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INTRODUCTION

The aim of this essay is to review the different methods of
the weakening procedures used in squint surgery. It is written
as a comparative study to reach the most suitable method for each
patient. The weakening procedures include myectomy, tenotomy
(total and marginal), recession, controlled recession, augmented

recession, recession and adhesive material and Botulinum toxin A.

The basic knowledge of anatomy and physiology of extra-occular

muscles were included.
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ANATOMY

Rotation of the globe is controlled by six extraocular muscles,

four recti and twe obliques.

Wolff (1976) stated that the four rectl are attached poster-
lorly to a short tendinous ring (énnulus tendineus communis of Zinn)
which is oval in cross secticn and encloses the optic foramen and =z
part of the medial end of the superior orbital fissure. TIts attach-
ment to the anterior margin of the fissure is marked by the spina
recti lateralis. The inner surface of the annulus is thickened in

its upper and lower parts by strong bands or common tendons.

The lower tendon of Zinn - is attached to the inferior roos of

lesser wing of the sphencid between the optic foramen and the super-
lor orbital fissure. It gives origin to part of the medial rectus,

part of the lateral rectus and the whole of the inferior rectus.

The upper tendon of Lockwood : arises from the body of sphrenocid

and gives origin to part of the medisal and lateral recti and the

whole ¢f the superior rectus.

With regard to their length which 1s about 40 mm, the superior
rectus 1s the longest, then the medial rectus, then the lateral rectus,
then the inferior rectus which is the shortest. The recti extend
anteriorly close to the wall of the orbit and get inserted into the

sclera anterior to the rotation center of the globe by tendons of
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aifferent lengths and widths at variable distances from the cornes.
The motor nerve to each muscle enters the internal surface of the
muscle approximately, at the junction of the posterior one third

and anterior two-thirds (Wolff, 1976).

Medial rectus muscle

Its origin is from the upper and lower common tendons and

from the sheath of the optic nerve (Wolff, 1976).

According to Parks (1983), it courses forward for 40 mm along
the medial aspect of the globe, after penetrating Tenon's capsule
approximately 12 mm from its insertion. It contacts the eye in
the last 5 mm as it arcs to its insertion 5.3 mm from the cornea
by & tenden 3.7 mm in length. The line of insertion is straight
10.3 mm in width. It is zbout L0 mm and is the largest of the
ocular muscles in bulk. The terminal, tendinous portion of the
muscle is only 4 mm long. Irnervation is by the inferior division
of occulomotor nerve which enters the muscle on its lateral deep
surface about the junction of the middle and posterior thirds and
its blood supply from the medial muscular branch of the ophthalmic

artery.

Adduction is & horizontal movement directed medially from the
vertical axis, 1t is primarily accomplished by contraction of the
medial rectus muscle and relaxation of the lateral rectus muscle

{(Parks, 1983).
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Lateral rectus

According to Wolff (1v7%;, its origin is from the upper and
lower common tendons from that part which crosses the superior
orbital fissure. The origin is V or U shaped with the opening of
the letter towards the optic foramen. It is attached also to the

spina recti lateralis.

The lateral rectus muscle courses forward for 40 mm along the
lateral aspect of the glacbe, after penetrating Tenon's capsule appro-
ximately 15 mm from its insertion, the muscle contacts the eye over
the last 7 mm to 8 mm as it arcs to its insertion 6.9 mm from the
cornea by a tenden 8.8 mm in length. The line of insertion is
Straight and is 9.2 mm in length. The terminal tendinous portion of
the muscle 1s 9 mm long. Innervation is by the abducent nerve which
enters the muscle on its medial surface just behind its middle.

Its blood supply from the lacrimal artery and lateral muscular branch

of ophthalmic artery.
Abductlion 1s a horizontal movemen<t directed laterally from the

vertical axis. It 1s accomplished by contraction of the latersal

rectus muscle and relaxation of the medial rectus muscle (Parks, 10E2),

Superior rectus

Its origin is from the upper part of the annulus of Zinn arnd

from the sheath of the optic nerve (Wolff, 1976).

