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SUrgiCal anatoMy anD USefUl lanDMarkS of the intraorBital CoUrSe 
of oCUloMotor nerveS (abstract): Due to its narrow dimensions, the surgical approach-
es to the orbit and its content are one of the most challenging procedures and can be associated 
with a lot of vascular and nervous iatrogenic damages. the oculomotor, trochlear and abducens 
nerves are most likely to be injured, because of their tight relations with orbital walls, ophtalmic 
and internal carotid artery, superior ophtalmic vein, annular tendon and optic nerve. all of these 
elements and the ditances between them can be used as surgical landmarks for different orbital 
approaches. a throughout knowledge of these relations and the anatomy of the orbit are manda-
tory for a safe surgery in fields like neurosurgery and ophtalmology. key-words: oCUloMotor, 
troChlear, aBDUCenS, orBit, anatoMy, neUroSUrgery 

inTroDUcTion 
the surgical approaches related to the orbit 

and its content are one of the most difficult and 
challenging procedures of ophtalmology and 
neurosurgery. the dangerous part of this types 
of interventions, besides the injuries of the eye, 
is represented by the risk of lesions of oculomo-
tor, trochlear and abducens nerves. Despite it’s 
dimensions, the orbit is full of vessels and 
nerves, and a surgery in this area must be ac-
companied by a throughout knowledge of the 
its anatomy. 

the aim of this article is to emphasize some 
anatomical landmarks for surgical approaches 
of the orbit, in order to help surgeons to avoid 
iatrogenic lesions of the oculomotor, trochlear 
and abducens nerves. 

AnATomy of ThE orbiTAl 
coUrSE of ocUlomoTor nErvES
the three nerves enter the orbit through the 

superior orbital fissure. 
Just before or after entering the orbit, the 

oculomotor nerve divides into two branches: 
superior and inferior. the first one passes un-
der the small wing of the sphenoid bone and 
the superior rectus muscle, then passes lateral 

to the iind cranial nerve. it innervates the su-
perior rectus and levator palpebrae superior 
muscles. the branch for levator palpebrae usu-
ally passes through superior rectus and end on 
the inferior surface of the muscle. the second 
branch passes medial to the nasociliary and 
abducens nerves and divides ito three branches 
which innervate the medial, inferior rectus, 
inferior oblique muscles. the branch for the 
medial rectus muscle passes beneath the optic 
nerve, the the branch for inferior rectus passes 
inferolaterally from the previous branch and 
usually ends on the posterior aspect of the mus-
cle. the branch for the inferior oblique passes 
between the inferior and lateral rectus muscles. 
inferior branch of the oculomotor nerve sent 
also fibers for cilliary ganglion. the branches 
from the ganglion innervate the circular fibers 
of the cilliary muscle and the constrictor pupil-
lae (1).

the trochlear nerve enters the orbit through 
the superior orbital fissure, medial to the lac-
rimal and frontal branches of the ophtalmic 
nerve and lateral to the annular tendon. it then 
passes between the levator palpebrae and supe-
rior rectus and reaches the suuperior oblique 
muscle which it supplies (2).
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the abduncens nerve, enters the orbit through 
the superior orbital fissure and the annular ten-
don. it passes along the inferior branch of the 
oculomotor nerve and below the nasocilliary 
nerve, then reaches the medial surface of the 
lateral rectus muscle which it supplies (3).

SUrgicAl lAnDmArkS of 
ocUlomoTor nErvES DUring 
orbiTAl APProAchES
oculomotor nerve

•	 The	distance	between	the	origin	of	the	infe-
rior branch and the origin of the medial 
rectus muscle branch is between 5.8 and 
12.7 mm, with an average of 9.8-10 mm (4).

•	 The	distance	between	the	origin	of	the	me-
dial rectus branch and the origin of the in-
ferior rectus branch is between 0.2 and 3.2 
mm, with an average of 1.1-2 mm (4).

•	 Because	it	passes	between	the	superior	rec-
tus and levator palpebrae, the superior branch 
of the oculomotor nerve can be injured dur-
ing a transcranial supero-central approach 
of the orbit.

•	 The	place	where	the	branch	for	the	superior	
rectus pierces the muscle and travels towards 
levator palbebrae is in the middle of the 
orbit.

•	 The	branch	for	inferior	oblique	muscle	can	
be injured during the inferolateral orbital 
approach.

•	 One	 important	 relation	 for	 the	oculomotor	
nerve is with the ophtalmic artery. Usually, 
the artery passes between the superior and 
inferior branches of the third cranial nerve. 
in nearly 80% cases, the ophtalmic artery 
passes superior to the optic nerve and below 
superior rectus muscle, having a relation 
with the superior branch of the oculomotor 
nerve. if the artery passes below the optic 
nerve, it runs between the superior oblique 
and medial rectus muscles, adjacent to the 
medial rectus branch (1,4).

•	 In	 the	 superolateral	 approach	of	 the	orbit,	
the fibers from the iiird nerve to the cilliary 
ganglion can be injured (5-7).

•	 The	cilliary	ganglion	can	be	used	as	a	land-
mark for the inferior branch of oculomotor 
nerve, because it is placed always between 
first one third and half of the inferior branch 
of oculomotor nerve (8-11). 

Trochlear nerve 
•	 The	 trochlear	nerve	has	 relations	with	 the	

posterior ethmoidal artery.
• the distance between the trochlear and op-

tic nerves is 3.3 mm, the ivth nerve being 
superior (4).

• the tight relation with the annular tendon 
must be taken into account, in order to avoid 
the injury of the nerve. 

• the relation with the lesser wing of the 
sphenoid bone explains the possibility of 
damaging the nerve when removing the up-
per part of the superior orbital fissure (12); 
in this approach, the superior ophtalmic vein 
can be injured. although it is the main vein 
of the orbit, its place can be taken by other 
veins, so the damage of the blood vessel 
must be preferred instead of trochlear nerve 
damage. 

• in the majority of cases, the trochlear nerve 
ends on the medial side of the superior 
oblique muscle (13); in order to avoid the 
injury of the nerve, the muscle must be re-
tracted medially. 

Abducens nerve
• the abducens nerve has tight relations with 

the internal carotid artery; thus, the nerve 
can be injured in tumors or aneurisms of the 
blood vessel. 

• the relation of the abducens nerve with the 
lateral wall, it can be damaged in fractures 
and surgical approaches in this region (8,9).

• Because of the relations with the oculomotor 
nerve, the abducens can be injured during 
surgery approaching the other nerve.

• Because the abducens nerve ends on the 
posterior aspect of the lateral rectus muscle, 
this part of the muscle must not be retracted 
laterally (14).

conclUSionS 
the oculomotor, trochlear and abducens 

nerves can be damaged during surgical ap-
proaches of the orbit. Because of it’s narrow 
shape, the numerous vascular and nervous ele-
ments wchich lie in the orbit have tight relations 
and can be easily injured. the deep knowledge 
of the anatomy and landmarks which are useful 
in order to avoid iatrogenic lesions is a ‘gold 
standard’ for neurosurgeons and ophtalmolo-
gists. 
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