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PART IV. THE OPERATIVE TREATMENT OF
VERTICAL DISORDERS.

Four ideas should be in one's mind before operating.
1. An accurate diagnosis of paresis and of contracture is

essential.
2. The prognosis of the condition without operation must be

considered.
3. If the patient has no symptoms beware of operation. Many

vertical errors lessen in importance when the associated horizontal
error has been treated.

4. Careful photography may yield interesting information and
may provide a useful record.

PROGNOSIS.
It is not difficult to decide on operation too soon in ocular

palsies. Some idea of the frequency of spontaneous recovery
is essential. In his large series Bielschowsky (May, 1935) found
that 38 per cent recovered spontaneously. This applied to

57 per cent. of trochlear palsies,
50 per cent. of abducens palsies,
28 per cent. of paralyses of the third nerve, of ophthalmoplegia
and of associated palsies. Of this group 50 per cent. were
syphilitic and had a poor outlook.

He considered that 15 per cent. of the whole series were traumatic
in origin, under 30 per cent. were due to syphilis and metasyphilis,
14 per cent. were due to encephalitis, and that 14 per cent. were of
congenital origin. In a series of 30 years ago 55 per cent. were
syphilitic. It is interesting to recall that while 175 cases of
paresis of ocular muscles have been related to spinal anaesthesia
only two cases have been described with general anaesthesia.
Berens and Fonda (1945).
Most patients if they are going to recover will do so by the

end of the sixth month, but Bielschowsky reported an occasional
one with traumatic palsy who did not begin to recover until later
than this, and then slowly went on to complete recovery.
The following is a brief summary of operations that must be

considered for the paresis of ocular muscles.
The three types of operations usually considered are
1. Strengthening of the paretic muscle by advancement, re-

section or tucking.
2. Weakening of the overacting contralateral synergist by

tenotomy or recession.
3. Weakening the contracture of the ipsilateral antagonist by

tenotomy or recession.
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OCULAR FIXATION AS A GUIDE.

Duane's principle that recognition of the fixing eye was
necessary before choosing an operative measure has been
emphasised by White (1942, 1944).

Early in the history of an ocular palsy, while fixation with the
affected eye is uncertain, the fellow eye is preferred as a rule.
Later the position may be reversed or binocular single vision may
be obtained by head turning or'tilting or by controlled binocular
movements such as sursumvergence or vertical bifixation. If bino-
cular single vision cannot be obtained secondary contracture and
deviations develop.- They gain partial concomitance and lessen
confusion due to diplopia by causing fixation with the paretic eye
and so separation of the two images.

PARALYSIS OF THE SUPERIOR RECTUS.

Tenotomy of contralateral inferior oblique. Duane (1916). If the
result of this is insufficient advancement and resection of the
paralysed muscle is indicated and if marked hypotropia persists
recession of the ipsilateral inferior rectus may be required.
Gifford (1941). Berens, Payne and Kern (1935) advised lengthen-
ing or intracapsular resection of the opposite inferior oblique if
the error is under four dioptres. If between four and ten dioptres
myotomy and if over ten dioptres myectomy of this inferior
oblique muscle and possibly resection of the superior rectus were
recommended. In congenital absence of the superior rectus an
advancement and transplantation of the internal rectus to a point
on the sclera halfway between the normal superior margin of the
internal rectus and the internal edge of the superior rectus has
been recommended.
When both superior recti are paralysed the indications for

operation depend on the eye chosen for fixation. White, (1933),
and August, 1944. If fixation is out of the field of the superior
recti there will be no secondary deviation of the inferior oblique
muscles. Shortening of the superior recti is described then. If,
however, the right eye fixes in eyes right and the left eye in eyes
left there will be secondary deviation which will lead to very
powerful inferior oblique muscles. Their weakening or recession
is then indicated.
Spaeth (1944) warned against tenotomy of both inferior oblique

muscles for bilateral superio-r rectus paralysis because such inter-
vention would leave no elevator intact. Adherence, however, to
White's guides leads to satisfactory results. See White, (1946).
At times paralysis of both elevators of one eye is found and

we must be careful, for tenotomy of the contralateral inferior
oblique and superior rectus would leave no elevator intact. This
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can be satisfactory treatment, however, if the paretic eye fixes.
White (1942, 1946) has given us valuable advice as follows:
The following types of fixation occur and treatment is indicated

accordingly:-(1) Binocular vision is maintained by a backward
tilting of the head. Vision is or can be made normal and equal.
The inferior oblique may be resected at its origin or, preferably,
shortened at its insertion. Wheeler (1935). White (1942). The
superior rectus is then shortened. (2) When the sound eye fixes
the affected eye is hypotropic and true or pseudo-ptosis is present.
V'ision is usually defective in this eye. The same treatment is
indicated. (3) If the paretic eye fixes considerable secondary
deviation will be present and cause great disfigurement. This
will require correction and therefore recession of the overacting
fellow superior rectus and inferior oblique muscles will be
indicated. See also White (1933, 1941, November, 1944, 1946).
MAagnus (1944), Wagman (1945), and Kirby (1946).