Central Library - Ain Shams University



—~
N
N

According to Parks (1983), it courses forward for 42 mm along
tne dorsal aspect of the globe. Its &xis makes an angle cf 23
degrees with the vertical meridian when the eye is in the pri-
mary position. After penetrating Tenon's capsule approximately
15 mm frem its insertion, contacts the eye for the last few milii-
meters as 1t ares to its insertion, 7.7 mm from the cornea by a
tendon 5.8 mm in length. The line of insertion is obligue, curved
and i1ts convexity forward and 10.8 mm in length. It is innervated
Dy the superior division of the oculomotor nerve which enters the
ocular surface of the muscle at the junction of the middle and post-
erior thirds. Its blood supply is from the lateral muscular branch
cf ophthalmic artery. The action of the muscle varies according
Lo the eye's horizontal starting position. When the eye movement
starts from a position of 23° of abduction, the only movement is
elevation. When it starts from a position cof 67° of adduction,
the only movement is intorsion. When it starts from the primary
position, the movement is combined elevation and intorsion plus

slight adduction.

Inferior rectus

According to Wolff (1976), its origin is from the lower com-

men tendon.

It courses forward for 40 mm along the ventral aspect of the

globe, making an angle of 23 degree with the vertical meridiar when
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the eye in the primary position. After penetrating Tenon's capsule
approximately 15 mm from its inserticn, the muscle contacts the eye
over the last few millimeters as it arcs to its insertion £.5 mm
from the cornea by a tendon 5.5 mm in length. The line of inser-
tion is obligue convex forwards and ¢.8 mm long. It is also inser-
ted to the lower 1lid by fascial expansions of its sheath. Inner-
vation 1s by the inferior division of cculomotor nerve which enters
its ocular surface at the Junction of its middle and postericr
thirds. 1Its blood supply is from the medial muscular branch of the
ophthalmic artery. Its action varies according to the eye's hori-
zontal starting positicon. When the eye movement starts from a posi-
tion of 23° of abduction, the only movement is depression. When it
starts from a position of 67° of adduction, the only movement is
extorsion. When it starts from the primary position, the movement

is combind depression and extortion plus slight adduction.

The Supericr oblique

According to Parks (1993), it originates from above and medial
to the optic foramen, coursing anteriorly between the roof and
medial wall of the orbit, for approximately 40 mm to the trochlesz.
The muscle becomes tendinous approximately 9 mm posterior to the
trochliea. Within the trochlez are L mm of tendon that run poster-
iorly at an angle of 55° to the nasal wall of the orbit tefore inser-
ting on the posterior temporasl supericr guadrant of the globe vent-—
ral to the superior rectus muscle. Tre reflected tendon wnich is

approximately 20 mm in length penetrates Tenon's capsule at its
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midpeint. The line of insertion is 10.7 mm convex posterioly and
1aterally. The trochlea is considered as the functional origin

of the muscle. The insertion is behind the eguator between the
supericr rectus and lateral rectus. The trochlear half of the ref-
lected tendon passes through the fat cushion external to the muscle
cone before penetrating Tenon's capsule. Loose tissue connects

the inner surface of the trochlea and the tendon capsule. The inser-
tional half of the reflected tendon becomes sub-Tencn's approxi-
mately 3 mm nasal to the medial border of the superior rectus muscle.
The mos?t pgsterior end of the superior oblique tendon insertion 1is
approximately 5 mm from the optic nerve, and immediately temporal to
the supericr temporal vortex vein exit from the sclera. The tendon
retains its capsule all the way down to the scleral insertion,
even-though it is tissue—paper thin at this point. Desplte the
thiness of the tendon's terminal 4 mm, the individual fibres that
splay out to the proad insertion are strong. Its action varies ac-
cording to the eye's horizontal starting position. When the eye's
movement starts from a position of 39° of abduction, the only move-
ment is intorsion. When 1t starts from a position of 51° of adduction,
the only movement 1S depression. When 1t starts from the primary
position, the movement 1s combined intortion ana depression, plus
slignht abduction. It is innervated by the trochlear nerve, alter
dividing into 3-4 branches 1t enters the muscle superiorly and near
its lateral border. The most anterior branch is at the junction

of the middle and posterior thirds and the most posterior is & mm
from its origin. IS blood supply 1s from the lateral muscular

branch of ophthalmic artery.
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The Inferior oblique
————="-=210F oblique

