful. To the current
author. it is this second, 'placebo'. explana
tion that makes most sense. There is a vast
amount of research demonstrating that
the placebo effect is pervasive and ex
tremely powerful (Evans, 1997b). Indeed,
up to one-third of drugs prescribed in the
USAmay in essence be placebos (Ross and
Olsen, 1982).

Whichever explanation about the mech
anism for hypnosis is found to be correct.
this procedure can be an extremely useful
tool for clinicians from a variety of disci
plines. One of the classic experiments in
hypnosis is to tell a good hypnotic subject
that he or she is temporarily blind. Some
subjects wiIl then open their eyes and will
believe and. in many respects, behave as if
they were blind. If hypnosis can be used to
create this effect. then it is very likely that
it could also be used to create other, more
positive, visual impressions, including the
suppression of a diplopic image.

Hypnosis has been used to treat very
many conditions, ranging from stuttering
(Moss and Oakley, 1997) to providing pain
relief during child birth (DiIlenburger and
Keenan. 1996) and dental and other
surgical procedures (Karle and Boys.
1998). There is some evidence that
hypnotic suggestions do not just make
patients 'feel better' about a condition. but
might actually create a physiological
change (Evans and Richardson. 1988).
Medd (1997) used hypnosis to treat
dystonia, and noted that 'hypnosis may
not achieve its effects simply by alleviating
anxiety or depression. but may have influ
ence also by acting upon the neurological
substratum of the condition by allowing
the natural inhibition of unwanted efferent
impulses to take place'. Gruzelier (1998)
found undeniable evidence of neurophysio
logical changes in susceptible patients who
had received hypnotic suggestions.

The most common reason for the current
author using hypnosis in optometric
practice is for intractable diplopia. Typic
ally, adults with acquired diplopia follow
ing trauma or unsuccessful strabismus
surgery try hypnosis as a last resort.
In many cases, patients can be taught

Hypnosis
Hypnosis is a procedure during which a
practitioner suggests that the subject ex
periences changes in sensations. percep
tions. thoughts or behaviour (American
Psychological Association, cited by Fel
lows. 1995). There is considerable debate
over exactly what happens in hypnosis,
with two main viewpoints. One argument
is that hypnosis represents a special state
ofmind (Spiegel. 1998). The other view. ex
emplified by Wagstaff (1998), is that
hypnosis is not a special state, but is simply
a response to a suggestion that a person is
in a special state. Kirsch (1996) went
further. and argued that hypnosis is 'an em
pirically-validated. non-deceptive placebo.
the effects of which are mediated by
response expectancies'.

In other words. the second hypothesis is
that patients arc told that they are going to
be in a special state during hypnosis and
that this. together with several aspects of
the procedure (including relaxation and

blurred image which. in some cases.
patients can learn to suppress. Advantages
of this method. compared to tinted contact
lenses. include better cosmesls, easier
fitting and lens replacement, and lower
cost.

young normal subjects. They found that
visual performance was significantly
poorer when using an opaque patch. This
suggests that the occluded eye interfered
with the performance of the un patched
eye. However. caution should be exercised
in applying this result to patients with in
tractable diplopia. since the subjects in this
trial all had normal vision.

The use of occlusive contact lenses was
described by Astin (1998). Compared with
occlusive spectacles. contact lenses have
an improved cosmetic appearance and can
have a wider field of occlusion. However.
patients need to meet the physiological re
quirements of contact lens wear and must
be able to handle and care for their lenses.
Various designs of occlusive contact lens
arc available. and the best type for a given
patient needs to be carefully selected.
Factors that need to be taken into account
are how absolute the occlusion needs to be.
eye colour. how good the cosmetic appear
ance needs to be. and corneal health and
physiological requirements (Astin. 1998;
Gassen and Morris. 1998). Astin (1998) re
commended that conventional occlusion
methods be tried before fitting contact
lenses.

Contact lenses of a high and inappropri
ate power can be used to provide a very
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Case Study 3, F8307: 13-year-old boy with intractable diplopia successfully treated by
hypnosis

Outcome: Patient good hypnotic subject. Given post-hypnotic suggestion that he will be
able to ignore the 'doubled part' of the image in the right eye, At his third visit he
reported that he no longer experienced diplopia unless someone asked him about it If
this happened, he could still notice the diplopia until he started thinking about something
else, when the diplopia disappears.

Initial results and management: Moderate myope with V: R6/9 L6/9. Esotropic at
distance and near, with small vertical deviation. Images 'come almost together' with
26ti out at distance and 15ti out at near, but even with optimum prism still drifts in and
out of diplopia. Hypnosis discussed, and patient and mother agreed to try this. Mother
attended throughout all sessions.

Symptoms and history: Squint surgery at ages 5 and 6 years, which wasunsuccessful at
eliminating strabismus. Patient has experienced constant diplopia (horizontal for
distance vision, oblique for near) 'for as long as can remember', Discharged from H ES
some years ago, when patient was told that there W,IS nothing more that could he done
Patient reports that the diplopia has not changed over the years but is worse when he is
tired. He closes his right eye with some sports, television and reading.

Conclusions

MedicalStandards of Fitness to Drive (DVLA,
1999).

Diplopia is occasionally encountered by
optometrists and does not always result
from orthoptic anomalies. Optometric
investigation can lead to a diagnosis of the

Group2 (lorries andbuses)
Recommended permanent refusal or revo
cation if insuperable diplopia. New appli
cants who are monocular are also barred
from holding a Group 2 license.

Group 1 (ordinary drIving,carsand
motorcycles)
Cease driving on diagnosis of diplopia.
Resume driving on confirmation to the
Licensing Authority that it is controlled by
glasses or a patch, which the licence holder
undertakes to wear while driving.

Interestingly, the advice concerning
monocular vision is that the DVLA need not
be notified if the person is able to meet the
visual acuity standard and has adapted to
the disability. Presumably, it could be
inferred that if diplopia is controlled by a
patch. then the patient should have
adjusted to the use of the patch before they
resume driving.

Advising the patient about
driving

The following advice is taken from the
document At a Glance Guide to the Current

Some cases benefit from a combination of
hypnosis and the use of progressively less
occlusive Bangerter foils.

There are many organizations that train
people in hypnosis. and the organization
that is probably most appropriate for opto
metrists is the British Society of Experi
mental and Clinical Hypnosis (Tel. 01332
766791). This organization only admits
professionally trained clinicians or re
searchers. and has high professional
ideals. One such ideal is that members are
only permitted to treat problems that fall
within their own area of expertise, This is
sound advice, and practitioners need to be
careful to differentiate between patients
who have a psychological overlay mani
festing as a visual problem (a visual conver
sion reaction; Barnard, 1996) and those
who have a physiologically valid visual
problem. The situation is often not this
clear cut, since the latter patients may be
very distressed because of their visual
problem. which in some cases can cause
some degree of psychological overlay.

successfully to suppress the strabismic eye,
causing relief of their diplopia, This subject
was reviewed by Evans et al. (1996).

There are many myths about hypnosis.
and patients need to be reassured that the
clinical use of hypnosis is very different
from the 'stage hypnosis' that they might
have seen on television. Patients do not
need to be weak-willed, since the hypnosis
does not involve them losing control.
Indeed, they need to be willing to be hypno
tized, and their co-operation is essential.
Surprisingly, patients who anticipate that
it will not be possible for them to be hypno
tized often turn out to be good hypnotic
subjects, responding very well to the
suggestions that are made. Patients are
told that they will remember everything
when they 'wake up', and are never asked
to do anything foolish or anything that is
uncomfortable or painful. After the
hypnosis patients invariably feel relaxed
and refreshed. They do not usually enter a
'deep trance' that is completely unlike
anything that they have ever experienced.
A useful analogy is to liken the hypnotic
state with the situation when a person is
quietly reading a very gripping novel. or is
in a cinema and is engrossed in a film. In
these situations, people might temporarily
lose an immediate awareness of where
they are, or of the time of day. but they are
still conscious and, on occasions, fully
aware of where they are and what they are
doing. The situation with clinical hypnosis
is very similar.

In a clinical setting, hypnosis typically
involves three stages. First, hypnosis is
induced, usually by a combination of tech
niques. During the second stage, the
patient is given post-hypnotic suggestions.
For example, such a suggestion might be
that the patient will suppress the
unwanted second image in diplopia.
Various elaborations of this suggestion are
made. Finally, the patient is de-induced 
'woken up' - typically by counting down
from 1()to one.

Usually, patients need about three to four
30-minute sessions of hypnosis (see Case
Study 3). A few cases report a more or less
complete elimination of the diplopia; most
cases report that the diplopia is less bother
some, although still present on some occa
sions. Occasionally, the hypnosis has no
appreciable effect. The cases that are most
difficult to treat seem to be those where the
diplopic image is moving, as often happens
in sensory fusion disruption syndrome.



cause, and many cases can be treated by the
optometrist either by optical means or by
occlusion. Diplopia of recent onset can be a
sign of active pathology. in which case op
tometric investigation will reveal the
urgency of referral and to whom the
referral should be made. Cases of intract
able diplopia can respond to occlusion with
a patch. with spectacles or with contact
lenses. Some cases can be treated by
hypnosis.

Acknowledgements

The author is grateful to Mr Christopher
Bentley and to Dr Frank Eperjesi for their
helpful comments on an earlier draft ofthis
manuscript.

References

Astin. C. L. K. (1998). The use of occluding
tinted contact lenses. ContactLens Assoc.
Ophthalmol. /.,24.125-7.

Barnard, S. (1996). Psychosomatic visual
anomalies (visual conversion reactions).
In: Pediatric Eye Care (S. Barnard and D.
Edgar. eds), pp. 348-59. Blackwell
Science.

Caloroso, E. E. and Rouse. M. W. (1993).
Clinical Management of Strabismus. pp,
162-53. Butterworth-Heinemann.

Dillenburger, K. and Keenan. M. (1996).
Obstetric hypnosis. ContemporaryHypno
sis. 13(3), 202-4.

DVLA (1999). At a Glance Guide to the Cur
rent Medical Standards of Fitness to Drive.
DVLA. Swansea.

Evans. B. J. W. (1994). American Academy
of Optometry Conference Report: Papers
relating to binocular vision and orthop
tics. Optom. Today, Aprilll. 26-9.

Evans. B. J. W. (1997a). Pickwell's Bin-

ocular Vision Anomalies: Investigation
and Treatment. 3rd edn. Butterworth
Heinemann.

Evans. B. J. W. (1997b). The evidence
based approach in optometry: Part 1.
Optom. Today. 37(21), 32-5.

Evans. B. J. W.• Barnard, N. A. S. and
Arkush, C. (1996). Optometric uses of
hypnosis. ContemporaryHypnosis. 13(2).
69-73.

Evans. C. and Richardson. P. H. (1988).
Improved recovery and reduced post
operative stay after therapeutic sugges
tions during general anaesthesia.
Lancet. 2(8609). 491-3.

Fellows. B. J. (1995). Critical issues arising
from the APA definition and description
of hypnosis. Contemporary Hypnosis.
12(2).74-80.

Firth. A. Y. and Whittle. J.P. (1994). Clari
fication of the correct and incorrect use
of ophthalmic prisms in the measure
ment of strabismus. Br. Orthoptic J.. 51.
15-18.

Casson, A. and Morris. J. (1998). The Con
tact Lens Manual. pp. 280-82. Butter
worths.

Griffin. J. R. (1982). Binocular Anomalies:
Procedures for Vision Therapy. pp. 121-2.
Butterworth-Heinemann.

Gruzeller. J. (1998). A working model of
the neurophysiology of hypnosis: a
review of the evidence. Contemporary
Hypnosis. 15. 3-21.

Karle. H. and Boys. J. (1998). Hypnother
apy. Free Association Books.

Kirsch. 1. (1996). Hypnosis in psychother
apy: efficacy and mechanisms. Contem
porary Hypnosis. 13. 109-14.

Kirschen, D. G. (1999) Understanding sen
sory evaluation. In: Clinical Strabismus
Management: Principlesand Surgical Tech
niques (A. L. Rosenbaum and A. P. San
tiago. eds), pp. 22-36. Saunders.

Mclntyre, A. and Fells. P. (1996). Use of

Diplopia: when can intractable be treatable? iii 57

Bangerter foils in the treatment of
intractable diplopia. Br. J. Orth.. 53.
43-7.

Medd, D. Y. (1997). Dystonia and hypnosis.
Contemporary Hypnosis. 14. 121-5.

Moss. G. J. and Oakley. D. A. (1997). Stut
tering modification using hypnosis: an
experimental single case study. Contem
porary Hypnosis. 14. 126-31.

North. R. and Henson. D. B. (1981). Adap
tation to prism-induced heterophoria in
subjects with abnormal binocular
vision. Am. J. Optom. Physiol. Opt.. 58.
746-52.

North. R. and Henson. D. B. (1992). The
effect of orthoptic treatment upon the
vergence adaptation mechanism.
Optom. Vis. Sci., 69. 294-9.

Rosenfield. M. (1997). Tonic vergence and
vergence adaptation. Optom. Vis. Sci.,
74,303-28.

Ross. M. and Olson. J. M. (1982). Placebo
effects in medical research and practice.
In: SocialPsychology and BehavioralMedi
cine. pp. 441-58. John Wiley & Sons.

Spiegel. D. (1998). Using our heads: effects
of mental state and social influence on
hypnosis. Contemporary Hypnosis. 15( 3).
175-7.

Taylor. D. (ed.) (1997). Peculiar visual
images. In: Paediatric Ophthalmology.
2nd edn. Blackwell Science. pp. 1071-5.

von Noorden, G. K. (1996). BinocularVision
and OcularMotility. 5th edn. Mosby.

Wagstaff. G. F. (1998). The semantics and
physiology of hypnosis as an altered
state: towards a definition of hypnosis.
Contemporary Hypnosis. 15(3). 149-65.

Wildsoet, C.. Wood. J.. Maag, H. and
Sabdia, S. (1998). The effect of different
forms of monocular occluders on meas
ures of central visual function. Ophtha/.
Physiol. Opt.. 18.263-8.

Wilkins. A. J. (1995). Visual Stress. Oxford
University Press.



8
Suppression: clinical

characteristics, assessment
and treatment

John Siderov

Suppression in normal vision
Suppression in anomalous vision

Characteristics of suppression
Investigating suppression
Treatment of suppression

In clinical practice suppression is generally
considered to be an interocular (or bin
ocular) inhibitory process, where informa
tion in one eye is inhibited to below
threshold and, as a result, is not perceived
by the suppressed eye, Some forms of sup
pression, however, may occur under mon
ocular viewing conditions. The Troxler
effect, where objects in the peripheral
visual field fade on steady fixation, is an
example of monocular sensory inhibition
or suppression. This chapter will review
the main features of binocular suppression
important in clinical practice, and describe
simple and effectivemethods for the assess
ment and treatment of suppression.

Suppression in normal vision

Binocular suppression may occur in both
normal and anomalous vision. In normal
vision, suppression occurs for two main
reasons. The first is in order to eliminate
confusion arising out of the presence of
diplopic images. For fixation at a given
distance, objects located on the horopter
(the locus of points in space that have zero
binocular disparity) will be perceived as
single. Objects located significantly nearer
or further than the horopter will have

images located on non-corresponding
points, and will be perceived as double.
This normal feature of binocular vision is
referred to as physiological diplopia, and
may be readily demonstrated using two
pens. Holding both pens together at some
near fixation distance, binocularly fix on
the tip of one of them. Now move the other
pen away from the pen that is being fixed,
moving it both nearer to and further away
from the eyes. As the moving pen crosses
Panum's fusional limit, diplopia should be
perceived. Here the moving pen is imaged
on non-corresponding retinal points.
Outside ofPanum's area, physiological bin
ocular suppression (sometimes also re
ferred to as suspension) prevents the
symptoms that would arise if the diplopic
images were perceived in everyday view
ing. Within Panum's area, the normal
processes of binocular sensory fusion
operate.

Binocular suppression may also occur in
normal vision in cases where dissimilar
objects are presented simultaneously, one
to each eye, on corresponding retinal
points and single vision cannot occur. In
this case the phenomenon of binocular
retinal rivalry ensues, comprising of an al
ternating suppression of the image of each
eye.

Suppression in anomalous
vision

Suppression may exist in patients with de
compensated heterophoria, heterotropia
as well as anisometropia, and amblyopia,
and its presence should be suspected by
practitioners until proven otherwise. In
heterophoria, foveal suppression may
occur as a consequence of perturbations in
either sensory or motor processing. For
example, uncorrected anisometropia or
aniseikonia or poor convergence may all
lead to suppression. In these examples, the
presence of suppression attempts to relieve
some or all of the symptoms that would
otherwise result from the sensory or motor
disturbance (Chapters 1 and 3). In hetero
tropia or strabismus with normal retinal
correspondence the object of regard is
imaged on non-corresponding points, re
sulting in diplopia (Chapter 7). This form of
diplopia is referred to as pathological
diplopia. An associated disturbance in stra
bismus is confusion, where the images
from two separate and dissimilar targets
are positioned on each fovea (Chapter 7).
The two targets have identical visual direc
tions and are therefore perceived to
overlap one on top ofthe other. Suppression
in this case acts to eliminate both the patho-
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logical diplopia and confusion. An alterna
tive method to eliminate diplopia and con
fusion is to develop anomalous retinal
correspondence (Chapter 9).

Characteristics of suppression

Suppression shows particular characteris
tics that depend on whether or not it is asso
ciated with strabismus. Where suppression
occurs as part of the sensory sequelae to
strabismus it rarely affects the whole
region of the deviating eye: instead, only a
portion of the retina is suppressed. As
stated earlier, suppression occurring in
strabismus exists in order to eliminate
diplopia and confusion. Diplopia occurs
when the fixation target is imaged onto
non-corresponding points, the fovea in the
fixing eye and a non-foveal point in the de
viating eye. The non-foveal point in the de
viating eye is referred to as the 'zero point'
(zero measure, target point). In addition, in
order to eliminate confusion where dissimi
lar targets are imaged onto each fovea, the
fovea in the deviating eye is suppressed.
Even in a patient with ARCthese two areas
may be suppressed (Chapter 9), and these
suppression areas may be joined to
resemble a 'D' shape. However, the precise
size and shape of the suppression zone
depends, amongst other things, on how it
is measured. If a patient with a large angle
strabismus does not demonstrate ARC and
yet has no diplopia or confusion, then they
must be suppressing the entire binocular
field of their strabismic eye.

Where suppression occurs in the absence
ofstrabismus. such as in anisometropic am
blyopia or decompensated heterophoria, it
is typically central, affecting the fovea and
the region immediately surrounding it.

Suppression is also classified according to
the size of the suppressed region and the
intensity or depth of suppression. How
ever, measures of the quality ofsuppression
are dependent on the tests used to assess
suppression, In general, suppression is re
garded as central if the zone of suppression
is 50 or less and peripheral if it is greater
than 5°. Measures of the intensity of the
suppression zone are based on how close
the test condition is to normal viewing,
Suppression found under conditions that
interfere minimally with normal viewing,
such as the Bagolini lenses (Chapter 7), is
deemed to be shallow, whereas suppression

Table 8.1 Asseslilingsppprelilston
(modified fromCaloroso
and Rouse,1993)

• WhenIssuppression present?
• Dnder whatconditions Issllppression

present?
• In the absence ofsuppression Isthere

!lorIDal sensory fusion?
• Which eyesuppresses or Isthe suppression

alternating?
• Whatpart of.the retinaIssuppressed?

that persists under less natural viewing
conditions, such as with stereoscopes, is
considered to be dense.

Investigating suppression

Patients with suppression do not generally
present complaining that one eye Is being
suppressed. Sometimes. however. patients
with alternating strabismus can tell the
optometrist when one of their eyes is
switched off. Typically, the presence of
suppression is only noted during clinical
testing. The important characteristics of
suppression are listed in Table 8.1. Knowl
edge about these characteristics is im
portant when designing a treatment
programme for the suppression. In patients
where the suppression is dense, treatment
may be aimed at alleviating the suppression,
while in patients where the suppression is
relatively shallow, the treatment may em
phasize improving ocular motor ability. It is
not always desirable to treat suppression. If
an adult with a long-standing strabismus is
asymptomatic and has deep sensory adapta
tions to the strabismus. then treatment
may be contraindicated,

There are a number of different tests
for suppression that are available to
practitioners, each with its own advan
tages and disadvantages (Table 8.2). Only
a selection of the more important tests will
be described here. The common feature
among the variety of available tests is that
they must present both monocular and
binocular information to the two eyes in
the presence of binocular viewing.

History (free space)
Patients presenting with a strabismus
should be asked whether or not they
perceive diplopia. If they do, they should be

Table 8.1 Clinicaltests of
suppresslon

• Free spacetesting
• Bagolinllenses
• Mirror-poll.! andVis-a-Vis
• Mallett Unit
• Stereolests
• Worth 4 dot
• Red lens test
• Stereoscopes

L-__----'-~ . ~ _

further questioned to determine whether
the diplopia is present all of the time, or
only under certain conditions (e.g. when
they are very tired).

Free space testing with penlight
This is a follow-up to the history where the
patient reports diplopia. The patient fixes a
penlight in the normal consulting room en
vironment at an appropriate fixation
distance where the patient's strabismus is
manifest, and the patient is asked to report
whether one or two lights are seen. A
report of two lights (diplopia) suggests the
absence of suppression, or that the suppres
sion is very shallow. If the patient reports
seeing only one light, then suppression is
present and the red lens test may be used.

Red lens (filter) test
Insert a red lens (of course this test could be
performed just as easily using other
coloured filters) in front of the patient's
fixing eye. The patient may report seeing
one red light (suppression response), a pink
light (fusion response) or a red and white
light (diplopia). Care should be exercised,
as some patients with strabismus and
anomalous retinal correspondence (ARC)
may report seeing a pink light indicating a
fusion response. The key here, as in all the
tests described, is to ensure that any strabis
mus is manifest when testing. If a patient
reports only one red light, the depth of the
suppression may be ascertained by either
progressively increasing the density of the
red filter or using a neutral density filter
bar until the patient reports diplopia.
Diplopia elicited in the presence of a deep
filter suggests dense suppression. Alterna
tively, if only a single filter is available,
dimming the room lights (and/or increas
ing the intensity of the fixation light)
may also elicit diplopia. In this case the
suppression may also be considered dense.



Figure 8.1
Schematic showing the possible responses on the Worth dot test with the patient wearing redawl
greengoggles with the redfilter over the right eye. (a) Four dots - normal fusion (assuming 110

manifest strabismus). (b) Two reddots - suppressionof the left eye. (c) Threegreendots
suppressionof the right eye. (d) Fivedots. two redand three green- diplopia
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The conditions (lighting. test distance etc.)
under which suppression and diplopia
occur should be noted.

Worth (four) dot test
This test is popular in the USA, Australia
and continental Europe. but seems to be
used infrequently by optometrists in the
UK. In experienced hands. however. it is a
very useful test for suppression. and is
highly recommended. The Worth dot test is
similar in principle to the red lens test. and
uses an anaglyphic method to assess sup
pression. The patient is asked to wear
goggles with a red filter over one eye and a
green filter over the other (although in
some versions red and blue filters are
used). The goggles are worn over the pa
tient's spectacle correction. and the red
filter is usually over the patient's right eye.
The illuminated fixation target comprises
four coloured circles, one white. one red
and two green (or blue). When the patient
views the target through the filters. the red
circle is seen by the eye with the red filter.
the green circles are seen by the eye with
the green filter. and the white circle is seen
by both eyes. The white circle may appear
red or green or alternate between the two.

Two versions of the Worth dot test are
available. one for distance and one for
near. There is also a three-dot version
specifically designed for use in children.
The distance version is designed for testing
at 6 m and a smaller. hand-held version for
nearer test distances. In the first instance.
testing begins in a well-lit room. The
patient should put on the goggles prior to
seeing the target. The examiner then asks
how many dots (circles. lights) are per
ceived and their colour. A response of four
dots - one red. two greens and either a red
or green (for the white dot) - indicates
normal sensory fusion under those particu
lar test conditions and assuming no
manifest strabismus and normal retinal
correspondence (Figure 8.1a). A response
of two red dots suggests suppression of the
eye with the green filter (Figure 8.1b). and
a response of three green dots suggests sup
pression of the eye with the red filter
(Figure 8.1 c). A response of five dots - two
red and three green - indicates diplopia
(Figure 8.1d). The relative position of the
perceived red and green dots (right or left
of one another) indicates crossed or un
crossed diplopia. When assessing suppres
sion in young children using the Worth dot
test, it is a good idea to make sure that the

child can count at least up to five before be
ginning testing.

The hand-held version of the Worth dot
test enables the examiner to assess suppres
sion at different distances. However.
caution should be exercised when inter
preting the results of the test if different test
distances are used. The distance version of
the Worth dot test subtends a smaller
angle than the hand-held version at near.
As the hand-held test is brought closer to
the patient. more peripheral fusion is
assessed. In addition. the relative retinal
illumination is increased the closer the test
to the patient's eyes, thereby providing a
stronger stimulus to break suppression. It
is also possible to have a positive response
for suppression at one distance but a
normal fusion response at another. For
example. patients with intermittent strabis
mus where the angle of deviation changes
from a manifest strabismus in the distance
to a heterophoria at near may have a sup
pression response at distance (two red or
three green dots) and normal fusion at
near (four dots). It should also be noted
that patients with anisometropia and sup
pression may exhibit a normal fusion

response at near but suppression in the
distance. because the angle subtended by
the suppression scotoma is detected at
distance but not at near due to the fixed sep
aration of the four dots on the test units.

Mallett Unit
The Mallett unit is available in both
distance and near versions. and is widely
used for the detection of fixation disparity.
Suppression may also be assessed using
the fixation disparity stimuli. During
testing. patients wear their appropriate
spectacle correction, which may include a
presbyopic near addition. and polarizing
filters (Figure 8.2). Suppression is indicated
if only one of the two nonius lines is visible.
When assessing suppression at near a
graded response is possible. as the near
unit has a set of polarized letters of varying
size (Figure 8.3). Some letter charts also
have these polarized letters for distance
testing. The smallest size of letters seen by
the patient gives an indication of the size of
the suppression scotoma. and should be
compared with the monocular acuity
under the same viewing conditions (Evans,
1997. pp. 61-2). The green colour of the
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The patient is instructed to fix a penlight
and to describe what is seen. Patients with
normal vision see two lines making a
perfect cross. with the fixation light at the
centre. If suppression is present. then a
number of possible alternatives may occur.
Where the suppression area is small both
lines may still be visible. but part of the line
seen by the suppressing eye will be missing
(usually the central part near the fixation
light). Where the suppression area is
larger. patients will only see one line
through the fixation light. Where suppres
sion alternates between the two eyes. each
line in turn will appear then disappear.
The depth of suppression can be assessed
using a neutral density filter bar (Chapter
9) or by dimming the room lights.

Figure 8.2
Suppression testing using the Nonius lines on the distancefixation disparity unit

near test letters is thought to minimize the
likelihood of suppression (Figure 8.3).

Recent models of the near Mallett Unit
also include a 'large OXO' test specifically
developed to test for suppression and ARC
in strabismus. and this can be used with a
neutral density filter bar to assess the depth
of suppression. The use of this test is de
scribed in Chapter 9.

Bagolini striated lenses
The Bagolini striated lenses provide a rela
tively natural testing environment. and in
troduce only a small change from normal

seeing. Each lens is comprised of tiny
parallel striations that do little to affect
visual acuity. The lenses may be placed in
a trial frame. or worn as spectacles over
the patient's own glasses. The lenses are
oriented at oblique angles. with the stria
tions in the right eye lens orthogonal to
those worn over the left eye. Alternatively.
for patients with unilateral strabismus the
test can be carried out with one Bagolini
lens in front of the strabismic eye (Chapter
9). In this case. the practitioner must carry
out a cover test through the Bagolini lens
to ensure that the patient does not start
fixing with the strabismic eye.

Mirror-pola
The mirror-pola or polaroid-mirror tech
nique is a simple yet surprisingly versatile
method for use with patients exhibiting
suppression. It may also be used as part of a
vision-training programme for the treat
ment of suppression. The technique is par
ticularly useful for demonstrating to
patients (and parents) the consequences of
suppression. Parents are easily convinced
of the need for treatment when they are
shown that their child is not using one of
his or her eyes.

The technique requires only two pieces of
equipment; a plane mirror and polarizing
glasses. The polarizing glasses that come
with anyone of the vectographic stereot
ests are ideal. The important feature of the
polarizing glasses is that the filters are or
thogonal to one another. While wearing
the polarizing glasses and keeping both
eyes open. the patient is asked to look into
the mirror and to indicate which eye is
seen (Figure 8.5). If both eyes are seen.
then no suppression is indicated. If the
patient responds that only one eye can be
seen and the other eye appears black (or
dark). then suppression of the darker seen
eye is indicated. To confirm the response,
the patient should be asked to close one eye
and report which eye appears black or
darker now. The closed eye should appear
black. Both eyes should now be opened and
the procedure repeated to confirm the
original finding of suppression. The usual
test distance is about 40 em. If suppres
sion is found at the near distance. the
patient may be moved progressively
further away from the mirror and suppres
sion reassessed. When examining young
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Figure 8.3
Suppression testing using the nearMallett unit

there is no suppression. both eyes can be
seen.

Vis-ii-vis test
The vis-a-vis technique is a modification of
the mlrror-pola method for assessing sup
pression, where both the patient and the
examiner wear similar polarizing glasses.
The examiner sits directly in front of the
patient at about SOem away. and asks the
patient to report which eye of the examiner
is visible. If the patient reports that only
one eye is visible. then the patient is sup
pressing the eye directly in front of the ex
aminer's black or darkened eye. That is, if
the patient reports that the examiner's
right eye is not visible and appears black,
then the patient is suppressing his or her
left eye. To confirm the response, the
patient should be asked to close one eye
and report which eye of the examiner
appears black or darker now. The exami
ner's eye in front of the patient's closed eye
should appear black. Both eyes should now
be opened and the procedure repeated to
confirm the original finding of suppression.

Although both the mirror-pola and vis-a
vis techniques are very useful. practitioners
need to exercise care and make sure that
the general room illumination is fairly
high. Poor illumination can lead to
spurious results.

Stereotests
Measurements of stereopsis using one of the
many clinical stereotests that are available
(Figures 8.5 and 8.6) may be used to gain
an indirect measure of suppression. Gener
ally speaking, high-grade stereopsis is not
possible unless there is bifoveal fixation,
normal visual acuity in each eye and no
suppression. Clinically, this represents
stereo-acuity of around 60-100 arc
seconds or better. Some stereotests, such as
the Titmus Fly and Randot, also have
specific suppression checks (Figure 8.6).

Figure 8.4
Mirror-pola testingfor suppression. Suppressionis indicatedwhen the patient reports that only
oneeye is seen through the mirror (or oneeye appears darkeror blacker)

children, it is useful to demonstrate to the
parents what is going on in suppression by
asking the parents to do the procedure
with one of their eyes closed.

The basis of the mirror-pola method lies
in the blocking of light by the polarizing
filters. As the filters over the right and left

eyes are arranged with their polarizing
material orthogonal to one another, light
from the right eye can only be seen by the
right eye and vice versa. Consequently, the
right eye appears black when viewed with
the left eye and the left eye appears black
when viewed with the right eye. Where

Four 80 prism test
The four base-out prism test is advocated
for use with patients suspected of having a
small angle squint or other motor or
sensory disturbances that are not readily
detected and may result in suppression. An
advantage of this method is that it docs not
rely on the patient's subjective response.
The test is performed with the patient
fixing at a distance target. As stable
fixation is important, the test may not
work very well in young children or unco-



Figure 8.5
TheTNOstereotest
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same direction and by the same amount in
order to satisfy Hering's law. Finally,
bifoveal fixation is re-established and the
fellow eye makes a vergence movement. In
the case of suppression of the observed eye.
the eye will make a version eye movement
but not a vergence eye movement. In this
case the suppression scotoma in the
observed eye is just large enough so that
the stimulus to initiate the vergence
movement is not perceived. In the case
where suppression exists in the eye where
the prism is inserted, the expected version
eye movement does not occur as the retinal
disparity induced by the prism is within the
suppression scotoma of that eye and there
fore not perceived.

The four base-out prism test should be
used with caution, as responses may vary
considerably between patients even in the
absence of suppression (Franz et al.,
1992). It may be important to use an
isolated fixation target, or peripheral
fusion might be used to give a normal
response in a patient with central suppres
sion (Evans. 1997, pp. 185-6). In any
event. confirmation of the presence of sup
pression should be made in combination
with at least one other test.

Figure 8.6
TheTitmus Fly and Wirt circlesand Randot stereotests have suppressionchecksincorporated in
them

operative patients. A four base-out prism
dioptre prism is inserted and then removed
before each eye in turn. The examiner
observes the eye without the prism. In the
case of a patient with suspected small
angle squint. the prism is usually inserted
in front of the fixing eye. Where there is no
central suppression of the either eye (i.e. a

normal response), the eye being observed
should make a version and then a vergence
eye movement. These movements are in ac
cordance with Hering's Law ofEqual Inner
vation. Insertion of the prism in front ofthe
first eye results in a version eye movement
due to the retinal disparity produced by the
prism. The fellow eye also moves in the

Stereoscopes
Stereoscopes suffer from the criticism that
they assess suppression under unnatural
viewing conditions. With this in mind,
however, stereoscopes can be very useful
for both testing and treating suppression.
The basic principle of a stereoscope is that
targets are presented to each eye separ
ately, using mirrors, lenses and prisms.
apertures or tubes. Suppression exhibited
using a stereoscope is generally considered
to be dense; however, practitioners are
reminded that the unnatural testing con
ditions may not reflect what happens when
patients view normally.

Other techniques
There are a number of other techniques
available that may be used to assess
suppression. and many of these are also
used in the treatment of suppression. The
techniques are too numerous to mention in
any detail. and interested readers are
referred to the references at the end of this
chapter for more information. Some other
techniques that the current author has
found useful include the Brock string or
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head-on-a-string, vectographic and ana
glyphic methods such as bar readers, and
visual acuity test charts that incorporate
polarized viewing conditions,

Treatment of suppression

The treatment of suppression depends on
the reason for its existence. Where suppres
sion exists to eliminate diplopia and confu
sion present in strabismus, practitioners
should not treat the suppression unless
they are also prepared to either treat the
strabismus or deal with the consequences
of constant and possibly intractable
diplopia (particularly in adults). For this
reason, treatment of suppression in strabis
mic patients is probably best confined to
patients with normal retinal correspond
ence and a good chance of achieving
normal ocular alignment. Remember that
once suppression is eliminated in an adult
patient it is not likely to return. If in doubt,
it would be prudent to refer the patient to a
colleague more experienced with dealing
with this situation. Where suppression
exists as a consequence of decompensated
heterophoria or anisometropia the prog
nosis for a functional cure is usually much
better, and treatment should be within the
scope of many optometrists.

The main feature of any antisuppression
treatment is making the patient aware of
the suppressed image by reducing the likeli
hood of suppression. This can be done in
many ways, using a multitude of different
techniques (Table 8.3). The specific
approach to treatment will depend on the
characteristics of the suppression present
in the patient. A patient exhibiting deep
suppression will require techniques or in
struments that present fairly unnatural
viewing conditions, such as stereoscopes
(synoptophore). On the other hand, a
patient with relatively shallow suppression
may begin treatment using a more natural
viewing environment such as the Bagolini
lenses or polarizing filters. A general

Tuble8.3 VarlableshnpQrt.nnt in
reducing the ltkelihoQd
QflitlPpressiQn (M,Qdlfted
from Griffin and
Grilihftm.199;)

• Bnsurlng thai the patientattends to the
target

• Changingthe brightness ofthe target
• Changlnl<\ the contrastof the target
• Changingthe colourof the target
• Changing the siz(.~ of(he target
• Moving the target
• Blashing the target
• Using tactilesnmuIatton

Tuble 8.4 A st.ytemutl¢apprnftch In
the treatment of
suppressiou(frQmGriWn
Qud Grisham. 199;)

• Step1. Identify an appruprlate treatment
envtronmeut

• Step2. Stimulate the suppressed image
• stept Increasedurationofperceptionof

the suppressed Image
• Step4.. Gradually Introducesmallerand

srnallersuppresston.controls

approach for treating suppression involves
four main steps (Table 8.4). The first step is
to identify an appropriate treatment en
vironment based on the known character
istics of the patient's suppression. That is,
the treatment chosen should enable the
patient to achieve normal fusion without
suppression, for about half to three
quarters of the time. The next step is to en
courage normal sensory fusion by stimulat
ing the suppressed image. This may be
achieved by flashing the targets on and off,
asking the patient to blink Vigorously, or
by one of a number of other techniques
(Table 8.3). The third step requires the
patient to maintain perception of the sup-

pressed image for a specified length of time.
This conscious mental effort is thought to
significantly improve the patient's ability
to eliminate suppression. The final step in
the treatment process involves changing
the treatment environment by introducing
smaller suppression controls and generally
making it harder for the patient. The treat
ment should eventually lead to the patient
showing no suppression under the most
natural viewing conditions supplemented
by good fusional vergence reserves.
Remember that in addition to treating the
suppression, the reason for the existence of
suppression in the first place must also be
treated.

Conclusion

Suppression is generally considered to be
an interocular inhibitory process that
exists in order to eliminate the confusion
that may arise from a poor oculomotor or
sensory fusion mechanism. Treatment for
suppression depends on the underlying
reason for its existence. When considering
whether a patient requires treatment for
suppression, optometrists must ensure that
the underlying reason for the existence of
suppression is also treated.
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Retinal correspondence is not fixed
Overview ofanomalous retinal correspondence tn strabismus

Factors influencing the development of HARC
The Investigation of binocular sensory status In strabismus

Theevaluatlon and management of HARC

The investigation and management of
comitant strabismus can be broadly
divided into two aspects: sensory and
motor factors. The sensory factors fall into
two categories: binocular (suppression and
ARC) and monocular (amblyopia and ec
centric fixation: see Chapter 10). The bin
ocular sensory adaptations to strabismus
exist to prevent the patient from suffering
diplopia and confusion (see Chapter 7).
Whilst it is undoubtedly good practice to in
vestigate these adaptations it is only rarely
necessary to treat them, and such treat
ment is sometimes potentially hazardous.
This chapter will therefore concentrate on
investigation, and will only give a brief in
troduction to the principles of treatment.
For more information on indications for
and methods of treatment the reader is
referred to Chapter 14 in Pickwell's Bin
ocular Vision Anomalies (Evans, 1997).

Ofcourse, diplopia and confusion are un
desirable and the visual system might be
expected to develop sensory modifications
to avoid them. In young patients, this is
what happens. Hypothetically, one
method of achieving this might be to
suppress the whole of the binocular field of
the strabismic eye. This sometimes occurs
(Chapter 8), particularly in divergent stra
bismus and large angle strabismus, and

this is termed global suppression in this
chapter. However, the visual system
usually does not have to adopt such
wasteful measures. Instead of having a
large area of suppression, a strabismic
patient who is young enough to have a
reasonable degree of sensory plasticity will
usually develop anomalous retinal corre
spondence.

Retinal correspondence is not
fixed

The classical views on Panum's fusional
areas and retinal correspondence have. as
a result of research over the last 50 years,
undergone much revision. A detailed
review of this research can be found in
Nelson (1988); only a brief summary will
be given here. The phrase 'corresponding
retinal points' is something of a misnomer:
we know that point images falling in an
area, Panurn's area, on one retina actually
correspond with point images falling in a
Panum's area in the other eye. Several re
searchers have shown that Panum's area
is not a fixed entity, but its size varies ac
cording to the parameters of the target and
the retinal eccentricity.

Research has shown that, in normal non-

strabismic observers, there is a surprising
degree of bifoveal misalignment that can
be tolerated before fusion is lost. If the two
eyes are presented with fusible stereograms
and these are moved temporally, then, as
expected, divergence occurs. However. an
interesting effect is seen if retinal image
stabilization is used so that meaningful di
vergence cannot occur (Fender and [ulesz,
1967). The traditional view of binocular
vision would predict that fusion and
stereopsis could only be maintained under
retinal image stabilization for a small dis
junctive movement of the stereograms of
the order of the sizeofPanum's areas - con
ventionally thought to be a few minutes of
arc. In fact, fusion and stereopsis are main
tained for a temporal movement of the
images of up to about 2°.