PARALYSIS OF SUPERIOR OBLIQUE.
Tenotomy of ipsolateral inferior oblique or recession of the

contralateral inferior rectus. Duane.
Bielschowsky (May, 1935) advised myectomy of the ipsilateral

inferior oblique first and if, some weeks later, a considerable
vertical deviation persisted in the lower fixation field a recession
of the opposite inferior rectus. In the latter he emphasised the
need carefully to suture the conjunctiva to obviate a droop of
the lower lid. As a result of observing fifty cases he wrote that
there was no danger of an over-effect from an operation on the
inferior oblique. His technique was described in 1922 and 1945.
Gibson (1940) preferred recession of the contralateral inferior

rectus with, in certain patients, a tenotomy of the ipsilateral
inferior oblique. In discussion of this paper Spaeth recommended
the former operation if esophoria was present, if overaction was
marked or if the lateral deviation was lea§t outstanding. The
latter operation he used if exophoria or little torticollis or slight
overaction of the contralateral synergist was present. Later
Spaeth (1944) preferred a wide recession of the inferior rectus
and possibly advancement of the superior rectus of the opposite
eye. Advancement of the ipsilateral inferior rectus was con-
demned.
Davis (1944) wrote " Recession of the inferior oblique muscle

from its insertion on the globe is theoretically much more desirable
since it modifies the action of this muscle without paralysing it
as does myectomy." He considered that the gain from the latter
was largely cosmetic and that prisms were required to permit
binocular single vision.
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Wheeler (1935) was successful in shortening the affected superior
oblique. He varied the site of reattachment with the actual needs
of the patient. If intorsion was required the site was moved
forwards and temporally, and if depression and abduction were
deficient the insertion would be moved backwards. He advised
this operation also for excessive elevation in adduction. Jackson
(1923) described good results from transplantation of the superior
rectus to a site posterior and temporal to its original insertion.

Peter advised recession but not tenotomy of the contralateral
inferior rectus with, if necessary, a tucking of the ipsilateral
superior rectus rather than advancement or tucking of the superior
oblique. Interference with this muscle was apt to produce
adhesions with the superior rectus. He emphasised also the risk
of damage to a vorticose vein.
White (1944) was guided by the patient's choice of eye for

fixation in deciding his treatment. If the non-paretic eye fixed
there would be secondary contracture of the ipsilateral inferior
oblique and he would perform a tenotomy of this muscle and
perhaps later a tenotomy of the contralateral inferior rectus. The
latter was his operation of choice if the paretic eye fixed, for then
there was little or no secondary contracture of the inferior oblique.

If both superior oblique muscles were paralysed, Cords (1930)
advised a careful recession of both inferior recti, but not at the
same sitting. Jaensch (1939) described the relief of an awkward
result following such an operation by myectomy of one inferior
oblique muscle. He appeared to favour. Wheeler's operation on
the superior oblique muscles. Another warning is that of Gifford
(1941) not to operate on the superior and inferior recti at once.
See inhibitional paresis.

PARALYSIS OF INFERIOR RECTUS.

Resection of inferior rectus. Duane.
Spaeth recommended a tenotomy or a recession of the scleral

insertion of the opposite superior oblique. Berens, Payne and
Kern (1935) agreed that this might be required in addition to
resection of the inferior rectus. Peter advised advancement of
this muscle with or without tenotomy or lengthening of the
opposite superior oblique. As an alternative he advised recession
of the ipsilateral superior rectus.
Hughes (1944) performed a series of recessions of the trochlea

for overactions of the superior oblique muscle. He considered
that the initial lesion had been paresis of the contralateral inferior
rectus. In only two instances was this muscle definitely paretic,
but in several he found weakness of the inferior oblique-the
direct antagonist. These were probably examples of combined
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inferior rectus and contralateral inferior oblique palsy in which
the initial palsy may be recognised by the projection and the
head-tilting tests.

