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2.1	� Introduction

Detailed knowledge and understanding of the 
surgical anatomy of the optic canal, optic nerve, 
and optic strut is of particular importance in skull 
base surgery. The proximity of these structures 
with critical neurovascular structures (i.e., the 
internal carotid artery and cavernous sinus) 
requires the surgeon to mentally visualize these 
relationships as one plan which approach will be 
applied [1]. This is particularly true in the current 
surgical era, which is characterized by the con-
tinuous development of open and endoscopic 
approaches to select different regions of the optic 
canal [2].

This chapter describes the detailed surgical 
anatomy of the optic canal, optic strut, and optic 
nerve to further improve understanding and visu-
alization of their relationship with adjacent criti-
cal structures. Ultimately, the purpose is to assist 
skull base surgeons in planning optimal 
approaches tailored to each different lesion 
involving this region. In addition, embryological 

development and common anatomical variants 
are summarized with their important surgical 
implications.

2.2	� Embryological Development

Lang [3] identified 10 ossification sites in the 
sphenoid bone and stated that the complexity of 
the ossification process contributes to normal 
anatomical variants. The embryological develop-
ment of the optic canal starts at the third gestation 
month and can be divided into three stages: (1) 
cartilaginous formation of the optic foramen, (2) 
ossification of the cartilaginous optic foramen, 
and (3) formation of the optic canal. The carti-
laginous optic foramen is formed from the carti-
laginous lesser wing of the sphenoid, with 
progressive chondrification from posterolateral 
to superomedial [4]. The ossification of the carti-
laginous optic foramen occurs around the 12th–
17th gestational week from the sphenoid’s lesser 
wing and presphenoid ossification centers, which 
outline the superolateral and medial margins [5]. 
The bony optic foramen takes a “keyhole” 
appearance with the inferolateral border formed 
by bony bridge joining the center of the lesser 
sphenoid wing to the postsphenoid center, delin-
eating the anteroinferior segment of the optic 
strut. The transformation of the bony optic fora-
men into the bony optic canal begins at the fifth 
gestation month, with the intracranial ophthalmic 
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artery initially located more inferiorly [5]. The 
posterosuperior segment of the optic strut devel-
ops as single bony ridge from the center of the 
lesser sphenoid wing to the presphenoid center or 
as two bony ridges originating separately from 
the two centers and growing toward one another. 
This optic strut segment transforms the optic 
foramen into the bony optic canal with the cranial 
opening of horizontal-oval shape and the orbital 
opening of vertical-oval shape [6]. The intracra-
nial ophthalmic artery relocates occupying a 
more superior position. The two segments of the 
optic strut are initially separated by a non-
functional foramen, which obliterates during the 
last two fetal months leading to the physiological 
fusion of the two segments and the formation of a 
single optic strut. Regarding the optic nerve, it 
appears around the fourth to seventh gestational 
week from the retinal nerve fibers of the optic 
stalk, which is the embryological structure con-
necting the optic cup to the brain [7].

2.3	� Surgical Technique

Several skull base pathologies, including trau-
matic, neoplastic, and vascular, often involve the 
optic canal, optic strut, and optic nerve, requiring 
surgeons to gain a keen understanding of such 
complex spaces to avoid potentially devastating 
complications. The identification of definite ana-
tomical landmarks is essential for guiding the 
surgery. Also, anatomical variants need to be 
considered and investigated during pre-operative 
imaging planning, to familiarize with the indi-
vidual anatomy of each patient during surgery. A 
wide range of intracranial and endoscopic surgi-
cal windows have been investigated to safely 
expose the optic nerve, ophthalmic artery, and 
internal carotid artery [2]. The selection of an 
optimal approach should be modified on a case-
by-case basis, governed by the extension of the 
pathology, the surgical goal, and the surgeon’s 
preference, including the expected risks of 
complications.

The orbital apex defines the region that con-
nects the orbit with the intracranial space, hous-
ing the optic canal, the optic strut, and the 