This finding was confirmed by research,
again in non-strabismic normal patients,
where the eyes were allowed to move freely
as they viewed stereo grams moving so as
to cause changes in vergence (Hyson et al.,
1983; Erkelens and Collewijn, 1985). The
eye movements were recorded very accu
rately and analysed so as to detect
vergence errors, I.e. episodes when the
vergence angle of the visual axes was differ
ent to that required to maintain perfect
bifoveal fixation of the targets. It was found
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that vergence errors occurred during
which the visual axes were misaligned by
up to 20 and yet stereopsis was maintained.
These periods of misalignment sometimes
persisted for more than 10 seconds, so the
maintenance of stereopsis was unlikely to
be a memory effect. It appears that retinal
correspondence can shift in normal obser
vers: there is some sort of neural re
mapping (Fender and [ulesz, 1967: Hyson
et al., 1983). An alternative explanation
argues that these experiments reveal the
true size ofPanum's areas, about 2° (Colle
wijn et al., 1991). Collewijn et al. (1991)
argue that the conventional view of the
size of Panum's areas as a few minutes of
arc is the result of constraints in the experi
mental procedures that were used to arrive
at these measurements.

The finding that binocular alignment in
normal observers can shift by about 2°
without losing fusion and stereopsis is,
perhaps, not surprising. During everyday
vision the eyes and the head are constantly
moving so that small errors in vergence
occur: one eye's visual axis may become
misaligned with the object of fixation. This
is particularly likely to happen after a large
saccade, and represents a small breakdown
in Hering's law. These vergence errors are
typically of the order of 20 minutes of arc
(Iulesz, 1971), but can be as much as 1-3 0

for a 300 horizontal saccade (Collewijn et
al., 1991). This is significantly larger than
the conventional view of the size of
Panum's areas. Yet, in everyday vision, we
do not experience momentary periods of
absence of stereopsis. Thus, the flexibility
in the system which allows fusion and
stereopsis during a vergence error of about
2° has probably evolved to help us
overcome mechanical limitations in the
ability to maintain precise motor fusion as
the eyes move. In other words, sensory
fusion has evolved with the plasticity
required to compensate for errors inherent
in motor fusion.

Overview of anomalous retinal
correspondence in strabismus

We have seen that, in non-strabismic
people, normal retinal correspondence
(NRC) can tolerate vergence errors of
about 20 without losing fusion or stereop
sis. This impressive feat of cortical proces
sing is far surpassed by the ability of
children (who are young enough to possess

considerable neural plasticity) to exhibit
large shifts in retinal correspondence to
compensate for strabismus. The purpose of
this anomalous retinal correspondence
(ARC) is for a point on the retina of the
good eye to correspond with a new point
on the retina of the strabismic eye (not its
natural. innate, corresponding retinal
point). Clearly, the newly corresponding
points should be set at the angle of strabis
mus. This is nearly always the case in ARC,
and there is said to be harmoniousanomalou~'
retinal correspondence (HARC). The angle
through which the retinal correspondence
has been shifted from the normal is called
the angleof anomaly. It should be noted that
the term anomalous retinal correspond
ence has been criticized because the
abnormal correspondence occurs corti
cally, not on the retinae. Despite this
semantic objection, it is often easier to con
ceptualize the effect of the HARC by consid
ering retinae, so the convention will be
followed here.

The precise mechanism ofHARC remains
unclear. One view is that re-mapping of
Panum's areas occurs. Another view is
that Panum's areas become enlarged. The
latter view may be supported by the obser
vation that HARC is uncommon in vertical
strabismus (Von Noorden, 1996), since
Panum's areas are horizontally oval.

A third hypothesis is that in HARC the
bifoveal assumption is abandoned and the
position of each eye is registered separately,
probably on the basis of muscle activity
(Walls, 1963, cited by Jennings, 1985).
This form of HARC would be most likely to
facilitate the perception of direction, not
depth and distance. It might account for
HARC in large angle strabismus, with the
'cortical re-mapping hypothesis' account
ing for HARC in cases of small-angle
strabismus (Jennings, personal communi
cation).

Factors influencing the
development of HARC

Although the precise neurophysiological
basis of HARC is not known, the main
theories all accept that this 'stunning feat
of cortical processing' (Nelson, 1988) must
inevitably have certain limitations. One of
these limitations relates to the requirement
for the visual system to be plastic for HARC
to develop. It is therefore not surprising
that a younger age of onset of strabismus is

associated with a greater likelihood of
HARC being present. Von Noorden (1996)
states that HARC, albeit superficial (see
below), can develop in the early teenage
years. A survey of 195 patients by Stidwill
(1998, p. 41) found that although the con
dition was occasionally present in strabis
mus developing up to the age of IS years,
97 per cent of cases of ARC were associated
with strabismus that had an onset before
the age of 6 years. The present author has
seen a case of HARC that developed at the
age of 11 years, although the HARC was
superficial.

In cases of intermittent strabismus the
visual axes will sometimes be straight and
the patient will have NRC, yet at other
times there will be a strabismus and the
patient might have HARC. The change
from NRC to HARC can be sudden (abrupt
switching) or gradual (smoothly varying
HARC). The term 'co-variation' has been
used to describe the situation when the
angle of anomaly co-varies with the objec
tive angle of strabismus. Co-variation is
likely to place additional neural demands
on the visual system, and hence constant
strabismus will be more likely to develop
HARC than intermittent or variable strabis
mus. For similar reasons, unilateral strabis
mus may be more likely to develop HARC
than alternating strabismus.

Photoreceptor types, receptive field sizes
and ganglion cell types vary across the
retina. One degree of retina near the fovea
has a much greater cortical representation
than 1 0 in the periphery. The cortical pro
cessing required to readjust retinal corre
spondence in HARC is likely to be easier if
neo-corresponding points are at similar ec
centricities from the fovea. Hence, small
angle strabismus is more likely to develop
HARC than large angle strabismus (Figure
9.1).

Some or all of the above factors may
account for the observations that HARC is
more likely to be present in infantile eso
tropia and less common in exotropia (Von
Noorden, 1996).

Depth ofHARC
Patients who exhibit HARC can, under
certain circumstances, be made to exhibit
NRC. In other words, the neural substrate
for innate NRCis still present. The difficulty
in eliciting NRC is termed the 'depth of
anomaly' (Nelson, 1988). The factors that
make it easier for the visual system to
develop HARC are also likely to make the



Figure 9.1
Schematicillustration of the re-mapping of Panum's areaswhich, according to one theory, may
occurin HARe. ThediagramrepresentsPanum's fusional areasprojected out into space for each
eye (only the Panum 's areasfrom the central retinaeareshown). Let us assume that the right eye
(red) hasa convergent strabismus so that the angulardeviationbetweenthe right eye'sfovea
(F [red])and the left eye'sfovea (F [blue]) is equalto the angleof strabismus. It is easy to imagine
how Panum's areasthat overly oneanother andareof similar sizecandevelop HARC (e.g. Arred]
neo-corresponds with A [blue]). Clearly, HARC is easierwhen the angleof strabismus is small so
that thedifference in sizeof overlyingPanum 's areasis minimal. At thefoveae, wherethe Panum's
areasareexceptionallysmall. HARC will bedifficultbecause the overlying Panum's areasare of
suchdifferentsize. This is why localsuppressionareasoften occurin HARC. Clearly, it would be
absurdfor bothfoveae to besuppressed. Therefore, both suppressionareasoccurin the strabismic
eye:oneat thefoveaof this eye (F [red]) and oneat the regionin this eye (B [red]; the zeropoint)
which neo-corresponds with thefoveaof the dominant eye. In small anglestrabismus these two
suppression areasmay mergeinto oneanother (see Chapter8)

HARC more deep-seated. Therefore, it
follows from the previous section that
HARCis more likely to be deep if the strabis
mus developed at a young age and is unilat
eral. stable. and of small angle (Figure 9.1).

Implications for the detectionand treatment of
HARC
HARC can be thought of as 'pseudo-bin
ocular vision'. If a patient with shallow
HARC is tested with unnatural stimuli,
such as after-images or the synoptophore,
then the pseudo-binocular vision may be
broken down into NRC. with resulting
diplopia or global suppression. If more
natural 'associating' tests are used, such as
Bagolini lenses, then HARC may be
detected. This is why, if the practitioner is
to discover whether HARC is truly present
under normal everyday viewing con
ditions, naturalistic tests should be used.

Seusory functiou iu HARC
In HARC, a point in the peripheral retina of
the strabismic eye is said to acquire, during
everyday binocular viewing, the same

visual direction as the fovea of the fixing
eye. This point is directed towards the
object of regard, and is sometimes referred
to as the zero point. When the good eye is
occluded the primary visual direction of
the strabismic eye reverts to (or close to)
the true fovea, and this why the cover test
works (certain types of microtropia are an
exception to this rule; see Chapter 11).

The problem of the exceptionally small
receptive field size at the fovea was men
tioned above, and this makes HARC difficult
to achieve in two regions of the strabismic
visual field (see Figure 9.1 and Chapter 8).
These areas are the fovea and the zero
point. If HARC is not possible in these two
areas then the alternative is suppression,
and local suppression at these two areas is
a very common finding in the strabismic
eye (Figure 9.1). The suppression areas are
of the order of 1 0 (Mallett, 1988, pp. 258
9) and often cause, in the Bagolini lens
test. the central part of the streak to be
absent. The local suppression areas are
also why the modified (large) Mallett OXO
test has to be used instead of the smaller
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OXO test to assess HARC. In this chapter,
the term 'local suppression' has been used
to differentiate these small areas that occur
in HARC from the rather different complete
global suppression of the binocular field of
the strabismic eye which occurs as an alter
native to HARC.

The cortical task of 're-mapping' is going
to be increasingly difficult as the angle of
the strabismus increases because larger
peripheral receptive fields will have to be
re-mapped to correspond anomalously
with smaller central receptive fields in the
other eye (Figure 9.1). Therefore, if all
other factors are constant, it seems likely
that with greater angles of strabismus the
suppression areas will be larger and
stereopsis and motor fusion will generally
be worse.

The purpose of HARC is to compensate
for the strabismus, to provide 'pseudo-bin
ocular vision'. The ultimate goal ofbinocu
larity is stereopsis, and some stereo-acuity
is possible with HARC (Mallett, 1977).
Stereo-acuity can be better than 100
seconds of arc with the Howard-Dolman
or Titmus circles tests (Jennings, 1985),
which measure local stereopsis. However,
it has been argued that global (random
dot) stereopsis cannot be demonstrated in
a patient with strabismus (Cooper and
Feldman, 1978; Hatch and Laudon,
1993), and Jennings (personal communi
cation) has argued that stereo-acuity
would not be expected to be possible in
large angle strabismus, even in the
presence ofHARC.

Motor function in HARC
The objective angle of strabismus is the
angle between the visual axes, measured
objectively, such as by observing the eye
movements during the cover test. The sub
jective angle is the angle of strabismus as
perceived by the patient. from any diplopia
they may have. In cases of NRC the objec
tive angle will equal the subjective angle
(angle of diplopia). In HARC patients will
have single vision, so that their subjective
angle is zero. The angle of anomaly is equal
to the difference between the subjective
and objective angles.

The objective angle normally obtained by
patients under undisturbed conditions is
called the habitual angle of strabismus, and
the objective angle following prolonged or
repeated dissociation is termed the total
angle of strabismus. The fact that the
habitual angle can increase to a total angle
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Table 9.1 Example of calculation of angle of anomaly in HARCand in ttte very
rare lJARC. Ayoung patient ha!l1 a rigM convergent !l1trabi!l1mu$
which, on the cever-uncever te!l1t, i!l1 estimated to be tSA. The
patient has HARC, so heexperience!l1 no diplopia (the subjective
angle is alero) and the-angle of anomaly Is equal to the objective
angle. If the patient in later life hQS a marked change in his Clcular
motor balance and the objective angle increases, he may notbeable
to change the angle of anomaly and will therefore have a subjective
angle greater than zero in everydayviewin8,l1ARC, and hence
diplopia

HARC: hnbltunl nOllle

implies that the HARC may induce some
motor fusion to maintain the habitual
angle. Indeed, vergence movements can
occur in HARC, and the patient can be
seen to 'converge' to followan approaching
target, yet a cover test will reveal that the
strabismus is present. Similarly, 'pseudo'
fusional reserves can often be measured.

dissociation is present. The more com
plete the dissociation, the more likely
it is that normal correspondence will
be present.

2 Retinal areas stimulated. NRC is most
likely to occur with bifoveal images.

3 Eye used for fixation. ARC is likely
when the dominant eye is used for fixa
tion, but normal correspondence is
likely to return if the usually strabismic
eye takes up fixation.

4 Constancy of deviation. If the angle of
the strabismus is variable, ARC is less
likely to be firmly established. In inter
mittent strabismus, NRC will return
when the eyes are straight. The same
is true of patients with fully accommo
dative strabismus when wearing their
refractive correction, in long-standing
incomitant strabismus in a position of
gaze in which there is no deviation,
and in some A and V syndromes in the
binocular vision position. Normal
correspondence is also likely to occur
at the intersections of the visual axes
of convergent strabismus.

5 Relative illuminance of retinal images.
NRC is more likely to occur if the illu
minance of the image in the strabismic
eye is less than that of the fixing eye.

Differential diagnosis
As explained above, non-dlplopic patients
with strabismus will manifest one of three
options: diplopia, global suppression or
HARC. Diplopia is easy to detect (sec
Chapter 7), but clinical tests are necessary
to differentiate global suppression from
HARC. It is also desirable for these tests to
assess the depth of global suppression or
the depth of HARC, whichever is present.
There are two main approaches to this:

1 Battery of tests. A sensitive test (e.g.
modified OXO test or Bagolini test) is
used to determine the sensory adapta
tion (ARC or suppression) under nat
ural conditions. Additional tests of
increasing degrees of invasiveness
(less naturalistic) are then used to eval
uate when the sensory adaptation
breaks down and thus to estimate the
depth of the adaptation.

2 Degrading the image. A sensitive test
(e.g. modified OXO test or Bagolini
test) is used to determine the sensory
adaptation (ARC or suppression)
under natural conditions. Then, still
using this test, the patient's perception

(JARC

40ARSOT
25
15

The investigation of binocular
sensory status in strabismus

Visual conditions affecting retinal
correspondence
1 Degree ofdissociation. If the conditions

of everyday vision are disturbed by dis
sociating the two eyes in some way, it
is likely that NRCwill return while the

The correction of significant refractive
errors can influence the sensory status as
well as the motor deviation - for example,
a clear retinal image may help to overcome
suppression. If the patient has a significant
uncorrected refractive error, or change in
refractive error, then the practitioner
should assess the sensory status with and
without the new correction.

Five inter-related factors which are par
ticularly important in simulating normal
visual conditions for the detection ofHARC
(Pickwell and Sheridan, 1973) are listed
below.

of events is extremely unlikely to occur
(although UARC can also occur secondary
to surgery), so why is UARC given such pro
minence in some textbooks? The reason is
that many early methods of investigating
retinal correspondence created very arti
ficial conditions, which tended to cause
HARC to break down. It was sometimes
concluded that these techniques were de
tecting DARC. Of course, if the patients
really had DARC then they would
complain of diplopia. It would not make
sense for the visual system to develop
HARConly to leave diplopia.

l'iA R SOT
o
1'1

Angle

Objt'ctivc lingle
Subjectiveangle
Angle of anomaly

Unharmonious anomalous retinal
correspondence (UARC)
The obvious alternative to HARC is NRC
with diplopia or global suppression. A third
option, UARC, is exceedingly rare, and is
best understood with an example. Imagine
a young child who develops a small stable
strabismus and associated HARC. Now,
assume that after many years in this
adapted state the patient suffers, for
example, trauma and an extraocular
muscle paresis resulting in a change in the
angle of strabismus, with consequent
diplopia. If the HARC was not deep, then
the patient would revert to NRC.

However, if the HARC associated with
the old strabismus was very deep, then the
patient may continue with this HARC in
the presence of the new strabismus. It is
unlikely that a long-standing stable HARC
could co-vary with a new change in the
angle of the strabismus. Instead, the
patient has developed a 'strabismus on top
ofa strabismus'. The objective angle will be
the angle of the new strabismus; the subjec
tive angle will be the difference between
the angle of the old strabismus and the
new strabismus. The angle of anomaly will
be neither zero nor equal to either of the
subjective angles (see Table 9.1).

It will be appreciated that this sequence



is degraded until the sensory adapta
tion breaks down. Historically a
Bagolini filter bar was used to degrade
the image. but the modern equivalent
is the Mallett Neutral Density filter
bar. Alternatives to this are to use two
counter-rotated polarized filters.
Bangerter foils, or to decrease the illu
minance of the Nonius strips on the
modified OXOtest.

The first of these two techniques, using a
battery of tests, is time-consuming and
uses equipment that is not available in
most optometric practices. Hence, only the
latter method will be described in detail.
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Figure 9.2
Schematic illustration of Baqolinitest. Underneath the patients' binocularperception, the smiley
faces illustrate whether they havesingle vision (usually asymptomatic) or diplopia (usually
symptomatic)

Bagolini striated lenses
The Bagolini striated lens (Cerium Visual
Technologies, Cerium Technology Park,
Tenterden, UK) is a plano trial-case lens
that has a line grating of lines ruled on it
(Bagolini. 1999). This allows the patient to
see through the lens with very little disturb
ance of normal vision, but when looking at
a spot of light the lens produces a faint
streak crossing the light. In unilateral hori
zontal strabismus, one lens can be used
before the deviated eye to produce a
vertical streak rather like a see-through
Maddox rod, while the patient looks at a
spot of light with both eyes open. If the
streak appears to pass through the spot of
light, HARC is demonstrated. A local sup
pression area may result in a gap in the
central part of the streak, but the patient
may be able to report that the ends of it can
be seen in line with the spot. If the streak
and the spotlight are not perfectly aligned
this does not necessarily mean that there is
UARC, but can result from an imperfection
in the new anomalous sensory relation
ship. The diagnosis ofUARC (which is very
rare) or NRC is confirmed by the presence
of diplopia and confusion (Figure 9.2).

Occasionally, patients may change
lixation to the normally deviating eye and
hence see the streak passing through the
light. Close observation of any eye move
ments during the test and a confirmatory
cover test should be used to verify that the
eye behind the Bagolini lens is still deviat
ing. Unnecessary repeated covering should
be avoided because this could cause HARC
to break down to apparent UARC or sup
pression.

If the streak is misaligned and the patient
is diplopic, then either NRC or UARC is
revealed, depending on whether the

angular separation of the spot and the
streak is the same as the angle of the devia
tion (Figure 9.2). If the patient reports
diplopia during the Bagolini lens test but
does not during everyday viewing, then it
suggests that they have HARC which has
'broken down' under the very slightly
abnormal viewing conditions of the
Bagolini test. Such cases are rare, and
careful questioning may reveal that the
HARC also breaks down when the patient
is fatigued or in dim illumination. In these
cases, the 'pseudo-binocular vision' breaks
down in an analogous way to the breaking
down of binocularity in a decompensated
heterophoria. If the patient reports an
unstable perception of the streak in the
Bagolini test. then this can be indicative of
an instability in the HARC. Again this can
be associated with symptoms (analogous
to those of binocular instability), and such
cases may require treatment (see below).

In alternating deviations it is usually
necessary to use a striated lens before both
eyes, so that they produce streaks at 45 0 in
one eye and 135 0 in the other. When the
two streaks appear to pass through the
light spot, HARC is demonstrated.

The depth of ARC can be quantified by
introducing filters in front of the strabismic
eye. The lilters are usually in the form of a
filter bar (1.0.0 Marketing Ltd, London,

UK) or ladder; this is a series of filters of
increasing absorption mounted in a contin
uous strip. The depth of the filter is gradu
ally increased (usually in O.3-ND steps)
until suppression of the streak occurs or,
much less often, diplopia. If a deep lilter is
needed then this suggests that the ARC is
deep, and this is associated with a worse
prognosis for treatment.

If global suppression is present, then the
streak will not be seen. The depth of the sup
pression can be measured by using a filter
bar placed in front of the non-deviated eye.

Two kinds of Bagolini striated lenses are
available. the no. 2 and the no. 4, with the
no. 4 giving a slightly brighter streak. An
approximation to a Bagolini lens can be
made by using a plano (or -0.12 D) trial
lens with a spot of grease (e.g. from the
skin) lightly smeared across it. The more
faint the streak produced the more likely it
is that HARC and suppression will be
detected, as there is less disturbance of the
patient's habitual vision.

Modified Mallett OXO test
The Mallett OXO test employs natural
istic viewing conditions and monocular
markers (equivalent to the streak in the
Bagolini test), but the standard Mallett
OXO test cannot be used to assess sensory
status in strabismus. This is because the
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Modified axa test

eg. 15 pd R SOT, large OXO on Mallett Near Unit

LE image:
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REimage:
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Table9.~ Additional tests to
differentially diagnose
ARCfrom global
suppression. Generally
speaking. tests higher ill
the list are more
naturaUst.k (see Chapter
8 and Evans, ]997 for
more detail of the tests)

Figure 9.3
Schematic illustrationof Mallett Modified aKa Test. Underneath thepatients' binocular
perception. thesmileyfaces illustrate whether they havesinglevision(usually asymptomatic) or
diplopia (usually symptomatic)

monocular markers are small and may fall
into the local suppression area at the zero
point. This can be avoided by using the
distance Mallett aKa unit at a viewing
distance of 1.5 m, or by using the large
axa test on modern versions of the near
Mallett unit (Lfl.O Marketing Ltd. London,
UK). With these modified aKa tests, the
presence of approximately aligned Nonius
markers in a strabismic patient confirms
the presence of HARC (Figure 9.3). The
Nonius marker in the strabismic eye may
appear to be a different size. dimmer, and
slightly misaligned with the other marker.
This is because of inherent imperfections in
the anomalous alliance of receptive fields
ofunequal dimensions and properties.

The absence of the strabismic eye's
Nonius marker indicates suppression of the
binocular field of that eye (Figure 9.3). A
neutral density filter bar can be used to
assess the depth ofHARC or of suppression,
In a similar way to that described for the
Bagolini striated lens test above. The
response should be checked with the cover
test and, if the patient is diplopic, the
degree of diplopia can be investigated to
diagnose UHARC or NRC, as with the
Bagolini striated lens test.

As in the assessment of heterophoria,
care should be taken to increase the illumi
nation by two to three times when using

Extent ofsuppression scotoma
Although the areas of local suppression
may not be of major clinical significance
(Mallett, 1988), it used to be fairly common
practice to measure their size, using a form
of binocular haploscopic perimetry. Results
probably varied depending on how natura
listic the test method was.

the Mallett test to counteract the effect of
the polarized filters. As with the Bagolini
test, the patient's response should be moni
tored to determine whether his or her
'pseudo binocularity' from the HARChas a
tendency to break down or to become
unstable. If it does, then questioning may
reveal that symptoms occur in everyday
life and treatment may be required (see
below).

HARC is an adaptation (or solution) to a
problem, and rarely requires treatment.
Such treatment should only be undertaken
cautiously and by those who have special
ized in orthoptic treatment. It is beyond the
scope ofthis chapter to describe treatments
in detail, but the basic methods will be in
troduced.

In the management ofHARC.we are con
cerned mainly with the group of patients
showing moderately deep HARC. Patients
with very superficial HARCmay require no

• Polarizedafter-Image test
• Single after-image in strabismic eye
• Bilateral non-polarized after-image, negit

tive after-image
• Bilateral non-polarized after-image, pos-

itiveafter-image
• Single mirror haploscopes
• Synoptophore with Stanworth modification
• Stereoscopes
• Synoptophore without Stanworth modillcu

tlon
• Red tllter diplopia method

The evaluation and
management of HARC

The situation is confused further by
attempts to plot the extent of the suppres
sion area in strabismic patients who do not
have HARC or diplopia. Clearly such
patients must be suppressing all the bin
ocular field of their strabismic eye. yet
some investigative techniques only detect
an elliptical or D-shaped suppression area
around the fovea and zero point in such
cases. The reason for this is probably that
there will be deeper suppression in this
region, and a test that creates artificial
viewing conditions may only detect the
suppression in this area and not the more
shallow suppression elsewhere (Mallett,
1988). It seems unlikely that these
methods are of any great clinical useful
ness. and they are not described here.

UARC:

I
OXO oxo

I

QQ

Additionaltests
Both the Bagolini and modified Mallett unit
tests closely approximate normal viewing
conditions, and these tests are very likely
to reveal the sensory status under normal
viewing conditions. They will detect HARC
in about 80-90 per cent of all cases of stra
bismus. For the reasons explained in the
preceding section, the tests described in
Table 9.2 create artificial viewing con
ditions, and their results are therefore
unlikely to reflect the normal situation.

NRC:
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treatment other than correction of the
motor deviation. Those with very deep
HARC are both less likely to need and less
likely to respond to treatment.

Accurate correction of the refractive
error is the first essential step in the man
agement of HARC. Its effect is two-fold; in
accommodative strabismus the angle is
reduced, and in all strabismus it ensures
that each eye has a sharp retinal image
that also aids normal correspondence.

Again. it needs to be emphasized that the
HARC should not be treated at all if the
motor deviation may not be successfully
treated. To do so could leave the patient
with diplopia. In strabismus with a devia
tion over 206., the best approach usually is
to refer for a surgeon's opinion on an opera
tion (see Chapter 15). It must be remem
bered, however, that surgery in comitant
strabismus is a 'mechanical solution to a
non-mechanical problem' (Dale, 1982),
and is therefore not the complete answer.
Strabismus between 106. and 206. may
respond to non-surgical methods, and in
angles less than 106. the limits of accuracy
of surgery must be questioned. The issue of
whether to consider an operation is a
matter of professional judgement. and
surgeons may be more inclined to recom
mend it than would other practitioners.
The parents will also have a view, and
many prefer non-surgical treatment to be
tried first. In young patients, the sensory
adaptations may disappear or be easier to
treat once the motor deviation has been
surgically corrected. If non-surgical
methods of treatment are proving unsuc
cessful. it is important to seek another
opinion while the patient is still young
enough for binocular vision to be restored.

Smaller deviations may respond to non
surgical treatment in the form of refractive
correction or orthoptic exercises (see
Chapter 3). Where this approach is being
considered, the first step is to break down
the HARC. It is important to be sure that
this has been done before proceeding with
the correction of the angle. The patient
must, at the least, have NRC on an instru
ment with which the motor deviation can
be treated (e.g. stereoscope).

It will help to treat any amblyopia first
(see Chapter 10). particularly if the acuity
of the strabismic eye is worse than 6/18.
Occlusion is the best method, since it also
weakens the HARC.Indeed. concurrent oc
clusion therapy for amblyopia is advisable
since the treatment of ARC before the

motor deviation is treated may result in
diplopia during everyday vision.

Other types of treatment for HARC
should have regard to the five factors that
influence the type of correspondence (see
earlier in this chapter). The aim should be
to begin treatment in the conditions that
favour normal correspondence and, when
this is achieved, move to the less favourable
conditions. These factors are now consid
ered again, with special reference to treat
ment:

1 Degree of dissociation - first try to
achieve NRC under maximum disso
ciation, and then extend this to less
and less dissociated conditions

2 Retinal areas stimulated - treatment
must be bifoveal or stimulate other
normally corresponding areas

3 Eye used for fixation - if possible, the
patient should be taught to fix with
the strabismic eye as a preliminary to
other treatment

4 Constancy of deviation - try to find con
ditions in which normal binocular
fixation and correspondence is poss
ible, and then extend them to a wider
range of circumstances

5 Relative illuminance of retinal images 
treatment should start from the least
inequality of illuminance that will
give NRC and move towards more
equal illuminance.

The methods of treatment used for HARC
also help in the treatment of the local sup
pression area at the zero point in the stra
bismic eye; hence it may not be necessary
to treat this suppression area. but may be
sufficient to treat the HARC.

There are several approaches to the
treatment of HARC, and different methods
will suit different cases. Prism therapy
methods require less time in supervision
and less effort from the patient; physio
logical diplopia methods can provide inte
grated binocular vision for one fixation
distance, and quite early in treatment; sy
noptophore methods seem to be more
suitable in difficult cases. The following
methods are not necessarily mutually ex
clusive.

Prisms
It may be thought that to prescribe full
prism relief would provide stimulation of
corresponding points and NRC would be
re-established. However. a relieving prism
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in some cases results in the angle of the de
viation increasing, sometimes by as much
as the original angle of the strabismus. A
prism adaptation test (Jampolsky, 1971;
see Chapter 14) will help in deciding if the
method will work. In a case of convergent
strabismus, relieving prism is added before
the strabismic eye until the cover test
shows that a divergent strabismus is
created - a slight overcorrection. This is
left in place for 5-10 minutes, to see ifadap
tation occurs. If the patient adapts only to
the excess of prism so that bifoveal fixation
is achieved, or if no adaptation occurs,
then it is said to be safe to try correction by
prism. For cosmetic reasons Fresnel stick
on prisms may be required, and should be
placed before the dominant eye, where the
slight reduction in acuity may help the am
blyopia treatment. Approximately 8-106.
overcorrection is required. and even
patients who show no prism adaptation at
first may do so over a period of a few days.
Hence it has been stated that this method is
unsuccessful for most patients (Mallett,
1979; Dale, 1982).

Vertical prisms in horizontal strabismus
may be more successful in breaking down
the HARC. Normal correspondence is
easier if the image extends above or below
the horizontal. Vertical Fresnel prisms of
6-86., worn base-up and base-down on al
ternate days, can be effective.

Mallett (1979) stated that prismatic
techniques were the best method of
treating HARC. and he advocated the use
of adverse prism in breaking down anoma
lous correspondence - base-in for conver
gent strabismus. A prism of 166. base-in is
recommended as too strong to be overcome
by any divergent movement. This produces
a rapid breakdown in the HARC and it also
has a good cosmetic appearance, as the
convergent eye appears straighter.

Adverse or vertical prisms can produce
diplopia. In cases where this is distressing
and in circumstances where it may be dan
gerous (e.g. driving or operating machin
ery), this type of therapy is inappropriate.

Synoptophore and single-mirror
haploscope
Very few optometrists use synoptophores,
so these techniques will not be described in
detail. However, it is recommended that
the interested reader investigate these
methods, since the underlying principles
aid understanding of other methods. The
synoptophore is a versatile instrument for
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this type of treatment, and can be effective
in cases where difficulties are experienced
with other methods. Basic methods of
using a synoptophore to treat HARC
(Evans, 1997) include:

• After-images
• Alternating (tlashing) exercise
• fixation alternation (no tlashing)

method
• Macular massage
• Kinetic stimulation of corresponding

points.

The single-mirror haploscope provides a
good deal of the versatility of the synopto
phore, but is much simpler and is more nat
uralistic (Earnshaw, 1962). Most of the
methods described for the synoptophore
can be carried out in modified form with
the single-mirror haploscope (Evans,
1997).

Free-space methods
Because of the difficulties introduced when
patients look through instruments at
images rather than at real objects, 'free
space' methods of treatment have been de
veloped by various practitioners. These
methods are most likely to succeed in cases
with acuity of 6/24 or better in the amblyo
pic eye, and with an angle of strabismus
between 5ll and i sc,

After-images may be used in free-space
methods as a starting procedure, which
ensures normal correspondence, or they
can be used to supplement other procedures
as a check on normal correspondence.
Either a single after-image in the strabismic
eye or after-images in either eye can be
used.

The main free-space method employs
physiological diplopia, and is described in
detail by Pickwell and Sheridan (1973).
This method needs very close supervision
so that binocular fixation of the target is
always maintained. The method requires
that a position can be found where the
patient can fix a real object binocularly,
which will be at the intersection of the
visual axes in a convergent strabismus. At
this fixation distance the patient has bin
ocular single vision with NRC. The area of
visual space over which this 'normal bino
cularity' extends is then enlarged, by
moving the fixation target whilst using ad-

ditional targets to monitor the binocularity
using physiological diplopia. The foregoing
is only a summary, but proponents of this
technique claim great success in many
cases.

Summary

In most cases, the role of the optometrist in
dealing with ARC is confined to detecting
the ARC and assessing its depth and stabil
ity. The vast majority of cases of ARC that
an optometrist will encounter will be long
standing, well-adapted strabismus, which
will not usually require any treatment
other than appropriate refractive correc
tion. Of those that do require treatment,
many cases need referral for medical inves
tigation and possible surgery. Other cases
are entirely within the province of opto
metric management.

Although this chapter has concentrated
on the binocular sensory adaptation of
HARC, amblyopia may also require atten
tion (see Chapter 10). Apart from the need
to enhance monocular acuities in their
own right, it is generally agreed that per
sisting amblyopia jeopardizes the binocular
sensory and motor outcomes of strabismus
treatment (Spiritus, 1994).

References

Bagollnl, B. (1999). Bagolini's striated
glasses: a reappraisal. Binocular Vision
and Strabismus Quarterly, 14(4), 266
71.

Collewijn, H., Steinman, R. M., Erkelens, C.
J. and Regan, D. (1991). Binocular
fusion, stereopsis and stereoacuity with
a moving head. In: Vision and Visual Dys
function (J. Cronly-Dillon, ed.), pp. 121
36. Macmillan.

Cooper, J. and Feldman, T. (1978).
Random-dot-stereogram performance
by strabismic, amblyopic, and ocular
pathology patients in an operant
discrimination task. Am. J. Optom. Phy
sial. Opt., 55(9), 599-609.

Dale, R. T. (1982). Fundamentals of Ocular
Motility and Strabismus. Grune & Strat
ton.

Earnshaw, J. R. (1962). The single mirror

haploscope. Trans. Int. Congo Br. Optical
Assoc., pp. 673-4.

Evans, B. J. W. (1997) Pickwell's Binocular
Vision Anomalies: Investigation and Treat
ment, 3rd edn. Butterworth-Heinemann.

Erkelens, C.J. and Collewijn, H. (1985). Eye
movements and stereopsis during di
choptic viewing of moving random dot
stereograms. Vis. Res., 25,1689-1700.

Fender, D. H. and [ulesz, B. (1967). Exten
sion of Panum's fusional area in bin
ocularly stabilized vision. J. Opt. Soc.
Am., 57, 819-30.

Hatch, S. W. and Laudon, R. (1993). Sensi
tive period in stereopsis: random dot
stereopsis after long-standing strabis
mus. Optom. Vis. s«, 70,1061-4.

Hyson, M. T., [ulesz, B. and Fender, D. H.
(1983). Eye movements and neural re
mapping during fusion of misaligned
random dot stereograms. J. Opt. Soc.
Am., 73, 1665-73.

Jampolsky, A. (1971). A Simplified ap
proach to strabismus diagnosis. In: Sym

posium of Strabismus, pp. 3-4. Mosby.
Jennings, J. A. M. (1985). Anomalous ret

inal correspondence - a review. Ophtlllll.
Physiol. Optics, 5(4), 357-68.

[ulesz, B. (1971). Foundations of Cyclo
pean Perception. University of Chicago
Press.

Mallett, R. F. J. (1977). Aspects of the inves
tigation and treatment of strabismus.
Ophthal. Opt., May 28,432-3.

Mallett, R. F. J. (1979). The use of prisms in
the treatment of concomitant strabis
mus. Ophthal. Opt., October 27, 793 ~8.

Mallett, R. F. J. (1988). Techniques of in
vestigation of binocular vision anoma
lies, In: Optometry (K. Edwards and R.
Llewellyn, eds), pp. 238-69. Butter
worths.

Nelson, J. (1988). Binocular vision: dispar
ity detection and anomalous correspond
ence. In: Optometry (K. Edwards and R.
Llewellyn, eds), pp. 217-37. Butter
worths.

Von Noordon, G. K. (1996). Binocular
Vision and Ocular Motility. Mosby.

Pickwell, L. D. and Sheridan, M. (1973).
The management of ARC. Ophthal. Opt.,
13(11),588-92.

Spiritus, M. (1994). Comitant strabismus.
Curro Opin. Ophthalmol., 5(5),11-] 6.

Stidwill. D. (1998). Orthoptic Asscssmcnt
and Management. Blackwell Science.



10
Amblyopia and eccentric

fixation
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The cause of amblyopia
Types of amblyopia

Prediction and prevention ofamblyopia
Screening
Diagnosis
Treatment

Eccentric fixation

Ocular disease in children is rare. Amblyo
pia is the most common cause of reduced
acuity with a typical prevalence of appro xi
mately 3 per cent (von Noorden, 1995).
Recent work suggests similar figures for
adults, i.e. 2.9 per cent of adults have an
amblyopic eye with acuity less than 6/12,
and 0.6 per cent have amblyopia worse
than 6/60 (Attebo et aI., 1998). The dis
turbing implication of similar childhood
and adult prevalences is either that treat
ment does not work or that nobody gets
treated. More encouragingly, however. the
reported low incidence of deep amblyopia
(11/110) indicates that the disorder is largely
self-limiting and stabilizes on average at
about 11/15.

The variable success of amblyopia treat
ment has led to uncertainty as to the best
management (Tour, 1966) and indeed
whether it is worth treating at all
(LaRoche, 1998).

The cause of amblyopia

Amblyopia iscaused by abnormal or insuffi
cient stimulation of the binocular system
in the first year or so of life. Congenital

cataract and ptosis cause gross visual depri
vation, loss of steady fixation and greatly
reduced acuity. Strabismus and aniso
metropia exert their influence a little later.
and typically cause less severe visual loss.
In the latter conditions the visual cortex is
dominated by the better eye. The poorer
eye only drives lower spatial frequency
monocular neurones (Levanthal, 1984).
Occlusion of the good eye removes this com
petition and reduces the inhibition of the
good eye on its poorer counterpart. and
thus reduces the severity of the amblyopia
(Awaya and von Noorden, 1972).

Clinical amblyopia reflects the extent to
which binocularly created adaptations
persist into monocular vision. Some stra
bismics avoid amblyopia by alternating.
For example. the larger esotropes often
cross-fixate, and the anisometropes, if the
refractive error allows, may use one eye for
near and the other for distance. In this way
good acuity can be maintained in each eye
but typically all binocular vision is lost
with total suppression of the non-fixating
eye (see Chapter 8). Unilateral strabismics
usually have amblyopia and anomalous
correspondence (see Chapter 9).

Single spatial frequency gratings,

whether as part of a contrast sensitivity
test or as a preferential-looking visual
acuity test. tend to overestimate acuity
because of the failure in amblyopia to co
ordinate information from different parts of
the spatial frequency spectrum (MacCana
et al., 1986). Hence more complex meas
ures like Snellen line acuity and Vernier
acuity give a worse and more realistic
assessment ofvisual impairment.

Types of amblyopia

The nature of the amblyopia differsdepend
ing on the cause (see Chapter 2). The gross
and early deprivation caused by congenital
cataracts prevents the establishment of
normal fixation. Successful management is
notoriously difficult, but there is some im
provement in outcome with very early
surgical intervention - within the first few
weeks (Birch and Stager. 1995; Figure
10.1).

In contrast. strabismic and anisometro
pic amblyopes have a later onset with no
sign of poor acuity until about 8 months of
age (Birch and Stager. 1985). Hess and
Pointer (1980) showed that the amblyopia
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Figure 10.1
Visualacuity at >5 years of eyes with densecongenitalcataractasfunction ofageat surgery.
Median acuity ofafurther 10 eyes with surgery after 50 weeks(0). (From Birchand Stager,
1995)

itself is different. In strabismic amblyopia
the loss of acuity is restricted to the foveal
region, whereas in anisometropia the
reduction in sensitivity is proportionally
the same centrally and peripherally.
Amblyopes with both strabismus and
anisometropia follow the strabismic
characteristics (Figure 10.2).

In practice the distinction between ani
some tropes and strabismics has to be made
with care, because many anisometropes
also have a small strabismus. It was origin
ally suggested that the 2.0 log unit neutral
density filter test distinguished between
the reduced acuity caused by pathology
(organic amblyopia) and the amblyopia of
anisometropia and strabismus (functional
amblyopia). However, it has since been
shown that the anisometropic amblyope's
response is similar to that of organic am
blyopia (Hess et al., 1980) - that is,
organic and anisometropic amblyopias
both show a reduction in acuity after
adapting for a few minutes through the
filter, whereas the acuity in strabismic am
blyopia is unaffected. This test is remark
ably difficult to perform, and a goggle
arrangement is necessary to ensure that
light only enters the eye through the filter.
If a trial frame is used, the eye never
actually adapts.