For congenital absence of the inferior rectus Casten (1940)
advised advancement and transplantation of the external rectus
tc a point on the sclera four millimetres from the limbus, and
halfway between the site of its inferior margin and the external
margin of the inferior rectus.

PARALYSIS OF THE INFERIOR OBLIQUE.
Tenotomy of the contralateral superior rectus. Duane.
Peter, in advising recession of this muscle, warned against its

tenotomy and indeed against that of any vertical rectus. Wheeler
(1935) preferred advancement of the paresed muscle and Peter
and Berens recommended this as an additional operation. The
results of this, however, were not entirely satisfactory. Instead
of using a skin incision over the orbital margin White (February,
1942) recommended a conjunctival incision just below the external
rectus and an advancement or tucking of the inferior oblique
near its insertion. He concluded, however, that dealing with
the paralytic muscle alone was often insufficient.
For congenital absence of the inferior oblique muscle Spaeth

advised tenotomy of the contralateral superior rectus, but not
advancement of the ipsilateral superior rectus. The latter would
increase the already existing intortion excess and fail to produce
elevation. For further information see Wheeler, (1935).
Hughes and Bogart (1942) and Hughes (1944) described their

experiences in receding the trochlea for overaction of the superior
oblique muscle. The primary lesion was paresis of the contra-
lateral inferior rectus in the majority of their patients, but it may
have been a weakness of the ipsilateral inferior oblique in others.
Berens and Loutfallah (1943) performed a resection of the

paralytic inferior oblique muscle at its insertion several years
after it had been tenotomised at its origin. Wagman (1945)
slightly modified the technique and after resection of 6-0 milli-
metres of the inferior oblique muscle fifteen dioptres of hypotropia
was converted into a hypertropia of three dioptres. Both elevators
of the left eye were paretic and the ipsilateral superior oblique
was overactive in this case. Inaccurate insertion of sutures may
endanger the macula or the long posterior ciliary nerve.
Note.-The author has performed this operation twice. The

corrections obtained were five and seven dioptres. He used -an
incision above the external rectus and did not divide the external
rectus, though this is desirable especially if a horizontal deviatio-n
also requires correction. The correction obtained was six dioptres.
Tenotomy of the contralateral superior rectus has proved of
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value in combination with transplantation of the ipsilateral
superior oblique in dealing with the varied deficiencies in partial
and complete third nerve paralysis. The tendon of the superior
oblique is dissected from the trochlea, shortened and inserted
into the scleral stump of the divided paralytic internal rectus.
Peter, 1936, Gifford, 1942, Magnus, 1944, Spaeth, 1944.
The subsequent change in function of the superior oblique

is an interesting illustration of the plasticity in the cortical control
of ocular movements. Gordon Holmes, 1943.

OPERATIONS ON HORIZONTAL MUSCLES TO CORRECT VERTICAL
DEFECTS.

Just as vertical errors may follow inaccurate reattachment of
the internal and the external rectus muscles, so these muscles may
be attached above or below their normal insertions to correct
vertical errors. Foster and Pemberton (1946) found that raising
the external rectus a distance equal to its own width produced
seven dioptres of elevation when combined with a resection and
eleven dioptres if an advancement was performed as well.

It is questionable whether it is not wiser to rely on operation
on the vertical muscles.

MYECTOMY OR TENOTOMY OF THE INFERIOR
OBLIQUE.

It is of interest that this operation was selected for the treatment
of squint by John Taylor two hundred years ago. Later it was
used to lessen the advance of myopia. How strange that the only
extra-ocular muscle to retain its primitive origin and course should
be so misused. Duane described three indications for this
operation; 1, paralysis of the contralateral superior rectus, 2,
paralysis of the ipsilateral superior oblique and 3, paralysis of the
external rectus, with spasm of the inferior oblique. Dunnington
(1929). The last condition is rare and probably merely the exposure
of a pre-existing overaction.
Duane reported his results in treating paralysis of the superior

rectus by this method. Dunnington (1929). Though Duane was
the first to describe this operation on the inferior oblique for
paralysis of the superior oblique yet he, Posey and White, con-
sidered that its indication was rarely found. A secondary spasm
of the inferior oblique was the essential indication.

For further information on this operation the reader is referred
to Dunnington (1929), and White (1933). Dunnington described
the cutaneous, conjunctival, and posterior methods of approach.
When the external rectus requires to be divided for a co-existent
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horizontal defect it is simple to tenotomise the inferior oblique
through the same incision.