According to Parks (1983), it originates from the orbital plate
of the maxilla a little behing the lower orbital margin just late-
ral to the opening of the nasclacrimal duct, few fibres take origin
from the lacrimagl fascig. Courses backwards ang temporally at a

51° angle with the nasal orbital wall and penetrates Tenon's capsule

5 mm from the optic nerve and thus lies Practically over the macula
{only 2 mm from it). The total length or the muscle 15 37 mm, with
& very short or no tendon which is less than 1 mm in length, so it
is almost wholly Mmuscular unlike other muscles Specialily sSuperior
obligue {WOlff, 1976)., 1t 1is innervated by the inferior division of
OCulomotor., The nerve enters tho inferior oblique muscle approxi-
mately 15 mm from its insertion along the Posterior latera] border
on its sclersl side. 1Its blood Supply is from the infraorpitan artery
and medial muscular branch of ophthalmic artery. 1Its action varies
according to the eve's herizontal starting pcsition. Thus, when

the eye movement starts from a position of 33° or abduction, the
only movement is extorsion. When it starts from g position of 51°
of adduction, the only movement isg elevation. When 1t starts from
the Primary position, the movement is combined €xtorsion and ele-

vation plus slight abduction.
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Histology and electron microscopy
T—=red S BaeULION microscopy

According to Wolff (1976), the extraocular muscles are as
these derived from the branchial arches, and are more highly dif~-
ferentiated than any other muscles in the body in some respects.
Instead of being grouped together in bundles Separated by dense
connective tissue, the fine fibres are loosely united and hence
easily separated by dissection. In the intervals between the fibers
are numerous nerve fibres. Each muscle fibre has a diameter of
9-30 um, being less than in other striateg muscles. Each fibre is
Surrounded by 2 sarcolemma Surrocunding a granular sarcoplasm in
which myofibrils may be seen. This gives the cross—section of the
fibril a punctiform appearance. In such a section at least one
nucleus is usually visible just internal to the sarcolemma. Each
muscle fiber or cell is of course a multinucleated structure. There
are at least two and Perhaps more types of muscle fibres in the
extra-ocular muscles. Thin fibres ($-1lum) form a less numercus
group chiefly distributed peripherally and sometimes known as "slow
fibres"™., The fitres have Erape-like motor nerve terminals. The
largest group, the so called "twitch" fibres are of the order or
1i-15um, and these have plaque-like motor nerve endings. The "slow"
and "twitch" fibres exhibit considerable ultrastructural decails
in their endoplastic reticulum and tubule systems ang they also
differ in pharmacological responses (Davson,1969 ang Bachy-Ritg

Q71). The connective tissue arcund the fibres constitures the

[

endomysium and contains sz large quantity of elastic tissue arranged

longitudinally. Similar sep:ta Surround a number of muscle fibres
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ére called the internaj perimysium., These septa contain large
elastic Tibres, the vegsels and nerves, and some connective ftis-

sue cells. The internal Perimysium is continuous with the exter-
nal perimysium, Or epimysium which surrounds the muscle. The
extraocular muscles are peculiar in the large number of nerve and
elastic fibres which they contain. Eazch motor neuron supplies relg-

tively Tew muscle fibres,

The sheaths of the muscies: Frop the origin for two centimetres
the sheath is Practically non-existent, being very thin and trans-
parent so that the macroscopic structure of the muscle is easily
visible. Then it becomes thicker, opaque and disposed 1in two layers,
the outer or orbital layer witn circular fibres arnd the inner wicth
lengitudinal fibres. The inner layer 1s continous with the inter-

nal perimysium (Wolfr, 1976,

Buzzard {1908) described ang figured muscle spindles in the
€ye muscles of man. He knew they were propriocceptive in function.
Yet for many years this wags overlooked and the spindles were not

s5eern.
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Woollard (1931) described fine non-medullated fibres to

ocular muscles, seen ip Stained sections and he wonderedq 17 -n

)
M
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n

Were sensory but he faileg to see or mention muscle spindle

Daniel (1846), Cooper ard Daniel (1949) ang Cooper (1951

again described muscle spindles, They are however only found in
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