Prediction and prevention of
amblyopia

Prediction of amblyopia based on risk
factors would make prevention a possi
bility. Heredity seems to be relevant princi
pally in the inheritance of abnormal

Figure 10,2
A comparisonof the loss ofcentraland
peripheralcontrast sensitivity in strabismic
andanisometropicamblyopes. Thefigure
shows the contrast sensitivity deficitin
amblyopes with strabismus (opensymbols),
anisometropia(filledsymbols) and both (half
filled symbols) for spattalfrequenciesof 0.8
cycles/degree(0),3.2 cycles/degree (0),6.4
cycles/degree( t:,.), n = 17. Thecontrast
sensitivity lossat the fovea is plottedagainst
the minimum lossanywhere in thecentral 30°.
Datapointsfallinq on the verticaldotted line
indicatean exclusively centralcontrast
sensitivity loss, whereaspoints on the oblique
line indicatea generaldepression of contrast
sensitivity over the retina. Non-strabismic
anisometropicamblyopia(filledsymbols)
tends to a general depression of sensitivity,
whereasstrabismicamblyopia (opensymbols)
andstrabismic anisometripicamblyopia (half
filled symbols) havea contrast sensitivity loss
restrictedto the central region. (After Hess and
Pointer, 1985)

refractive error (Dobson and Sebris, 1989).
Abnormal refractive error in the first year
of life has been shown to be a good predictor
of later amblyopia and strabismus.
Atkinson et al. (1996) showed that the 5
per cent of the population with + 3.50 DS
hypermetropia at 9 months were signill
cantly more likely to have strabismus or
amblyopia by the age of 4 years than
infants with normal refractive errors. Early
partial refractive correction (i.e. leaving
the infant with a typical refractive error of
+1.00 DS) does not impede normal emrne
tropization, and at least halves the subse
quent frequency of strabismus and ambly
opia (Atkinson et al., 1996). Other studies
have confirmed the predictive power of
hypermetropia, but are less optimistic
about the possibility of prevention (Ingram
et al., 1990a). However, there is agreement
about the slight deprivational effects of un
corrected high hypermetropia.

Screening

A lesser but valid alternative to prediction
and prevention is early detection. In some
parts of Scandinavia there has been screen
ing at the age of 4 years for about 20 years.
Retrospective studies (Jakobsson et al.,
1995; Spiritus. 1997) have shown that the
prevalence of amblyopia and strabismus
have been reduced by a half in these
regions. In the UK, Newman et al. (1996)
also reported success with intervention at

the age of 3-4 years. The organization of
an efficient pre-school screening pro
gramme is not easy (Simons. 1996). De
tection does not inevitably lead to cure.
and compliance with treatment is fre
quently poor (Williamson et al., 1995). In
an attempt to measure compliance with
patching, a portable data-logger with
electrodes that monitor the time the patch
is in contact with the skin has been
suggested (Fielder et al., 1995).

Diagnosis

The initial measure of acuity establishes the
presence and the extent of the amblyopia.
A perfunctory measure can give a low
value and scope 'improvement' on later
reassessment. It is advisable to use the
same test and examination distance at
each appointment, preferably with charts
with crowding contours, such as the



Cambridge crowding cards or the Glasgow
acuity cards (McGraw and Winn, 1993;
Chapter 1). LogMAR charts give a more
precise measure of acuity and facilitate
more robust statistical analysis. If avail
able. contrast sensitivity charts add a
further dimension by revealing perform
ance across the whole spatial frequency
spectrum (Thompson, 1993).

A diagnosis of amblyopia is often based
on two lines' difference in acuity between
the eyes. It is doubtful if this is a stringent
enough criterion. Research has shown
that 85 per cent of normal five-year olds
have interocular differences of acuity of
less than half-a-line (Lam et al., 1996).
Paliaga (1997) suggested that Snellen
decimal 0.6 (6/9) may be a more suitable
cut-off point to define 'practically impor
tant' amblyopia, and that interocular dif
ferences can be missed with charts that do
not go much beyond 6/6.

Treatment

Pharmacological therapies
Promising results are reported with drugs
related to L-dopa (used in Parkinson's
disease) that cause an increase in visual
plasticity. Acuity has been shown to
improve in children and, to a lesser extent,
in adults. However, at present the improve
ment would seem only temporary (Jan
Tjeerd et al., 1996).

Penalization
Atropine in the eye with better acuity and
an extra +3.00 DS spectacle prescription
in the amblyopic eye forces the better eye
to be used for distance and the amblyopic
eye for near (Simons et al., 1997; Foley
Nolan and O'Keefe, 1998). Penalization
has cosmetic advantages over occlusion
and it does not totally disrupt binocular
vision. However. careful monitoring is
necessary to be sure that the desired alter
nation actually happens (LaRoche, 1998).

Occlusion
Occlusion has a very long history. In c.
900 AD, Thabit Ibn Qurrah wrote; 'Patch
the normal eye. Once you do that, the
visual power will go in its entirety to the
deviated eye, and vision will go back to
normal in that eye' (von Noorden, 1995).

Despite bursts of enthusiasm for alterna
tives. occlusion using adhesive patches
(Opticlude. 3M Medical Products Division)

remains the favoured treatment. preferably
reinforced with pencil and paper exercises
to encourage hand-eye co-ordination
(Garzia, 1987; Chapter 3). The best occlu
sion regime for amblyopia. total occlusion,
is controversial because of fears of promot
ing intractable diplopia in older patients
and of destroying binocularity in the
young. The risk of causing diplopia is diffi
cult to quantify. However. the speed and
complexity of visual development in the
first few years certainly makes early inter
vention potentially hazardous.

Optometrists are usually (and appropri
ately) involved with managing amblyopic
children of 6 or 7 years or older, an age
when plasticity is declining. Constant oc
clusion usually proves necessary at this
age and. although careful monitoring is
prudent. occlusion amblyopia is unlikely
(Von Noorden, 1995). Constant occlusion
is best arranged during school holidays.
and it is essential to ensure that the child is
adequately supervised while occluded.

As might be expected, occlusion is gener
ally found to be more effective the younger
the child. although it is hard to show a re
duction in the success rate until mid-teens
(Birmbaum et al., 1977). Other data show
success is unrelated to 'time since onset'
(Ingram et al., 1990b), and there are cases
of a slow acuity improvement in amblyopic
adults who lose their good eye through
accident (Vereecke and Brabant. 1984).
Some success with occlusion in adults is
also reported from time to time (Hokoda
and Ciuffreda. 1986). It may be that the
greater compliance and determination of
older patients to some extent offsets their
reducing plasticity.

Unfortunately. several years after treat
ment the acuity often deteriorates - more
than half of the patients show regression of
at least a line; anisometropes rather more
(Levartovsky et al., 1998). This problem is
seldom quantitatively addressed. and it is
critical in any assessment of the effective
ness of amblyopia treatment.

Success of treatment
The literature (Birmbaum et al., 1977;
Garzia, 1987) suggests that some success
might be expected in about one-third to
half of the patients treated. However. what
constitutes 'success' in amblyopia therapy
is difficult to define. Researchers tend to
adopt two criteria: improvement by several
lines or achievement of 6/9 Snellen acuity
(Birmbaumetal.. 1977;Paliaga. 1997).
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Unfortunately. dispassionate review of the
methods and analysis of the literature
leads to rejection of most published studies
as poorly controlled and reliant upon unsa
tisfactory measures of acuity. The harsh
verdict is that: 'In the absence of sound
evidence that the target conditions (strabis
mus and amblyopia) sought in these pro
grammes are disabling and that the
interventions available to correct them do
more good than harm. the ethical basis for
such interventions is very insecure'
(Snowdon and Stewart-Brown, 1997). Ac
cording to Paliaga (1997). 'To an unbiased
observer, the amblyopia treatment domain
would appear to be a sort of privileged en
closure exempt from the obligation to
apply the methodological rules universally
adopted in other clinical research'.

There are also more broadly-based
critical views: 'In the overall scheme of
things. is amblyopia really worth the effort
and expense?' (LaRoche. 1998); 'To do
something may not always be better than
doing nothing, and one should always
keep in mind that the sensitive period for
patching happens to coincide with the
critical stages of cognitive. psycho-social
and physical development of the child and
that any attempt to rehabilitate the eye
must not or should not interfere with the
greater development of the whole child'
(Paliaga.1997).

The general view amongst clinicians is
that amblyopia can be successfully treated
(refer to Chapter 3) in selected cases by any
measure capable of producing a clear
retinal image and forcing the amblyopic
eye to fixate (Paliaga, 1997). although it
must be acknowledged that this belief is
based more on clinical experience than rig
orously controlled trials.

Eccentric fixation

With the inclusion of graticules in ophthal
moscopes. it became apparent that ec
centric fixation is not rare but is a common
feature of amblyopia (refer also to Chapter
1). The angular subtense of the graticule
can be found either by direct measurement
ofits projection on to a screen or by estima
tion compared to the size of the optic disc.
The eccentricity limits the acuity in that an
amblyopic eye cannot have better acuity
than a normal eye at any particular eccen
tricity. Acuity can be worse than a normal
eye at that eccentricity because of the
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Figure 10.3
Visualacuity asafunction ofeccentricityin
normaleyes(uppercurve) andin an amblyopic
eye with 2° eccentric fixation (lowercurve).
For eccentric jixation greater than 10° no
sensorydefect is needed toaccountfor the
amblyope's pooracuity. (From Kirschen and
Flom.1978)

additional effect of central suppression (see
Chapter 8). Central suppression seems to
be restricted to within about 10° of the
fovea (Kirschen and Flom, 1978; Figure
10.3).

The eccentricity gives an upper limit for
the achievable acuity and, conversely. an
eye with 6/5 acuity must have central
fixation. It can be useful to compare the
fixation pattern of the good and the bad
eye. Confusion can be avoided by drawing
a sketch of the position of the graticule
with respect to the fovea.

Why do amblyopes eccentrically
fixate?
Worth (1905) suggested that in amblyopia
there was a deep, perhaps absolute. central
scotoma (Figure 10.4). If the acuity is
worse at the fovea than the surrounding
annulus. the patient fixes with the area
giving best acuity rather than the fovea.
However. recent investigators have been
unable to demonstrate this deep central
scotoma (Mehdorn, 1989). Quantitative
measurement of the acuity across the
amblyopic central retina is not easy. There
are strong practice effects and different
temporal resolution in the different parts of
the retina. In the few subjects where this
has been adequately measured (Kirschen
and Plom, 1978; Flom et al., 1980) the
foveal acuity, although reduced, is better
than that anywhere else on the retina.

Figure 10.4
Relativevisualacuity asafunction of
eccentricityasenvisaged by Worth.
(From Ikeda, 1979)

Figure 10.5
Visualacuity in the good eye (0) and the
amblyopiceye(.) ofan 8° esotrope with 2.4°
eccentricjixation.Thedataare threshold
valuesfor 55 percent negative contrast
LandoltCstimuli. Theverticalbarsor the
symbol dimensionsrepresent ±1 standard
error. Theacuity is higherat thefovea than at
thepoint ofeccentric fixation. Clinically,
acuity was 6/6 and6/24 in the normaland
amblyopiceyes. (After Flomet al., 1980)

including the point used for eccentric
fixation (Figure 10.5).

In an attempt to resolve this puzzle. Schor
(1978) drew attention to the influence of
the strabismus on the characteristics of the
eccentric fixation (Table 10.1).

These observations suggest that the
position of the eye in the orbit during the
habitual strabismic state has some influ
ence on the position the eye takes up when
required to fixate monocularly. Schor de
scribed a simple visual perception experi
ment. With the head erect and fixed.
normal subjects were asked to fixate

Tab).., 10.1 Theinfluence of
fitrablstnUli (In eccentrte
fbnatjon

• Bccentrl« Ilxatlon Is more common in
strabismic rather thananslometroptc urn
blyopill.

• The eceentrlcally ftxlIUugpoint is usuallv
on the side of the fovea to be expected OIl

the basis of the squint, t.e, nusal eccentric
flxauon In esorropia, and not randomly
anywhere round Worth's annulus of best
vision.

• Reduction in the angleofsquintbysurgery
sometimes reduces the lingle of ecceuulc
fixation.

• In caseswhereInappropriate occlusion has
resulted in amblyopia In the good eye, this
occluston.amblyopla sometimes Itselfhus
eccentric !lX"tiOll.

steadily for several minutes on a point 10"
to the side of straight ahead. After this
period of adaptation they are then asked to
position a marker to Indicate the straight
ahead direction. The effect of the lateral
fixation is to shift the apparent straight
ahead 10-20 per cent towards the adapted
posture - l.e, if the subject looks 10° to the
left for 10 minutes. the apparent straight
ahead is then shifted about 1-2° to the left.
This adaptive after-effect fades away in a
minute or two, and the apparent straight
ahead returns to its normal position.

Schor suggested that the habitually stra
bismic position of the amblyopic eye leads
to an error in localizing the straight-ahead
when it is required to fixate monocularly.
Thus the posture taken up for fixation is
not determined just by the variation in
acuity across the retina. but also by the
previous position of the eye.

Whether Schor or Worth is correct
remains to be demonstrated conclusively.
Schor offered an ingenious explanation
that fits with what is known of the facts.
However, in terms of management it does
not really matter. If we favour Worth's
central scotoma. it can be concluded that
conventional occlusion will reduce the in
hibition of the good eye on the bad, and
allow the central scotoma to reduce and
the fixation to move to a more central
position. If we prefer Schor. then conven
tional occlusion will allow the adaptive
after-effect to fade away and fixation can
become more central. However, neither



theory predicts that conventional occlu
sion will consolidate the eccentric fixation
as suggested by Arruga (1962); a fear that
was shown to be unfounded by von
Noorden (1965 l, but is still occasionally
voiced.

The clinical significance of eccentric
fixation is not clear. Obviously, long
standing. deep amblyopia with steady ec
centric fixation several degrees from the
fovea has a bad prognosis. However. the
general uncertainties of the success rate in
amblyopia therapy make it difficult to
argue that the presence or absence of a
small angle of eccentric fixation should
have a decisive influence on management
strategy or the prognosis.

Conclusion

The best management of amblyopia and ec
centric fixation continues to be in doubt.
Recent critical review (Snowdon and
Stewart-Brown. 1997) has shown much of
the published clinical data to be an unreli
able guide to best practice. This is a harsh
reminder of the care and planning neces
sary if valid conclusions are to be drawn
from clinical investigations.
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11
Microtropia

Frank Eperjesi and Bruce Evans

Classification
Aetiology

Clinical characteristics
Symptoms
Prognosis

Investigation and diagnosis
Summary of the diagnosis of microtropia

Management

Introduction

The terminology surrounding very small
angle strabismus has become confused.
The terms microstrabismus, mlcrosquint,
monofixation pattern (or syndrome) and
subnormal binocular vision have all been
used to refer to the same or similar con
ditions. Microtropia (Lang, 1966) is used
here as the term of choice to describe a fre
quently seen condition that has most of the
characteristics described in this chapter.

Microtropia may be found as an appar
ently primary condition, or it may be
present as a residual deviation after the
treatment of a larger strabismus. It has
been suggested that it has inherited charac
teristics (Burian and Von Noorden, 1974).

Anisometropia is often a major factor,
and a foveal scotoma is thought to result
from confusion of the blurred image with
the sharp one in the more emmetropic eye.
Typically microtropia develops before the
age of 3 years, but it may (rarely) break
down into a larger angle strabismus and
give the impression that a strabismus has
come on in later childhood. It is usually an
eso-deviation with a form of binocular

single VISIOn, but there are exceptional
cases of micro-hypertropia that usually
result from surgical intervention of a large
angle hypertropia (Lang, 1966). Stidwill
(1998) has indicated the occurrence of
micro-exotropia.

Classification

Microtropia has been classified by Rowe,
1997 (Table 11.1).

Secondary microtropia is more prevalent
than primary microtropia (Griffin and
Grisham, 1995).

Aetiology

The aetiology of primary microtropia is
unknown, but there may be a genetic
element. Rowe (1997) stated that as aniso
metropia is a common factor, the blurred
image in the more ametropic eye might
result in a foveal suppression scotoma with
fixation on the edge of this scotoma. Sec
ondary microtropia is often the result of
vision therapy and/or surgery for a larger

deviation, particularly in cases of early
onset such as infantile or primary comitant
esotropia. Other secondary causes may be
aniseikonia, anisometropia, uncorrected
vertical deviations and foveal lesions
(Griffinand Gresham, 1995).

Clinical characteristics

Microtropia is now recognized as having
certain characteristics in very many cases,
and Evans (1997) has described these char
acteristics as follows.

Small angle
The microtropia is between 1 and 10~ in
size (Lang; cited by Mallett, 1988; Caloroso
and Rouse, 1993). The deviation may not
show on the cover test (microtropia with
identity), not because it is too small, but
because it is a fully adapted strabismus.
There is often a heterophoric component.
Microtropia is usually constant in all pos
itions of gaze and fixation distances.

Anisometropia
There is often a difference between the
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'Iahle 11.1 ClassUlcathm ofmlcrotrophl lifter R()we (1991)

Asa result(lfop!J.cnl or surgical reductional' a prlmaryc(lmit~lnt

Iarger-angledevtatlon, or a verUcal devtattcn. or a foveullesion

Indicated if there Isno priorhistoryofa largerdeviuUon. two types:

(i) with Identity (nomovement on unllutcrulcovertest);
(ii) without identity(movement on unilateral covertest)

Anaccommodative element and hypermetropia

There are usually no symptoms and good
cosmesis.

Stereopsis
Low-grade stereopsis has been reported in
microtropia (Okuda et al., 1977). although
it is not always detected with standard
clinical tests. Cooper and Feldman (l 978)
argued that all cases of strabismus. includ
ing microtropia, perform subnormally at
random dot stereopsis tests.

Amblyopia
The presence of amblyopia in one eye is
usually the first clue that microtropia may
be found (see also Chapter 10). The amblyo
pic eye usually shows the crowding phe
nomenon, and single letter acuity is better
than line acuity. The foveal scotoma may
also result in the patient missing out letters
when reading lines of Snellen letters, or he
or she may read the line more easily back
wards. The presence of eccentric flxatlon

The following aspects are particularly
useful in the detection of micro tropia.

Investigation and diagnosis

The prognosis for bifoveal fusion is poor,
but the prognosis for an outcome with
which the patient is satisfied is good. since
microtropia usually is a stable end-stage
condition.

Symptoms

Prognosis

not have a strabismus, but in fact had a het
erophoria with NRC and a gross fixation
disparity. This fixation disparity is much
larger than that normally found in hetero
phoria, but does not cause diplopia
because of a large foveal suppression area
in the strabismic eye. Pickwell (1981) sug
gested a sequence of events that linked
these features and could explain the devel
opment of at least some cases of microtro
pia. He argued that a decompensating
heterophoria leads to an increasing
fixation disparity that in time becomes asso
ciated with an enlargement of Parium's
area and an increase in the deviation. This
results in a microtropia with identity and
monofixational syndrome.

Monofixational syndrome
In many cases of microtropia the angle of
the deviation may increase on the alternat
ing cover test, or even if one eye is covered
for a slightly longer time than normal
during the unilateral cover test. When the
cover is removed from both the eyes, the
eye that was last covered will be seen to
return to the microtropia position. There is
the appearance of phoria in spite of the
micro tropia. It is as if a heterophoric
movement is superimposed on the strabis
mus. The apparent heterophoria may be
larger and more obvious than the microtro
pia, which (as discussed above) may not
show at all on the cover test. This cover
test recovery movement can be described
as an anomalous fusional movement. A
microtropia showing the superimposed
phoria movement is known as Park's
monofixational syndrome, or monofixa
tional heterophoria (Parks and Eustis,
1961;Parks,1969).

Mallett (1988) felt that these cases did

Peripheral fusion
The eyes in microtropia seem to be held in
the nearly straight position of the small
angle by the fusional impulses provided by
peripheral vision. A form of 'pseudo
fusional reserves' can be measured. During
the cover test it is therefore important to
position the cover close to the eye in order
to ensure complete dissociation: otherwise
peripheral fusion may reduce the magni
tude of any ocular movement and prevent
an accurate diagnosis.

frequently microtropia is of this type; that
is, the strabismus is fully adapted. Microtro
pia without identity (movement on unilat
eral cover test) may have central or non
absolute eccentric fixation, and the retinal
correspondence may be either abnormal or
normal, with central suppression and per
ipheral fusion.

Primarymtcrotropfa

Primary decompensating
mlcrutropiu

Secondary mtcrotropla

Eccentric fixation
Central fixation is lost in microtropia, and
there is likely to be a suppression scotoma
in the foveal area of the amblyopic eye (see
also Chapter 10). The angle of the eccen
tricity of the fixation is often the same as
the angle of the strabismus (hence the ter
minology 'with identity'). This is the
reason why the eye does not move on the
cover test; the area of the retina on which
the image falls in binocular vision is the
same as the eccentrically fixing area (the
area used for fixation when the other eye is
covered). Sometimes in microtropia the
degree of eccentric fixation is less than the
angle of the strabismus, and in these cases
a very small cover test movement may be
seen (microtropia without identity).

Abnormal retinal correspondence
Harmonious anomalous retinal corre
spondence (see Chapter 9) is present in ml
crotropia. Therefore, in many cases there
will be identity of the retinal area on which
the image falls in the patient's habitual
vision with both the area used for fixation
and the anomalously corresponding area.
This leads to microtropia with identity (no
movement on unilateral cover test), and

Amblyopia
There is reduced acuity in one eye, and as
the deviation may not be apparent on the
cover test, the amblyopia may be the first
indication of the microtropia (see also
Chapter 10). Usually the acuity is reduced
one or two lines to 6/9 or 6/12.

refractive errors in the two eyes of more
than 1. SOD of hyperopia. Micro-exotropia
is often associated with mixed astigmatic
anisometropia, and micro-esotropia tends
to be associated with spherical aniso
metropia (Rowe, 1997). However, micro
tropia can occur in patients with equal
refractive errors.



(6D. or less) should be checked using the
ophthalmoscopic method.

Cover test
For microtropia without identity, the diag
nosis is usually made on the basis of a
positive unilateral cover test result of
between 1 and 1OD.. However, as explained
above, microtropia with identity is unlikely
to be detected as a strabismic movement
with the cover test. The presence of the
monofixational syndrome may be seen as
an apparent heterophoria movement when
the cover is removed, and this could result
in the microtropia being missed. When
there is a 'heterophoric component', the al
ternate cover test is no longer useful in
measuring the magnitude of the strabismic
component. To measure this horizontal
angle of strabismus objectively, the
examiner must simultaneously occlude the
dominant eye and place the correct
amount of base-out prism before the
deviated eye to neutralize any movement of
the deviated eye (simultaneous prism cover
test). If there is eccentric fixation, that must
be taken into account to calculate the true
strabismic deviation.

Bagolini striated lens test
Stidwill (1998) suggested that there is a
central suppression scotoma (i.e, in bin
ocular vision), which covers the fovea and
also the eccentric fixation point. In theory
this can be detected by the patient reporting
a central gap produced by a Bagolini lens
(see Chapter 9). Some patients with micro
tropia fail to report the presence of this
gap. The image of the streak falls on the
non-foveal point (not the fovea) of the
deviated eye 'corresponding' with the
fovea of the fixing eye. In some cases there
may be a 1D.suppression area at the fovea
and another I D. suppression area at the
corresponding point.

Amsler charts
An absolute central scotoma (i.e., in mon
ocular vision), Lang's one-sided scotoma,
may show on the Amsler chart or as a dis
turbance of a page of print.

Harmonious anomalous
correspondence
Harmonius anomalous correspondence is
usually deeply ingrained and will require a
neutral density filter value of 1.0 log unit
or more to suppress the Bagolini lens
streak (see Chapter 9).

Eccentric fixation
Eccentric fixation (Chapter 10) is usually
parafoveal and slightly nasal and superior
to the fovea in microesotropia.

Stereopsis
This will depend on the type of test used.
The TNO test measures global (peripheral)
stereopsis and the patient is unlikely to do
better than 2000 seconds of arc, whereas
the result from the Randot or Titmus
stereotest circles, which measure local
(central) stereopsis, may be as high as 100
seconds of arc (Stidwill, 1998). Griffin and
Grisham (1995) state that in microtropia
central stereopsis is absent or greatly
reduced, especially with random dot
targets.

Four prism dioptre test
In this test (Irvine, 1948), a 4D. base-out
prism is placed before one eye and the
movement of the eyes is observed. The
typical response to such a stimulus in
normal eyes is a small initial vergence
movement (which may not be seen),
followed by a conjugate saccade (version
movement) and then a symmetric
vergence movement. The theory behind
the test (Frantz et al., 1992) is that in mi
crotropia, if the prism is placed before the
strabismic eye, the image will move across
the retina within the suppression area and
there will be no movement of either eye. If
the prism is placed before the non-microtro
pic eye, then both eyes will make the initial
version movement but the micro tropic eye
will fail to make the subsequent vergence
movement.

The test should only work if the patient is
fixating an angular, isolated target on a
large featureless background (Evans,
1997). If this is not the case and the
patient fixes, for example, a letter chart,
then other detail in the field of view of the
strabismic eye will also appear to move,
and not just the fixation target. This
artefact probably explains much of the con
fusion that has arisen from this test (Evans,
1997).

In some cases where there is amblyopia
in one eye and no movement on the cover
test it is important to differentiate microtro
pia from an organic amblyopia. It is
possible that a central scotoma in organic
amblyopia could cause a 4D. test result
similar to that in microtropia. In these
cases, it may be useful to occlude the good
eye and repeat the 4D. base-out test mon-
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ocularly. If there is a large pathological
scotoma, as in many cases of organic am
blyopia, then there will be no monocular
response to the prism. Because any mon
ocular suppression area in a microtropic
eye is likely to be lighter than the larger sup
pression area that occurs under binocular
viewing, a micro tropic eye should still
make a version movement to a 4D.that is in
troduced monocularly.

Although the 4D. base-out test has been
proposed as a diagnostic test for microtro
pia, Frantz et al. (1992) advised caution in
using it. They found test-retest repeatabil
ity to be low, and that normal and microtro
pic children and adults exhibit many
atypical responses.

Summary of the diagnosis of
microtropia

It has been seen that there are some charac
teristics which it is widely agreed must
always be present for a diagnosis of micro
tropia to be made. There are several other
characteristics which some authorities
believe have to be present for such a diag
nosis, and others feel are only sometimes
present in microtropia (Table 11.2).

Management

Microtropia is a fully adapted strabismus
and does not usually give rise to symptoms
unless other conditions have been superim
posed. Patients tend to present late, when
reduced vision is detected at a school check
(Rowe, 1997). Management consists,
initially, of correcting the refractive error.
This is particularly important if the patient
is under 5 years of age and has aniso
metropia. Orthoptic exercises for mlcrotro
pia are very seldom successful. although it
is possible to treat the amblyopia and ec
centric fixation in the usual way. Stidwill
(1998) proposes full refractive correction
and full-time occlusion of the fixing eye for
children under 5 years old, which may
result in total resolution of the deviation
and complete restoration of normal visual
acuity and gross stereopsis. For patients
older than 8 years, the hyperopic prescrip
tion can be reduced and deep anomalous
correspondence will maintain a small
angle. Houston et al. (1998) recommended
aggressive treatment with patching of
patients with microtropia under the age of
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'fable 11.2 Characteristics of
microtrophl(after
Evans,1997)

The Iollowtng are alwayspresent:

• Angleofdeviationlessthan lOA
• Amblyoplc eyewith morphoscopicacuity at

leastone line worse than domluunteye,
unless alternating mterotropta (rare)

• Pccenrrtc Ilxatton
• HARe detected by Bagolln! striated lens

test, or by modified Mallettunit

U11d three ofthe followingcharacteristics must
also be present:

• Auglelessthan fill.
• Anlsoruetropta (usually hyperopic) over

1.50D
• Mlcrotropla with Identily: ungleoJ' anorn

uly"'angleof eccentric tlxatlon, so no
movementwhen domlnant.eyeis covered

• Monotlxuttonal syndrome: apparent phoria
movement on COVer test

• MOLor Iustoru'pseudo-fuslcnal reserves'can
be measured

• Stereopsis of ]()()arc minutes or more on
contoured tests such as 'Ittmus Circles, or
Rundot contoured (monocularly visible)
circles

• Four prism dloptretest shows positive re
sponse

• Lang's one-sided scotoma demonstrated
with Amslercharts

10 years, which they found to be effec
tive without inducing intractable diplopia.
Cleary et al. (1998) noted that for one
third of their sample, aggressive occlusion
therapy not only restored monocular
acuities of 6/5 but also eliminated the mi
crotropia.

Ifill-health in older children (5-10 years)
causes the microtropia to break down into
a larger deviation, or ifmonofixational het
erophoria is decompensated and giving
rise to symptoms, orthoptic treatment for

these conditions may be appropriate to
restore the micro tropia to its compensated
and fully adapted state,

Microtropic patients can also have inade
quate vergence and accommodative skills
for their visual requirements at school or
work. Prisms and added lenses do not seem
to help for these symptomatic patients.
possibly due to prism adaptation. Orthoptic
exercises in these cases can be successful
(Griffin and Grisham, 1995).

Summary

Microtropia is a small angle asymptomatic
deviation with good cosmesis. It is usually
associated with amblyopia. anisometropia,
eccentric fixation and reduced stereopsis.
There mayor may not be movement with
the unilateral cover test. Treatment
usually involves refractive and occlusion
therapy or vision therapy if there is an un
derlying phoria that has become decom
pensated,
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Incomitant strabismus
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Incomitant deviations are strabismic devia
tions that vary in size according to the
direction of gaze and depending on the eye
that is lixing. Recognition and inter
pretation of incomitant strabismus often
pose a problem to optometrists, who rarely
encounter such deviations. This chapter
reviews the mechanisms ofbinocular co-or
dination; the recognition and inter
pretation of defects of this system; the
aetiology and diagnosis of incomitancy;
and possible management options.

Normal muscle actions

Primary action
Familiarity with the primary and second
ary actions of the extraocular muscles is
fundamental to the interpretation of ab
normality. Figure 12.1 a shows the pri
mary actions of the extraocular muscles.
The primary action of each muscle is
achieved when the line of action of the

muscle is located over the eye's centre of
rotation. For example, the primary action
of the superior rectus muscle is elevation,
which occurs in abduction. That is not to
suggest that the superior rectus muscle is a
primary abductor, but that when the eye is
relatively abducted (such as following
lateral rectus contraction) the superior
rectus is most effective as an elevator. In
this position there are no secondary
muscle actions.

Secondary action
When the eye is rotated 90° away from the
position of primary action of the muscle,
the primary action is reduced and the sec
ondary actions of that muscle become
more effective. In the case of the superior
rectus muscle, for example, the elevation is
diminished and adduction and intorsion
increase, reaching a peak when the eye is
relatively adducted (such as following
medial rectus contraction). At this time
there is no residual elevation. An easy way

to remember the secondary actions is
RAdSIn (recti adduct; superiors intort).
from which all secondary actions can be de
termined. These rotations are summarized
for binocular right gaze in Figures 12.1 b
and c. Note that horizontal secondary
actions are additive, while cycle-rotations
cancel out.

Laws of motility and muscle
pairs

Binocular eye movements are governed
principally by two basic laws of motility
concerned with the ocular rotation of each
eye separately, and for the eyes as a pair:

1 Sherrington's law of reciprocal inner-
vation is concerned with the co-ordi
nation of muscle pairs of one eye. It
dictates that when an agonist muscle
contracts there is inhibition of the
innervation to its direct antagonist.
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2 Synergists are muscles of one eye that
move the eye in the same direction.
For example, the superior rectus and
inferior oblique muscles are synergistic
for elevation, both rotating the eye up
wards. They are also antagonistic for
torsional and horizontal rotation (as
shown in Figure 12.1c).

3 Yoke muscles are pairs of muscles, con
sisting of one muscle from each eye,
that produce simultaneous rotations
of the eyes in either the same direction
(conjugate movement) or opposite
direction (disjugate movement). These
rotations are governed by Hering's
law of equal innervation. Examples
are the right medial rectus and left lat
eral rectus for laevo-version, the right
medial rectus and left medial rectus for
convergence. and the right superior
rectus and left inferior oblique for
dextro-elevation. The yoke muscle
pairings for primary muscle actions
are shown in Figure 12.1 a, and are es
sential to the clinical interpretation of
incomitant strabismus.

Types of incomitant strabismus

(c)

Figure 12.1
Extraocularmuscleactions:(a) primary actions;(b) horizontalactions0/verticalmuscles shown
ior right gaze; (c) cyclo-rotationsa/vertical muscles shown/or right gaze

which relaxes. The relaxation of the 1
direct antagonist is in proportion to
the contraction of the agonist.

2 Hering's law of equal innervation is
concerned with the co-ordination of
muscle pairs for the two eyes together.
When an impulse to perform an eye
movement is received by one eye. mus
cles of the other eye that rotate the
eyes into the same direction of gaze re
ceive equal innervation. The muscles
involved are yoke muscles.

There are three types of muscle pairs that
are governed by these laws:

Agonist/antagonist pairs are those
muscle pairs within one eye that move
the eye in opposite directions. They
are therefore governed by
Sherrlngton's Law. A simple example
of such a pair is the medial and lateral
rectus muscles of one eye, which
rotate the eye into adduction and ab
duction respectively. Muscle pairs
may be antagonistic for some rotations
and not for others. For example, the in
ferior and superior rectus muscles are
antagonists for vertical and torsional
rotations but not for horizontal rota
tions (as shown in Figure 12.1b).

Reductions in ocular rotation may he
caused by neurogenic paralysis or
muscular (mechanical) defects. These
behave differently, and can be easily differ
entiated by examination of a Hess chart
plot or on motility testing (see Chapter 1).
A neurogenic paralysis reduces ocular
rotation in the field of action of the affected
muscle under binocular viewing con
ditions. Unless the nerve is severed, full
ocular rotation is achieved monocularly
when excess innervation is provided. Thus
the incomplete movement seen binocularly
becomes complete on monocular testing
with a cover. and is referred to as an
under-action. In some long-standing neu
rogenic pareses the weak muscle becomes
fibrotic with time, resulting in incomplete
rotation even on monocular testing.

In mechanical deviations such as those
due to muscle fibrosis or entrapment, the
muscle defect prevents rotation of the
globe. Thus the reduced rotation seen
under binocular viewing conditions is still
evident on monocular testing. This type of
motility defect is referred to as a restriction
or limitation. In addition. since the muscle
can neither contract nor relax, both its
agonist and antagonist functions are



prohibited. which may result in restriction
of movement in more than one direction of
gaze. For example. a restricted right medial
rectus muscle may result in limitation of
movement in both right and left gaze on
the affected side. Finally, since the defect is
not neurogenic in origin. the full sequelae
do not develop. Only over-action of the con
tralateral synergist occurs. If the defect is
present in opposite directions as described.
the corresponding over-actions to both re
strictions are seen in the fellow eye. A
simple alternate cover test in the direction
of gaze of the defect will differentiate these
abnormalities.

Clinical features of incomitant
strabismus

Muscle sequelae
Formation of muscle sequelae follows the
onset of muscle weakness (palsy). to some
extent dependent on the nature of the
initial defect. This pattern of events also
results in the primary and secondary devia
tions that can be used clinically to identify
the involved eye. The pattern of events is:

• Under-action of the primarily affected
muscle.

• Over-action of the contralateral syner
gist. Always present, this over-action
occurs when the affected eye is fixing. It
results from the increased innervation
required to rotate the affected muscle
into its field of action. As a result of
Hering's law. an over-stimulation of the
contralateral synergist follows. This is
always the largest over-action in the
sequelae. (Under-action of the primarily
affected muscle and over-action of the
contralateral synergist together result in
the primary deviation.)

• Over-action of the direct antagonist (see
Chapter 16. Case Study 1). If the patient
fixes with the non-involved eye. within
days to weeks a contracture will develop
in the direct antagonist muscle. This
occurs because the normal contracture
of the direct antagonist is unopposed by
the weak muscle.

• Inhibitional palsy of the contralateral
antagonist. With the involved eye fixing.
the movement of the involved eye into
the field of action of the weak muscle's
antagonist requires less innervation
than would ordinarily be necessary due
to the contracture. Thus. by Hering's

law. less innervation is supplied to the
contralateral antagonist, which under
acts. This process is sometimes called
'spread of comitance', and results in
gradual uniformity of the deviation
across the binocular visual field with
time.

Primary and secondary deviations
In incomitant strabismus. the angle of de
viation varies according to the eye used for
fixation. The primary deviation arises with
the non-involved eye fixing. The secondary
deviation occurs with the involved eye
fixing, and is larger than the primary devia
tion. This is because the innervation to the
weak muscle that is required for that eye to
fixate in the primary position is greater
than when the healthy eye is used. The
over-action of the contralateral synergist is
correspondingly larger. As the sequelae
develop, spread of comitance results in a
reduction in the differential angle between
the primary and secondary deviations. and
greater uniformity of the angle of deviation
throughout the binocular field of view.

Clinical interpretation of the motility
defect
In the primary position, the cover test can
be used to differentiate the primary and sec
ondary deviations by comparing the size of
strabismus in the primary position when
each eye is covered in turn (see Chapter 1).
This enables the clinician to identify an
incomitant deviation. to identify the pri
marily involved eye, and to determine
whether the abnormality is most likely to
be recent or long-standing.

The remainder of the sequelae can be
identified qualitatively by motility testing
in the eight remaining positions of gaze.
Subjective information is of value during
this examination, but objective assessment
with an alternate cover test in each direc
tion is essential to identify all components
of the sequelae accurately. When a defect
is suspected, the observer should be in a
position to actively seek all components of
the sequelae.

In each defective direction of gaze, the al
ternate cover test will identify an under
action in one eye and a corresponding
over-action in the other. The direction
showing the largest deviation corresponds
to the first two parts of the sequelae. with
one eye showing an under-action (the
primary defect) and one eye showing an
over-action (over-action of the contralat-
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eral synergist). If the full sequelae are
present. one under-acting and one over
acting muscle should be detected in each
eye. If the observer is uncertain of the
primary defect, it is helpful to ask the
patient to identify the direction in which
the separation of images is greatest. Red
and green filters can be used to determine
the under-acting eye by asking the patient
which colour corresponds to the furthest
image. this denoting the under-acting eye.

Interpretation of Hess chart plots
Although the interpretation of Hess plots is
of little direct value to the optometrist in
practice most optometrists do not have
access to Hess plots, a full understanding of
their mechanism will provide the clinician
with a firm basis from which to interpret
ocular motility findings. There are several
basic processes that need to be considered.

Comparisonof thefield sizes
Comparison of the field sizes helps to
identify the affected eye, which corresponds
to the smaller field. This is because the
involved eye shows the greatest under
action and smallest over-action compared
with the non-involved eye. A greater differ
ence in size of the two plots will be found
for recent or mechanical deviations in
which the primary under-action and over
action of the contralateral synergist are
the only elements of the sequelae. In long
standing neurogenic defects the full
sequelae are present and spread of com
itance has occurred, resulting in a smaller
size differential between the fields of the
two eyes. Clinically. this results in a
reduced differential between the primary
and secondary deviations on cover test in
the primary position, and less variability in
the angle of deviation with direction of
gaze for long-standing deviations.

Mechanicalversusparalytic strabismus
Mechanical deviations show the first and
second parts of the sequelae only. This is
also true for recent onset palsy where the
full sequelae have not yet developed. In
paralytic strabismus, there is a proportion
ate reduction of ocular rotation as the eye
revolves further into the affected field. In
mechanical deviations the failure of
rotation is more abrupt - a relatively small
defect in the central field is accompanied
by a much larger disproportionate limita
tion in the outer field. The fields appear
squashed together in the affected eye, and
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stretched in the opposite eye. Comparison
of the relative size of the defects on the
inner and outer plots is the best way to dif
ferentiate between neurogenic and mech
anical defects. Clinically, this information
is easily ascertained by differentiating
under-actions from restrictions of
movement using an alternate cover test in
the direction of the defect.

Evaluationof the muscle sequelae
The Hess chart plot should be examined to
identify the components of the muscle
sequelae. In full sequelae there should be
one over-acting and one under-acting
muscle in each eye. The primary under
action should be the largest under-action.
The over-action of the contralateral syner
gist to the primarily affected muscle always
shows the greater over-action. It is not
always possible to determine the primarily
affected muscle if the deviation is long
standing. This information is also provided
clinically by comparing the primary and
secondary deviations, and testing motility
with an alternate cover test.

Othertnjormationfrom the Hessplot
Each small square on a Hess plot corre
sponds to a 5° displacement, and thus
these plots can be used to measure the size
of the deviation in different directions of
gaze and also the primary and secondary
deviations. It is important to remember
that, when estimating angles in this way,
the fields are always compared to each
other and not added. The field plotted for
the right eye is when the left eye is fixing
normally and vice versa. Torsional defects
and A or V phenomena can also be identi
lied from the plots.

Other methods of diagnosing the under
acting muscles in vertical incomitancies
are the three-steps methods of Parks and
Scobee, as described in Chapter 16.