It is remarkable that so variable a degree of correction follows
this operation. There may, of course, be a variable degree of
contracture and an element of spasm. The effects of myectomy
in a small series varied from fifteen to five dioptres in thirteen
trochlear palsies and from fourteen to three dioptres in palsies of
the superior rectus.
The results given by Lyle and Jackson (1940), for the superior

oblique were 20 to 60, 15 to 10, 17 to 20, 8-14 to 00, 25 to 30 and
for the superior rectus 18 to 00, 4 to 00, 22 to 30, 17 to 40, 21 to 00,
20 to 00. Gifford in 1941, reported several cases. The reductions
for the superior oblique were 22 to 200, 30 to 200, 20 to 6° and 15-
20 to 3-5°, and for the superior rectus 15-17 to 50, and 12 to 60.
Duane (1919), found that hyperphoria was reduced by from 5 to 25
centrads with this operation. In his experience no marked lateral
diplopia resulted. The torsional effect varied, usually being very
slight. Only once did he find it marked. Posey (1930), con-
sidered that this operation corrected from 3 to 170 in palsy of the
superior rectus. No doubt the varying results are largely a matter
of technique. Dunnington concluded that the average result was
from 10 to 15 dioptres and that the range was from 6 to 20 dioptres.
The substitution of myectomy for tenotomy led to less uncertainty
in the results.
The treatment of bilateral overaction of the inferior oblique

muscles combined with a horizontal squint is not always simple.
It is wise sometimes to attempt to correct the latter first. If treat-
ment of the horizontal defect is insufficient, myectomy of the
inferior oblique may be required. Bielschowsky (1945), if the
overaction was not marked, corrected it by displacing one or both
horizontal rectus muscles below the horizontal meridian.

It should be asked what sign indicates the need for an operation
in addition to myectomy of the inferior oblique ? White (1943),
stated that in superior rectus paralysis if paralysis was complete
or the angle to be corrected greater than 15 dioptres it mattered
little if recession or tucking near the muscle insertion or myectomy
at the origin of the muscle was performed. If, however, the angle
was less than 15 dioptres or if the paralysis was bilateral, the result
of the latter operation was not uniform and might be excessive.
Therefore the first operation was preferable.

White's (1931), contraindications to operations on the inferior
oblique muscle included the following:-a slight deviation, one
relieved by prism, a marked deviation with an aversion to single
binocular vision, etc. If the contracture was not marked in
trochlear palsy Spaeth suggested a recession of the contralateral
inferior rectus. Fibrous connections may be found which join
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the external and inferior recti to the inferior oblique muscle. They
should be freed in a recession of, but not in a myectomy of the
inferior oblique. Guibor, (1944), stated that dividing them in the
latter operation would lead to a complete lack of function.
Very frequently fibrous bands join the two inferior muscles and
Berens, Payne and Kern, 1935, referred to operations on one of
these muscles interfering with the function of the other.

TREATMENT OF ALTERNATING HYPERPHORIL.

It may be wise to operate in alternating hyperphoria when an
anomalous position of rest underlies the condition. Bielschowsky
(October, 1938), warned against operations when the deviation is
dissociated and of nervous origin. He had seen patients who had
had recession of the superior recti. The position of rest was
changed but the range of irregular deviation was simply trans-
ferred downward and its amplitude was unchanged. The primary
object is to develop greater fusion and this frequently means lessen-
ing undue strain and the fatigue that impedes control. As a rule
when fusion is not possible, in amblyopic cases, the error is small
and does not require treatment. " The stronger the fusion
mechanism, the longer and the more easily it will keep the ten-
dency to dissociated vertical movement latent."

After the restoration of binocular vision by correcting the lateral
deviation, when such is combined with dissociated vertical move-
ments, the latter may disappear or may be elicited only with diffi-
culty. White (1944), wrote that the symptoms may be relieved by
the use of prisms before the eye with the greater hyperphoria.
According to Spaeth, Verhoeff considered that as alternating

hyperphoria, or " occlusion hypertropia," was due to overaction
of both inferior obliques, tenotomy was indicated. Spaeth dis-
agreed with this view, stating that treatment was prism correction
of the greater of the two deviations and that it was not a surgical
problem. Verhoeff later, (1941), considered that in the great
majority treatment is not indicated because the condition is onlyr
revealed on occlusion. When associated with strabismus this
defect requires correction. When associated with heterophoria
the presumptive laterophoria should be corrected first and if neces-
sary the prisms then used for the estimated hyperphoria. In rare
cases in which " occlusion hypertropia " was manifested without
occlusion he warned against operation. He advised improving
visual acuity of the deviating eye with lenses and by prolonged
occlusion of its fellow.