Compensatory head postures

Compensatory head postures (CHPs) are
types of abnormal head posture (AHP) that
are adopted specifically to facilitate bin
ocular single vision. When the head is
placed in the field of action of the paretic
muscle, the doll's head phenomenon
causes the eyes to move out of the field of
the paretic muscle, thereby reducing the
primary deviation. Rarely, a CHP may be
used to increase the separation between

images to enable one image to be more
easily ignored. Components of CHP are
head tilt, face turn, and chin elevation or
depression. Long-standing CHP is fre
quently associated with facial asymmetry
(the facial features on the lower side tend
to be smaller). It is occasionally helpful to
suggest the use of a head posture to some
patients, although this may be uncomforta
ble over a sustained period if large head
movements are required.

Abnormal head posture caused by an
ocular deviation is sometimes called
acquired ocular torticollis. It is most
commonly associated with weakness of the
superior oblique or lateral rectus muscles.
The clinical value of head postures can be
easily demonstrated by comparing the bin
ocular vision assessments (particularly the
angle of deviation and if applicable the
degree of stereopsis) in the primary position
with and without the head posture. In the
case of acquired ocular torticollis, the bin
ocular defect usually worsens when the
head is straightened. Congenital torticollis
may be the result ofspinal or muscular (ster
nocleidomastoid) abnormalities.

Sensory adaptations in incomitancy
Suppression (Chapter 8), abnormal retinal
correspondence (Chapter 9) and amblyopia
(Chapter 10) may develop if the deviation
begins within the critical period. However,
some patients adopt a CHP so that fusion
occurs, and these mechanisms are encoun
tered less frequently. Further, the incomi
tant nature of the strabismus results in a
variable angle of deviation, which is not
conducive to the development of abnormal
retinal correspondence. These changes are
indicative of an early onset of the deviation,
and are found relatively infrequently.

Aetiology of incomitant
deviations

Incomitant defects may be congenital or
acquired, and aetiology can often be ascer
tained from a careful history. In the case of
neurogenic palsies, this should be supple
mented with a working knowledge of the
cranial nerve pathways to determine the
site of a lesion. This has important implica
tions for the referral process.

Congenital
Congenital palsies may be familial,
although the specific cause is often un-

known. Neurogenic palsies are often asso
ciated with hydrocephalus and cerebral
palsy. Palsies of this nature may be
multiple, bilateral, and asymmetric. Mosl
mechanical defects are congenital, and
Duane's syndrome in particular is often
familial.

Acquired
The main aetiological factors in neurogenic
paralysis are trauma, inflammation,
vascular abnormalities, metabolic disease,
or raised intracranial pressure such as that
following space-occupying brain lesions.
Acquired mechanical defects may also be
traumatic or follow other diseases with
muscular effects, such as thyrotoxicosis,
myasthenia gravis or spondylitis.

In acquired cases, removal of the cause of
the defect is often followed by spontaneous
partial or complete recovery. Surgical
management is usually delayed until con
secutive Hess plots are stable for at least 6
months (also see Chapter 15).

Neuro-anatomy
A basic awareness of neuro-anatomy will
help to identify the probable site, or even
the cause, of a neurological defect. The
minimum essential knowledge relates to
the three cranial nerves supplying ocular
motor function; the third (oculomotor),
fourth (trochlear) and sixth (abducens)
cranial nerves. The three nerve nuclei are
vertically aligned within the brainstem,
from where the nerves diverge. The third
and sixth nerves diverge laterally and
forward from either side of the brainstem.
The fourth nerve decussates on the dorsal
side of the brainstem at the level of the
foramen magnum, before passing tempo
rally and forwards via the middle cranial
fossa. The sixth nerve passes over the
petrous temporal bone, making a 90° bend
as it does so. The three nerves converge
again, together with the trigeminal nerve.
passing through the cavernous sinus
lateral to the pituitary gland before
entering the orbit via the optic canal.
Within the orbit the nerves diverge, and
the superior and inferior divisions of the
third nerve separate.

In this respect, the most vulnerable sites
for damage are described below (from the
brainstem forwards):

• The foramen magnum. This results in
unilateral or bilateral trochlear nerve



damage, such as following whiplash
injury.

o The petrous temporal bone. Compressive
lesions from above following raised intra
cranial pressure, or from below such as
following otitis media infection, result
commonly in abducens palsy.

o The cavernous sinus. This may result in
multiple palsies. although these are
much less common.

o Orbital lesions. These may result in single
or multiple muscle palsies.

Clinical signs of incomitant
strabismus

Neurological defects
III (oculomotor) nerve
Defects of the third nerve may present in
many ways, depending on the site of the
lesion. Since the nerve supplies all but two
of the extraocular muscles and also carries
the nerve supply to the laevator palpebrae
superioris (LPS), sphincter pupillae and
ciliary muscles, internal as well as external
ophthalmoplegia should be investigated.

In total third nerve palsies it is often
easier to identify the working muscle
groups. If the abducens nerve is not
involved, the unopposed lateral rectus
muscle on the same side generally results
in a relatively diverged eye. If the trochlear
nerve is also functioning, the eye may be
slightly hypo tropic and an incyclorotation
is evident on attempted downgaze, demon
strating the integrity of the superior
oblique action. Involvement of the LPS
results in a ptosis, which may be the pre
senting sign and also helps to avoid
diplopia.

IV (trochlear) nerve
Unilateral fourth nerve palsies present with
a superior oblique weakness resulting in
relative hypertropia of the involved eye
(see also Chapter 16). The eye is excycloro
tated. although the vertical diplopia is the
main symptom. Long-standing deviations
have full muscle sequelae and may mimic a
contralateral superior rectus weakness.
Bielshowsky's head-tilting test is recom
mended as a method of identifying the
primary defect, but often gives false
negative results (see Chapters 15 and 16).

In bilateral cases both eyes are relatively
hypertroplc, and a chin depression elimi
nates vertical diplopia in symmetrical
cases. The excyclorotation is compounded
in bilateral cases, and patients complain of
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Case 1: Brown's syndrome
Figure] 2,2a shows the deviation in nine positions of gaze of a young male patient.
Examination of'the eyes In the primary position shows symmetrical corneal reflexes. The
eye movement on depression appears normal, In elevation, there is lin Incomplete rota
tion ofthe left eye in dextro-elevatlon, the movement Improvlngin laevo-elevauon.

In isolation this illustration could be either a left Brown's syndrome or a left inferior
oblique palsy. The patient may have predominantly vertical diplopia greatest in
dextro-elevatton. The diagnosis of anisolated Inferior oblique paresis is uncommon be
cause of the neurogenic associations of the third nerve. The ditTerential diagnosis is
most easily made using the cover test in conjunction with motility testing. An incom
plete rotation or restriction ofmovement on duction testing would confirm the diagnosis
of Brown's syndrome.

The Hess chart plot (Figure 12.2b) shows restriction of movement in the direction or
action of the left inferior oblique muscle. The inner and outer tlelds are relatively close
together. The only other part of the sequelae is the over-action of the contralateral
synergist (the right superior rectus muscle). This over-action Is slightly greater than
the primary restriction, demonstrating the larger secondary angle of deviation in tha I
direction of gaze. These findings are typical of a mechanical deviation. Cases such as
these often show some spontaneous improvement around the age of Hyears, due 10

anatomical changes in the region of the trochlear. Since the motility defect rarely has
any slgnificant effect on the primary position, no treatment Is required.

Case 2: Superior oblique palsy
The patient in Figure 12.3a shows a left hypertropla in the primary position. Before ex
amining the eye movements further, the clinician should consider the most likely
causes. Assuming that fixation is with the non-involved eye, a defect of a left depressor
muscle (left inferior rectus or left superior oblique) should be suspected. An isolated in
ferior rectus palsy is uncommon.

Thedeviation is greater on right gaze than on left gaze. which tends to suggest that the
left superior oblique muscle is weak since its primary depression is in right gaze. The
under-action of the left eye on dextro-depression supports this theory. Mechanical de
viations can be ruled alit by alternate cover testing. A left inferior oblique over-action
is apparent in dextro-elevatlon, which would suggest contracture of the direct antago
nist and a long-standing deviation.

The elements of'the sequelae pertaining to the right eye cannot be seen when the rlgh l

eye is fixing (as in the photograph), and a cover test must be used to reveal these defects.
The Hess chart plot is shown in Figure 12 ..~b. All four elements ofthe sequelae can be

seen from this plot because each eye is plotted in turn with the other eye Ilxlng.
Comparison of the extent of the left hypertropla (right eye fixing) as distinct to the rtgh t

hypotropia (left eye fixing) Illustrates the larger secondary angle when the left eye fixes
in the primary position. One under-action and one over-action can be round in each
eye. The extent of the left superior oblique and right superior rectus under-act ious is
similar. The larger over-action of the right Inferior rectus compared to the left in ferior
oblique muscle Identifies this as the con tralateral synergist to the affected muscle.

Patients such as this often have small CHPs with enlarged fusion ranges providing
long-term control of the deviation in the primary position. The long-term risk is of de
compensation, which may cause symptoms.

The patient In Figure 12. 3c has symmetrical corneal reflexes in the primary position.
Eye movements In the elevated positions appear full. On depression, the patient shows
a left hypertropia in dextro-depresston and right hypertropla in laevo-depresslon, This
tlnding is typical ofa bilateral fourth nerve palsy following closed head trauma. The ver
tical diplopia is cancelled out as both eyes are deviated upwards; however. the relative
excyclorotatlon is usually troublesome for the patient. These patients often adopt a
chin depression to alleviate symptoms, The only other valuable treatment is surgery I,)
reduce torsion.
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(a)

(h)

Figure 12.2
(a) Patient with left Brown's syndrome (reprinted with kind permission from Spalton et al..
)YH4). (b) Hesschart plot showing a left Brown's syndrome

motility defects, such as A or Vphenomena,
but typically the central field of eye
movement is normal. Cover testing should
be used to differentiate the defect from an
isolated inferior oblique paralysis, which
would be a much rarer finding.

Orbitalblow-outfractures
Most commonly, these fractures result in
entrapment of the tissue adjacent to the
inferior rectus within the maxillary sinus
following orbital floor fracture. The clinical
appearance is usually of restricted eleva
tion and depression on the affected side.
There is a known history of trauma, which
would help to eliminate other vertical
mechanical restrictions such as in thyroid
eye disease (Grave's ophthalmopathy),
Surgical intervention, if required, should
be performed early for the best postopera
tive outcome (see Chapter 1 5).

Thyrotoxicosis (Grave's ophthalmopathy)
This disease can affect any of the extra
ocular muscles, although the inferior
rectus and medial rectus muscles are the
most commonly involved. Other ocular
signs include a gritty sensation, proptosis,
lid retraction and oedema. There is usually
a previous history of thyroid dysfunction.
although not infrequently the patient is eu
thyroid at the onset of the ophthalmopathy.
Careful history taking will reveal the un
derlying systemic disease process and elimi
nate other orbital disease. Frequent visual
field testing will exclude compressive optic
nerve damage, and corneal examinations
will identify exposure keratitis.

tilt and disorientation. Examination of
ocular motility in bilateral cases will reveal
a right hypertropia in laevo-depression
and a left hypertropia in dextro-depression.

VI (abducens) nerve
Sixth nerve palsies result in a lateral rectus
weakness on the same side. Patients
present with horizontal diplopia resulting
from esotropia, which is greatest in hori
zontal gaze to the affected side and on
distance rather than near fixation. Bilateral
cases are less common. The cover test
should he used to differentiate between
these defects and Duane's syndrome.

!vIeclwnical deviations
There are relatively few common mech
anical defects. Most practitioners will en-

counter some of these cases, and should
therefore be aware of the main defects and
the differential diagnosis.

Duane's syndrome
This syndrome is identified by unilateral or
asymmetric bilateral restrictions of abduc
tion or adduction. This is associated with
globe retraction, which is most easily seen
when observing the patient from the side
during horizontal eye movement. It is
accompanied by narrowing of the palpebral
aperture in attempted adduction and
widening in abduction. The defect should
he differentiated from an abducens (lateral
rectus) palsy.

Brown's syndrome
This syndrome is characterized by restric
tion of elevation in adduction of one or
both eyes. There may be other associated

Optometric management of
incomitant strabismus

The case for referral
The most important aspects of the manage
ment of these lesions arc:

The differential diagnosis of neuro
genic as distinct from mechanical de
fects, and recent from long-standing
defects

2 Appropriate questioning to identify
possible health risks.

If these two issues are correctly differen
tiated, then patients having recent incomi
tant deviations with suspected ocular,
cranial or general pathology require an
urgent referral to the ophthalmologist.
typically via a casualty or acute referral
clinic. Patients with long-standing defects



(a)
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routine referral via the general practi
tioner. Only those patients who are known
to have longstanding asymptomatic
defects require no referral. and a letter ofin
formation to the general practitioner may
be required.

Management of acute cases
In general. these cases present directly to
medical practitioners and are unlikely to
be seen in optometric practice. In the
unlikely event of presentation to opto
metric practice, urgent referral to an
ophthalmologist is required. At this time
the patient is usually complaining of
sudden onset diplopia, and may benefit
from temporary occlusion until after the
medical screening is complete. An excep
tion is a patient with a total oculomotor
defect involving the upper lid, in which
case the ptosis is the presenting sign and
provides relief of symptoms.

Once recent onset cases have been inves
tigated a period of recovery may take place
that can take several months, depending
on the aetiology and the effectiveness with
which the cause has been eliminated.
During this time most patients are
managed within the hospital eye service;
however, suitable patients may present to
the optometrist for prism management (see
Chapters 3 and 7). Since the angle of devia
tion may reduce with time, Fresnel prisms
adhered to the patient's own spectacles
provide an easy interchange for the
patient. Once the angle has been stable for
at least 6 months, effective prisms should
be incorporated until or unless a surgical
alternative is considered.

In some cases, such as those with highly
variable angles or high torsional compo
nents (such as in bilateral trochlear nerve
defects), prisms are unacceptable to the
patient and occlusion may be the best
method of management.

(e)

Figure 12.3
(a) Patient with left IV (trochlear) nervepalsy (reprinted with kind permission from Spalton et
al.. 1984). (b) Hesschart plot showing left IV (trochlear nervepalsy. (c) Patient with bilateralIV
(trochlear) nervepalsy (reprinted with kind permission from Spalton et al., 1984)

that may. for example. be poorly controlled,
such as in diabetes or long-term thyroid
patients. should be seen by the general
practitioner on an urgent basis. Those

patients with long-standing defects re
bquiring treatment other than that avail
able through the optometrist, such as
functional or cosmetic surgery, may have a

Management of chronic cases
Long-standing deviations usually only
require routine monitoring, including
careful measurement of the deviation,
unless symptoms begin to develop. This
happens frequently with ageing and follow
ing changes in refractive status or the
mode of correction, but may also indicate
general health problems, which should be
excluded. Since the defect is often more
comitant at this stage, prismatic manage-
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(a)

(b)

(c) (d)

Figure 12.4
(a) Patient with left Duane'ssyndrome (reprinted with kindpermissionfrom SpaItonet a!., 1984). (b) Hess chart plot showing left Duane's
syndrome. (c) Hesschart plot showing early left VI (abducens)palsy. (d) Hesschart plot shOWing late left VI (abducens)palsy



Case 3: Duane's syndrome
Examination of the patient in Figure 12,4a shows a left esotropia in the primary pos
ition. The clinician should consider congenital esotropia, accommodative esotropia,
sixth nerve palsy and Duane's syndrome as the most likely causes.

Observation of the motlllty findings shows an obvious incomplete rotation of the left
eye in left gaze and a less obvious one In right gaze. This incomitance suggests either an
abducens palsy DrDuane's syndrome. These can be easily differentiated using the alter
nate cover test in each direction. Full ocular rotation will suggest a neurogenic defect,
and no Improvement on ductlon testing will confirm the diagnosis ofDuane's syndrome.
Other signs include narrowing of the left palpebral aperture on adduction and widening
on attempted abduction. Observation or the left eye from the side during horizontal
ocular rotation will identify globe retractlon. The patient will usually adopt a small
head posture with a face turn to the left in order to maintain binocular single vision.
Binocular functions such as stereopsis should be compared with and without the head
posture to demonstrate the advantage of the head posture. If'the head posture is not ex
cessive the patient will usually remain asymptomatic throughout life.

Figure 12.4b shows a typical Hess chart plot for this patient. The two restrictions of
movement in the left eye are accompanied by over-action of the relevant contralateral
synergists In the fellow eye. Thus the fieldof fixation in the left eye is relatively squashed
compared to the elongated right field. Figures 12.4c and d show typical Hess chart
plots for recent and long-standing left abducens paresis respectively. These can be read
ilydifferentiated from each other and from Duane's syndrome by examining the relative
size of the deviations and the muscle sequelae. This information is readily available in a
quantitative form by alternate cover testing in nine positions of gaze.

Incomitant strabismus III 91

rnus, This clinical diagnosis provides the
basis from which to determine the need
and mode of referral. Other management
options are relatively limited, prismatic cor
rection and occlusion being the most fre
quently used techniques for the
optometrist.
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"
Nystagmus is a regular, repetitive and
involuntary movement of the eye, whose
direction, amplitude and frequency is
variable. It is rare, with various estimates
placing the prevalence at between one in
1000 and three in 10000 (Evans, 1997;
Sanders, 1999). Physiological nystagmus
can occur with certain types of visual
(optokinetic nystagmus) or vestibular
stimulation (e.g. by rotating the subject or
by introducing warm or cold water into the
ear). End-point nystagmus can also occur
during motility testing, particularly if the
child is tired (Grisham, 1990) and if the
target is held in the end-point position
for 15-30 seconds. This chapter will
concentrate on non-physiological ny
stagmus.

Harris (1996) noted that the literature
on nystagmus can seem confusing, and
there are several factors. described
below, that complicate the evaluation of
nystagmus. The aim of this chapter is to
provide an overview of the subject for
clinicians who may only encounter
nystagmus occasionally, and who need to
know when to refer and what optometric
management, if any, is appropriate. A
more detailed review of nystagmus can be
found in Harris (1996).

Problems in the evaluation of
nystagmus

Nystagmus is a particularly difficult con
dition to evaluate, for the following
reasons:

1 Nystagmus is not a condition. but a
sign. Many different ocular anomalies
can cause nystagmus, or nystagmus
can be idiopathic, with no apparent
lesion as a cause.

2 Attempts to classify the type of nystag
moid eye movement by simply watch
ing the patient's eye movements often
do not agree with the results of objec
tive eye movement analysis (Dell'Osso
andDaroff,1975).

3 The pattern of nystagmoid eye move
ments cannot be used with certainty
to predict the aetiology of the nystag
mus (Dell'Osso and Daroff, 1975).
Some general rules exist; for example,
congenital nystagmus (CN) is usually
horizontal. However, there are excep
tions, when it is not purely horizontal.
and there are many cases of horizontal
nystagmus that are not congenital.

4 The same patient may exhibit different
types of nystagmoid eye movements
on different occasions (Abadi and

Dickinson, 1986). Congenital nystag
mus is often worse when the patient is
under stress or tries hard to see.

5 Visual loss in nystagmus is only loosely
correlated with the type of nystagmoid
eye movements (Bedell and Loshin,
1991). There may be an underlying
pathology causing poor vision result
ing in nystagmus; a pathology caus
ing, independently, the nystagmus
and the poor vision; or a pathology
(hypothesized in congenital idiopathic
nystagmus) causing the nystagmus,
which causes poor vision. It seems
that amblyopia also develops second
ary to early onset nystagmus (Abadi
and King-Smith, 1979; Spierer, 1991;
Currie et aI., 1993).

Classification

There are two fundamentally different ap
proaches to classifying nystagmus, based
on the aetiology and on the eye movement
characteristics.

Classification based on aetiology
1 Congenital nystagmus: this occurs

within the first 6 months of life
(Harris, 1996; see Chapter 16).
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Because the nystagmus is often not
present in the first few weeks of life,
the term 'congenital' can be mislead
ing, and it has been suggested that
nystagmus occurring before the age of
6 months is termed early onset nystag
mus, and that after 6 months late
onset nystagmus (Harris, 1996).
However, the term congenital nystag
mus (CN)is more common in the litera
ture, and will be used in this chapter.
There are two types: 3
a Sensory defect nystagmus is asso-

ciated with an ocular anomaly
causing poor vision, e.g. con
genital cataract, optic atrophy,
aniridia. A relatively common
form of sensory defect nystagmus
is albinism, both oculocutaneous
(lack of skin and eye pigmenta
tion) and ocular (only lacking eye
pigmentation),

b Congenital idiopathic (motor
defect) nystagmus is not asso
ciated with any known sensory
defect. but is assumed to arise
from an anomaly in the motor
pathway that controls fine eye
movements. Nystagmus blockage
syndrome is probably a rare
(Harris, 1996) subdivision of con
genital idiopathic nystagmus in
which a reduction of the nystag
mus during convergence appears
to have resulted in an esotropia
(sec Chapter 16). The fixing eye is
adducted during binocular or
monocular vision, giving the ap
pearance of a lateral rectus palsy
and resulting in an anomalous
head posture (Grisham, 1990).

Latent nystagmus. This is characteristi
cally only present, or is greatly in
creased, on monocular occlusion.
However, it is very occasionally found
in monocular individuals. It is always
a jerk nystagmus, and the fast phase of
the eye movement always beats away
from the covered eye. Therefore, the 4
direction of the nystagmus always re
verses when the cover is moved from
one eye to the other, and this is pathog
nomonic of latent nystagmus (Repka,
1999). Dell'Osso (1994) stated that
both types of latent nystagmus (see
below) are always accompanied by
strabismus. The terminology that is
used to classify nystagmus can be con
fusing since latent nystagmus, like

congenital nystagmus, is usually pres
ent before the age of 6 months and is
sometimes attributed to a sensory
defect in strabismus (Harris, 1996).
There are two types:
a Latent latent nystagmus, or true

latent nystagmus, which only be
comes apparent on monocular oc
clusion.

b Manifest latent nystagmus, which
is present without occlusion.

Acquired (neurological) nystagmus: this
usually occurs after the first few
months of life, owing to some patho
logical lesion or trauma affecting the
motor pathways (e.g. multiple sclero
sis, closed head trauma). All uninvesti
gated cases, except voluntary
nystagmus, should be referred. There
are four types:
a Gaze paretic nystagmus is a jerk

nystagmus that appears on ec
centric gaze and beats in the direc
tion of the gaze. It is associated
with cerebellar disorders (Harris,
1996).

b Acquired pendular nystagmus is
associated with brainstem or cere
bellar disease (Harris, 1996), or
with demyelinating diseases
(Averbuch-Heller and Leigh,
1996). Rarely, acquired pendular
nystagmus occurs in the first few
months of life (Harris, 1996).

c Vestibular nystagmus is usually
acquired and has a 'saw-tooth'
waveform, where a slow constant
velocity drift takes the eyes off
target and this is followed by a
quick corrective saccade
(Grisham, 1990).

d See-saw nystagmus is seen when
one eye elevates and usually in
torts as the other depresses and
extorts. It is rare, usually asso
ciated with parasellar or chiasmal
lesions, and there may be bitem
poral hemianopia.

Other eye movement phenomena. These
may be related to, or associated with,
nystagmus:
a Square wave jerks occur in up to

60 per cent of normal subjects,
and are small horizontal saccades
which are quickly corrected by a
second saccade (Worfolk, 1993).

b Ocular flutter is a burst of horizon
tal back-to-back saccades with no
resting interval between them,
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and can be unidirectional or mul
tidirectional (opsoclonus). It can
occur transiently in healthy in
fants, as a side effect of some
drugs, or from pathology. About
5 per cent of the population can
simulate ocular flutter as volun
tary nystagmus.

c Spasmus nutans is characterized
by the triad of nystagmus, head
nodding and abnormal head pos
ture, and usually presents in the
first year of life. The nystagmus is
a pendular oscillation of variable
conjugacy (Dell'Osso, 1994). It is
generally benign and only lasts a
year or two, but can be associated
with pathology (Grisham, 1990).

Classification based on eye movement
characteristics
The classification of nystagmus by eye
movement characteristics requires appara
tus for objectively recording eye move
ments. Although this equipment is not
available to most primary care optome
trists, the classification will be briefly de
scribed because it is important in
understanding the underlying mechanism
of the eye movement anomaly.

Nystagmoid eye movements may be
pendular (Figure 13.1a) or jerky, consist
ing of a fast (saccadic eye movement)
phase and a slow (slow eye movement)
phase. The direction of jerk nystagmus is
defined by the direction of the fast compo-

Figure 13.1
Schematic eye movement traces to illustrate
(a) pendular nystagmus and (b) jerk
nystagmus with an accelerating slow phase
and (c) with a decelerating slow phase. Faster
eye movements are represented by lines that
arecloseto vertical: the eyes arestationary
when the traceis horizontal
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nent. In jerk nystagmus, it is important to
know whether the slow phase is accelerat
ing (Figure 13.lb) or decelerating (Figure
13.1c), and this requires an eye movement
recording of the type shown in the Figure.
Ideally, a trace of velocity versus time
should additionally be obtained.

The waveform in congenital and many
forms of acquired nystagmus can be
pendular or jerk. The jerk movement in CN
characteristically has an accelerating slow
phase (Dell'Osso and Daroff, 1975), sug
gesting a deficit in the slow eye movement
subsystem. Latent nystagmus, on the other
hand, has a decelerating slow phase and
always beats towards the viewing eye.
However, there are occasional patients
who have CN with a decelerating slow
phase (Abadi and Dickinson, 1986) and
Bourron-Madignier (1995) believed that
intermediary and mixed forms exist.
Dell'Osso (1994) noted that since CN
persists in the dark, it is not likely to be a
primary deficit of the fixation mechanism.

Dell'Osso and Daroff (1975) presented a
thorough review of eye movement types in
CN and presented a classification of wave
forms into 12 different types. The situation
is complicated by the fact that most people
with CN exhibit more than one type of
waveform and the waveform shape cannot
be used to determine the type ofnystagmus,
as classified in the previous section (Abadi
and Dickinson, 1986). Indeed, the
waveform in a given person with CN may
evolve with time to develop adaptations
that increase the foveation period, as de
scribed below (Abadi and Dickinson,
1986).

The foveation period is the proportion of
time for which the object of regard is
imaged at or very close to the fovea, and
during which the image is moving slowly
enough for useful information to be assimi
lated. The precision of foveation is a better
predictor of acuity than the intensity of
the nystagmus (Abadi and Dickinson,
1986).

Investigation

Symptoms and history
Children with a low birth weight «2000 g)
or who required admission to a special care
unit for longer than 24 hours at birth are
seven times more likely to have nystagmus
than other children (Stayte et al., 1990).
Thirteen per cent of patients with cerebral

palsy have nystagmus, as do 10-15 per
cent ofschool children with a visual impair
ment (Grisham, 1990).

Congenital idiopathic nystagmus is diag
nosed by exclusion, and the lengths to
which ophthalmologists go to exclude
sensory defects seem to vary considerably.
Such a diagnosis should only be reached
after electrodiagnostic testing (electroreti
nography and pattern visual evoked poten
tials); without this testing, sensory defects
(e.g. congenital stationary night blindness,
cone dysfunction) can be missed (Harris,
1996). Some parents can reliably state
whether their child has ever been tested
with electrodes placed on the scalp or
around the eyes.

Many patients with nystagmus adopt an
anomalous head position so that they are
looking in their null position (see below). A
patient who reports recent onset oscillopsia
(usually accompanied by dizziness) and
poor vision is very likely to have acquired
nystagmus. Acquired nystagmus may also
be associated with diplopia and, in recent
cases, past pointing.

Nystagmus is a sign with many different
causes, and some of these causes are geneti
cally determined (Harris, 1996). However,
in CN many aspects of the waveform are
not genetically determined (Abadi et al.,
1983).

Ocular health
Ocular pathology must be excluded in all
cases of nystagmus. Particular attention
should be paid to pupil reactions and optic
discs, and perimetry is advisable. The
degree of ocular pigmentation should be
noted; ocular albinos do not have hypopig
mentation of the hair and skin, but do have
reduced iris and fundus pigment and foveal
hypoplasia (Shiono et al., 1994). An iris
transillumination test should be carried
out in all cases, since even brown irides
can demonstrate the transillumination
characteristic of ocular albinism (Day and
Narlta, 1997). A slit-lamp biomicroscope is
used with the illumination directed
through the centre of the pupil, so as to
create retro-illumination. The iris is
observed under low magnification, and if
the red retinal reflex can be seen through
the iris then this suggests that there is
either iris atrophy or ocular albinism.
Ocular albinism usually causes transillumi
nation throughout the iris, but the hypo
pigmentation can be sectoral on the iris or
on the fundus (Shiono et al., 1994). Some

normal. non-albinotic patients can demon
strate iris transillumination, and this can
also be seen where there is history of iritis.

Refraction
Chung and Bedell (1995) found thatin con
genital nystagmus, contour interaction is
greater when stimuli are presented against
a black background than when presented
against a white background. This effect
can reduce the visual acuity by two
Snellen lines in CN, so the best acuity will
be obtained with single black letters on a
white background. This may be of signifi
cance in the classroom, where children
with nystagmus might have greater diffi
culties with blackboards, particularly with
crowded writing, than with whiteboards.

Many patients with CN have a high re
fractive error, and with the rule astigma
tism is especially common, possibly
because of lid pressure (Spielmann, 1994).
A very careful refraction is required; often
the patient will notice a significant visual
improvement with updated spectacles.
Some cases of CN have a latent component
to the nystagmus (the nystagmus increases
when one eye is covered), and monocular
refraction is best carried out with a high
power fogging lens over the other eye
rather than an occluder. For the same
reason. binocular acuities are much more
useful for predicting vision in everyday life
than monocular acuities (Nom. 1964).

Binocular vision and accommodation
Latent nystagmus is usually (Grisham.
1990). or always (Dell'Osso, 1994), asso
ciated with strabismus, and CN is often as
sociated with strabismus. Normal criteria
should be applied in deciding whether to
treat binocular anomalies. Anecdotal
reports suggest that improving sensory
and motor fusion can help to stabilize
nystagmus in some cases (Scheiman and
Wick. 1994; Leung et al., 1996). Many. if
not all. patients with ocular or cutaneous
albinism have abnormal visual pathways
in the chiasma and no potential for bin
ocular vision.

Repka (1999) stated that accommoda
tive ability is deficient in patients with
most types of nystagmus.

Clinical investigation of nystagmus
The eye movements should be observed for
a couple of minutes (Worfolk, 1993) and
the nystagmus described (see Table 13.1 l.
In CN, there is often a null position or null



Table 13.1 Clinical observations of nystagmus (modified after Grisham, 1990)

Characteristic

(;,'neral observations

Type of nystagmus

Dirccuon

Amplitude

l'requcncy

Constancy

Conjugacy

Latent component

I'u-ld of gaze changes

Observations

General posture, facial asymmetries, head posture

Pendular, jerk, or mixed (N.B. this is the apparent type, possibly dlflerent to
the actual type as determined by eye movement recording)

Horizontal, vertical. torsional. or combination

Small «2"), moderate (2-10"), large (>10": cornea moves by more than
3mmj

Slow «0.5 cycle/second, or Hz), moderate (0.5-2 Hz), fast (>2 Hz)

Constant, Intermittent. periodic

Conjugate (both eyes' movements approximately parallel), disjunctive (eyes
move Independently), or monocular

Docs nystagmus increase or change with occlusion of one eye? If so, docs It
always beat towards the uncovered eye?

Null position: does nystugmus increase or decrease In uny field of gaze or
with convergence?
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zone. This is a position of gaze in which the
nystagmus is reduced - a gaze null
position. The null position may change
over time (Abadi and Dickinson, 1986),
and there can also be a temporal null zone.
In about 8 per cent of congenital cases the
nystagmus is reduced markedly upon near
fixation (Abadi and Dickinson, 1986) 
a convergent null position (see Chapter
16).

Foveation precision is an important
index of visual acuity, and can be appraised
ophthalmoscopically using a small pro
jected fixation target (Abadi and Dickinson,
1986).

There are many methods for objectively
recording eye movements, which have
been reviewed by Haines (1980). They are
not usually available In primary care op
tometry, and will not be described here.

Table 13.2 Characterlstic features of congenital, latent and acquired nystagmus to aid differential diagnosis

COlIgenUalllystagmlls

Presents in (lrst Ii months of life

Family history often present

Oscillopsiu ubsent Dr rare under
normal viewing conditions

llsuully horlzontul, although small
vertical and torsional movements may
he present. Pure vertical or torsional
presentations are rare

The eye movements arc bilateral
and conjugate 1.0 the naked eye

Jerk or pendu lar nystagmus: eye
movement recordings show
accelerating slow phase

May be present with other ocular
conditions - albinism, achromatopsia,
aniridia, optic atrophy

A head turn may be present. usually
(Hepku, Jljlj'J) to utilize a null zone,
although nystagmus Is present in all
directions 01' gaze

Intensity may lessen on convergence,
but it is usually worse when fatigued
(II' limier stress

Pursuit and optokinetic reflexes may be
'inverted'

Latent nystagraus

Usuallypresents in first nmonths of life,
and almost always In tlrst 12 months

May be family history of underlying
cause (e.g, congerutal esotropia}

Osctllopsia absent or rare under normal
viewing conditions

Always horizontal and, on monocular occlusion,
saccadic. heating towards the uncovered eye

Oscillations are always conjugate

Jerk nystagmus:eye movement recordings
show decelerating slow phase

Usually or always secondary to an early-onset
interruption of binocular vision, particularly
congcnttal esotropia; may he associated with
DVD

May be a head turn in the direction of the fixing
eye

More intense when the fixing eye abducts.
less on adduction

Acquired nystagmus

Onset fIt any age and usually associated with other
symptoms (e.g, nausea, vertigo,movement or balance
disorders)

History may Include head trauma or neurological
disease, such as cerebellar degeneration or
multiple sclerosis

Oscillopsla common; may also have diplopia

Osclllatlons may he horizontal, vertical or torsional
depending on the site of the lesion

Oscillations may be dlsconjugate and In dlflerentplanes

Jerk. pendular or saw-toothed waveform

Results from pathologlcal leslon or trauma
affecting motor areas of brain or motor pathways

There may be a gaze direction In which nystagmus is
absent, and a corresponding head turn

Peripheral vestibular diseuse (e.g, Menleres diseuse)
usually generates linear slow phases and worsens If
fixation is removed



Figure 13.2
Summary ofpotential causesof visual loss in eN (see text). Somecasesmay hemisdiagtlOsl'd as
idiopathicnystagmus, where there is an undetectedsensory defect
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Evaluation

Children with new nystagmus, or nystag
mus that has not been previously investi
gated, should be referred to a paediatric
ophthalmologist. Since specialist investiga
tive techniques are required for the evalua
tion of CN, such cases are best referred to a
tertiary centre with the appropriate facil
ities (e.g. pattern and flash visual-evoked
potential testing, electroretinography, ob
jective eye movement analysis). Perhaps
the most important clinical judgement for
the optometrist is whether the nystagmus
is congenital. latent or acquired. The char
acteristic features of these conditions are
summarized in Table 13.2, to help with dif
ferential diagnosis.

Management

As noted earlier in this chapter, new cases
of acquired nystagmus should be referred
urgently for medical investigation. Young
children with congenital nystagmus or
latent nystagmus that has not been thor
oughly investigated should also be referred.

Optometrists sometimes see patients who
have CN that was thoroughly investigated
many years before in early childhood. At
that time, the parents were told that no
treatment was possible. Patients are often
keen to discover whether there are any
new treatments, or if the optometrist can
do anything to improve their visual status.
The purpose of this section is to help the op
tometrist advise such patients.

There is no cure for nystagmus, but there
have been claims about benefits from
several 'treatments' in recent years. As
always, practitioners should be wary of
any unproven therapies, since improve
ment could be attributable to a placebo
effect and may be short-lived. Just because
the patient and practitioner feel that the
patient is getting better, it does not mean
that the treatment is really helping. This is
particularly true of vision therapy because
of the investment of time and attention. Ad
ditionally, patients with CN are likely to
become more relaxed with subsequent
measurements of their visual acuities,
causing an improvement simply because
they are less anxious. It is therefore impor
tant that any treatment for nystagmus
should be evaluated with randomized con
trolled trials. As far as the author knows,
there has only been one double-masked

placebo-controlled trial of a nystagmus
treatment (Evans et al., 1998). One other
intervention has been shown, by an
elegant experimental design, to be very
likely to be more than just a placebo
(Dell'Osso et al., 1988). Other research and
theories described in this section await vali
dation with randomized controlled trials,
and should therefore be considered as
unproven.

Even when an improvement is shown
during or immediately after treatment in
the laboratory or clinic, the patient has
only really been helped if this improvement
transfers into everyday life and if it is sus
tained.

Goals of the treatment of nystagmus
and aetiology of the reduced vision
The four goals of nystagmus treatment are:

1 To improve the visual acuity
2 To improve the cosmesis from the

ocular oscillation

3 To improve the cosme sis from any ab
normal head position

4 In acquired nystagmus, to reduce os-
cillopsia.

An informal survey revealed that the first of
these, an improvement in visual acuity, is
the highest priority of most people with
nystagmus (Evans, 1997).

Figure 13.2 outlines the hypothetical
causes of poor vision in CN. Whatever the
underlying aetiology of the nystagmus,
some of the reduced visual acuity is likely
to be attributable to the constant oscillation
of the eyes, with the reduced foveation
time (Bedell et al., 1989). Treatment of this
motor element should not just be aimed at
reducing the nystagmus, but also at
changing the waveform to one (pseudocy
cloid) with a longer percentage foveation
time per cycle (Dickinson and Abadi,
1985).

Since CN occurs during the sensitive
period, the reduced acuity from the eye
movements will cause meridional arnblyo-



pia (Abadi and King-Smith, 1979). As the
child becomes older the amplitude of
nystagmus usually reduces (Harris, 1996),
so that the residual reduced vision may be
attributable in part to the ocular oscillation
and in part to the amblyopia that occurred
secondary to the oscillation (Chung and
Bedell, 1995, 1996).

Spierer (1991) even believed that, in
children outside the sensitive period, this
amblyopia was the major reason for the
poor vision in CN.It therefore seems concei
vable that people with early onset nystag
mus might benefit from amblyopia
treatment as well as interventions aimed at
reducing the ocular oscillations. This may
be particularly true in the many cases of
CNwhere there is high astigmatism, which
may also cause meridional amblyopia
(Bedell and Loshin, 1991; Chung and
Bedell, 1995 l.

One interesting feature of CN is that most
patients do not experience oscillopsia; they
are unaware that their eyes are 'wobbling'
(Bedell, 1992). This is in most respects ad
vantageous, but the lack of feedback about
their nystagmus might be one reason why
they are unable to control their ocular os
cillations (Abplanalp and Bedell, 1983).
Many forms of putative treatment aim to
provide this feedback.

Spectacles and contact lenses
Clinical experience suggests that patients
with CN often have better vision with
contact lenses than with spectacles. The
improvement may be attributable to
optical factors and to the contact lenses
providing a form of biofeedback (Abadi et
al.. 1979). The lenses seem to provide
tactile feedback from the inner eyelids
that dampens CN and results in better
acuity (Dell'Osso et al., 1988). Dell'Osso et
al.'s study used soft lenses, although a
greater improvement might be expected
from rigid lenses and this concurs with
clinical experience at the Institute of Op
tometry. It is possible that, when the
lenses are removed, there may be a
'rebound phenomenon' of dizziness and os
cillopsia for 5-20 minutes (Safran and
Gambazzi, 1992). This phenomenon
appears to be rare.

Dell'Osso (1994) recommended that
patients with a convergent null position
could benefit from prisms (see below).
However, normal criteria for prescribing
for comfortable refractive and orthoptic
status need to be observed (see Chapter 16).

Prisms
It was noted above that the intensity of CN
is sometimes reduced in near vision. This
effect is not mediated by convergence or ac
commodation, but is determined solely by
the angle between the visual axes (either
symmetrical or asymmetrical): binocular
viewing is not necessary (Abadi and Dickin
son, 1986). This suggests that one line of
treatment, prescribing base-out prisms,
can help in these cases. This is not a
panacea; most cases of CN do not show a re
duction at near (Abadi and Dickinson,
1986), and there may even be an increase
in intensity at near in some cases (Ukwade
and Bedell, 1992).

Yoked prisms can also be used in nystag
mus to cause a version movement so that
the eyes look through the null gaze
position without an anomalous head
position, or with a reduced anomalous
head position.

Orthoptic exercises and vision therapy
Latent nystagmus is often an insuperable
barrier to conventional occlusion therapy
for strabismic amblyopia. Other methods of
treating amblyopia in latent nystagmus
should be considered, such as penalization
methods (Chapter 10). Stegall (1973)
reported that the latent nystagmus can be
overcome by using a narrow band trans
mission red filter over the unoccluded eye.
This author also described two studies that
found a reduction in latent nystagmus in
the unoccluded eye when a cycloplegic
was instilled. In addition to penalization
methods, Scheiman and Wick (1994) re
commended using anaglyph techniques to
treat amblyopia in latent nystagmus, and
suggested that vision (orthoptic) therapy
can be effective at reducing latent nystag
mus. Earlier, Healy (1962) had also
reported that orthoptic exercises could
improve visual function in a form ofnystag
mus that seemed to have the characteristics
of latent nystagmus.

Leung et al. (1996) reported improve
ments following vision therapy in a few
case studies ofCN.

Auditory biofeedback
Eye movements can be monitored by elec
tronystagmography and information
about eye movements converted into
auditory signals (Abadi et al., 1980, 1981;
Abplanalp and Bedell, 1983). Patients can
use these sounds to try and reduce their
nystagmus. Case studies and open trials
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have suggested that treatment may be ef
fective in albinotic nystagmus (Abplanalp
and Bedell, 1987), and in congenital idio
pathic nystagmus, sensory defect nystag
mus, latent nystagmus and acquired
nystagmus (Ciuffreda et aI., 1982).
Clearly, the foveal hypoplasia in albinism
cannot be treated, suggesting that some of
the visual loss occurred from the nystag
mus, not from the original underlying
pathology (see Figure 13.2).

An open trial by Kirschen (1983) found a
reduction in nystagmus amplitude of
41-73 per cent in auditory feedback with
an improvement in visual acuity and
contrast sensitivity, but he did not investi
gate whether these benefits were trans
ferred to everyday life. There have been no
randomized controlled trials of auditory
biofeedback.

Visual (after-image) biofeedback
A simple form of visual biofeedback can be
achieved using an after-image (Stegall,
1973 ; Stohler, 1973; Abplanalp and
Bedell, 1983). People with nystagmus
usually spontaneously comment that they
perceive an after-image to be 'wobbling'.
This movement is related to their eye move
ments (Kommerell et aI., 1986), and it has
been suggested that patients can improve
their nystagmus by trying to reduce the
movement of the after-image (Mallett,
personal communication).

An alternative after-image technique
(Stegall, 1973) is to allow patients to adopt
a head position to reduce the 'wobble' as
they slowly straighten their head. Goldrich
(1981) described a perceptual effect,
'emergent textual contours', which he
claimed allowed patients to monitor their
nystagmus as an alternative to using after
images.

Active amblyopia therapy: intermittent photic
stimulation
It was noted above that people with CN are
likely to have some level of amblyopia asso
ciated with their nystagmus (see Figure
13 .2). Mallett (1983) described the use of a
treatment originally developed for amblyo
pia, intermittent photic stimulation (IPS,
see Chapter 3), for the treatment of con
genital idiopathic nystagmus. In an open
trial of 54 patients, Mallett (1983) found
an improvement in acuity and also
reported a reduction in the nystagmus and
improvement in stereo-acuity in many
cases.



Figure 13,3
Graphof highcontrast Bailey-l,ovie VA at eachresearch visual assessment (error bars represent
1 standarderrorof the mean), reproduced from Evanset al. (1998). VA is in LogMAR units, so
that lower valuesrepresentbetter VA (0.4 represents6/15 and 0.5 represents 6/18). VA was
measuredthree times before treatment, to investigate the practiceeffect,andonceafter treatment

Figure 13,4
Barchart representingthe improvement in LogMAR VA of the experimental groupof Evans ei a1.
(1998). VA is in LogMAR units, so smallerfigures representbetter VA. Note: Thisfigure
deliberately misrepresents the overall results of the study to illustrate the dangersofresearchinq
therapiesfor eN without usinga double-masked, randomized, controlleddesign (see text)
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Mallett (1985) described a portable IPS
unit. Scheiman and Wick (1994) described
a case study where IPS had been used to
treat nystagmus successfully.

Combining approaches and a randomized con
trolledtrial
Ciuffreda et al. (1982) described a combina
tion of auditory and visual biofeedback.
Mallett and Radnam (1992) found a combi
nation of after-image feedback and IPS
treatment to be optimal for congenital (in
cluding albinotic) nystagmus. Ciuffreda et
al. (1982) suggested that treatment was
more effective in younger children, but
Mallett (1983) implied that age was not an
important factor.

Evans et al. (1998) carried out a double
masked, randomized, placebo-controlled
trial of the treatment described by Mallett
and Radnam (1992), which combined
after-image visual biofeedback and IPS
treatment. A statistical power calculation
suggested that their sample size of 38
subjects should have been enough for a
clinically significant treatment effect to
reach statistical significance. A placebo
treatment was designed to mimic the time,
attention, 'high tech' apparatus and expla
nation used in the experimental treatment.
The 38 subjects with CNwere randomly al
located to each group. Their visual acuity
and contrast sensitivity (CS) were assessed
three times before undergoing treatment
for 6 weeks, and then once more after treat
ment. An improvement in visual acuity
(VA) occurred, but this improvement was
not significantly different in the two groups
(Figure 13.3).

The outcome that people with CN most
want from treatment is to be able to pass
their driving test, so an improvement in
high contrast 'crowded' visual acuity is
most important to them. Evans et al. 's
(1998) study clearly demonstrates that the
improvement in high contrast VA of the
group receiving the experimental treatment
is not significantly different to the improve
ment in those receiving a placebo treat
ment.

The study illustrates the need for 'thera
pies' for CN to be investigated with a
double-masked, randomized, placebo-con
trolled design. Looking at the data for the ex
perimental group, it is possible to
investigate what the result of the study
would have been if it had been a non-con
trolled trial. like most other research in this
Held. Figure 13.4 illustrates the improve-

ment in VA of the experimental group from
the first VA measurement to the final. post
treatment, assessment. A repeated
measures t-test on the pre- and post-treat
ment data in Figure 13.4 shows that the
apparent improvement in VAis statistically
significant (P=O.031), yet Figure 13.3
shows that this improvement is attributable
to practice and placebo effects. This demon
strates the risks of research that does not
use a randomized controlled trial. and must

raise questions about whether any safe con
clusions can be drawn about interventions
that have not been investigated in this way.

Surgery
Abadi and Whittle (1992) showed that. in
carefully selected cases of congenital
idiopathic nystagmus with an eccentric
null zone, surgery to shift the null position
to the primary position (Kestenbaum
procedure) may be effective. Successive



publications on 'null point surgery' seem to
recommend ever more surgery (Taylor.
1990). and Harris (1996) recommended
reserving this intervention for cases with
genuine and significant symptoms,

Another technique. 'artificial divergence
surgery'. has been used to reduce the effect
of the medial rectus muscle. resulting in
more adduction innervation which. in
some cases. reduces the nystagmus. A
review by Spielmann (1994) suggests that
artificial divergence surgery can improve
visual acuity. even in adults. Repka (1999)
reviewed various surgical approaches to
nystagmus. Botulinum toxin can be used
as a temporary measure to investigate the
likely effect of this type of procedure (Spiel
mann. 1994).

A different approach is to inject Botuli
num toxin into two or four recti muscles as
a treatment. but this has to be repeated
every 4 months. Dell'Osso (1994) stated
that botulinum toxin was ineffective as a
treatment for nystagmus. Repka (1999)
believed that botulinum injections were
sometimes of value in acquired nystagmus.
but that the outcome was disappointing in
CN.

Other treatments
Leigh et al. (1988) used an electronic
device to stabilize the retinal image and
reduce oscillopsia in patients with
acquired nystagmus. This can be used to
calculate the power required for a tele
scopic contact lens system (high minus
contact lens with high plus spectacle lens)
which provides partial optical stabilization
of the retinal image (Yaniglos and Leigh.
1992).

Pharmacological agents have been used
to treat nystagmus. most commonly
acquired nystagmus (Grisham. 1990;
Richman et al., 1992). Chase (1963) at
tempted to treat one patient with hypnosis.
and found that the nystagmus decreased
but the acuity was unaffected.

Dell'Osso (1994) suggested that con
genital nystagmus could be treated with
electrical or vibratory stimulation of the
ophthalmic division of the trigeminal
nerve. Sheth et al. (1995) found that soma
tosensory stimulation could improve fovea
tion times and. sometimes. acuity in CN.
although the long-term treatment possi
bilities were unknown.

Abadi et al. (1997) used dynamical
systems analysis to study two typical CN
waveforms. They believed that it may be

possible to use techniques developed for
controlling chaos to develop visual stimuli
to control nystagmus.

It was noted above that many people
with CN suffer a worsening of their nystag
mus and visual acuity when they are
under stress (e.g. in academic examina
tions). This may be why the placebo effect
seems to be so large in nystagmus.
Hypnosis is 'an empirically-validated. non
deceptive placebo' (Kirsch. 1996). and it is
possible that this could be used as a sort of
'focused relaxation' to help patients whose
nystagmus is particularly troublesome in
certain stressful situations.

Counselling
Three sorts of counselling are often helpful
for patients with nystagmus. First. it is not
uncommon for patients to be discharged
from a busy hospital department with
many unanswered questions. If the diag
nosis is clear. then the optometrist can
explain what the diagnosis means. For
example. a diagnosis of congenital idio
pathic nystagmus does not mean that the
infant is. or will go. blind. Although the
nystagmus will always be present it
usually reduces a little as the child ages
(Harris. 1996). and the level of vision
should be enough to allow the person to do
most everyday activities. usually going to a
normal school. although driving will
probably not be possible.

The second type of counselling is genetic
counselling to discuss whether an underly
ing pathology or idiopathic nystagmus is
likely to be passed on to future generations.
Genetic counselling should be provided by
appropriate experts. genetic counsellors.
who are usually present in major hospitals
and who will accumulate the necessary
facts before giving their advice.

Thirdly. people with nystagmus or their
families can often receive considerable
support from talking to other people with
the condition. The Nystagmus Network
(details available from the Royal National
Institute for the Blind) provides this type of
support. and has excellent literature on
the condition for sufferers and families of
sufferers.

Conclusions

History and symptoms usually tells the op
tometrist whether a case of nystagmus
needs to be referred. Many cases benefit
from the optometrist carrying out a careful
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refraction and orthoptic assessment. Astig
matism is common. and contact lenses can
provide a greater improvement in visual
acuity than spectacles. Treatments for con
genital nystagmus that have not been
evaluated with randomized controlled
trials should be considered as unproven.
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Influence of BSV on strabismus management

Binocular single vision is the simultaneous
use of the two eyes to give a single mental
image in normal conditions of viewing. At
the forefront of strabismus management is
the restoration and stabilization of bin
ocular single vision (BSV). It is therefore es
sential to investigate patients for potential
BSV, as its presence or absence influences
the type of treatment.

Factors disrupting normal
binocular single vision

Binocular single vision can be subdivided
into two groups:

Sensory - this can be further categor
ized for the purpose of investigation
into simultaneous perception. sensory
fusion and stereopsis (see Chapters 1
and 3)

2 Motor - motor fusion (see Chapters 1, 3
and 4) that has horizontal, vertical
and cyclotorsional components.

Both are necessary for stable BSV.
Normal BSV develops during childhood

within an environment of stable ocular
alignment and equal visual acuity. Factors
that can disrupt normal development
include strabismus; anisometropia; mon
ocular or binocular visual deprivation. and
brain injury.

The influence that disease has on the
normal development of BSV depends on
the age of onset, and its nature and con
stancy. In the normal infant, stereopsis
can be demonstrated around 3-4 months
of age (Archer et al., 1986; Held, 1988)
and continues to mature rapidly until 2
years of age, after which development
slows. reaching adult levels of maturity by
7-8 years (see Chapter I). Examples of
disease processes that can affect the devel
opment of BSV include an acute onset
constant esotropia before the age of 2
years. If left untreated this is likely to
disrupt the normal development of BSV,
whereas an onset after this period is likely
to be less damaging.

Most primary exotropias that start as in-

termittent deviations demonstrate normal
BSV when the eyes are aligned, and
absence of BSV with suppression when the
deviation is manifest. This intermittency
allows BSV to develop alongside the
abnormal sensory interaction of suppres
sion.

Acquired strabismus in adults usually
has binocular potential if corrected; it is
important to prove this before proceeding
with surgical treatment (see Chapter 15).
Situations where BSV may be absent
include acquired strabismus superimposed
on a childhood squint, and cases associated
with head trauma (see Chapter 12). Brain
injury can result in an acquired loss of
BSV.

High levels of anisometropia can severely
disrupt the development of normal BSV,
whereas lower levels are often accom
panied by mild amblyopia (see Chapter 10)
and subnormal levels of BSV. usually
associated with a microtropia (see Chapter
11).

Monocular visual deprivation due to con
genital cataract has a profound effect on
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the development of visual acuity and BSV.
Surgical removal of the cataract must be
carried out at an early stage if visual
function is to be restored.

Assessing binocular single
vision in strabismus

The potential for BSV should be investi
gated at an early stage in the management
of patients with strabismus, with the
following exceptions:

• Patients with infantile esotropia, where
the benefits ofearly surgical intervention
outweigh any advantages of delaying
treatment until they can co-operate with
sensory testing (see Chapters 1, 11 and
15)

• Patients with severe behavioural prob
lems, who are unlikely to co-operate
with testing

• Cases of secondary strabismus with
vision of perception of light or worse in
the squinting eye.

Before assessing a patient's BSV, there are
often clues from the history and examina
tion as to whether it is likely to be present
or not. It is usually possible to infer the
state of BSV from the age of onset, duration
and characteristics of the strabismus - the
earlier the onset and longer the duration of
a constant manifest deviation, the less
chance normal BSV will be present.
However, history is often unreliable,
especially with small and variable devia
tions, so other factors - including the
results of sensory investigation - should be
taken into consideration (see Chapter 1).

The complaint of binocular diplopia (see
Chapter 7) strongly suggests that there is
the potential for BSV, especially if the
patient can consciously control it by
adopting a compensatory head posture
(see Chapter 12). Exceptions include
diplopia associated with childhood strabis
mus in which the ability to suppress (see
Chapter 8) has been lost, or acquired stra
bismus (see Chapter 12) resulting from
head trauma, where the possibility of a
central loss of BSV should be considered.
For these reasons it should be proven that
diplopia can be eliminated when the angle
is corrected before recommending surgical
treatment (also see Chapters 7 and 15).

A compensatory head posture frequently
accompanies many types of incomitant

Figure 14.1
Patient with a right Duane's retraction
syndrome adopting acompensatory head
posture of a rightface turn to maintain
binocularsinglevision

childhood and adult strabismus (Figure
14.1). Patients with superior oblique
palsy, Duane's syndrome and Brown's
syndrome adopt an abnormal head posture
to maintain BSV (see Chapter 12). Head
postures can be adopted for other reasons,
such as optimizing the range of movement
in one eye, dampening congenital nystag
mus (see Chapter 13) or because of struc
tural changes in the cervical spine and
musculature. The presence of BSV should
therefore be confirmed in these patients.

When performing a cover test, a recovery
movement when the cover is removed indi
cates that motor fusion is present, confirm
ing the presence of BSV (see Chapters 1,
3-6). When deciding on which test to use
for investigating BSV, consideration
should be given to the following areas:

• The age and co-operation of the patient
• The patient's visual acuity
• The grade ofBSV being assessed
• Using techniques that are minimally dis

sociative and are performed in normal
viewing conditions (free-space tests),
which are preferred to tests that rely on
an artificial environment, such as the
major amblyoscope (see also Chapters 1,
3 and 9).

Free-space tests

Tests to investigate sensory fusion
These tests are also referred to in Chapters
1, 3,7-10 and 16.

Sensory fusion is the ability to appreciate
two similar images, one with each eye, and
to interpret them as one. If either diplopia
(Chapter 7) or suppression (Chapter 8) is
obtained on any of the tests described
below. then any deviation should be cor
rected and the test repeated to assess the
potential for sensory fusion.

Bagolini lenses (glasses)
These are a pair of striated lenses that are
marked at 45 0 on one glass and 13 5° on
the other (Figure 14.2). When used to view
a light source, a line of light is formed that
runs at 90 0 to the striations.

If patients have no manifest deviation
and have sensory fusion, then they will
perceive a single image of the light with a
cross running through it. If they have sup
pression of one eye then again only one
light will be seen, although there will also
only be one line visible. If they report
seeing two separate lights, each will have a
line running through it and this should be
recorded as a diplopia response.
Bagolini glasses can be used to test for
sensory fusion for both near and distance
fixation.

Worth lights
The test involves a set of four lights, two
green, one red and one white, viewed
through red and green goggles (Figure
14.3). There are three sizes of Worth lights:

1 Distance, which is typically located at
the base of a Snellen test chart, for use
at 6m

Figure 14.2
Bagoliniglasses



Figure 14.3
Distance Worth lights, which arelocatedat the
base of a vision test chart, for useat 6 m

2 Macular, presented as a sleeve that is
placed over a pen torch for use at
Bern

3 Near. which presents a large stimulus
for use at 33 em.

Patients wear red and green goggles with
the red filter over the right eye, and view
the circular lights, They are then asked to
report how many lights they see, The
responses may be:

• Four lights (one white, two green, one
red) = BSV

• Three lights (three green) = right sup
pression

• Two lights (two red) =left suppression
• Five lights (three green, two red) = diplo

pia,

Tests to investigate motor fusion
Motor fusion is the ability to maintain a
single fused image during vergence move
ments (see also Chapters 1, 3-6 and 11).

Prism reflex test
This test uses a 15 or 20A base-out prism to

Figure 14.4
Titmus test

investigate the presence of motor fusion
and therefore prove BSV is present. It is
suitable for use on children 6 months of
age and older.

The prism is placed base-out in front of
one eye while the patient fixes a near
target. If BSV is present. then two move
ments may be observed; a horizontal
version movement of both eyes away from
the side with the prism, or an adduction
movement of the eye not behind the prism
to take up fixation.

If BSV is absent, if the prism is placed in
front of the non-fixing eye no movement of
either eye will be observed. or if the prism is
placed in front of the fixing eye only a hori
zontal version movement is seen. which is
directed away from the side with the prism.

Tests to investigate stereopsis
Stereopsis is the perception of the relative
depth of objects based on binocular dispar
ity. and it can be assessed using qualitative
or quantitative methods (see also Chapters
1,3-10).

Qualitativeassessment of stereopsis
The Lang two-pencil test investigates the
presence of stereopsis by comparing the pa
tient's response with both eyes open and
with one eye covered.

The patient holds a pencil vertically and
is instructed to place it exactly on top of a
pencil held by the examiner. The patient
uses horizontal disparity clues to locate the
correct position. The test is then repeated
with one eye closed.

If accuracy in locating the pencil is re-
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peatedly better with both eyes open, then
stereopsis is present. If the response is
similar with both eyes open and the squint
ing eye covered, the squinting eye is sup
pressed and BSVis absent.

Quantitative assessment of stereopsis
There are many tests that are available to
the practitioner for the quantitative assess
ment of stereopsis. Due to the common
usage of these tests, many of the tests listed
below are also discussed in previous
chapters:

1 Titmus test (Wirt). The image seen by
one eye is polarized at 90° to that seen
by the other eye when viewed through
polarized glasses. The disparities
range from 3000 to 40 seconds ofarc..
and the targets comprise a fly, animals,
and set of circles (Figure 14.4).
Monocular clues are present when
viewing the first three sets of circles
and animals.

The test is performed at 40 em. The
patient wears polarized glasses and is
first asked to pick up the wings of the
fly. The animals and circles are then
presented until the stereoscope image
can no longer be identified.

2 The Frisby stereotest. This is the only
clinical test based on actual depth,
where random shapes are printed on
three clear plastic plates of different
thickness. The test does not require
any form of dissociative glasses. Each
plate has four squares of curved
random shapes. and one square con-
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Figure 14.5
TlJe Frisbystereotest

Figure 14.6
TNOstereotest

tains a 'hidden' circle that is printed on
the opposite surface to the squares
(Figure 14,5). Disparities range from
600 to 15 seconds of arc. Care should
be taken that neither the plates nor
the patient's head significantly move
during testing. as this may provide
monocular clues. The thickest plate is
held in front of a plain white back
ground and the patient questioned as
to the position of the hidden circle.
The plate can be rotated or turned
over to change the position of the
circle to reduce false-positive responses
due to learning. If the first plate is
recognized successfully, then the

3

4

thinner plates are presented in the
same fashion.
TNO test. This test is based on random
dot stereograms, and uses red and
green glasses for dissociation (Figure
14.6). The disparities range from
1980 to 15 seconds of arc. The test is
performed at 40 cm with the patient
wearing the red and green glasses
supplied. and the plates are shown in
sequence. This is probably the best test
of stereopsis. as there are no mon
ocular clues or contours.
Lang stereotest. The targets consist of
vertical sections that are seen alter
nately by each eye as they are viewed

through the built-In cylindrical lens
elements (Figure 14.7). Displacement
of the random dots creates the
disparity. which ranges from] 200 to
550 seconds of arc on the Lang I card
and from 600-200 seconds of arc on
the Lang II card. The cards are held at
the subject's normal reading distance.
and he or she is asked to name or point
to the pictures. Pre-verbal children are
observed looking at the pictures or at
tempting to pick them Up.

Tests not performed in free
space

Major amblyoscope
All grades of binocular single vision can he
assessed using the major amblyoscope.
which consists of a haploscope through
which images can be presented indepen
dently or simultaneously to both eyes
(Figure 14.8).

Simultaneous perception slides are
inserted first into the slide holders. If these
are perceived simultaneously. then the
patient is asked to superimpose one upon
the other. Fusion slides are then substituted
and if sensory fusion can be demonstrated.
the tubes of the major amblyoscope can he
unlocked and first converged then di
verged. to see if the patient can maintain
fusion over a range; this provides a
measure of the fusional amplitude. The
major amblyoscope provides the only way
of measuring cyclovergence. Stereopsis
can also be assessed.

Although the major amblyoscope is a
very artificial method. it is especially useful
in assessing potential BSV in patients with
constant manifest deviations.

The investigation ofBSV in patients with
large, constant, manifest deviations can
pose problems. Attempting to neutralize
the deviation in the clinic with loose
prisms or the prism bar makes subsequent
sensory investigation difficult because of
visual blur and distortion produced hy the
prism. Results of such investigation are
often inconclusive. and these patients can
be better evaluated by allowing them to
wear the prism for a longer period of time
(prism adaptation test) or by using botuli
numtoxin.

Prism adaptation test
The principle of the test is to correct COIll-



Figure 14.7
Lang stereotest

Figure 14.8
Majoramblyoscope

pletely or to overcorrect slightly the angle
of deviation with Fresnel prisms, and to
observe the patient's motor response over a
period of time (Figure 14.9).

However. the patient must have equal or
nearly equal visual acuity, the angle of de
viation must not exceed 40.<1, and the
patient must co-operate with the test and
subsequent investigation. It is easier ifspec
tacles are worn, but if not plano lenses can
be used. The test is most commonly used in
acquired esotropias as reported by the
Prism Adaptation Study Group (1990;
Ohtsuki et al.. 1993). The prisms should be
divided between the two lenses. The
patient should be reassessed 1 week later

and if the visual axes have reconverged,
producing a manifest deviation greater
than 8.<1, the prism strength is increased.
This process is continued until the devia
tion is 8.<1 or less, or the magnitude of the
prisms exceeds 50.<1.

There are three possible responses to
overcorrecting prisms. First, the visual
axes become straight and binocular single
vision can be confirmed, for example with
Bagolini glasses. Second, there is a residual
microtropia with demonstrable binocular
single vision. and finally, the visual axes re
converge to the original angle (referred to
as 'eating up' the prism), which Bagolini
suggested was indicative of abnormal
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Figure 14.9
Prism adaptation test. A Fresnelprism is
placed on the left spectacle lens

retinal correspondence (see Chapters 9 and
11).

This test is useful in determining the
presence of binocular vision and in
planning surgery. If there is demonstrable
binocular single vision, either bifoveal or
with a microtropia, the patient is classed as
a prism responder and surgery is then per
formed to correct the maximum angle
measured. If, however, bip6t;6lar potentj,<tl>
cannot be demonstrated, the patient is
classed as a non-responder and any
surgery performed is based on the angle of
deviation first measured (or measured at
the commencement ofthe test).

Botulinum toxin

Botulinum toxin is a potent neurotoxin that
selectively binds to cholinergic synapses,
blocking the conduction of the nerve
impulse. In nature, botulinum toxin is the
exotoxin of the organism Clostridium botu
linum, which is responsible for botulism, a
serious form of food poisoning. Botulism
presents as an acute symmetrical descend
ing paralysis resulting from infection by
the organism. The route of infection is
usually from contaminated food, although
wound botulism has been reported.

The use of botulinum toxin in ophthal
mology arose from an investigation into
ways of identifying a suitable pharmaco
logical agent for the treatment of strabis
mus. Experimental work on monkeys,
pioneered by Dr Alan Scott in 1973,
involved injecting different agents into
extraocular muscles and examining their
effect on the muscle and the surrounding
tissue. The agents used were DFP (fluoro
pryl), alcohol, cobra neurotoxin, rattle
snake venom, and botulinum toxin. The
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results of these investigations suggested
that botulinum toxin was the most
promising agent for creating a temporary
extraocular muscle paralysis. Clinical
studies then began on patients with strabis
mus. confirming its usefulness (Scott,
1980). Since its introduction, botulinum
toxin has proved effective in the manage
ment of patients with strabismus and other
disorders affecting skeletal muscles. It is
available commercially in a freeze-dried
crystalline form, which, when reconsti
tuted with saline, releases the active
dichain subunit consisting of a heavy and
light chain of combined molecular weight
150000 daltons.

Mechanism of action
Botulinum toxin binds specifically to
peripheral cholinergic synapses, selectively
blocking the release of evoked acetyl
choline while leaving the mechanism
responsible for spontaneous release rela
tively intact.

The stages by which botulinum toxin
achieves its effect are:

Binding. The heavy subunit binds to
receptor sites on the unmyelinated
areas of the cholinergic nerve terminal
in the region of the neuromuscular
junction.

2 Internalization. After the heavy chain
has bound to the receptor site, the
light chain is internalized into the cell
by the normal synaptic vesicle recycl
ing process, thereby activating the
toxin.
Paralysis. The mechanism by which
muscle paralysis occurs is largely un
known: however, it is assumed to
result from the toxin binding to the
acetylcholine vesicles, thereby pre
venting their release across the
myoneural junction.

The paralytic effect of botulinum toxin is
dose-dependent: clinical paralysis occurs
in around 3 days, and the maximum thera
peutic effect is reached 5-7 days after injec
tion. It takes about 3 months for the
clinical effects of the toxin to wear off,
although this may be delayed in some cases.
Recovery of muscle function is associated
with re-sprouting of myoneural junctions
at the nerve terminal. Histopathological
examination of the injected muscle shows
areas of muscle atrophy, although the
clinical function of the muscle appears to

be unaffected once the effects of the toxin
have worn off.

Permanent changes in ocular alignment
can occur following botulinum toxin injec
tion. and the possible mechanisms respons
ible for this are discussed below. Repeat
injection of the toxin into the extraocular
muscles appears not to be recognized by
the immune system.

Mechanism ofaction in non-paralytic
strabismus
The medial rectus in the squinting eye is
injected in esotropia and the lateral rectus
in exotropia. The injected muscle is
weakened and lengthened following the in
jection.

In most cases ofnon-paralytic strabismus
botulinum toxin is used diagnostically, in
the expectation that the strabismus will
recur when the effect of the toxin has com
pletely worn off. Histological studies of
extraocular muscle after injection show
that it is the orbital singly innervated fibres
that selectively show long-term atrophic
changes which on their own would
probably only account for minor lasting
changes in alignment.

Long-term changes in alignment can
result from the use of botulinum toxin. For
this to occur it is probably necessary for the
ipsilateral antagonist of the injected
muscle to become contracted, usually sec
ondary to a significant consecutive devia
tion. Stable long-term changes in
alignment are facilitated by the potential
for fusion, which allows binocular single
vision to develop while the toxin is effective
and can enable it to be maintained after
the effect has worn off.

Ophthalmological use of
botulinum toxin

Botulinum toxin has been used to treat a
variety of disorders. Those of interest to the
ophthalmologist include:

• Muscle spasm involving the facial
muscles

• Strabismus
• Nystagmus
• Corneal ulceration
• Exposure keratitis.

The use of botulinum toxin in
strabismus

The main indications for the use of botuli
num toxin include:

1 Diagnostically:
• To reduce the angle of strabismus

and allow sensory investigation
in free space

• In the investigation of patients at
risk of postoperative diplopia

• To investigate the presence or ab
sence of fusion before deciding on
surgical treatment

• In patients with sixth nerve palsy
who cannot abduct past the mid
line (improved abduction after in
jection indicates a partial palsy,
failure to improve indicates a
complete palsy: also see Chapter
12)

• To help predict the effectof surgery
on patients with incomitant devia
tions (see Chapters 12 and 15)

• In combination with electromicro
graphy (EMG) recording to con
firm the presence of miswiring in
Duane's syndrome

• As a means of further investiga
tion when a slipped or paretic
muscle is suspected.

2 Therapeutically:
• To restore fusion, especially in

patients with decompensating
strabismus and partially recov
ered sixth nerve palsy

• In the rehabilitation of patients
with cosmetic strabismus

• As an adjunct to strabismus sur
gery and in the management of
acute surgical undercorrections
and overcorrections (also refer to
Chapter 15)

• In acquired nystagmus, to dampen
the amplitude of the ocular oscilla
tion and improve visual acuity
(also see Chapter 13).

Method of administration
Botulinum toxin is usually administered
under local anaesthesia in adults, general
anaesthesia is required in children. For the
successful administration of botulinum
toxin, attention needs to be directed at:

• Patient preparation
• The environment in which the toxin is

administered



• Toxin preparation
• The injection technique
• The post-injection management, includ

ing multidisciplinary collaboration.
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Figure 14.10
Botulinum toxin injection into the left lateral rectus muscle underlocalanaesthesia

Patientpreparation
It is important to exclude patients for whom
the use of botulinum toxin is contraindi
cated, and those who are not suitable can
didates for its use under local anaesthesia.
These include children, pregnant women,
patients with a needle phobia, patients
with severe learning difficulties and those
with behavioural problems who are un
likely to co-operate with the procedure.

In practice, very few patients refuse
treatment with botulinum toxin outright.
Local anaesthetic drops are instilled into
the eye every 5 minutes for 15 minutes
prior to treatment. All patients should be
given detailed instructions about what to
expect prior to having treatment. These in
structions reinforced on the day of injec
tion. They should include the following
areas:

• The aim of the procedure. In most cases
the toxin is used for diagnostic purposes
and its effects are expected to wear off
completely. Further treatment is likely
to be required.

• The degree of discomfort likely to be ex
perienced during treatment. The proce
dure results in a degree of pain, which is
of a deep aching quality and poorly loca
lized, similar to the pain associated with
dental anaesthesia.

• The effectiveness of the procedure. In the
authors' experience, the toxin injection
is effective in 80 per cent of patients; in
10 per cent a further injection is re
quired, and in the remaining 10 per cent
a significant overcorrection results.

• Likely complications. Upper eyelid ptosis
occurs in one in 20 patients. It is usually
mild and recovers in 4-6 weeks. Local
bruising around the injection site rarely
occurs and usually resolves in a few days.

Environment
A quiet, spacious and well-ventilated treat
ment area is important. Patients are
normally apprehensive and/or anxious.
Vasovagal attacks during or after treat
ment can be reduced by providing the right
environment. The authors advise that
patients should be in a semi-recumbent
position, and facilities available to lay
them supine if necessary.

Toxinpreparation
Botulinum toxin is provided in a powdered
crystalline form. There are presently two
products available commercially:

1 Oculinum (Allergan), which has 100
units of toxin in each vial

2 Dysport (Speywood), which has 500
units of toxin in each vial.

The 100 units of Oculinum have a different
efficacy to the 500 units ofDysport.

The toxin is stable in freeze-dried form
when refrigerated at 4°C. Botulinum
toxin requires careful reconstituting, as it
can be denatured by violent bubbling,
agitation or repeated passage through the
needle. Alcohol from a skin wipe can in
activate the toxin: the alcohol must be
allowed to dry before proceeding with the
injection.

Injection technique
The patient should be monitored. Muscle
generates an electrical signal that can be
monitored using EMG even in its resting
state. The EMG circuit is made of two
electrodes, one a silver/silver chloride skin
electrode and the other a unipolar electrode
connected to a partially insulated 27
gauge retrobulbar needle. The insulation
covers the shaft of the needle, leaving the
tip bare, so the signal obtained on the EMG
reflects the location of the needle tip.

The medial rectus, lateral rectus and

inferior rectus muscles are most fre
quently treated with botulinum toxin. The
over-acting inferior oblique muscle can
be injected in superior oblique palsy.
Treating the superior rectus muscle results
in ptosis, and is therefore not recom
mended. The superior oblique is not
treated with toxin.

The authors prefer to use 0.1 ml of the
standard solution for each extraocular
muscle injected unless the angle of strabis
mus is less than 20d. when 0.05 ml is used
initially; this applies particularly to decom
pensating exophoria and residual sixth
nerve palsy with small esotropia. If the
angle exceeds 30d, 0.1 ml of double
strength solution is used rather than in
creasing the amount of standard solution.
which could increase the risk of 'spill over'
to other muscles.

Right-handed operators should stand
behind the patient when injecting the
muscles used for left gaze, for example the
left lateral rectus (Figure 14.10) and the
right medial rectus muscles, and to the pa
tient's right when injecting muscles used
for right gaze, for example the right lateral
rectus and the left medial rectus muscles.

The patient is instructed to look in the
opposite direction to the muscle being
injected, i.e. to the left if injecting the right
lateral rectus, and the conjunctiva is pene
trated approximately 5 mm posterior to the
limbus.

The needle is passed subconjunctivally
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along the path of the muscle for 5 mm, and
the patient is instructed to look slowly in
the direction of action of the injected
muscle. The operator must take care to
keep the needle in the subconjunctival
position by following the movement of the
globe.

When the eye is fully rotated, the needle
is slowly advanced into the muscle belly
whilst monitoring the EMG signal. The
patient is instructed to look slightly away
from the injected muscle and back again to
confirm that the maximum EMG signal has
been reached, and 0.1 ml of the toxin is
injected, keeping the needle in place for
30 s to reduce the risk of toxin tracking
back along its path. Reusable needles
should be flushed out with air before steri
lizing to minimize the chance of blockage.

Post-injection management
Whenever possible patients are encouraged
to maintain binocular viewing, but if intol
erable diplopia follows injection for diag
nostic purposes, one eye should be
occluded. Patients are usually reviewed 1
week after the injection. Close collabora
tion with the optometrist is required for
contact lens provision in the sensory in
vestigation of patients with aphakia and
secondary exotropia. A second or occasion
ally a third injection may be necessary if
the initial injection is ineffective; if the
effect is excessive, the patient may need to
be reviewed several weeks later.

Complications
Botulinum toxin is largely free of major side
effects. Those that have been reported
include:

Complications arising from the injec
tion - conjunctival haemorrhage; retro
bulbar haemorrhage, and globe perfora
tion.

• Complications occurring as a result of the
toxin - insufficient effect, excessive
effect, ptosis, involvement of adjacent
extraocular muscles, and sensitivity
reaction.

General anaesthesia
Children and unco-operative adults can be
treated with botulinum toxin under
general anaesthesia. Ketamine anaesthesia
potentiates the resting muscle action, facili
tating the recording of the EMG signal,
whereas it is depressed with most other
anaesthetics. If the EMG signal cannot

readily be monitored, the Doll's head man
oeuvre can be used to induce conjugate eye
movements, as the vestibular pathway
remains functional under ketamine anaes
thesia. The indications for botulinum toxin
use under general anaesthesia are similar
to those under local anaesthesia, with the
majority of patients having sixth nerve
palsy or acute undercorrection and over
correction. The authors have noted a
higher incidence of ptosis after using botuli
num toxin under general anaesthesia.

The findings following the investigation
of BSV in patients with strabismus can be
categorized into:

• BSVwhen the strabismus is corrected
• No BSVwhen the strabismus is corrected

- in this situation the image from out of
the squinting eye may be suppressed (no
diplopia) or not suppressed (diplopia).

Patients with no potential for BSVshould be
investigated for postoperative diplopia
before undergoing strabismus surgery. All
patients over the age of 5 years should be
tested, or if testing is not possible then they
should be warned of the risk of diplopia oc
curring after surgery.

The postoperative diplopia test
The possibility of postoperative diplopia
must be considered in adult patients and in
children 5 years or older requesting strabis
mus surgery for cosmetic reasons. To inter
pret patients' responses correctly during
the test, the examiner must confirm the
sensory status, using Bagolini glasses or
Worth's four dots. The postoperative
diplopia test investigates the presence of
diplopia or suppression in patients without
the potential for binocular single vision. If
fusion is unexpectedly demonstrated dur
ing the procedure, then in effect the meas
urements obtained are the prism fusion am
plitude and not a measure of postoperative
diplopia. Patients' visual acuity should be
considered, although even deep amblyopia
does not exclude postoperative diplopia.

Patients are asked to view a fixation
target appropriate to their level of acuity at
near and distance through prisms (Figure
14.11). Non-illuminated targets are pre
ferred (Gray et al., 1995).

The aim of the procedure is to use the
prism to simulate an alignment from 2()~

undercorrected to 20~ overcorrected and
assess for diplopia risk. Patients should be
asked what they observe and the purpose

Figure 14.11
Thepostoperativediplopia test

of the test explained; of they do not recog
nize diplopia, the authors hold the view
that no effort should be made to elicit it. If
there is spontaneous recognition of
diplopia. the strength of prism should be
changed to map out the region where it
can be elicited. This should be recorded on
the postoperative diplopia chart, and
should be taken into account when
planning the surgery.

If diplopia is likely to occur, patients
should be informed and the diplopia
demonstrated by means of prisms so
that they can decide whether to have the
operation.

Botulinum toxin can also be used to
correct the strabismus temporarily and to
provide additional information about the
postoperative diplopia risk and its likely tol
erance.

Influence of BSVon strabismus
management

The potential for restoring BSV has an im
portant influence on strabismus manage
ment. Surgery for small-angled strabismus
in patients with no BSV is rarely indicated
for aesthetic purposes; however, treatment
may be required for the same strabismus if



there is binocular potential because oftrou
blesome diplopia.

In infantile esotropia, the prognosis for
BSVcan be significantly improved by early
surgical intervention (see Chapter 15).
There is no justification for delaying treat
ment until the child is old enough to
co-operate with sensory investigation.

Prisms and the therapeutic use of bifocal
spectacles are recognized forms of treat
ment for strabismus patients with potential
BSV, and are rarely indicated when BSV is
absent (see Chapters 1. 3 and 6).

The decision surgically to undercorrect.
fully correct or overcorrect the strabismus
is influenced by whether there is potential
BSV and the duration of the squint.
Primary esotropia with no potential for
BSV is undercorrected to reduce the inci
dence of consecutive exotropia; however.
esotropia with binocular potential is fully
corrected to restore fusion. For most types
of exotropia, a planned initial overcorrec
tion results in improved success and long
term stability. However. a planned under
correction is indicated in adults with de
compensating exophoria and those with
no potential BSV in whom it has been
shown that diplopia will occur if the strabis
mus is overcorrected.

In primary esotropia with BSV,a planned
full correction of the angle requires a
greater amount of surgery compared to a
planned undercorrection when BSV is
absent (see Chapter 15).

There is an increase in successful align
ment and long-term stability following
surgery on strabismus with BSV compared
to cases without it. Accurate alignment is
facilitated by the motor fusion reserves.
which are often expanded in long-standing
vertical deviations. Motor fusion also
provides a degree of stability. opposing
long-term misalignment.

Suppression acts to prevent diplopia in

childhood strabismus with no potential for
BSV (see Chapters 7 and 8). However. sup
pression may be present at one angle of de
viation and not at another; therefore in
adults requesting surgery for strabismus
with a childhood onset. it cannot be
assumed that suppression will prevent
diplopia. The postoperative diplopia test is
used to investigate whether suppression or
diplopia will occur following surgery on
strabismus with absent BSV.

Summary

The potential for BSVshould be considered
in all patients presenting with strabismus.
In infantile esotropia the benefits of early
surgery to restore alignment. with the
improved prognosis for BSV this gives.
outweigh any advantages of delaying treat
ment until the patient is able to co-operate
with sensory testing. Poor visual acuity in
one eye is not a reason for not investigating
BSV unless vision is reduced to perception
of light or lower; vision of counting fingers
and hand movements. although unlikely
to be compatible with BSV. may still cause
troublesome postoperative diplopia if
suppression is absent. therefore the post
operative diplopia test should always be
performed.

In the investigation of BSV. clues from
the patient's history and examination as
well as the results of sensory testing should
be considered. Techniques that are mini
mally dissociative and are performed in
free space are preferred to tests that rely on
an artificial environment. Sensory testing
can be difficult in patients with large devia
tions. and prism adaptation and botulinum
toxin are both useful methods of neutraliz
ing the deviation.