All we can hope for is that after restoration of the rest position,
if such had been abnormal, fusion may develop sufficiently to
overcome the nervous factor. The tendency to dissociation may
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be latent throughout life and remain so until a disorder such as
paresis removes the control of fusion and dissociation is revealed.
If operative treatment removes the effects of paresis dissociation
often disappears when fusion is strong enough.
Cord's advice is sound-as symptoms rarely occur there is

rarely any need to consider treatment and certainly there is no
suitable operation.

CONCLUSIONS.
1. A clear conception of the main action of the ocular muscles

is essential when one is searching for the cause of any deviation.
The statements in certain books are obscure and even misleading.

2. An accurate diagnosis is vital to operative success.
3. For accuracy in diagnosis we must concentrate on the co-

ordinated movements of both eyes together rather than on the
muscles and the movements of either eye alone. No examination
of the eyes is complete without inspection of them in the oblique
positions. The- lids must be raised when they are in depression.
In addition the behaviour of each eye when occluded should be
examined for evidence of dissociation.

4. A study of diplopia is the most useful guide to accurate
diagnosis.

5. The division of diplopia into the separate component for
each eye is essential. This is a measurement of the primary and
the secondary deviations in the diagonal positions of gaze. For
this division a screen test is recommended. The uses of red and
green projection lamps and of polaroid glasses are described.
Occasionally the findings upset the diagnosis made by the simple
red and green test.

6. The presence of an anomaly of one of the vertically acting
muscles and particularly of an overacting inferior oblique is much
more frequent than is usually considered.

7. The great majority of so-called concomitant convergent
strabismus show signs of disorder of the vertical muscles. An
inferior oblique muscle was overacting in over 30 per cent., and
in an additional 25 per cent. paresis of at least one superior muscle
was present

If to these are added those that have a defect of a hori-
zontal muscle we must conclude that the majority of cases of
so-called concomitant convergent strabismus are not truly
concomitant.

8. True hyperphoria and hypertropia of over 10 are very rare.
Careful examination nearly always reveals an overaction or a
paresis of one of the vertically acting muscles.
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9. The frequency of the overaction of an inferior oblique muscle
with a "'concomitant " strabismus and the completeness withi
which the primary injury to a superior rectus or oblique can
recover are facts in conformity with the conception of birth injuries
as a common cause of concomitant strabismus. It is advisable
to distinguish between (1) slight elevation in full adduction due
to a normal lack of balance between the obliques, (2) a greater
elevation that may or may not be secondary to a former paresis of
a superior rectus or oblique muscle, and (3) an elevation tha't is
definitely associated with a remnant of such a paresis.

10. The association of a paresis of one superior or inferior
muscle of one eye with an inhibitional paresis of one superior or
inferior muscle of the other eye is a common finding. Much
confusion has existed regarding the differentiation of superior
rectus and superior oblique palsies. In this series the former
was affected twice as frequently as the superior oblique.

Slight degrees of ocular torticollis usually pass unnoticed. They,
however, are valuable diagnostic signs.

11. Divergence occurring in elevation due to the abducting
advantage conferred on the superior oblique in this position may
be a postoperative complication in horizontal strabismus. The
eyes may converge normally downwards but diverge in the
elevated position.

12. The resulting disability from, rather than an ocular paresis
itself, constitutes the indication for operative treatment.

13. It is often wise to correct an associated horizontal defect
before tenotomising an overacting inferior oblique muscle. Many
of the vertical defects associated with concomitant strabismus lose
their significance and even disappear when the latter disappears.
Also the frequency of the association is greater in early than in late
cases.

14. The widespread and frequent use of twilight sleep and
obstetrical forceps and the general use of high velocity motor
vehicles are considered to be much more potent causes of ocular
paralysis than disease and surgery of the trochlear region.

15. Spontaneous recovery is common though less common for
vertical than for horizontal palsies. Orthoptic training is an
important part of the treatment of the majority of palsies.

16. A need exists for reports of exact findings rather than or
opinions so that contradictions regarding the usual com-
pensations for diplopia, for example, may be removed from the
literature. A percentage for the vicarious rotations occurring in
each type of palsy could be estimated in any large clinic.
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