Following the investigation of binocular
potential. BSV mayor may not be present
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when the strabismus is corrected. In the
absence of BSV, the postoperative diplopia
test is useful in predicting which patients
will show suppression or diplopia post
operatively. The potential for BSV in
strabismus has an important influence on
the urgency. need and effectiveness of treat
ment. the planned target angle. the
amount of surgery. and the success and
stability of the surgical result.

References

Archer. S. M.. Helveston, E. M.. Miller. K. K.
and Ellis. F. D. (1986). Stereopsis in
normal infants and infants with con
genital esotropia. Am. J. Ophthalmol..
101, 591-6.

Gray. C.. Ansons, A. and Spencer. A.
(1995). A study of the method of testing
and recording of the postoperative diplo
pia test. In: Transactions of the 22nd Meet
ing of the European Strabismoloqicul
Association (M. Spiritus. ed.), pp. 79-84.
Aeolus Press.

Held. R. (1988). Normal visual develop
ment and its deviations. In: Strabismus
and Amblyopia (G. Lennerstrand, G. K.
Von Noorden and E. C. Campos. eds), pp.
247-58. Wenner Gren International
Symposium Series. Macmillan Press.

Ohtsuki, H.. Hasebe, S.. Tadokoro, Y. et al.
(1993). Preoperative prism correction in
patients with acquired esotropia. Graef.
Arch. Clin. Exp. Ophthalmol.. 231. 71-5.

Prism Adaptation Study Research Group
(1990). Efficacy of prism adaptation in
the surgical management of acquired
esotropia. Arch. Ophthalmol.. 108.
1248-56.

Scott. A. B. (1980). Botulinum toxin injec
tion into extraocular muscles as an alter
native to strabismus surgery. Ophthal
mology. 87. 1044-9.



15
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binocular vision anomalies
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Structural organization of the ocular motor system
Preoperative assessment of eye movements

Principles of surgery

The objective of strabismus surgery is pri
marily to restore comfortable binocular
vision and/or to improve the patient's ap
pearance. Whether or not both of these ob
jectives are fulfilled depends largely on the
patient's age and binocular status at the
time of surgery. If the level of co-ordination
between the two eyes was poor during
visual immaturity, then visual functions
such as fusion and stereopsis (see Chapters
1 and 4) will not have developed normally,
and subsequently sensory adaptations to
the ocular misalignment may occur.

Sensory adaptations such as suppression
(Chapter 8), abnormal retinal correspond
ence (Chapter 9) and amblyopia and ec
centric fixation (Chapter 10) develop
primarily in younger children. After the
age of 6-7 years, development of these
anomalies is rare. This suggests that
ocular misalignment in visually immature
patients is a strong incentive to perform
corrective surgery.

Abnormal retinal correspondence will
always be of clinical significance, primarily
because any surgical alignment of the two
eyes might not be accepted by the visual
system and may cause postoperative
diplopia.

Another important factor is how the
angle of deviation varies with the patient's
direction of gaze. Whether the deviation is
comitant or incomitant is largely dictated
by the location of the lesion in the ocular

motor system. Therefore, knowledge of the
neuro-anatomical arrangement of the
ocular motor system is essential for evalua
tion and management of all binocular
vision anomalies.

Structural organization of the
ocular motor system

The ocular motor system comprises the
extraocular muscles, the corresponding
ocular motor nerves and all supranuclear
structures acting on their neurones. Supra
nuclear stimulation arises from several
neural components located in the brain
stem. and the cerebellar and cortical
systems. Structures such as the vestibular
apparatus, superior colliculus, and frontal
and occipital areas of the cortex all have
neural pathways connecting them with
the ocular motor nuclei. They project
either directly, through intranuclear
pathways such as the medial longitudinal
fasiculus (MLF), or indirectly via immediate
pre-motor structures such as the parame
dian pontine reticular formation (PPRF).

An intact MLF is essential for the produc
tion of conjugate eye movements. Injury to
the MLF results in a typical pattern of dis
conjugate eye movements (intranuclear
ophthalmoplegia). The PPRF. on the other
hand, is the control centre for all horizontal
eye movements. A lesion in this area may

involve closely related structures such as
the fasciculus of the sixth cranial nerve
and the nuclei of the seventh cranial
nerve. Clinical manifestation in this case is
therefore likely to include gaze palsy, facial
weakness and sixth nerve palsy (Foville's
syndrome).

The sum of stimulation and inhibition
from the supranuclear components of the
ocular motor system will dictate the dis
charge frequency in the motor nerves. Any
neurological disorders of the motor nerves
will give rise to clinical manifestations ac
cording to the site of lesion along the nerve
and the muscle(s) they innervate. The
extraocular muscles consist of cross
striated muscle fibres, and therefore are
(usually) affected by any neuromuscular
disease affecting somatic muscles (e.g.
myasthenia gravis and multiple sclerosis).
Deviations arising from supranuclear dis
orders do not usually vary with direction or
gaze. By contrast, disorder at the nuclear
or subnuclear level frequently gives rise to
deviations that vary. From this it follows
that all nerve palsies. disorders of the extra
ocular muscles and orbital connective
tissues, and conditions affecting the neuro
muscular junctions are likely to cause inco
mitancy (see also Chapter 12).

Deviations that vary according to the
position of gaze require special variations
in surgical technique to make the post
operative alignment as close to comitancy
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Figure 15.1
Forced-duction test performedon apatient under topicalanaesthesia

as possible. If a horizontal deviation in the
primary position is significantly different
between upgaze and downgaze (vertical in
comitance), an 'A' or 'V' pattern is present.
Surgical treatment in these cases may
include surgery on the oblique muscles, or
offsetting the horizontal rectus muscles.

Preoperative assessment of eye
movements

In addition to the conventional optometric
procedures for evaluation of ocular motor
alignment, such as the cover test, motility,
ACIA ratio etc. (see Chapters 1. 4 and 5),
there are special motor tests that should be
performed. It is essential to perform these
tests in order to gain information about the
potential contraction force and passive
stretch of the various extraocular muscles.
However, it should be stressed that it is not
only the extraocular muscles that represent
an important parameter in strabismus
surgery. Tenon's capsule, along with other
non-muscular tissues. also creates tension.
By rotating the globe to various fixed
lateral deviations, the surgeon can assess
the tension created by these elements. This
simple yet informative procedure is called
the forced-duction test (Figure 15.1). Resis
tance to displace the globe from its position
of rest increases with the degree of devia
tion. The Iorce-duction test provides essen
tial information, and must be performed on
both eyes at the beginning of any strabis
mus procedure.

Forced-duction test
Forced duction is performed by using in
struments to move the anaesthetized eye

mechanically into various positions of
gaze, thus determining resistance to
passive movement. This test is usually per
formed at the time of surgery, but can some
times be performed preoperatively.

The stretch and tightness of the rectus
muscles is easier to assess when the globe
is pulled forward; pushing the globe
creates a laxity that could mask restric
tions. For the oblique muscles, pulling-in
gives the greatest stretch.

To test and compare the medial recti,
each eye is grasped firstly at the nasal
limbus. The globe is pulled gently forward
and then pushed temporally. Next, each
eye is grasped at the temporal limbus and
gently pulled forward, followed by pushing
the globe nasally.

Testing for cyclovertical palsies
The structural organization of the extra
ocular muscles is such that both the
vertical rectus and the oblique muscles can
create cyclorotation of the eye. It is there
fore essential to differentiate between the
two antagonistic pairs in cases of cyclover
tical palsies.

The rectus muscles originate in the
orbital apex and diverge towards their
point of insertion on the globe. They run
along the orbital axis, which makes an
angle of approximately 23 0 to the visual
axis when the eye is in the primary
position. The functional significance of this
is that the muscles' direction of pull in
relation to the globe will run backwards,
parallel with the orbital axis. The superior
rectus will hence elevate and incyclorotate
the eye, while its antagonist, the inferior
rectus, will depress and excyclorotate the
eye.

The cyclorotatory action of the rectus
muscles will increase on adduction and
decline in abduction. and the reverse is
true for the oblique muscles. In contrast.
they have a line of pull forward and
nasally. It follows that when the eyes are
converged. the inferior and superior
oblique muscles are responsible for eleva
tion and depression of the globe. Under
such conditions. the oblique muscles have
little cyclorotatory influence on the eye.
The cyclorotatory function will. however.
expand with increasing abduction.

The anatomical arrangement of the
extraocular muscles implies that cyclover
tical palsies are often accompanied by
vertical deviations; for example. in cases of
superior oblique palsies such vertical devia
tions will take the form of hyperdeviations.
In cases of hyperdeviation where superior
oblique muscle palsy is suspected. the
affected eye should initially be determined
by the cover test (see Chapters 1 and 12). If
the hyperdeviation in the affected eye is
greater in adduction than in abduction,
then superior oblique palsy is strongly indi
cated. When the eye abducts, the hyperde
viation gradually declines as the inferior
rectus (which is unaffected) takes over the
function of depression.

To confirm these findings. Bielschows
ky's head-tilt test (Figure 15.2) can be per
formed (see also Chapters 12 and 16).
Head tilt to the right activates the vestibu
lar system and initiates contrarotation in
the form of intortion ofthe right eye and ex
tortion of the left eye. This is performed by
the superior oblique and superior rectus,
and the inferior oblique and inferior rectus
respectively. Conversely, a head tilt to the
left side initiates intortion of the left eye
and extortion of the right eye. This is per
formed by the superior oblique and
superior rectus, and inferior oblique and
inferior rectus respectively. If one intortor
or one extortor is paretic it cannot act verti
cally, and a deviation becomes manifest.

Principles of surgery

The goal of strabismic surgery is to correct
ocular misalignment by altering muscle
function or muscle mechanics. This can be
achieved in a variety of ways, but most pro
cedures will fit into one of three main cate
gories:

1 Weakening procedures (decreasing the
pull of the muscles)
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Procedure Use

Procedure Use

--._---------------------------------'

Resection
To perform a rectus resection, the muscle is
exposed and isolated in the same way as for
recession. The muscle is picked up with the
Steven's hook at the inferior border (Figure
15.5a).

In the case of the lateral rectus. care must
be taken not to go too far posteriorly, as
this may engage the inferior oblique. An as
sistant exposes and gently stretches the in
termuscular septum. It should be incised
beyond the point where resection sutures
will be placed.

To prepare for resection, a resection
clamp (Jameson clamp) is placed firmly
against the insertion (Figure 15.Sb). The
assistant adducts the eye with the clamp

If bleeding occurs during passing of the
hook, the muscle should be considered split
and another hook should be passed. To
secure the muscle, it is essential that
sutures are placed before the actual reces
sion. This is achieved by inserting two
single-armed sutures to the lower and
upper edges of the muscle close to the inser
tion (Figure 15.4a-d). To avoid engaging
the sclera, the needle is placed flat and
moved straight ahead with the tip facing
up (Figure 15.4a). Any large vessels arc
included in the lock-bite to avoid bleeding,
The surgeon prepares to remove the
muscle by holding the sutures between the
fingers (Figure 15.4d), The blade of the
surgical scissors is placed beneath the
muscle, using it as a hook to pull the
muscle towards the limbus (Figure 15.41'),
The corresponding blade of the scissors is
placed flat on the sclera. and repeated cuts
to the muscle are made as flush with the
sclera as possible in order to reduce post
operative scarring,

The sutures are separated and carefully
inspected to ensure that the muscle is
secure. The upper and lower poles of the
muscle are precisely grasped with locking
forceps. The planned amount of recession
is measured with callipers from the
original muscle insertion to the site of rein
sertion (Figure 15.4g). The previously
placed sutures are used to engage the
sclera at the point measured by the calli
pers. The needle is then gently pushed into
the sclera (Figure 15.4h). Needles are
removed and the sutures tightened (Figure
15.4j). The locking forceps and muscle
hook are then removed prior to closing the
wound. Traction sutures are removed. and
antibiotics are applied to the eye.

Resect LRM (mm)

4.0
5.0
6.0
7.0
8.0
9.0
9.0

Resect MRM (mml

3.0
4.0
5.0
6,0
6.0
7.0
8.0
9.0

10,0

Recession
The muscle is engaged with a Steven's
hook. To ensure that the entire superior
pole of the muscle has been engaged, a
second hook is passed beneath the first.
This will emerge at the bare scleral
opening that has already been formed.

Correction of 'N. and 'V'patterns in patients who
do not showsignificantobliqueover-action

Improving abduction In sixth-nervepalsy

Asabove

3.0
3.5
4.0
4.5
5.0
5.5
6,0

4.0
5.0
6,0
7.0
!l.O
9.0

10.0
10.0
10,0

Hununelshelms procedure

Jensen's procedure

vcrtical transpnsitlonof horizontalrecti

MonoclIlQrrecess-resect procedures for elio-devlations

Angle ofesotropia fA) Recess MRM (mm)

Monocular recess-resect procedures for eso-devtettons

lingle orexotropia (A) Recess LRM (mrn)

Table15.4 Examples of guidelines for recession and resection procedures

------------------------------------,

~------------------------------------

Table 11).3 Procedures changing direction of muscle action

Hcsecuon (shorteningthe length otthe muscle] Used on rectus musclesto enhance their effective
pull

Tucking Enhancesthe actionof the superioroblique
muscle

Advancement (moving musclecloser to limbus) 'Ibcorrect cyclorotatlons

Table 11).1 Strengthening procedures used in strabismus surgery

IS
20
2S
10
15
·lO
SO

IS
20
25
1O
40
so
1,0
70
HO

specific surgical procedure in the same
fashion; hence the recommended amount
of muscle recession or resection can only
act as a guideline. These guidelines will also
vary depending on whether the procedure
is monocular or symmetrical. Examples of
such guidelines are listed in Table 15.4.
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Figure 15.4
Recession surgery performed on the medialrectus muscle (modifiedfrom von Noorden, 1990)

Figure 15.5
Resection surgery performedon the lateral rectus muscle (modifiedfrom von Noorden, 1990)

and exposes the area to be resected. The re
section distance is measured from the edge
of the Jameson clamp (Figure 15.5c).
Stretching of the muscle should be
avoided, since the pre-calculated amount
of resection is based on the amount of un
stretched muscle.

Depending on the surgeon's preference,
the muscle may be cut with or without
sutures placed orr fhe muscle belly. The
muscle is disinserted from the sclera with

scissors. One blade is passed under the
muscle, pulling gently towards the limbus
to make a clean disinsertion (Figure
15.5d). Two double-armed sutures are
then placed through the stump (Figure
15.5e-g), one needle of each suture being
placed close to the centre of the insertion
and the other through the corresponding
end. The muscle is lifted via the clamp so
that the needle can penetrate the muscle
from the underside of the belly, as close as

possible to the edge of the clamp (Figure
15.5h). When all four sutures have
emerged on the other side (Figure IS. Si, I).
the assistant holds the muscle in place
so that the surgeon can tie the sutures
with a triple knot (Figure 15.5k). When
tying the knot the eye should be held in ad
duction long enough only to create
exposure, because too much adduction
will pull the muscle away from its original
insertion.
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The locking forceps is removed and the
conjunctiva is closed with two sutures.
Since this is a resection, the corners of the
conjunctiva are brought back to the
limbus. Traction sutures are removed. and
antibiotics or steroid ointment is applied to
the eye.

Parameters affecting the
postoperative result
The ocular motor system has a complex
neuro-anatomical arrangement whereby
individual variations in structure give rise
to corresponding functional variations.
There are several parameters that have
functional implications for strabismus
surgery, including variations in muscle
fibre population, force of contraction. in
nervation and proprioception.

In contrast to other somatic muscles, the
extraocular muscles contain both rapidly
contracting twitch fibres and slow-tonic
fibres incapable of creating an action poten
tial. The latter type of fibre constitutes
about 20 per cent of the muscle fibre popu
1ation in human extraocular muscles.
However, large individual variations exist,
and this implies that the physiological prop
erties of a given muscle will vary accord
ingly. Variations in muscle mechanics
interfere with any attempt to pre-calculate
accurately the amount of muscle manipu
lation needed for ocular alignment during
strabismus surgery.

Another parameter that can influence
the postoperative result is the alteration of
the sensory input to the ocular motor
system. There is a generous complement of

receptors embedded in the extraocular
muscle, so it is reasonable to assume that
the ocular motor system receives some sort
of feedback (proprioception). Surgical in
terference with these sensory receptors has
been claimed to have certain effects on the
patient's level of postoperative binocular
vision. However, the proprioceptive
capacity of these receptors has recently
been questioned, and their role in ocular
motor control remains controversial.

Reference

von Noorden, G. K. (1990). Binocular Vision
and Ocular Motility. Mosby.



16
Case studies

Bruce Evans

Introduction
Superior oblique myokymia

Congenital nystagmus
Decompensated exophoria and Meares-Irlen syndrome

Introduction

The goal of this chapter is to discuss some
interesting orthoptic cases that have been
seen in optometric practice. Inevitably the
cases could have been investigated and
managed differently, and it is readily ac
knowledged that other practitioners will
have different views to those outlined here.
Practitioners will each bring their own ex
perience and expertise to a case, and it is in
no way claimed or implied that the ap
proaches outlined here are the only 'right
answer' .

There are, of course, times when hind
sight reveals that tests which might have
been useful were omitted, or when results
simply don't seem to make sense. In these
cases the author has tried to be candid and
self-critical.

Superior oblique myokymia;
Mr John D, F6155

Personal details and background
The patient is a businessman aged 47 years,
who drives. He was referred to my practice
in 1997 by his neurologist to investigate
vertical diplopia and photosensitivity.

History
Mr D's birth was normal. at full term, and
there were no abnormal 'early events'.
At the age of 9 years he was prescribed
right eye occlusion. He is unsure why
this was prescribed, and it was not carried
out.

Six months ago an ophthalmologist diag
nosed superior oblique myokymia. The
patient has seen two ophthalmologists;
one said that surgery would not help and
discharged Mr O. Mr 0 reports that the
other ophthalmologist tried anti-epileptic
drugs, which were of no help.

The patient was prescribed a refractive
correction 6 months ago, and his glasses
were found to be;

R +l.OOj-D.75 x 80 with lA down

L +l.OOj-D.75 x 25

Mr 0 thinks that he was told these were to
be worn for distance vision, but he has
tried them for distance and near and found
them to be no help, so they are not worn.
There is a family history of migraine.

Symptoms
For the last 18 months, occurring on most
days, he experiences momentary vertical

diplopia. During these episodes the image
from the right eye appears to move. People
who are with him at these times do not
notice anything unusual; no nystagmus or
strabismus is apparent. He does not experi
ence a headache with this symptom. but
feels disorientated and like his 'head is com
pressed'. He tends to close or cover one eye
to alleviate the problem.

For the last 6 months he has been experi
encing headaches, which usually have the
following characteristics;

• Right frontal. unilateral. around eye
• No known association with episodes of

diplopia
• Occurring about twice every 3 weeks
• Moderately severe, 'sharp/piercing'.

Fluorescent lighting increased in the office
at about the time the headaches started.
and Mr 0 thinks that the two may be
connected. The only known trigger for
the headaches is excessive work on the
YOU.

Reading is blurred, text appears to move.
and reading makes his eyes sore and tired.
He skips and omits words and lines.
Because of these problems, he has given up
reading for pleasure.



Cllntcal findings for Mr John D. 1~61 '5 I)

The patient has an anomalous head posture (chin tilted down
IS") and thinks that this may have only been present since his
recent problems started, although he is not sure.

Visllal acuitiesamircfrtlcUve error
Vision: R6/JU,L6/IO
Refruction: R -0.25/ ·-1.00 x 160"" 0/7.5

L -0.50/-0.2S x 45 ~ 6/7.5
Near add:+1.00 OS

Scobee's three-step
(see Figure 16.2):

Double Maddox rod
(sec discussion):

Aligning prism (Mallett;
No Rx, repeated at end
of examination when
patient tired;

R/L '0:> RSO, RiR. LIO. LSR
Greater at N than D =?RSO. iUO.
LSO. LIO
Greatest when RElixing =? RSR.
RIR. RSO, RIO
Result =? RSO
Patient perceives 5° mcyclotorstou
ofRE =? a single oblique muscle is
involved
D horizontally no slip: 2flup L
NO.5fl in; 1fl down R. vertically
unstable: accepts 2fl down H
without causing R hypo-slip

Fusional reserves (N VPS): Convergent; - /20/7
Divergent: 12/15/8

Report:

Advised:

Phoned 5
weeks
after
collection:

Summary and management
Prescribed: R-0.25/-·0.75 x 170 with L5fldown RE

L-O.25/-0.25 x 35
Add +1.00 same fl as DV: made up as two pairs
Advised to wear as much as he tlnds helpful to
alleviate symptoms
1. Explained that he should not drive if diplopia

might occur when driving.
2. Superior oblique myokymla explained (patient

had not received full explanation previously).
Also explained that there appears to be a very
mild right supertor oblique under-actton under
normal conditions. Told that a prism to correct
deviation in primary position might help, but
should not be expected to be a cure since it
will not correct the Incomttant element of the
paresis nor the intermittent myokymia.
Discussed how the deviation might be a cause of
the headaches. although this theory is detracted
from by the lack of any apparen t association of
headaches with visual tusks.

3. Also explained that, as the neurologist had
originally expected, the headaches seem to have
a photo-sensitive trigger so he may beneflt from
precision tints. Recommended that he try the
refractive correction unttnted first. but that
practitioner will telephone him 1 month alter
he collects the glasses. If still symptoms then
return. to be tested for precision tints.

Sent to referring neurologist. mentioned that the
literature review revealed a reported association
between superior oblique myokymia and posterior
fossa tumour. Neurologist replied with thanks. but
he had already done an MR!, which was normal.
Virtually no more vertical diplopia nor headaches.
Patient is very happy, feels no need for tints.

Inconclusive under-action RSO
(? under-action RIR). but over
action ofLIR =? main UA Is RSO
Inconclusive

2.5 fl/D

D (Rodenstock): 30 minutes of arc
(test ceillng)

N (Mallett): 60"
R4.50.L4.5D

All observations were within
normal limits
Full
R 17, L 16 mmHg @ 0900 hrs

Dortho
N ortho
D (anaglyph): 2fl out; 1.7 5fl up I,

N (wing): 5fl XO; 2fl down R
D hz supp: 1. 5fl up 1,; no cycle
deviation reported
N Min; 0.2 5fl up L; no cycle
deviation reported
Appeared full and smooth: no
diplopia reported
6cm
None

Parks' three-step (see
Flgure 16.1);

tnhe: tests
Lees screen:

Amplitude of accommo
dation:

ACI A ratio (gradient):

Aligning prism (Mallett:
NoRx):

Dissociation test (no Rx):

Neat' point of convergence:
Foveal suppression

(Mullett):
Stereo-acuity;

Ocular motility:

Vlsual liclds (Henson):
't'onometry (NCT) :

()culolll%r staiu»
Cover test (no Rx):

OClllar health
( rphthulmosccpy:
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Literature on benign superior oblique
myokymia
Benign superior oblique myokymia is an
episodic small-amplitude nystagmoid in
torsion and depression of one eye, accom
panied by visual shimmer and oscillopsia.
The condition was originally called unilat
eral rotary nystagmus (Plager, 1999). The
onset is in adulthood and the symptoms
are acknowledged to be 'most annoying'.
whilst the 'diagnosis is often missed' (Von
Noorden, 1996. p. 456). Episodes usually
last from 20 seconds to several minutes.
and can be triggered by physical activity
(von Noorden, 1996. p. 456) and by
fatigue and stress (Plager, 1999). The
author has been unable to find an estimate
for the prevalence ofthis condition.

Superior oblique myokymia is usually
benign. but there have been at least two
cases of association with a posterior fossa
tumour (von Noorden, 1996). Plager
(I 999) felt that neuro-lmaglng was unne
cessary unless there were other neuro
logical complaints.

Although the precise aetiology is unclear
(von Noorden, 1996. p. 456). superior
oblique myokymia may be the result of
prior clinical or subclinical injury to the
trochlear nerve (Mehta and Derner. 1994).
Medical treatments have been found. as
with this patient. to be generally disappoint
ing (von Noorden, 1996. p. 456; Plager,
] 999). Surgical approaches are sometimes
successful. although second operations
may be required (von Noorden, 1996).

Discussion
This case seems to be a fairly classic presen
tation of superior oblique myokymia. The
history of patching in childhood is vague.
but it seems at least possible that the
patient had a superior oblique paresis at
this time and that the present symptoms
from superior oblique myokymia are linked
to this early episode. It would have been
useful to have obtained more concrete in
formation about the date of onset of his
anomalous head position. It would have
been a good idea to examine childhood
photographs to determine this.

Diagnosing asuperior oblique underaction
Diagnosing subtle vertical incomitancies
can be very difficult. A Lees screen test
gives a similar result to a Hess screen test.
and the results of either of these tests help a
great deal (Evans. 1997. pp. 200-203; see
also Chapter 12). A computerized Hess

screen is now available for use in opto
metric practice. However. in subtle incomi
tancies even Hess or Lees plots do not
always clearly identify the under-acting
muscle(s). Another approach is to use one
of the two three-steps tests (Evans. 1997.
pp. 205-6). Parks' three-steps test is best
known; however. in heterophoric incomi
tancies, as in this case. Scobee's three-steps
test sometimes provides clearer results.
These tests involve asking three questions.
which can usually be answered by
carrying out dissociation tests at distance
and near and with different head positions.
The three-steps tests can give invalid
results (Plager, 1999) when: more than
one muscle is involved. there is a restrictive
aetiology (e.g. a blow-out fracture; see
Chapter 12). or there has been prior strabis
mus surgery.

In the double Maddox rod test. two
Maddox rod lenses are placed. one in front
of each eye. to measure any cyclodeviation
(Phillips and Hunter. 1999). The rods are
placed exactly vertical in a trial frame. If
there is no vertical deviation. then a
vertical prism is introduced to separate the
horizontal lines seen by each eye. The
orientation of the Maddox rod in the trial
frame can be adjusted until the two lines
are parallel. This gives a measure of the cy
clodeviatlon, but does not differentiate a cy
clophoria from a cyclotropia. A significant
cyclodeviation suggests the involvement of
an oblique muscle.

Simons et al. (1994) stated that the
double Maddox rod test is the standard test
for determining the laterality and size of a
cyclodeviation resulting from a superior
oblique paresis. It is unusual for a single
superior oblique muscle palsy to cause an
excyclotropia over 8°: a bilateral superior
oblique palsy often causes an excyclotropia
over 12° (Spector. 1993). Originally. it
was recommended that a red Maddox rod
should be placed in front of the right eye
and a white one in front of the left eye (Von
Noorden, 1996. p. 190). Theoretically, the
eye with the underaction would be the one
whose image was cyclotorted, although
von Noorden noted that exceptions to this
rule are common. Simons et al. (1994) ex
plained these exceptions with an experi
ment demonstrating that a white rod was
less disruptive to vision than the red rod.
They recommended that two red rods be
used. in which case the paretic eye is cor
rectly diagnosed in 94 per cent of cases. Un
fortunately. the author had not read this

paper when he saw the patient. so he used
a white and a red rod.

Discussion of management
The author has been unable to find any
previous suggestions in the literature that
a refractive correction with a small vertical
prism in the primary position might help
patients with superior oblique myokymia.
However. Plager (1999) noted that cases
of superior oblique paresis that are small
and relatively comitant may benefit from
prisms. In view of the inadequacy of
vertical fusional reserves to overcome
many small vertical deviations. this
approach would seem to be common sense.
Since the vertical prism seemed to help the
patient. it is surprising that the previous
glasses had not helped. Although the prism
in these was a little weak. it should have
been better than nothing. The impression
from talking to the patient was that he had
not been clearly instructed in when to
wear these. and he assumed that they
should be worn for distance as well as
near. Of course. they were blurred for
distance vision so he did not use them.

The change in symptoms of superior
oblique myokymia with a change of office
lighting is interesting and is not reported
elsewhere in the literature. With hindsight.
it would have been interesting to have
asked the patient whether he had been
under more stress at about the time that
the office lighting changed. since stress can
precipitate superior oblique myokymia.

Some people are sensitive to fluorescent
lighting. and such photosensitivity can
cause various ocular and somatic
symptoms. including headaches (Wilkins.
1995). In these cases individually pre
scribed coloured filters (e.g. precision tints)
can help ease symptoms, as described in the
final case study in this chapter. However.
with Mr D it seems that his symptoms were
almost completely resolved with the
vertical prism. and he no longer felt that it
would be worthwhile investigating any
further benefit from tinted lenses. This high
lights a fact that is discussed in the last case
study below - that so many of the
symptoms we try to treat are non-specific.

Congenital nystagmus:
Mr James D, F8591

Personal details and background
The patient is a 35-year-old man who
works as a laboratory analyst. sometimes



1. Is the deviationR/Lor LlR?
R/L:RSO, RIR, L10, LSR

2. Is theverticaldeviationgreaterin Ror L gaze?
R gaze:RSR, RIR, L10, LSO

3. Is theverticaldeviationgreaterwith headtilt to
RorL?
Rtilt: RSO, RSR, LIO, L1R

conclusion: pareticmuscle(s):

Figure 16.1
Parks'three-steps method

1. Isthe deviationR/Lor LlR?
R/L:RSO, RIR, L10, LSR

2. Istheverticaldeviationgreaterat 0 (primary
position)or N (adducted)?
0: RSR, RIR, LSR, L1R

3. Whicheyeis fixingwhenthereis the greatest
vertical deviation? R:RSR, RIR, RSO, RIO

conclusion: pareticmuscle(s):

Figure 16.2
Scobee's method

on night shifts. He was referred to my
private practice by the co-ordinator of the
Nystagmus Network.

History
• Mr D has early onset ('congenital')

nystagmus, first detected before the age
of6 months.

• He reports that he has never undergone
any electrophysiological investigations.

• He had a specific learning difficulty at
school with spelling.

• He also has a history of a convergent eso
tropia and has worn glasses since the
age of 4 years.

• He has been given orthoptic exercises in
the past ('lions in cages').

• His general health is good and he is not
taking any medication.

• He was given stronger glasses 8 months
ago, but remarks that with these his
'eyes feel tense'. The prescription of
these is:

R +6.50/-3.00 x 25

L +6.00/-2.50 x 75 !8 down L

• Mr D has tried gas-permeable hard con
tact lenses in the past, but was unable to
tolerate them.

• The only family history is of an orthoptic

LlR:RIO. RSR, LSO, L1R

L gaze:RIO, RSO, LSR, L1R

L tilt:RIO, RIR, LSO, LSR

LlR:RIO, RSR, LSO, L1R

N:RSO, RIO, LSO, L10

L:LSR, L1R, LSO, L10

anomaly in an aunt. He has a twin
brother (unsure if identical or not) who
does not have nystagmus.

Symptoms
Mr D reports that the nystagmus does not
appear to have changed significantly in
recent years, or indeed for as long as he
can remember. Mr D suffers from many
headaches, on average more than twice a
week. These tend to be unilateral (left),
temporal and around the eye, and almost
constant but varying in degree. The head
aches are associated with nausea, tingling,
photophobia, weakness, and difficulty with
speech. Before a headache starts, he feels
dizzy and thinks that the nystagmus
worsens. The headaches can be triggered
by working a night shift or by driving.

The patient reported that after reading
for a while, especially when tired, his
vision blurs. He suffers from sore and tired
eyes, and he also reported a tendency to
close or cover one eye.

Discussion
Congenital nystagmus was discussed in
detail in Chapter 13. Congenital nystag
mus can result from albinism. However,
although Mr D has fair hair there was no
iris transillumination, the foveal reflexes
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appeared normal and he demonstrated
stereo-acuity, so it does not seem that the
nystagmus in this case results from
albinism. Criticisms of the clinical data are
that stereo-acuity tests at near should have
been carried out whilst the patient wore
his glasses, and colour vision and dark
adaptation tests would also have been
useful additions.

Congenital nystagmus can be secondary
to a disease that impairs visual acuity
(sensory defect congenital nystagmus), but
Mr D achieves good acuity in his null zone
(6/9), so this also appears unlikely.

A tentative diagnosis of congenital idio
pathic nystagmus (motor defect nystagmus)
seems most appropriate, although objective
eye movement recording and electrodiag
nosis would be required to confirm this diag
nosis (see Chapter 13). In children, when
nystagmus is first detected or investigated,
such testing is indicated. In adult cases
where the nystagmus has been present
since the first few months of life, has not
changed and was investigated by an
ophthalmologist in childhood, referral for
further tests is not usually indicated.

About 8 per cent of people with con
genital nystagmus have a markedly
reduced amplitude of nystagmus at near
compared with at distance (Abadi and Dick
inson, 1985), and this has been called a
convergent null position. Nystagmus
blockage syndrome is probably a rare form
of congenital nystagmus in which a reduc
tion of the nystagmus during convergence
appears to have resulted in an esotropia
(von Noorden, 1996, p. 481). Put another
way, the patient may have developed an
esotropia in order to create an over-conver
gent posture that reduces their nystagmus.
It is interesting that this particular patient's
refractive error means that he can over-ac
commodate to induce a convergent strabis
mus that 'blocks' the nystagmus and hence
improves the acuity. For a patient of Mr D's
age, the limited accommodative amplitude
means that this strategy, although momen
tarily effective, is not suitable for sustained
alleviation of his symptoms. Similarly, by
lowering his chin and looking up he can
achieve surprisingly good acuities; but this
is not appropriate for sustained viewing as
it could result in a strain to the neck.

It seems that the present glasses were
prescribed after cycloplegic refraction and
the author suspects that these are close to
the full refractive correction. However,
testing suggested that the distance vision is
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a little clearer and more comfortable with a
slightly less strong correction and so the
maximum plus that the patient could
tolerate for clear distance vision was pre
scribed. This is a little stronger (more
similar to the correction prescribed after a
cycloplegic) than the subjective findings.

The situation for reading is quite differ
ent. Here. even when the patient wears the
glasses and is esophoric instead of esotro
pic. the nystagmus is milder than at
distance (owing to convergence to his
habitual reading distance at 25 em) so the

visual acuities are proportionately better
than at distance. There is, however, a very
large and poorly compensated esophoria at
near, resulting from a high AC/A ratio.
This esophoria 'broke down' to an esotropia
during repeated covering during the cover
test, and the negative values in the meas
urement of the divergent fusional reserves
demonstrate that the subject needed base
out prisms to regain fusion once he had
been 'broken down' with base-in prisms.

These findings suggest that the patient is
constantly straining to prevent a conver-

gent strabismus and it seems very likely
that this is the cause of the intermittent
blurring and diplopia, and may be a factor
in the headaches. A stronger pair of
reading glasses have been prescribed.
which, through the high AC/A ratio.
should significantly reduce the esophoria.
A prism has also been prescribed in the
reading glasses to correct the vertical devia
tion, which should help fusion too. The
foregoing was explained to Mr D, who felt
that separate distance and near glasses
would be quite manageable for him.

----------------- ------~---------

14;

D (RodenstockjIu' (= test ceiling)
R plano, Lplano

6/9+)
Additional null zone on convergence
(can resolve the equivalent of 6/9
in each eye at ncar with glasses);
habitually reads at 25 em
Patient manilests nystagmus
blocking syndrome: can remove
glasses and accommodate through
refractive error to create large
convergent strabismus (can choose
whether R or L). which is associated
with marked reduction in the
nystagmus, and unaided binocular
acuity improves from 6/38 to 11/20,
He can also achieve this with the
glasses on, but then experiences
blurred vision.
10cm
13' RE

R +6.00/ -2. sox 12 5.
L+5.2'i/-3,00 x 77.5 with O.SI\
downL
R + 8.00/-2.50 x 125
L+7,2'i/~3.()()x 77.Swith 1/\
downL
See below

and corrected binocular acuities HIT

Advice given:

NpC (with glasses):
Foveal suppression

(Mallett, with Rx):
Stereo-acuity:
Accommodative error:

(Mallett near duochrome
test at 25 ern, with specs)

Accommodative lag (MEM); R =: L= +0.25 with glasses
AC/A ratio (gradlent): 7.5 MD
Fusional reserves: Divergent: First reading, 2/2/·

second reading: - /--8/··19
(VI'S, 30cm, with specs): Convergent: -/23/20

BVD = 12mm Near:

Summary and Inanaflemerzt
Prescribed: Distance:

R +5.7'i/--2.00x125=6/20+
L. +'i.()O/--3.25x80= 6/12
Visual acuities were very variable
depending on head position.

All observations were within
normal limits.
C/O = D.2, disc appearance normal
No iris transillumination was
detected in either eye
Foveal reflexes were present and
normal
Henson Pro, 25°, supra-threshold:
threshold 34, full in both eyes.

Dno movement seen
N 12/\ SOP breaks down with
repeated covering to 20/\ alt. SOT
D (with subjective): nil horizontal
deviation; 0.5/\ down LIl
N (with glasses): 1 'i/\ eso: 2/\ left
hyper
Dresult unreliable: intermittent
suppression of either eye
N result unreliable: intermittent
suppression of either eye
No lncomltancy detected
Moderate amplitude horizontal
symmetric jerk nystagmus with
marked temporal variability
Marked spatial variability, with null
zone in elevation (in elevated gaze
nystagmus is virtually eliminated

Visual tlelds:

Dissociation test:

Clinical findings "or Mr [ames D, 1
'8591

\ ';sl/(ll IIcuities IIlld reiractiv« error
Vision (primary position. R. 6/24, L. 6/18

glasses):
Refraction (non-cycle):

(BVD I S mml
Note:

Aligning prism (with Rx]:

(JclI/ar 111'11[111

Oph Ihalmoscopy:

()elliar tl!otor)itrlcUoll
Cover test (with glasses):

Ocular motility:
Observation of nystagmus

(sec Chapter] 3):



Itmight be thought that reducing the pa
tient's esophoria at near with stronger
glasses might reduce the effect of conver
gence at dampening the nystagmus.
However, the literature suggests that the
reduction or the intensity of nystagmus
that can occur at near is not mediated by
the effort to converge, nor by accomrnoda
tion, bu t is determined solely by the angle
between the visual axes (Abadi and
Dickinson, 19 H6). The patient was straight
at near with his old glasses, so the new
glasses will not significantly change the
angle between the visual axes (they should
eliminate the fixation disparity, but this is
typically only a few minutes of arc).
Hence, strengthening the glasses would
not be expected to worsen the nystagmus
signiticantly, and the patient should still
be able to achieve the 6/9 (equivalent)
at near that was possible with the old
glasses.

The point made above, that changing the
angle bet ween the two visual axes to make
the patient more convergent will dampen
the nystagmus, suggests that one line of
treatment, prescribing base-out prisms,
might help. This is not a universal treat
ment: most cases of congenital nystagmus
do not show a reduction at near (Abadi
and Dickinson, I 9H5), and there may even
be an increase in intensity at near (Ukwade
and Bedell, 1992). However, in this case
such an approach would be expected to
help, although this was not tried since the
normal convergence during near vision
dampens this patient's nystagmus to a sa
tisfactory degree - he can easily read all
print sizes that he encounters.

People with congenital nystagmus often
lind that their nystagmus is dampened
slightly with contact lenses. Ideally, these
should be gas-permeable hard lenses.
However. Mr ]) has tried these and is
unable to tolerate them. [I' he can be fitted
with soft toric lenses and prescribed
reading glasses to wear over the top
1+2.00J)S with It. down left eye), this
might prove the best achievable form of cor
rection. This was discussed with the
patient and he was keen to investigate this
mode of correction. He was advised to find
a cont act lens practitioner nearer home
Ihe had travelled .2 50 miles for his appoint
mcnt I.

The patient was advised that, if the head
aches persist, then he should return to his
(;1' and ask for a neurological investigation
oflllese.

Decompensated exophoria and
Meares-Irlen syndrome;
Steven R

Personal details and background
Steven was referred by his optometrist to
the Institute of Optometry Specific
Learning Difficulties Clinic, where he was
seen by colleagues. His age at the first ap
pointment was 10 years and h months.

History
• Steven has been diagnosed as dyslexic

and his reading age is 2 years 3 months
behind his chronological age.

• Delivery was by Caesarian, and he was
jaundiced at birth.

• There were no abnormalities in Steven's
early development.

• There is no history of refractive correc
tion, eye surgery or orthoptic exercises.

• In 1989 Steven was patched for 6
months for the lack of a reference eye.

• There is a family history of specific learn
ing difficulties (father), convergent stra
bismus (brother) and migraine (father).

Clinical findings
The symptoms and clinical findings with
this patient are summarized in Table 1h.l.

Discussion
Dyslexia
Dyslexia is an unexpected problem in
learning to read in children who seem
otherwise capable and intelligent (Evans,
1993a). The diagnosis of dyslexia is
usually made by an educational or child
psychologist. If a child has 'normal intelli
gence', adequate opportunity to learn, and
yet has a reading age more than 18
months behind his or her chronological
age, then they are likely to be dyslexic.
There is a genetic component to dyslexia
and, as in this case, it often runs in families.

The main cause of dyslexia is likely to be a
difficulty in converting a visual representa
tion of text into sound units - a difficulty
with phonological decoding. Although
visual deficits are not thought to be the
major cause of dyslexia, there are various
visual correlates of dyslexia. These are
visual anomalies that are especially likely
to be present in dyslexia, and some of these
visual factors can be contributory factors.
Although optometrists are unlikely to
'cure' dyslexia, they can in some cases aid
reading directly through reducing visual
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perceptual distortions and indirectly
through removing asthenopia.

The two most common ocular motor
anomalies in dyslexia are binocular in
stability (see Chapter 6) and accommoda
tive insufficiency (see Chapter 1 I.
Binocular instability is characterized by
low fusional reserves and an unstable hct
erophoria (e.g. variable slip on a Mallell
unit OXO test). Accommodative Insulll
ciency is characterized by a low amplitude
of accommodation, and may be associated
with accommodative infacility. A useful ob
jective method of assessing accommodat ivc
function is MEMretinoscopy (see box l.

MEM retinoscopy
The accommodative lag can be meas
ured by retinoscopy using the mon
ocular estimate method (MEM; Cooper,
1987), The subject binocularly fixes a
detailed target on the retinoscope and is
asked to keep this clear. Retinoscopy is
carried out along the horizontal merid
ian, and lenses are very briefly held in
front of each eye-to neutralize the retino
scope reflex, Each lens should only be
present monocularly and for a split
second so as not to disrupt the status of
the patient's accommodative and bin
ocular response. The accommodative
lag is usually about +0,75 D: values
greater than +1.00 D may represent ae
commcdative Insufficlency. Ifa negative
lens is required to neutralize the reflex,
this suggests that accommodatlve
spasm Is occurring. This test may give
useful additional Information when
there is a low amplttude of accommoda
tion, and with unco-operative patients.

For over 50 years there have been various
theories relating dyslexia to ocular domi
nance, and one of the most recent or these
relates to the reference eye (Evans,
1993b). The reference eye is determined
with the Dunlop Test, which uses a synop
tophore to induce a fixation disparity. The
eye that maintains precise fixation is said
to be the reference eye. This is not neces
sarily the same as the eye that is dominant
for other tasks, such as sighting domi
nance. The Dunlop Test is repeated I (J

times to assess whether the reference eye is
always the right or always the left. or



Table 16.1 Symptoms and clinical findings for Steven R

Fusion reserve DIY 10/16/8

CON lO/13/l0

Test/date

Symptoms

Vislon/Rx

Cover test: D

N

Allgning prism: D

N

Dissoc, Test D

N

AC/AraHo

Binocular status

Stereo-acuity

NPC

Amp. Ace.

Other tests

Management

16 Sep 93

Board or reading blurs with

prolonged viewing. Mild migraine-like

headaches from sunlight, details

vague. Tends to skip and re-read and

omit words or lines. photophobic.

Reading age 8 years 3 months

R 6/6. +0.25 DS. L 6/5-plano

2~XOP

8-lO~XOP

No prism

2~inRE

2~ exo, nil vertical

6-8~ exo, nil vertical

3A1D

20' each eye binocularly. letters muddled:

5' each eye monocularly

Randot circles: 400"

lOcm

R. 8 D: 1.8 D: B.8 D

Motility: full

Ophthalmoscopy: within normal

limits

Confrontation: full

Given push-up NPC exercises twice daily.

10' each time. Re in V12

08 Nov 93

Exercises done as instructed.

Mondays to Fridays. Reports

NVeasier. mother says less tendency

to omit words

Ret. Plano R & L

3~XOP

8~XOP

No prism

No prism. hz unstable

10/13/11

5/7/5

As before

70'1

5cm

R.6 D: L 7D: B,105 D

Motility: full

Opthalmoscopy: as before

Given free-space stereogram

(IPSI exercises

20 Dee 93

Exercises done as per instruction

sheet. Finished sheets 1 & 2.

Progressing well with dyslexic

teacher. reading age now

9 years

R = L= 6/6 ~'15.

R +0.25 DS L plano

Ortho

6~XOP

No prism

No prism. stable

12/16/11

15/20/17

5' each eye binocularly

10"

6cm

R.9 D; L, 9D; RHD

Motility: full

Intuitive overlays:

consistent. preference

for orange

Issued orange overlay

31 Mar 94

Reading more fluent with

overlay and still used regularly

Ret. +0.25 DSR & L

Ortho

8t.XOP

No prism. stable

No prism, stable

5' each eye binocularly

5cm

Intuitive colorimetry:

very consistent result

Opthalmoscopy: as before

Rx: plano. Rose D3 + Orange

B4. no lTV block

IDee 94-

Uses glasses for most lessons.

No symptoms: no headaches.

no longer rubs eyes, blinks

excessively, or skips or omits

words or lines

R 6/5. plano L 6/5. +0.25 DS

Ortho

6t.XOP

No prism. stable

No prism. stable

~~ eso, i t. R hyper

6t. exo, nil vertica I

3A1D

-/11/10

12/19/20

Z' each eye binocularly.

7' RE monocularly,

5' LE monocularly

Break 6 em. recov, 7 em

R. S D: LSD: B.9D

Motility: full

Accommodanve Lag:

R +050. L +0.75

Intuitive colorimetry:

results as at 31 Mar 94

No change. continue as now



whether it varies. According to advocates
of this test. an unstable reference eye is a
sign of poor visuomotor control or bin
ocular instability. The intervention that
has been suggested to resolve this
'anomaly' is to occlude the left eye for all
near vision tasks for some months. There
was a lot of research on the Dunlop Test
and it became quite popular in the 1980s;
however, several studies disputed the
original findings and it became generally
agreed that the Dunlop Test is usually unre
liable. If the Dunlop Test really does
attempt to detect a form of binocular in
stability, then it may be appropriate to
apply a battery of tests, including the
Mallett unit fixation disparity test, to assess

the binocular stability. The author is
unaware of any published studies investi
gating whether binocular instability is best
treated by patching or by orthoptic exer
cises.

Meares-Irlen syndrome is characterized
by symptoms of asthenopia and visual per
ceptual distortions which are alleviated by
individually prescribed coloured filters
(Evans et al., 1996). The required colour
varies from one person to another, and
often needs to be prescribed with some
degree of precision (Wilkins et al., 1994).
Typically, patients are screened with
coloured overlays to determine whether
they are likely to benefit from coloured
lenses. If the results of the screening are
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positive, then patients are investigated
with a specialist instrument, the intuitive
colorimeter, which is used to determine the
optimal colour for precision tinted spec
tacles or contact lenses. For sound optical
reasons, the colour that is required for
glasses will be different to the colour that is
required for overlays (Lightstone et al.,
1999).

One of the challenges for eye-care practi
tioners who choose to specialize in dyslexia
is the non-specific nature of the visual
symptoms that may be present. For
example, visual perceptual distortions (e.g.
blurring, words moving) and asthenopia
could result from uncorrected refractive
errors, orthoptic anomalies, accommoda
tive anomalies, Meares-Irlen syndrome, or
even some forms of pathology. So, which
conditions should be looked for and/or
treated first? Lightstone and Evans (1995)
addressed this issue by suggesting a se
quential management plan, which is sum
marized in Figure 16.1. This protocol is
conservative in that optometrists treat the
conventional factors first (e.g. refractive
errors and orthoptic anomalies), and only
try coloured filters once any conventional
anomalies have been corrected.

First appointment (16 September
1993)
The blurring of text and skipping of words
or lines and re-reading are non-specific
symptoms that could arise from a number
of conditions. The cover test reveals a fairly
large exophoria at near. Ideally, the
records should contain a comment on the
adequacy of the recovery movement. The
size of an exophoria is a poor predictor of
whether it is compensated, but the
presence of an aligning prism of 2~

strongly suggests that it is decompensated
(see Chapter 6). In addition to the Mallett
unit, another useful indicator of whether a
heterophoria is compensated is Sheard's
criterion. This says that the opposing
fusional reserve to blur point should be at
least twice the heterophoria (see Chapter
6). In this case, the convergent fusional
reserve to the blur point should be at
least 12-16~ whereas it is only 10~.

The NPC is also a little remote. Taken
together, these findings suggest a decom
pensated exophoria at near, as described in
Chapter 6.

The amplitude of accommodation is also
a little low, although 8 D should allow com-
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fortable reading at 30 ern. A criticism is that
the accommodative lag was not tested.
Push-up near point of convergence exer
cises might be expected to improve the NPC
and perhaps to improve the amplitude of ac
commodation and the convergent fusional
reserve. The latter effect might help the
patient to overcome the exophoria.

Second appointment
(8 November 1993)
Compliance with the exercises appears to be
good. An improvement in symptoms is ob
viously good news, but could result from a
placebo effect. It is much more encouraging
if there is also an improvement in clinical
tests, especially those for which the patient
could not predict a 'good' response and
which are dissimilar to the procedures
used in the exercises.

There has been an improvement in the
NPC and stereo-acuity, but although the
Mallett unit result has improved it is still a
little unstable. The fusional reserve and
amplitude of accommodation have not
improved and, if anything, have worsened.
The patient was therefore given the Insti
tute IFS exercises (see Chapter 6 to treat
the convergent fusional reserve).

Third appointment
(20 December 1993)
The reading age appears to have improved
by 9 months in an interval of only 3
months. Such reports are always encourag
ing, but caution needs to be exercised
because of the large margins of error that
are associated with measurements of the
reading age and because of the possibility
of placebo effects and non-visual factors.

The cover result is unchanged, and this is
to be expected. There have been improve
ments in: the stability of result in the
Mallett OXO test, convergent fusional
reserves, foveal suppression (binocular
status) test, stereo-acuity, and amplitude
of accommodation. The patient now passes
(Chapter 6) Mallett's criterion (no slip on
OXO test) and Sheard's criterion (fusional
reserve that opposes the heterophoria at
least twice the heterophoria). There is no
foveal suppression, and Steven achieves
the test ceiling of the Randot circles test.
The amplitude of accommodation is still
below age norms, but likely to be adequate
for sustained reading. It is again unfortu
nate that the clinician did not assess the ac
commodative lag. It may also have been
useful to assess the accommodative

facility, although this test has been criti
cized (Kedzia et al., 1999).

It was felt at this time that the binocular
and accommodative function were within
acceptable limits and were unlikely to
benefit from any further treatment. At this
stage Steven was tested with the Intuitive
Overlays (IOO Marketing Ltd, London),
which are a screening tool for Meares
Irlen syndrome. Steven showed a consis
tent response to this testing, and was
issued with an overlay of his preferred
colour. Patients are instructed to use the
overlay ifand when it helps. If there is a vol
untary sustained use and parents or
teachers notice an improvement in reading
fluency, then patients are instructed to
return for testing with the intuitive colori
meter.

Fourth appointment
(31 March 1994)
Steven had found the overlay to be helpful
and was still using it after 6 months. Refrac
tive findings were unchanged, and the
orthoptic status was within acceptable
limits. He was tested with the intuitive col
orimeter (Cerium Visual Technologies,
Tenterden). This is an instrument, devel
oped by Professor Arnold Wilkins whilst he
was at the MRC Applied Psychology Unit,
which allows practitioners to determine
the optimal colour of lens for a person to
use. For reasons relating to colour adapta
tion this is likely to be different to the
optimal colour of overlay, and a recent
study showed that it is inappropriate to pre
scribe coloured glasses to match an overlay
colour (Lightstone et al., 1999). Steven
showed a consistent response to this
testing, and was issued with a prescription
for precision tinted spectacles.

Fifth appointment (l December 1994)
Eight months after being prescribed preci
sion tinted glasses, Steven reports using
them frequently and describes an improve
ment in symptoms. A recent clinical audit
at the Institute of Optometry investigated
whether patients were still using their spec
tacles 1 year after prescribing (Evans et al.,
1999). More than 80 per cent of those who
were prescribed precision tints were
wearing them daily, which compared
favourably with data for non-tinted spec
tacles.

Steven's refractive and orthoptic status
are unchanged and the improvement in his
fusional reserves following the exercises

has been maintained. Accommodative am
plitude is still a little low, but the accommo
dative lag is within normal limits,
suggesting that the accommodative
accuracy is adequate for accurate reading.

The chromaticity of his optimal coloured
filter was checked with the intuitive colori
meter, and the result was unchanged. He
was advised to continue as now, and to
return for annual checks. The precision
tint that a person needs can change with
time, and this is usually checked on a
yearly basis, or sooner if problems occur.

Additional notes
This case has been selected because it illus
trates the most common aspects of opto
metric involvement in managing people
with specific learning difficulties. Many
people with these difficulties have perfectly
normal visual function and require no op
tometric treatment. Some patients have
ocular motor problems (binocular or ac
commodative) and these people frequently
have their symptoms cured by optometric
treatment, such as eye exercises. Other
cases have Meares-Irlen syndrome and
require coloured filters to alleviate their
symptoms. The interesting feature of this
case is that Steven required orthoptic exer
cises and coloured filters to alleviate his
symptoms fully.
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Multiple choice questions

There is one correct answer to each repeat the measurement three D latent or manifest
question times E all of the above

D convergence can apparently fail if
the near point of accommodation 2 Treatment for comitant eye

is poor deviations may involve:

Chapter 1 E increasing NPC on repeated A surgery

testing suggests investigation for B refractive correction

1 Which of the following could NOT ill-sustained convergence may be C vision training

be a symptom of decompensating required D manipulation of the refractive

heterophoria? correction

A closing one eye when reading
5 Which of the following is TRUE in E all of the above

B intermittent diplopia
relation to suppression?

C monocular diplopia
A physiological suppression occurs 3 A non-specific (basic) exophoria

D sensitivity to light
naturally is:

E intermittent blurring at distance
B suppression can vary in its A greater at near than distance

intensity B greater at distance than near.

2 The best way to assess vision in a C various tests need to be employed C the same size at distance and near

pre-school child with suspected to assess the depth of suppression D variable with time

amblyopia is: D suppression may be present in E difficult to manage

A Snellen chart cases of high heterophoria

B Cambridge Crowding Cards E all of the above 4 Which ofthe following is the most

C LogMARcharts
appropriate term to describe an

D Frook's cube
6 Which ofthe following is TRUE? esotropia which occurs within the

E single-letter Illiterate E test
A eccentric fixation can be assessed first 6 months of life?

using an ophthalmoscope and slit A infantile
3 Which ofthese statements about aperture B congenital

the cover test is TRUE? B standard notation is used for the C acquired
A speed is essential to maintain the classification of the position of D accommodative

patient's attention fixation in eccentric fixation E cyclic
B suppression is easily detected C unharmonious ARC is considered

C if there is no movement there is no to be an artefact of clinical testing 5 A microtropia is:

heterophoria or squint D three per cent of the population A an eye deviation equal to or less

D it can distinguish between a are stereo blind than 10° in size

squint and heterophoria E the speed of performing a stereo B manifest

E use of the prism cover test test is not related to the quality of C often associated with a latent

utilizing trial case prisms held stereopsis component

together is an accurate way to D associated with peripheral

measure the phoria or squint stereopsis

angle Chapter 2
E all of the above

4 Which of these statements about 6 A patient who demonstrates an
the near point of convergence 1 Comitant eye deviations can be increase in angle of greater than
(NPC) is FALSE? classified according to which of 10° base-in for near fixation with

A a near point of convergence of the following criteria? +3.00 D lenses is best described
8 ern is not acceptable A eye position and movement during as:

B sustained convergence at cover-test A malingering

15-20 ern is normal B fixation distance B a fully accommodative esotrope

C use a 6/9 equivalent letter and C primary or secondary C exhibiting divergence-insufficiency



3 A high AC/A ratio can be treated
4- Fusional reserve exercises: by using:

A should employ a wide range of A atropine occlusion
targets B bifocals 2

B should not be used to treat C surgery to resect the medial recti
strabismus 0 exercises

C ideally use stereoscopes or E minus lenses
haploscopes

4- Which is an incorrect statementD have not been investigated by
randomized controlled trials in normal measurements of the

E are not well-suited to community amplitude of convergent fusion?

optometric practices A the blur point should be about 3
17Ll base- out at near

5 Intractable diplopia: B the recovery point should be
A is a sensory adaptation to larger than the blur point

strabismus C there will be diplopia at the
B is a sensory consequence of recovery point if there is no

heterophoria suppression

2 Sensory factors in binocular Chapter 4
vision anomalies:
A should be treated after motor I The form of convergence which is

factors most amenable to training is:
B include ARC and suppression A proximal
C do not respond to orthoptic 13 voluntary

exercises C fusional
D respond best to treatment over the 0 accommodative

age of 6 years E tonic
E should always be referred for

surgery 2 Which of the following statements
is correct?

3 In exophoria, the motor deviation: A the AC/ A ratio reduces with age
A should always be treated before B fusional convergence decreases

sensory factors with age
13 should only be treated if there is C the speed of convergence is twice

poor cosmesis that of accommodation
C can be treated by inverse prisms 0 accommodation is more precise
D cannot be treated in patients than convergence

outside the sensitive period E the stimulus for accommodation
E is most suitable for orthoptic provokes convergence

exercises when less than 20~

128 Multiple Choice Questions

D a simulated divergence-excess
exotrope

E a non-specific exotrope

Chapter 3

I Infantile esotropia syndrome:
A is corrected by a full plus

refractive correction
13 is corrected by a full plus

refractive correction with bifocals
C is grown out of by about the age of

2 years
D is not amenable to optometric

correction and requires early
referral

E is inoperable because the eye is
growing

C can only be eliminated with
surgery or occlusion

D is almost invariably the result of
inappropriate orthoptic exercises

E is a frequent finding in strabismus
that first occurs in adulthood

6 Strabismic amblyopia:
A will be eliminated if the visual

axes are straightened by full
refractive correction

B is a consequence of abnormal
retinal correspondence

C is a consequence of suppression
D will always improve to at least 6/9

if treated with full-time occlusion
before age 5 years

E can be managed in optometric
practice

D the break point should be 30-40Ll
base-out at near

E the recovery point indicates the
quality of fusion

5 In treating convergence
insufficiency with suppression at
the near point, which exercise
will be ineffective in
antisuppression?
A pen torch as a target for 'pencil to

nose exercises'
B red filter over one eye and use a

pen torch for 'pencil to nose'
exercises

C reading with the suppressing eye
D red filter over the suppressing eye

and sing a red pen to write or
colour

E physiological diplopia using gross
targets

6 If exercises for convergence
insufficiency are not advisable,
which option would be the least
beneficial?
A minus lenses
B prisms base in for near
C Occlude one eye for reading
D increased addition for near
E bi-medial resection surgery

Chapter 5

I Distance heterophorias of normal
binocular subjects:
A are normally disributed
B increase with age
C induce fixation disparity
D are asymptomatic
E are more exophoric than their

near phorias

The AC/A ratio is likely to be high
in:
A hypermetropia
B myopia
C convergence excess
D divergence excess
E decompensated heterophoria

A near point of convergence of
IDcm is:
A unusual in an adult
B a sign of convergence insufficiency
C rare in myopia
D a sign of convergence excess
E normal
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4 Orthoptic exercises work by: B a heterophoria that is greater at C usually crossed in esotropia
A strengthening the extraocular near than at far D when the patient perceives one

muscles C an unstable heterophoria and low object simultaneously as being in
B improving vergence control fusional reserves two different visual directions
C changing the AC/A ratio D a stable heterophoria and low E when the patient is confused
D increasing the blood supply to the fusional reserves

eye E a strabismus on the Mallett unit 2 Which of the following is not

E increasing the depth of focus of fixation disparity test, but not on sometimes a cause of diplopia?
the eye cover testing A strabismus

B cataracts
5 A decompensated phoria is 4 Which of the following statements C suppression

unlikely to be associated with: is true about convergent fusional D metamorphopsia from macula
A reduced stereo acuity reserve exercises? lesions
B a fixation disparity A their use has been supported by E migraine
C a headache first thing in the randomized controlled trials

morning B their use has been invalidated by 3 Below are some treatments that
D a poor quality cover test recovery randomized controlled trials can sometimes be used for
E a near point of convergence of C their use in children, but not diplopia of different origins.

20cm adults, is proven Which is inappropriate?
D they can only be successful in the A refractive correction for diplopia

6 Divergence excess can be sensitive period from an uncorrected refractive
managed by over-minusing if: E they should be carried out in error
A the patient is over 45 years old hospital departments where B surgery for an incomitant
B the patient will tolerate bifocals synoptophores are available deviation
C the patient is young and has a low C surgery for a dislodged intraocular

AC/A ratio 5 Which of the following is not a lens
D the patient is young and has a goal of the Institute Free-space D refractive correction for recent

high AC/A ratio Stereograms? onset comitant strabismus
E the patient is young and a myope A to encourage patient enthusiasm E surgery for physiological diplopia

with novel 3-D images
B to allow the parent to instruct the 4 Which of the following is least

Chapter 6
child, through the use of detailed likely to be a cause of intractable
instructions diplopia?

C to check progress with self-test A strabismic amblyopia
I Which of the following is not true? questions B unsuccessful surgery on a late

The term convergence D to use a variety of stimuli onset strabismus
insufficiency is sometimes E to slow down the progression of C horror[usionis
used to describe: myopia D retinal distortion following
A a remote near point of

detachment
convergence 6 Which of the following is the least

sensory fusion disruption
B a problematic convergence important factor in the list to E

weakness exophoria consider when selecting patients syndrome

C reduced positive fusional reserves for fusional reserve exercises? 5 Which of the following is least
D decompensated exophoria at near A age of patient likely to succeed in treating
E an exophoria at VDU distance but B motivation intractable diplopia?

not at reading distance C ability to understand the exercises A eye patch
D availability of time to do the B Bangerter foils2 Which of the following is not a exercises

symptom of decompensated whether the patient is strabismic
C hypnosis

E D occlusive contact lensheterophoria? or heterophoric E flashing light treatment on aA blurred vision
B double vision synoptophore

C tendency to cover one eye Chapter 7 6 Which of the following statements
D headache is true? Clinical hypnosis:
E a benefit from coloured filters

1 Which statement is true? Diplopia A is an intervention in which the

3 Which of the following is the most is: practitioner takes over and

accurate description of binocular A when the patient sees two objects controls the subject's mind

instability? superimposed on each other B is invariably characterized by a

A a heterophoria that is greater at B always eliminated by closing one deep trance of which the subject

distance than at near eye will have no recollection
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C can only be practised by medical
doctors and dentists

]) requires the co-operation of the
subject

E can be used to change perceptions,
but not to make physiological
changes

Chapter 8

1 In clinical practice, suppression is
generally considered to be:
A an abnormal physiological process

of monocular vision
B inhibition of the fixing eye in

strabismus
C an interocular inhibitory process
D an interocular excitatory process
E a phenomenon of retinal rivalry

2 Clinical tests for suppression
must:
A present binocular and monocular

information to the two eyes in the
presence of binocular viewing

B be able to differentiate between
retinal rivalry and strabismic
suppression

C present images to the two eyes
using anaglyphic or vectographic
methods

D be able to detect very shallow
suppression

E present binocular information to
the two eyes

3 The characteristic suppression
zone in a patient with constant
strabismus is classically described
as:
A central, encompassing the fovea of

the deviating eye and extending to
about 50

B central and circular in shape,
encompassing the fovea of the
deviating eye and the zero point

C in the shape of a D, encompassing
the fovea of the deviating eye and
zero point

D in the shape of a D, surrounding
the fovea of the deviating eye

E peripheral and in the shape of a D,
surrounding the fovea of the fixing
eye

4 A suppression response on the
Worth dot test would be:
A four dots seen - one red, two

green and one alternating 2 Which of the following statements
between red and green about the Bagolini striated lens

B five dots seen - two red and three test is not true?
green A in alternating strabismus, two

C two dots seen - two green lenses are used at 45° to one
D four dots seen - two red and two another

green B the central part of the streak may
E either two dots or three dots seen - be suppressed in HARC

two red or three green C it should be combined with a
cover test

5 The mirror-pola technique for D the depth of HARC can be
assessing suppression: measured by using a ND filter in
A relies on the patient keeping one front of the strabismic eye

eye closed during testing E the depth of su ppression can be
B utilizes crossed polarizing filters measured by using a ND filter in

and a mirror front of the strabismic eye
C has as its basis Hering's law of

equal innervation 3 Which one of the following
D cannot be used successfully with statements is most true?

children A the Mallett standard fixation
E is not useful for patients with disparity test is a reliable method

strabismus of diagnosing HARC and

6 Practitioners should only treat suppression

suppression: B the modified OXO test is about two

A if they are sure that the patient to three times as sensitive as the

wants the treatment Bagolini test for detecting HARC

B in the presence of a manifest C the modified OXO test should be

strabismus carried out with the room lights

C if they are confident of treating the darkened

underlying cause of the D a Bagolini lens test can be carried

suppression out with a Maddox rod

D if they can be sure that they will E very deep and very superficial

eliminate the suppression HARC are not very likely to

E in the presence of a require treatment

decompensated heterophoria or
4 Which one of the following is theanisometropia

most accurate statement? The
habitual angle of strabismus:
A can be estimated with the cover/

uncover test

Chapter 9
B can be estimated with the

alternate cover test
C is much less than the angle of

I Which of the following statements anomaly if there is HARC
is not true about binocular D is less than the angle of eccentric
sensory status in strabismus? fixation
A suppression and ARC develop E becomes the total angle of

usually before the age of about 6 strabismus when HARC changes
years to suppression

B eccentric fixation is invariably
associated with ARC 5 Which of the following is the least

C in strabismus over 2 5~, important for the successful
suppression seems to dominate treatment of HARC?

D the correction of significant A having both streaks perfectly
refractive errors can influence the aligned
sensory status as well as the motor B clear retinal images in both eyes
deviation C a well-motivated patient

E more naturalistic tests detect ARC D an age of onset of the strabismus
in a higher proportion of cases of greater than 2 years
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E a readily correctable motor 6 By the end of the first year of life B treat with vision therapy
deviation a refractive error of> +3.50D5 C correct any refractive error

6 Which of the following visual
has been found to be present in D review in 6 months
about:

conditions do not affect retinal
A 2% of infants

correspondence?
B 5% of infants Chapter 12A the degree of dissociation

B the constancy of the deviation
C 10% of infants

C the relative illuminance ofthe
D 15')\, of infants 1 Which feature of a Hess plot is not

retinal images
E 20% of infants seen in a mechanical deviation?

D the patient's reading skills A over-action of the contralateral

E the retinal area that is stimulated Chapterll
synergist

B limitation of movement in one or
more directions in the same eye

Chapter 10 1 Microtropia is always: C over-action of the direct
A an eso-deviation antagonist

1 What is the maximum eccentricity
B an exo-deviatlon D closeness of the inner and outer

of fixation of an amblyopic eye that
C a hyper-deviation fields

has a visual acuity of 6/9 (20/30)?
D it can be any of the above E the primary and secondary

A IA 2 In microtropia the angle of deviations

B 2A deviation is usually: 2 Which of the following is a false
C 3A A so small it can never be statement?
D 4A determined A the right superior rectus and the
E SA B 2A or less right inferior oblique are

2 The prevalence of amblyopia in
C between 1 and lOA synergists

children is about?
D cosmetically obvious B the right superior rectus and the

A 2% 3 For microtropia without identity, right superior oblique are

B 3% conducting the unilateral cover synergists

C 4% test: C the right superior rectus and right

D 5% A demonstrates ocular movement of inferior rectus are synergists

E 6% the heterotropic eye D the right superior rectus and the

B demonstrates no ocular movement left inferior oblique are yoke
3 The 2 log-unit neutral density of either eye muscles

(ND) filter distinguishes between: C provides no useful information E the right superior rectus and right
A organic and functional amblyopia

D is never affected by peripheral inferior oblique are yoke muscles
B strabismic + anisometropic and

organic amblyopia
fusion effects 3 Which part of the muscle sequelae

C strabismic +organic and 4 When the angle of the deviation is is primarily responsible for the

anisometropic amblyopia equal to the angle of eccentric presence of the secondary

D normal vision and amblyopia fixation: deviation on cover test?

E anisometropic + organic and A there is never an absolute scotoma A under-action of the affected

strabismic amblyopia present muscle

B there is no movement on the B over-action of the contralateral
4 Central supression seems to cover-uncover test synergist

reduce VA: C the patient should be referred C over-action of the direct
A up to 1" from the fovea

D a course of vision therapy is antagonist
B up to 2° from the fovea required D inhibitional palsy of the
C up to 5" from the fovea contralateral antagonist
D up to ] 0° from the fovea 5 What is the best type of fixation E the spread of comitance
E up to 15° from the fovea target to use during the 4A prism

test? 4 Which statement is untrue of
5 Acuity is subnormal in the A a small, near, detailed target Brown's syndrome?

strabismic eye of infantile B a large, distant, detailed target A it is often associated with small
esotropes who are subsequently C a small, near, featureless target compensatory head postures
found to be amblyopic: D an angular target on a featureless B it may be acquired
A from birth background C there is a contralateral superior
B from four months rectus over-action
C from eight months 6 If a 5-year-old patient presents D it mimics a superior oblique
D from] 6 months with a microtropia, it is best to: weakness
E from 24 months A refer immediately E duction testing reveals incomplete
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ocular rotation on elevation in movements during the motility Chapter 14
adduction test

Pigure 12.4b shows a Hess chart
B the same patient may exhibit 1 At what age can stereopsis be

5 different tppes of nystagmoid eye demonstrated in a normal infant?
plot of a left Duane's syndrome. movements on different occasions A At birth
Which of the following statements

C visual performance in nystagmus B 1-2 months
is true of this example? usually improves when the patient C 3-4 months
A the secondary deviation is tries hard to see better D 6 monthsodegrees

D the visual impairment in E 12 months
B the secondary deviation is nystagmus shows a strong

2 degrees correlation with the type of
2 When deciding which test to use

C the secondary deviation is
nystagmoid eye movements

to investigate binocular single
3 degrees

E nystagmus is always the result of
vision (BSV) which of the

D the secondary deviation is
a defect in the sensory visual

following factors is NOT an
S degrees important consideration?

E the secondary deviation is
system

A the grade of BSVbeing assessed
8 degrees 4 Which of the following statements B the patient's visual acuity

6 The least likely clinical is true? C patient co-operation

presentation of an acquired defect A randomized controlled trials are D patient age

is: not necessary to evaluate E the presence of an abnormal head

A unilateral superior oblique palsy treatments for nystagmus because posture

B unilateral inferior oblique palsy the effect on eye movements can 3 Which of the following statements
C bilateral inferior oblique palsy be recorded objectively about the Worth light test is
D bilateral superior oblique palsy B randomized controlled trials have incorrect?
E bilateral lateral rectus palsy shown most nystagmus A five lights seen indicates the

treatments to be effective presence of harmonious retinal
C randomized controlled trials have correspondence (HARC)

Chapter 13 shown vision therapy for B five lights seen indicates the
nystagmus to be effective presence of diplopia

1 Which statement is true? Latent D randomized controlled trials are C four lights seen indicates BSV
nystagmus: not necessary for surgery because D three lights seen indicates right
A is much worse when one eye is a mechanical manipulation is suppression

covered being made E two lights seen indicates left
13 changes the direction of the eye E none of the above suppression

movements when alternate eyes 5 Which of the following statements 4 Botulinum toxin CANNOT be used
are covered is true? Congenital idiopathic for which of the following?

C may be visible when neither eye is nystagmus: A to reduce the angle of strabismus
covered A is presumed to be caused by a and allow sensory investigation in

D is more intense when the fixing defect in the motor pathway free space
eye abducts B is presumed to be caused by a B to investigate the presence or

E all of the above defect in the sensory pathway absence of fusion before deciding
2 Which statement is true? The C is presumed to be caused by an on surgical treatment

Nystagmus Network is: early interruption to binocularity C in combination with EMG
A a description of the neural D can be diagnosed on the basis of recording to confirm the presence

network anomaly that causes dilated ophthalmoscopy and ofmiswiring in Duane's syndrome
nystagmus testing for iris transillumination D to relieve the symptoms associated

B an annual conference E none of the above with a third nerve palsy
C a group of vision scientists

6 Which of the following statements
E to restore fusion

researching nystagmus
D a type of eye movement equipment

is true? The term 'null position' 5 Botulinum toxin injection

for measuring eye movements in can be used to describe: CANNOT be used therapeutically

nystagmus A the position of gaze in which the in which of the following

E a support group for people with nystagmus is reduced conditions?

nystagmus B a reduction in nystagmus on A in acquired nystagmus
convergence B in patients with congenital

3 Which of the following statements C a reduction in nystagmus that nystagmus
is true? may occur for a few seconds C to restore fusion
A nystagmus can be reliably D all of the above D in the rehabilitation of patients

classified by observing eye E none of the above with cosmetic nystagmus



] Which statement is true? Parks'
three-steps test:

5
A is a method of diagnosing a palsy

of the abducens nerve
B is a method of differentially

diagnosing vertical from
horizontal deviations

C is a way of analysing a Hess
screen result

D is a method of differentially
diagnosing which vertical muscle
is under-acting

E is a method of differentially
diagnosing which horizontal
muscle is under-acting

2 Which statement is true?
Incomitant deviations:

6A always need surgery
B always need prisms
C never need surgery
D never need prisms
E none ofthe above

3 Which of the following statements
is true? Congenital nystagmus:
A is always associated with a

reduced eye movement amplitude
at near

E as an adjunct to strabismus
surgery

6 For successful administration of
botulinum toxin, attention needs
to be directed at:
A patient preparation
B toxin preparation
C injection technique
D post-injection management
E all of the above

Chapter 15

] Which of the following is not
involved with oculomotor control:
A vestibular apparatus
B superior colIiculus
C frontal area of the cortex
D hypothalmus, or
E occipital area of the cortex?

2 Which one of the following tests is
least useful in the pre-operative
assessment of a squinting patient:
A cover test
B motility
C ACIA ratio
D fusional reserves. or
E assessment of optic-nerve

function?

3 Which one of the following is not
a surgical procedure used in
squint surgery:
A weakening procedures
B strengthening procedures
C scleral buckling
D resection. or
E recession?

4 To correct an exotropia of 30~,
which ofthe following applies:
A the LRis recessed 7 mm
B the LRis recessed 7 mm and MR

resected 6 mm
C the MR is recessed 7 mm

D the MR is recessed 7 mm and LR
resected 6 mm, or

E the LR is resected 7 mm?

5 Which of the following
parameters may not have a
functionai implication for
strabismus surgery:
A variation in muscle-fibre

population
B force of contraction
C optic-nerve fibre density
D innervation. or
E proprioception?

Chapter 16
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B is always associated with albinism
C is always associated with

nystagmus blockage syndrome
D all of the above
E none of the above

4 Which of the following statements
is true? In MEM retinoscopy:
A retinoscopy is carried out in the

horizontal meridian
B MEMstands for minimum

equivalent minus
C lenses should be presented for

5-10 seconds to allow the patient
to adapt

D lenses should be presented
binocularly

E if negative lenses are required this
indicates accommodative lag

Which of the following statements
is true? Binocular instability:
A is characterized by low fusional

reserves and accommodative
infacility

B is characterized by low fusional
reserves and an unstable
heterophoria

C is characterized by low fusional
reserves and a need for tinted
lenses

D is best ignored if a child needs
coloured filters

E is associated with crossed hand
and eye sighting dominance

Which of the following statements
is true? Meares-Irlen syndrome:
A is associated with symptoms of

asthenopia and visual perceptual
distortions

B is treated with coloured filters
C is only treated after any

conventional optometric problems
have been corrected

D all of the above
E none of the above



Answers to multiple choice
questions

Chapter 1 system in managing the best level a associated overlying 'phone
patient is able to achieve. component that can be elicited using

1 C Since monocular diplopia is not a the alternate cover test. Central

binocular function it cannot be a sign stereopsis is absent, but there is

of decompensating heterophoria. Chapter 2 usually a gross form of peripheral

2 B Single-letter acuity is often better in
stereopsis.

amblyopes and should be used with 1 E Comitant eye deviations can be 6 D The definition of a divergence

caution. Line acuity is the preferred categorized according to eye position excess exotropia is that the deviation

method of assessment in order to take and eye movement during the cover- is 7° smaller for near than distance

into consideration the crowding uncover and alternate cover test, e.g. fixation. If the deviation at near

phenomenon. Cambridge Crowding eso- or exo-, They can also be grouped increases by 10° base-in through

cards are designed for pre-school according to whether the deviation +3.00 D lenses, then the subject was

children although there are other tests varies with target distance, and using accommodative convergence to

that also do this, they are not whether the deviation is primary or control the deviation and mask the

mentioned in the text specifically. secondary to another eye nature of the deviation at near, i.e.
the deviation is really the same at

3 D The cover test is the best method complication or surgery. They can
distance and near and is more like a

available to differentiate between also be divided into latent and
non-specific exotropia. This deviationmanifest deviations, i.e, 'phorias andsquint and heterophoria. Answer C

'tropias is most correctly described as
appears at first sight to be correct if it simulated divergence excess.
were not for the fact that there could 2 E Those deviations that do not have a

be no movement with a central refractive element often have to be

suppression zone. Under these treated using surgery; those with a

circumstances a micro-strabismus refractive element are often amenable Chapter 3
may be present which would be to correction with spectacles or

undetected. For this reason the cover contact lenses and/or orthoptic eye 1 D Strabismus with an age of onset
test should be used in conjunction exercises. Decompensated 'phorias before 1 year is most commonly
with a 4~ base-out test. may also involve orthoptic eye infantile esotropia syndrome (or

4 A Failure values of this test are quoted
exercises, but can be treated using congenital strabismus). Some authors

as being over 8 ern.
small spheres or prisms to manipulate further classify these cases as
the accommodative or vergence 'essential infantile esotropia',

5 E All the statements are true. systems. nystagmus blocking syndrome, or a
h C While an ophthalmoscope can be 3 C An exophoria that has the same size sixth nerve palsy. None of these types

used to assess eccentric fixation, red at distance and near, as revealed by of strabismus will respond to
free light and the aperture which the alternate cover test, is described as optometric treatment, regardless of
contains a fixation target is used. non-specific (or basic), and is unlikely the age at which the patient is seen.
Standard notation is used to specify to have an accommodative or When these types of strabismus are
cyl and prism axes in optical refractive element. found in young children, they should
prescriptions but eccentrix fixation is 4 A This type of deviation is very rarely be referred urgently for a surgeon's
described as being steady or unsteady present at birth and therefore it is opinion. If the patient is over the age
and fixation relative to the fovea is inappropriate to describe it as of 6 or 7 years, it is unlikely that
described using the familiar NITS congenital. It is best described as anything other than a cosmetic
notation. (Nasal, inferior, temporal or infantile. improvement will result. Infantile
superior). Two per cent of the 5 E A microtropia is often characterized esotropia may be caused by an innate
population is stereo blind and the by a small manifest component with defect of fusion. Sometimes an
speed of performing a stereo test gives the cover-uncover test (microtropia accommodative strabismus occurs
an indication of the efficiency of the without identity), but often has an under the age of 1 year, but this is not
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strictly described as infantile esotropia haploscopes can be used, but in most Chapter 4
syndrome. In true infantile esotropia cases other methods are just as
syndrome, refractive correction is suitable and may be more convenient. 1 C After tonic convergence, proximal
unlikely to have a major effect on the Double-blind, randomized, placebo- convergence and accommodative
strabismus. The myth that children controlled trials have been used to convergence have all played their
will 'grow out' of a constant validate fusional reserve exercises. part, the final adjustment to gain
strabismus has caused many cases of although more research with larger single vision is made by fusional
amblyopia to remain untreated. group sizes would be advantageous. convergence (or divergence). Deficits
Binocular co-ordination is usually There is no reason why fusional in fusional convergence (or
well developed by the age of about 4 reserve exercises cannot be a part of divergence) will cause diplopia in an
months, and the eyes should be the routine optometric care provided adult or a tropia with suppression in a
straight by this age. in community optometric practices. young child. Smaller errors of fusional

2 B A distinction can be drawn between Some research suggests that the use of convergence (or divergence) will
the motor system that co-ordinates a wide range of different targets helps cause asthenopic symptoms associated
movement ofthe eyes and the sensory the benefit from fusional reserve with a concentrated visual task or
system through which the brain exercises to extend better into lack of interest and poor achievement
receives and integrates the two everyday life. in a schoolchild. Orthoptic exercises
monocular signals. Anomalies in the

5 E Intractable diplopia is a sensory will increase the amplitude offusional
sensory system can be caused by such

consequence of strabismus, but is convergence to normal levels of 30d-
factors as a loss of clarity of the optical

disadvantageous and is therefore not 40d base-out at near and 14d-16d
image in one or both eyes, an image

a sensory adaptation. Heterophoria is distance.
larger in one eye than the other

not usually associated with diplopia, 2 E Accommodative convergence is the(aniseikonia), anomalies of the visual
pathway or cortex, or central factors

although diplopia can be a feature of form of convergence that is produced

in the integrating mechanism.
intermittent strabismus. Surgery and by accommodation. The relationship

Difficulties in the co-ordinating
occlusion are two common methods of of the amount of accommodative

mechanism of the motor system can
managing intractable diplopia, but are convergence produced per dioptre of

also be accompanied by adaptations
not the only successful methods of accommodation is given by the AC/A

and anomalies in the sensory system,
management. Intractable diplopia can ratio. Although accommodation

such as reduced stereopsis,
result from inappropriate orthoptic decreases with age, the AC/A ratio

suppression, abnormal retinal
exercises, but this is extremely rare stays the same, indicating that it is the

correspondence, or amblyopia. In
and very unlikely. Strabismus that stimulus for accommodation that

some cases these may occur in order
occurs after the end ofthe sensory produces the convergence rather than

to lessen the symptoms caused by the
period for binocularity is often the actual amount of accommodation

motor anomaly, but they are still
associated with intractable that takes place. It is virtually

sensory factors. The order of
diplopia. impossible to accommodate without

treatment depends on the particular 6 E Except on the rare occasions where converging.

case, as described in the text. When a strabismic child is seen just after the 3 B A high AC/A ratio will usually give
treatment is appropriate, sensory onset of the strabismus, correcting the an esophoria or esotropia of the
factors can be treated with orthoptic deviation will not usually eliminate convergence excess type (esophoria or
exercises, preferably before the age of the amblyopia. The aetiology of esotropia that is greater for near). The
h years. strabismic amblyopia is not fully only way to permanently alter a high
E Sensory factors do not usually need understood, but since it can occur in AC/A ratio is by a bi-medial recession,
to be treated in exophoria. Cosmesis is cases without ARC or in other cases but if the AC/A ratio is not too much
not usually a factor unless there is an without suppression it is unlikely to higher than normal (i.e, 4 : 1 to 7: I),
intermittent exotropia, but compared be the consequence of these bifocals can be used to lessen the
with exophoria this is relatively rare. conditions. The outcome of treatment amount of accommodation necessary
Inverse prisms are not used to treat is varied and, particularly when the and thereby lessen the convergence
exophoria. The motor deviation can strabismus occurred at a very young exerted. However, there are two
be treated at almost any age, as long age, improvement to 6/9 is not always requisites for the use of bifocals: they
as the patient is motivated and possible. Strabismic amblyopia has are only suitable in cases without
understands what is required. been treated in optometric practice for suppression and where the addition
Occasionally large exophorias can be many decades, and the primary care required to adequately reduce the
treated, but they are most suitable for setting is well suited to this type of convergence does not give an
treatment when under about 20d. treatment. Patients should be impractical near working distance. If

4 A Fusional reserve exercises can be monitored carefully, and cases that do these conditions are met, bifocals can
used to treat strabismus, although this not improve should be referred to relieve the convergence and enable
is harder than the treatment of exclude the possibility of development of adequate negative
heterophoria. Stereoscopes or pathology. fusional reserves.



4 C The correct statement should be:
there will be diplopia at the break
point if there is no suppression. The
amplitude of convergent fusion is
measured by increasing the prism
base-out in front of one or both eyes
and the amplitude of divergent fusion
is measured by increasing the prism
base in. Rotary prisms can be used for
this purpose. but the easiest method is
to use a prism bar in front of the
better eye.

S D A red filter over the suppressing eye
and using a red pen to write or colour
would be ineffective as an anti
suppression exercise.

o A Minus lenses would increase the
amount of accommodation required
and thereby the amount of
convergence, in a situation where
there is already poor convergence.
Although in theory children have
large amounts of accommodation and
therefore should be able to cope with
minus lenses to increase their
convergence, in practice this rarely
works. With rare exceptions, patients
are much happier wearing their
normal correction and having their
inadequate fusional reserves treated
by exercises. Where this is not
possible. prisms, a near addition, or, if
the underlying exophoria is of
significant size, surgery is indicated.

Chapter 5

1 D The distance heterophorias of
normal binocular subjects are
asymptomatic. It is important to
emphasize, when discussing
decompensated heterophoria, that
most heterophorias are symptom free
and only a small percentage ofphorias
are decompensated.

2 C The AC/A ratio is likely to be high
in convergence excess. If
accommodating for a near target
causes a large esophoric shift (i.e.
convergence excess) then the AC/A
ratio is high. Note that in divergence
excess, although there is a large
esophoric shift from distance to near,
this is not caused by accommodation
alone. There seems to be a strong
element of voluntary control. Most
cases of divergence excess prove to be
simulated (i.e. after a period of

occlusion there is a large exo
deviation at near as well as at
distance and the AC/A is not a major
factor).

3 E A near point of convergence of
10 ern is normal. Some young normals
may have slightly better and some
elderly patients a little worse.

4 B Orthoptic exercises work by
improving vergence control. However
much of a couch potato one is, it is
difficult to envisage the extraocular
muscles being in need of exercise. The
problem in decompensated
heterophoria is lack of control. not
muscle weakness. Exercises break
down suppression and enhance
disparity analysis, leading to more
accurate vergence control. If there is a
weakness of a muscle then the cause
ofthe incomitance should be
investigated and, if appropriate, the
patient referred.

S C Decompensated phoria is unlikely
to be associated with a headache first
thing in the tnorning. Symptoms of
decompensated heterophoria are
associated with concentrated and
sustained use of the eyes, particularly
reading, VDUs, etc. The discomfort
tends to accumulate over the course of
the day.

o D Divergence excess can be managed
by over-minusing, if the patient is
young and has a high AC/A ratio. The
large exophoria at distance can be
controlled in some young patients by
over-minusing. Negative spheres are
added until the distance Mallett test
indicates compensation. The amount
of minus needed makes it obvious
whether the AC/A ratio is high
enough for this to be a practical
solution. As long as it compensates
the phoria, children are very tolerant
of over-minusing.

Chapter 6

1 E In the UKthe term convergence
insufficiency is perhaps most
commonly used to describe a remote
near point of convergence. In the USA
it is used more commonly to describe a
problematic convergence-weakness
exophoria (convergence weakness
implies that the heterophoria is
significantly worse at near than at
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distance). This might also be described
as a decompensated heterophoria at
near. Convergence insufficiency, by
both definitions, is often associated
with low convergent (positive)
fusional reserves. In convergence
insufficiency, again by both
definitions, an exophoria typically
increases as the target approaches the
patient. So the exophoria would be
worse at a typical reading distance
than at a typical VDUdistance, not
vice versa.

2 E The symptoms of decompensated
heterophoria and binocular instability
can be broadly classified into three
categories: visual perceptual
distortions (e.g. blurred or double
vision), binocular disturbances (e.g.
tendency to cover one eye) and
asthenopia (e.g. headache). Patients
with reading difficulties sometimes
have binocular instability and, even
after this has been successfully
treated, demonstrate a benefit from
coloured filters. However, a benefit
from coloured filters is not a typical
symptom of decompensated
heterophoria.

3 C Binocular instability is
characterized by an unstable
heterophoria and low fusional
reserves. Binocular instability is not
typically associated with a difference
between the distance and near
heterophoria. In severe cases of
binocular instability the heterophoria
can sometimes transiently break down
to a strabismus, for example on
repeated covering during the cover
test. However, this is less likely to
happen during an associating test,
such as the Mallett unit fixation
disparity test.

4 A More research, particularly with
larger numbers of patients with
binocular vision anomalies, is
desirable, but there is some evidence
from randomized controlled trials
supporting the efficacy of convergent
fusional reserve exercises. The
available evidence suggests that the
exercises can help patients of any age,
but they may take longer in the
elderly. Unlike the treatment of
amblyopia, there is no evidence to
suggest that fusional reserve exercises
are only effective in the sensitive
period. Dissociating instruments, such
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as synoptophores and stereoscopes, 2 C Strabismus, particularly when it is diplopia. As far as the author knows.
can be useful for more severe cases. oflate onset, can be a cause of there is no flashing light treatment to
However, less dissociating methods, diplopia. Cataracts can cause treat intractable diplopia.
such as polarized or free-space monocular diplopia. Suppression can 6 D In hypnosis, the subject's co-
approaches, may be more likely to exist as a sensory adaptation to operation is required and the
create an improvement that translates strabismus that occurs in childhood practitioner does not try to take over
into everyday life. and can prevent the patient from control of the subject's mind.

S E The Institute Free-space experiencing diplopia. Hypnosis does not necessarily involve

Stereograms are designed to Metamorphopsia from macula lesions a deep trance, and in clinical hypnosis

encourage patient enthusiasm by and migraine are both sometimes the subjects are usually encouraged to

using novel 3-D images, to allow the cause of diplopia. fully remember everything that

parent to instruct the child through 3 E Obviously, if diplopia results from happens when they are hypnotized.

the use of detailed instructions, to an uncorrected refractive error then Anyone can practise hypnosis, with

have the parent check progress with the appropriate treatment is to appropriate training. Ideally, the use

self-test questions. and to use a prescribe the refractive correction. If of hypnosis might be confined to

variety of stimuli. They have no an incomitant deviation is causing researchers and healthcare

known or anticipated effect on the diplopia. then a surgeon's opinion professionals who use it in the course

progression of myopia. should be sought as to whether it can of their professional work. However,

6 A Motivation is probably the single be corrected with surgery. A dislodged this is not the case, and the 'stage' use

most important factor influencing the intraocular lens can cause diplopia, of hypnosis has created many

outcome of fusional reserve exercises. and will again require a surgeon's undesirable public misperceptions.

Patients must also be able to attention. Some cases of recent onset There is some evidence suggesting

understand the exercises. They must, comitant strabismus can be managed that hypnosis does not just make

of course, have the time to do them, refractively. As always, the patients 'feel better' about a condition,

and it is sometimes worth postponing practitioner will need to be careful to but might actually create a

the exercises until after any upcoming exclude the risk of pathology in such physiological change.

examinations. Patients who had a cases. Physiological diplopia is a

decompensated heterophoria that has normal phenomenon and requires a

broken down to a constant strabismus careful explanation to the patient. Chapter 8
are generally much harder to treat with reassurance, but not surgery.

than patients whose are still 4 A Strabismic amblyopia is not a cause 1 C While suppression does occur in

heterophoric. The available research of diplopia. Attempting to treat retinal rivalry, in clinical practice

suggests that, although it is a factor, strabismic amblyopia in a person who suppression is more generally thought

the age of the patient is not a major is outside the sensitive period with of as a process of interocular

influence on whether the exercises full- time occlusion could, inhibition. where information in one

will work or not. conceivably, lead to diplopia: eye is inhibited to below threshold
although the 'mistreatment' of such a and. as a result. is not perceived by
case is extremely unlikely. the suppressed eye.
Unsuccessful surgery on a late onset 2 A The important feature of a clinical
strabismus can be a cause of test of suppression is that both

Chapter 7 intractable diplopia, as can retinal monocular andbinocular information
distortion following detachment. is presented to both eyes at the same

D (Figure 7.1a). Confusion is where Horror[usionis can be a cause of time. Suppression tests may use
the patient sees two objects intractable diplopia. It occurs when a anaglyphic or vectographic (e.g.
superimposed on each other. Diplopia strabismic patient cannot demonstrate Worth dot test, stereotests) methods.
can be monocular, for example from fusion. or even superimposition of but may also present images
some types of uncorrected refractive each eye's images, even when the separately using tubes (e.g.
errors or from certain cataracts. deviation is corrected with prisms or synoptophore). The different tests vary
Horizontal diplopia is usually crossed in a stereoscope. Patients with sensory in their ability to quantify the depth of
(heteronymous) in exotropia and fusion disruption syndrome can suppression. Some are very sensitive
uncrossed (homonymous) in achieve superimposition of each eye's to shallow suppression (mirror- pol a
esotropia. Diplopia occurs when the images. but cannot achieve fusion. test), while others can only detect
patient sees two images of one object: One of the images is often seen as relatively dense suppression (red lens
one object is simultaneously perceived being in constant motion. test).
as being in two different visual 5 E An eye patch, Bangerter foils and 3 C Suppression in strabismus exists in
directions. The patient (and occlusive contact lenses are all forms order to eliminate diplopia and
practitioner) can be confused in of occlusion that can be used to treat confusion. Diplopia occurs when the
diplopia, but this is not an essential intractable diplopia. Hypnosis can be fixation target is imaged onto non-
requirement! used in some cases to treat intractable corresponding points, the fovea in the



fixing eye and a non-foveal point in
the deviating eye (the zero point). In
addition. in order to eliminate
confusion where dissimilar targets are
imaged onto each fovea, the fovea in
the deviating eye is suppressed. The
resultant area of suppression in the
deviating eye has been classically
described as a D shape. extending
from the fovea of the deviating eye to
the zero point. However. the precise
size and shape ofthe suppression zone
depends, amongst other things, on
how it is measured. If a patient with a
large angle strabismus does not
demonstrate ARC and yet has no
diplopia or confusion. then they must
be suppressing the entire binocular
field of their strabismic eye.

4 E The Worth dot test uses an
anaglyphic method to assess
suppression. When the patient views
the target through appropriate filters,
the red circle is seen by the eye with
the red filter. the green circles are seen
by the eye with the green filter and
the white circle is seen by both eyes.
The white circle may appear red or
green. or alternate between the two.
The examiner then asks how many
dots are perceived and their colour. A
response of four dots - one red, two
greens and either a red or green (for
the white dot) - indicates normal
sensory fusion under those particular
test conditions and assuming no
manifest strabismus and normal
retinal correspondence. A response of
two red dots suggests suppression of
the eye with the green filter, and a
response of three green dots suggests
suppression of the eye with the red
filter. A response of five dots - two red
and three green - indicates diplopia.

5 B The mirror-pola or polaroid-mirror
technique is a simple method for use
with patients exhibiting suppression.
The technique requires only two
pieces of equipment. a plane mirror
and polarizing glasses. The basis ofthe
mirror-pola method lies in the
blocking of light by the polarizing
filters. As the filters over the right and
left eyes are arranged with their
polarizing material orthogonal to one
another. light from the right eye can
only be seen by the right eye and vice
versa.Consequently, the right eye
appears black when viewed with the

left eye and the left eye appears black
when viewed with the right eye.
Where there is no suppression, both
eyes can be seen.

6 C The treatment of suppression
depends on the reason for its
existence. Where suppression exists to
eliminate diplopia and confusion
present in strabismus, practitioners
should not treat the suppression
unless they are also prepared to either
treat the strabismus or deal with the
consequences of constant and possibly
intractable diplopia (particularly in
adults). Where suppression exists as a
consequence of decompensated
heterophoria or anisometropia, the
prognosis for a functional cure is
usually much better and treatment
should be within the scope of many
optometrists. Therefore, practitioners
should only treat suppression if they
are confident of also treating the
underlying cause of the suppression.

Chapter 9

1 B Eccentric fixation is not invariably
associated with HARC. Eccentric
fixation is a monocular sensory factor
in strabismus. This is self-evident
since eccentric fixation is measured
when the dominant eye is occluded
(i.e. under monocular conditions).
HARC is a binocular sensory
adaptation to strabismus, and usually
disappears under monocular
conditions. Patients who are
strabismic but do not have HARC (e.g.
patients with suppression) may still
have eccentric fixation. Rarely,
patients with HARC can have an
intermittent strabismus and might not
have amblyopia and hence not have
eccentric fixation. A confusing issue is
that, in some cases of microtropia. the
angle ofHARC is the same as the
angle of eccentric fixation. However,
this is a special case and not the usual
situation in strabismus.

Suppression and HARC are sensory
adaptations to strabismus and are
most likely to occur in younger
patients. A survey of 195 patients by
Stidwill found that although the
condition was occasionally present in
strabismus developing up to the age of
15 years, 97 per cent of cases of ARC
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had developed in strabismus with an
onset before the age of 6 years.

In large angle strabismus,
suppression is more likely to be
present.

The correction of significant
refractive errors will improve the
clarity of the retinal images, which
will in turn improve the sensory
fusion lock.

Artificial tests, such as those that
use the synoptophore or after-images,
are less likely to detect HARC than
naturalistic tests such as the Bagolini
or Modified OXO test.

2 E The depth of suppression cannot be
measured by using a neutral density
(ND) filter bar in front of the
strabismic eye. Since the image in the
suppressed eye is already suppressed,
a ND filter over this eye will have no
effect. The depth of suppression should
be measured using an NDfilter bar
over the dominant eye.

In alternating strabismus two
Bagolini lenses are used at 45 0

• In
unilateral strabismus one lens can be
used. but the result should be
confirmed with a cover test.

The central part of the streak may
be suppressed in HARC: this local
suppression is different to the global
suppression that occurs as an
alternative to HARC.

The depth of HARC can be
measured by placing a ND filter bar in
front of the strabismic eye. The aim of
this is to see how much interference
with the 'pseudo-binocularity' can be
tolerated before the HARC breaks
down.

3 E Very deep and very superficial
HARC are not very likely to require
treatment. Very deep HARC is likely to
be a successful adaptation to a
strabismus, and the patient is unlikely
to have symptoms. The angle of the
strabismus is most likely to be small.
Hence, very often the patient will
have a good cosmesis and no
symptoms. so treatment is not usually
indicated.

The Mallett standard fixation
disparity test is designed for the
assessment of heterophoria and is of a
small size to mimic normal reading
text. The dimensions ofthe test are
such that the monocular markers
often fall within the local suppression
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areas that occur in HARC. HARC may
therefore be misdiagnosed as
suppression, and so the test is not a
reliable method of diagnosing HARC
and suppression. Instead, modern
Mallett units include a large OXO test,
which is specifically designed for the
assessment of binocular sensory
adaptations in strabismus.

This modified OXO test is about as
sensitive as the Bagolini test for
detecting HARC, and should be
carried out under normal viewing
conditions. Thus. room lighting
should be increased to counteract the
effect of the polarized filters.

Both the Bagolini and the modified
OXO tests are naturalistic, having a
minimal effect on normal viewing
conditions. A Maddox rod is a
dissociative test, which greatly
interferes with normal viewing
conditions.

4 A The habitual angle of strabismus
can be estimated with the cover
uncover test. The angle of strabismus
that is usually present under
undisturbed conditions is called the
habitual angle of strabismus, and the
angle following prolonged or repeated
dissociation is termed the total angle
of strabismus. The habitual angle can
be estimated from the size of the eye
movement that is seen on the first
cover of the dominant eye during the
cover test.

Repeated alternate covering may
increase the angle to the total angle.

In HARC, the angle of anomaly is
equal to the angle of strabismus.

As explained in the answer to
Question 1, eccentric fixation is a
monocular phenomenon and has little
to do with the angle of the strabismus,
except for in a certain type of
microtropia.

Usually, patients either have HARC
as their usual adaptation to the
strabismus, or suppression. A change
from HARCto suppression is not a
common finding during the Bagolini
or modified OXO tests, and such a
change would not necessarily be
associated with a change from the
habitual to the total angle of
strabismus.

=; A The least important of the options
for the successful treatment of HARC
is to have both streaks perfectly

aligned. There is often a slight
misalignment of the Bagolini streaks
or the green lines on the modified OXO
test in HARC. This is owing to minute
imperfections in the anomalous
correspondence, and is probably of
little significance. This 'pseudo
fixation disparity' certainly does not
seem to cause the symptoms that are
usually associated with true fixation
disparity in heterophoria.

As explained in the answer to
Question 1, clear retinal images in
both eyes is likely to aid good sensory
fusion.

A well-motivated patient is
essential for any form of orthoptic
exercises.

The older the patient is at the onset
of the strabismus. the greater the
likelihood of successful treatment. An
onset under the age of 2 years is likely
to be associated with deep sensory
adaptations, and this will make
treatment much less likely to be
successful.

HARCis a sensory adaptation to
strabismus to prevent diplopia and
confusion. It is essential that this is
only treated if the motor deviation can
be corrected; otherwise, intractable
diplopia could occur.

6 D The patient's reading skills do not
affect retinal correspondence.
Binocular instability (an unstable
heterophoria and low fusional
reserves) is a correlate of reading
difficulties. Most studies have not
found strabismus to be a correlate of
poor or good reading skills.

Several visual conditions affect
retinal correspondence, including the
degree of dissociation. If the
conditions of everyday vision are
disturbed by dissociating the two eyes
in some way, it is likely that normal
retinal correspondence (NRC) will
return while the dissociation is
present. The more complete the
dissociation, the more likely it is that
normal correspondence will be
present.

The constancy of the deviation
influences the retinal correspondence.
If the angle of the strabismus is
variable, ARCis less likely to be firmly
established. In intermittent
strabismus, NRCwill return when the
eyes are straight. The same is true of

patients with fully accommodative
strabismus when wearing their
refractive correction, in longstanding
incomitant strabismus in the position
of no deviation, and in some A and V
syndromes in the binocular vision
position.

NRC is more likely to occur if the
illuminance of the image in the
strabismic eye is less than that of the
fixing eye.

NRC is also dependent on the
retinal area that is stimulated; it is
most likely to occur with bifoveal
images.

Chapter 10

1 B At about 1d eccentricity the
normal eye has a visual acuity of
about 20/30, equivalent to 6/9.
Amblyopic eyes with 1d eccentric
fixation may have worse acuity than
6/9 because of central suppression but
the acuity cannot be better than a
normal eye at this eccentricity.

(Units: it is unfortunate that we use
so many different angular measures in
optometry. Four degrees are almost
exactly 7 prism dioptres. For most
clinical purposes it is sufficiently
accurate to consider that 10 ~ 2d).

2 B There have been many surveys
using different criteria for amblyopia
and different patient samples. The
generally accepted 'typical' figure is
about 3 per cent.

3 E Anisometropic amblyopia and
organic amblyopia both tend to show
a reduction in visual acuity after
adapting to lower light levels. The
acuity of strabismic amblyopes is less
affected by reduced illumination.

4 D The comparison of the change in
visual acuity with eccentricity of
normal and typical eccentrically
fixating eyes shows that beyond 10°
the reduction in acuity can be
accounted for on the basis of
eccentricityalone.

5 C The initial visual development
proceeds normally in infants with
infantile esoptia. A difference in acuity
between the fixing eye and the
strabismic eyes is only present after
about eight months (Birch and Stager,
1985).



h B More recent work of Atkinson et al.
(19 9h) suggests about 6 per cent but
earlier studies found slightly less. Five
per cent is probably a reasonable
estimate.

Chapter 11

D
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Chapter 12

C Mechanical deviations result in an
incomplete sequelae which includes
the primary limitation and the over
action of the contralateral synergist
only. This has the effect that the
primary and secondary angle of
deviations will be present. Movements
may be limited in more than one
direction in the same eye as a result of
inability of the agonist function
(contraction) or antagonist function
(relaxation) of the involved muscle.

2 E Synergists are muscle pairs of the
same eye which move the eye in the
same direction. The right superior
rectus and inferior oblique muscles
are synergists for right eye elevation.
The right superior rectus and superior
oblique are synergists for right eye
intorsion. The right superior rectus
and inferior rectus are synergists for
right eye adduction. Yoke muscle are
pairs of muscles, one from each eye,
which rotate the eyes into the same
direction of gaze.

3 B The presence ofthe under-action of
the affected muscle results in the
primary deviation when the non
involved eye is used for fixation. The
next phase of the sequelae is the over
action of the contralateral synergist
which occurs when the involved eye
takes up tlxation.

4 D Brown's syndrome is often known
as the superior oblique tendon sheath
syndrome. Shortening or restriction of
the tendon ofthe superior oblique as it
passes through the trochlear means
that the muscle is unable to elongate.
As such, it is unable to perform its

antagonist function of relaxation,
necessary when the ipsilateral inferior
oblique muscle contracts. Conse
quently, when the ipsilateral inferior
oblique muscle contracts to facilitate
contralateral elevation the eye is
unable to rotate. The defect mimics an
inferior oblique palsy, although they
can be differentiated by duction
testing to demonstrate the limitation
of movement in Brown's syndrome.

S D The angles of deviation measured
from a Hess chart plot are not
additive. Each plot represents the
angle of deviation for the eye being
measured when the fellow eye is
fixating the required target
accurately. Each square on the plot
represents a displacement of 5°.

6 C Single muscle palsies involving
those muscles supplied by the IV and
VI nerves are more common than
those relating to the III nerve. Single
muscle palsies involving muscles
supplied by the III nerve are typically
the result oflesions within the orbit
after the nerve branches have
diverged. Bilateral palsies are more
common in the IV nerve because of
the hemi-decussation of the nerves
dorsal to the brainstem at the level of
the foramen magnum.

Chapter 13

1 E Latent nystagmus is
characteristically only present. or
greatly increased, on monocular
occlusion. It is always a jerk
nystagmus, and the defining feature is
that the fast phase of the eye
movement always beats away from
the covered eye. Therefore, the
direction always reverses when the
cover is moved from one eye to the
other. Bizarrely, there is a type of
latent nystagmus called manifest latent
nystagmus when the nystagmus is
present without occlusion; however,
even in these cases the nystagmus
would worsen when one eye is
covered. Latent nystagmus is more
intense when the fixing eye abducts,
and lessens on adduction.

2 E The Nystagmus Network is a
support group for people with
nystagmus. Often, people who suffer
from nystagmus, or their families,
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have many questions that have not
been fully answered. The Nystagmus
Network has excellent literature, and
can also put sufferers in contact with
other people who have the condition,
or their parents. The Nystagmus
Network can be contacted on 01392
272 573 or nystagmusn@aol.com.

3 B Nystagmus cannot be reliably
classified by observing eye movements
during the motility test. Skilled
practitioners can estimate the speed,
amplitude, direction and waveform
(pendular, saccadic or saw-tooth) of
the nystagmus. However, these
variables can change over time in a
given patient, and they give limited
information as to the cause or
classification of the nystagmus. In
particular, congenital and acquired
nystagmus may look similar to the
naked eye, and even eye movement
recordings will not differentiate
sensory defect from motor defect
congenital nystagmus. Visual
performance in nystagmus is often
worse when the patient tries hard to
see or is under stress. Visual loss in
nystagmus is only loosely correlated
with the type of nystagmoid eye
movements (Bedell and Loshin,
1991). One type of nystagmus.
sensory defect nystagmus, results
from a defect in the sensory visual
system; other types do not.

4 E Many so-called objective
physiological variables can be
influenced by the placebo effect. There
has only been one randomized
controlled trial of a treatment for
congenital nystagmus, and this
showed one form of vision therapy to
be ineffective. Randomized controlled
trials are just as important for surgical
interventions as for non-surgical
interventions; it might not be possible
to carry out placebo-controlled trials,
but some form of controlled trial is still
advisable. Indeed, in view of the
greater risks associated with surgical
interventions, it may be even more
important to validate these with
controlled trials.

5 A The two types of congenital
nystagmus are sensory defect nystag
mus and congenital idiopathic
nystagmus. In sensory defect
nystagmus there is a known lesion of
the sensory pathway, which is often
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assumed to be the underlying reason
for the nystagmus. In congenital
idiopathic nystagmus there is no such
lesion, so it is assumed that the fault
instead lies in the motor pathway. It is
latent nystagmus that usually occurs
secondary to an early interruption of
binocular vision, particularly
congenital esotropia. The diagnosis of
congenital idiopathic nystagmus is
one of exclusion; the likelihood of
such a diagnosis will vary depending
on the lengths to which an
ophthalmologist will go to determine
whether any sensory defects are
present. These days, it is not really
acceptable to diagnose congenital
idiopathic nystagmus in infants solely
on the basis of dilated ophthal
moscopy and testing for iris
transillumination. Electrophysio
logical tests and eye movement
recordings are also advisable.

6 D Many patients with nystagmus
have a certain position of gaze in
which the nystagmus is reduced, and
this is called the null position or null
zone. Often there is a null position on
convergence as well, or instead of. in
eccentric gaze. Sometimes, if the
patient's eye movements are observed
they will be seen to lessen for a few
moments and then to increase again.
This is a temporal null position.

Chapter 14

C In the normal infant stereopsis can
be demonstrated around 3-4 months
of age and continues to develop
rapidly until two years of age, after
which development slows, reaching
adult levels by 7-8 years of age. An
acute-onset constant esotropia before
the age of two years is likely to disrupt
the normal development of binocular
single vision (BSV), whereas an onset
after this period is likely to be less
damaging.

2 E When deciding on which test to use
for investigating BSV, consideration
should be given to many factors.
These include the age and co
operation of the patient; the patient's
acuity; the grade ofBSV being
assessed; and using techniques that
are minimally dissociative and are
performed in normal viewing

conditions. Of the options listed, an
abnormal head posture is the least
important consideration.

3 A The Worth lights involve a set of
four lights, two green, one red and
one white. These lights are viewed
through red and green goggles. The
presence of five lights indicates
diplopia and not harmonious retinal
correspondence.

4 D Botulinum toxin is a potent neuro
toxin that selectively binds to
cholinergic synapses, blocking the
conduction of nerve impulses.
Botulinum toxin can be used in all of
the options listed except to relieve the
symptoms associated with a third
nerve palsy.

S B Botulinum toxin can be used
therapeutically: to restore fusion,
especially in patients with
decompensating strabismus and
partially recovered sixth-nerve palsy;
in the rehabilitation of patients with
cosmetic strabismus; as an adjunct to
strabismus surgery and in the
management of acute surgical under
or overcorrections.

6 E Botulinum toxin is usually
administered under local anaesthesia
in adults; general anaesthesia is
required in children. For successful
administration of botulinum toxin,
attention needs to be directed at
patient preparation; toxin
preparation; injection technique; and
post-injection management.
Complications are rare but problems
arising from the injection and from
the toxin itself have been reported.

Chapter 15

1 D All of the other options are involved
either directly or indirectly in
oculomotor control. the
hypothalamus has none. Structures
such as the vestibular apparatus,
superior coIliculus and the frontal and
occipital areas of the cortex have
neural pathways connecting them
with the oculomotor nuclei. They
project either directly, through
pathways such as the medial
longitudinal fasciculus (MLF) or via
intermediate pre-motor structures
such as the paramedian pontine
reticular formation (PPRF).

2 E Full assessment is essential in any
patient pre-operatively. The cover
test. assessment of ocular motility,
AC/A ratio measurement and the
range of fusional reserves will all give
vital information about the status of
the ocular motor system. Although it
is important to exclude any
underlying pathology of the optic
nerve, assessment of optic nerve
function is the least important of the
options listed.

3 C Scleral buckling is a surgical
technique used in retinal detachment
surgery. All of the other options listed
are common surgical procedures that
are used in squint surgery. Recession
and resection are used to treat
anomalies of the horizontal recti
muscles.

4 B To correct an exotropia of 30d the
lateral rectus (LR)muscle is recessed
7 mm and the medial rectus (MR) is
resected 6 mm. Both muscles must be
manipulated to have the desired effect.
Manipulation of the LRitself may
result in insufficient reduction in the
angle of the deviation.

S C Parameters affecting the post
operative result include muscle-fibre
population, force of contraction,
innervation and proprioception. The
extraocular muscles contain rapidly
contracting fibres as well as slow fibre.
The latter, which constitutes up to 20
per cent of the total muscle fibre
population in humans, are incapable
of generating an action potential. The
existence of a variation in this density
may interfere with any attempt to pre
calculate the amount of muscle
manipulation needed for ocular
alignment during strabismus surgery.

Chapter 16

1 D Parks' three-steps test is the best
known of two three-steps methods to
aid in the diagnosis of vertical
incomitancies. The abducens nerve
(sixth cranial nerve) innervates the
lateral recti muscles, which are
involved in horizontal eye movements
(abduction). An abducens paresis is
relatively easy to diagnose. Another
common paresis, of the trochlear
nerve (fourth cranial nerve), causes a
vertical incomitancy and is much



harder to diagnose. Parks' three-steps
method assists with such a diagnosis,
as does a different method, involving a
Hess screen. Patients reports of
diplopia are usually all that is needed
to determine whether an incomitancy
results from a horizontally or
vertically acting muscle; cover tests
and dissociation tests can confirm
this.

2 E Some, but not all, incomitant
deviations require surgery. A single
prism is not likely to correct an
incomitant deviation in all positions of
gaze. However, in some cases of subtle
incomitant deviations the correction
of a small vertical prism for the
primary position of gaze, as identified
by the Mallett fixation disparity test,
can be helpful. This was so in the first
case study. Other cases of incomit ant
deviations are not helped at all by
prisms.

3 E About Hper cent of people with
congenital nystagmus have a
markedly reduced amplitude of
nystagmus at near compared with at
distance. and this has been called a
convergentnull position. Although the
second case study did have a
convergent null position. this is by no

means an invariable feature of
congenital nystagmus. Similarly.
although congenital nystagmus is
sometimes associated with albinism,
this is not always the case. In fact.
very few absolutes apply to congenital
nystagmus, so the correct answer is
none of the above.

4 A In MEM (Monocular Estimate
Method), retinoscopy lenses are
rapidly interposed (only for a split
second) in front of just one eye to
prevent the patient adapting
(accommodating) to the lenses. To
help keep the process rapid. only the
horizontal meridian is usually tested.
Positive lenses are usually required for
neutralization, suggesting
accommodative lag. Negative lenses
suggest accommodative spasm.

S B Binocular instability is
characterized by low fusional reserves
and an unstable heterophoria. and is
a fairly common correlate of dyslexia.
Accommodative infacility can be
associated with dyslexia, but is not
necessarily a feature of binocular
instability. Similarly. some people
with dyslexia require tinted lenses and
the need for tinted lenses sometimes,
but by no means always. coexists with
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binocular instability. Many people
have binocular instability and do not
require tinted lenses, so the need for
tinted lenses is not a characteristic
feature of binocular instability. In
cases where the two coexist. current
clinical guidelines are to treat any
binocular instability first and only to
consider tinted lenses once the
binocular co-ordination has been
normalized. It has been claimed by
one group of researchers that
binocular instability is associated
with unstable motor ocular
dominance. but the test of motor
ocular dominance that they used
bears virtually no relation to
sighting dominance. Crossed hand
and eye sighting dominance is not
thought to be related to binocular
instability.

6 D Meares-Irlen syndrome is the
condition that is characterized by
symptoms of asthenopia and visual
perceptual distortions and is treated
by individually prescribed coloured
filters. Current guidelines state that
coloured filters should only be
prescribed after any conventional
optometric problems have been
corrected.
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Foveation period, 94
Foveation precision. 95
Free-space exercises, 22-3, 42-9, 72
Free-space tests for suppression, 59
Frisby stereotest. 103-4
Fusion. peripheral. and microtropia, 80
Fusional range test, 7
Fusional reserve exercises. 21-5. 42-9

Gradlcnt test. 34
Crave's ophthalmopathy, 88

Haploscope, single mirror. 72
Head posture, compensatory, 3, 86, 102
Headaches. 3
Hering's law of equal innervation. 84
Hess charts. 10

incomitant strabismus, 85-6, 88, 89,
90

Heterophoria
assessment. 5-6. 10
classification, 13-15
decompensating see Decompensated

heterophoria
monofixational, 80
terminology. 13
treatment, 15

sensory factors. 25
Heterophoria comparison method, 34-5
Heterotropia

classification, 14, 15-18
terminology, 13

Hirschberg test, 7

History, ocular. 1-3
Horror fusionis, 53-4
Hyperphoria, 14
Hypnosis

intractable diplopia, 52, 55-6
nystagmus, 99

Hypophoria, 14

Incomitancy seeStrabismus, incomitant
Institute Free-space Stereogram exercises,

42
Intermittent photic stimulation. 97
Intracranial pressure. raised, 2
Iris transillumination test. 94

Krimsky test, 7

Lang stereotest, 104, 105
Lang two-pencil test, 103
LogMar charts, 4

Maddox rod test, 118
Major amblyoscope, 104. 105
Mallett unit

anomalous retinal correspondence,
69-70

diplopia assessment, 52
fixation disparity test. 42, 44
heterophoria diagnosis, 41
suppression assessment, 60-1, 62

Meares-Irlen syndrome. 121-4
Medial longitudinal fasiculus, 110
Microsquint seeMicrotropia
Microstrabismus seeMicrotropia
Microtropia, 16-17, 79-80

diagnosis, 80-1
management. 81-2

Mirror-pula, 61-2, 63
Monofixation pattern seeMicrotropia
Monofixational syndrome, 80
Myokymia, superior oblique, 116-18
Myopia and esotropia. 17

Nystagmus, 92-4
assessment, 94-6
characteristics. 95
congenital. 92-3. 95, 118-21
management. 96-9
unilateral rotary, 118

Nystagmus blockage syndrome. 17. 93,
120

Occlusion
amblyopia treatment, 26, 75
diplopia treatment, 54-5
semi-opaque. 8

Ocular flutter, 93
Ocular motor system, 110-11
Ocular movement assessment, 9-10

Oculomotor nerve and incomitant
strabismus, 86, 87

Orbital fractures, 88
OXOtest, 52, 69-70

Panum's area, 65. 67
Paramedian pontine reticular formation,

110
Patches, eye, 75

in diplopia, 54
in strabismic amblyopia, 26

Percival's criterion, 41
Placebo effect and hypnosis,S 5
Preferential Looking tests. 4
Prisms

aligning,S
anomalous retinal correspondence. 71
base-in, 32, 37
base-out, 6-7. 37,62-3,81
concomitant vertical deviation therapy,

21
and convergence, 6-7. 37
flip, 22, 23
four dioptre base-out prism test, 6-7,

62-3,81
Fresnel. 105
incomitant strabismus therapy, 89
loose, 22
nystagmus therapy, 97
prism adaptation test. 104-5
prism reflex test, 103
superior oblique myokymia therapy,

118
Pupil reflexes. 9

RAF rule. 7
Ramp exercises, 20
Randot stereotest, 62, 63
Receiver-operator curves, 40
Recession surgery. 113. 114
Red lens (filter) test. 59
Refraction

assessment, 4
in nystagmus. 94

Refractive correction. 20. 21
decompensated heterophoria. 36-7
in mlcrotropia, 81

Resection surgery. 113-1 5
Retinal correspondence see

Correspondence. retinal
Retinoscopy. MEM. 121

Screening for amblyopia. 74
Sensory adaptations

abnormal retinal correspondence see
Correspondence, retinal.
anomalous

assessment. 10-11
binocular, 10-11



in incomitant strabismus, 86
monocular, 11
suppression seeSuppression
treatment, 25-6

Sensory fusion disruption syndrome,
53-4

Sheard's criterion, 41
Sherrington's law of reciprocal

innervation, 83
Snellen charts, 3
Spasmus nutans, 93
Spectacle lenses

and nystagmus, 97
occlusive, 54

Step exercises, 20
Stereograms, free-space, 22, 23, 24, 32,

42-9
Stereopsis, 10-1 ]

assessment, 103-4
measurement, 62
and microtropia, 80, 81

Stereoscopes, 63
Stereotests, 62, 63, 103-4
Strabismic amblyopia, 74
Strabismus

assessment. 102-5
classification, 13-18
and eccentric fixation, 76

family history, 2
Incomitant, 20, 84-7

clinical signs, 87-8
management, 88-91

latent seeHeterophoria and nystagmus,
94

and suppression, 58, 59,67
treatment

botulinum toxin, 106-8
intermittent strabismus, 20-5
motor deviation, 25
sensory factors, 25-6
surgery, 111-15

very small angle seeMicrotropia
Super timed stereo test, 11
Superior oblique muscle

myokymia,
116-18

palsy, 87
Suppression, 36, 58-9

assessment, 6-7,10,59-64
in strabismus, 58, 59, 67
treatment, 25, 64

Surgery
anomalous retinal correspondence, 71
convergence insufficiency, 32
nystagmus, 98-9
pre-operative assessment, III

Index 147

strabismus, 111-15
Symptom evaluation, 1-3
Syntophore, 71-2

Tenon's capsule, 112
Three cats exercise, 23, 24
Three-steps tests, 118
Thyrotoxicosis, 88
Titmus Fly test, 62, 63, 103
TNO stereotest, 104
Torticollis, 86
Trochlear nerve and incomitant

strabismus, 86, 87, 89
Troxler effect,S 8
Twenty dioptre fusion test, 6

Vectograms,22
Vis-a-vis test, 62
Vision assessment, 3-4
Vision therapy for nystagmus, 97-8
Visual acuity and eccentric fixation, 75-6

Worth (four) dot test, 60
Worth lights, 102-3

Yoke muscles, 84
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