superior and inferior orbital fissures. Most com-
monly, the optic canal constitutes a single bony 
opening in the sphenoid bone containing the 
optic nerve, ophthalmic artery, and postgangli-
onic sympathetic nerves. In rare cases, the optic 
canal cranial opening may be duplicated, with the 
lower canal containing the ophthalmic artery and 
the upper canal containing the optic nerve [8]. 
Moving from posterior (intracranial) to anterior 
(intraorbital), Slavin et  al. [9] divided the optic 
canal into three functional portions. The first, 
horizontal-oval portion opens into the middle 
cranial fossa, bounded superiorly by the falci-
form ligament and laterally by the anterior cli-
noid process. The cavernous sinus lies inferiorly 
with the cavernous (C4) segment of the internal 
carotid artery and cranial nerves IV, V1, V2, and 
VI, and the clinoid (C5) carotid segment turns 
superolaterally into the ophthalmic (C6) carotid 
segment that gives origin to the ophthalmic 
artery, which enters the optic canal below the 
optic nerve [10]. Similarly, in cases where the 
ophthalmic artery originates from the A1 seg-
ment of anterior cerebral artery, it also enters the 
optic canal below the optic nerve [11]. The oph-
thalmic artery may also originate from the middle 
meningeal artery [12] and then enter the orbit 
through the superior orbital fissure [13] or by 
penetrating the optic strut [14]. The second, 
round portion of the optic canal includes the 
canal itself, walled by two roots of the lesser 
wing of the sphenoid, from supero-medial-
posterior to infero-lateral-anterior, at a 30° angle. 
Absence of the medial wall of the optic canal 
leads to a direct connection between the ethmoid 
sinus and the optic nerve, favoring the extension 
of infective agents [15]. The third, vertical-oval 
portion of the optic canal, known as optic fora-
men, involves the intraorbital opening, which can 
be identified immediately posterior to the optic 
tubercle creating a transorbital view. The optic 
canal is covered internally by two fused dural 
layers that continue from the intracranial dural 
lining and contain the optic nerve and ophthalmic 
artery [16]. While the dural covering of the optic 
canal’s floor continues to the anterior margin of 
the distal dural ring, the dural lining of the optic 
canal’s roof forms the falciform ligament from 
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the base of the anterior clinoid process to the dura 
of the planum sphenoidale, and the dural layer of 
the optic canal’s medial wall fuses with the dia-
phragm sellae.

The optic strut defines the bony bridge of the 
lesser wing of the sphenoid located between the 
anterior clinoid process and the body of the sphe-
noid, forming the inferolateral wall of the optic 
canal, and separating it from the superior orbital 
fissure [17]. The optic strut has a triangular-
shaped or wing-shaped appearance, delineating 
the anterior limit of the clinoid (C5) segment of 
the internal carotid artery [18] and the dorsal 
extent of the distal dural ring [19]. The base of 
the optic strut may be identified via the transs-
phenoidal endonasal endoscopic view as the “lat-
eral optic-carotid recess,” which is a bony 
depression located between the optic nerve and 
internal carotid protuberances on the lateral wall 
of the sphenoid sinus [2]. Kerr et al. [20] identi-
fied four anatomical variants of the optic strut 
position in relation to the prechiasmatic sulcus: 
(1) sulcal or adjacent to the prechiasmatic sulcus; 
(2) postsulcal, when located posteriorly to the 
prechiasmatic sulcus; (3) asymmetric; and (4) 
presulcal, when located anteriorly to the prechi-
asmatic sulcus. The optic strut may be duplicated 
when the posterosuperior segment develops 
above the ophthalmic artery, forming two sepa-
rate optic strut cranial openings with the optic 
nerve coursing through superior opening [5]. The 
optic strut may also assume a “keyhole” radio-
logical appearance when its posterosuperior seg-
ment is absent or present only in a rudimentary 
form. In rare cases, the optic strut may be totally 
absent, with the optic canal and superior orbital 
fissure forming a single cranial opening [21].

The optic nerve is contained within the optic 
canal and borders inferiorly the optic strut, cours-
ing from the optic chiasm to the eye bulb. Engin 
et  al. [8] divided the optic nerve into four seg-
ments from posterior to anterior: (1) intracranial, 
(2) intracanalicular, (3) intraorbital, and (4) intra-
ocular. The intracranial optic nerve segment lies 
inferior to the gyrus rectus and olfactory tract, 
coursing through the subarachnoid space inter-
secting the anterior cerebral artery and anterior 
communicating artery complex in the cistern of 

the lamina terminalis. While the anterior clinoid 
process is located laterally, proximal to the two 
dural rings that mark the transition from the cav-
ernous (C4) carotid segment to the clinoidal (C5) 
segment, the tuberculum sellae and the middle 
clinoid process are located medially. The optic 
nerve enters the optic canal below the falciform 
ligament, forming the intracanalicular optic 
nerve segment that courses in an anterolateral 
direction, superomedially to the optic strut. The 
inferior surface of the intracanalicular ON seg-
ment forms a protuberance on the upper part of 
the sphenoid sinus, located anterolaterally to the 
sellar floor [10]. After endoscopic endonasal 
sphenoidotomy, the ON protuberance can be eas-
ily identified superiorly to ipsilateral carotid pro-
tuberance, which is located laterally to the sellar 
floor and corresponds to the cavernous (C4) 
internal carotid segment [10]. The lateral optic-
carotid recess is sited between these two bony 
protuberances and can be used to detect the intra-
cranial optic canal opening superomedially, the 
clinoid internal carotid segment inferomedially, 
the superior orbital fissure inferolaterally, and the 
orbital apex laterally [2]. From an endoscopic 
view, the intracanalicular optic nerve segment 
may be also identified using a vertical line touch-
ing the medial border of the anterior ascending 
cavernous (C4) internal carotid artery segment 
[22]. After entering the muscle cone within the 
orbital apex, the intraorbital optic nerve segment 
extends in the globe with a S-shape to allow the 
mobility of the globe within the orbit [15]. Both 
the intracanalicular and intraorbital segments are 
surrounded by the optic nerve sheath.

2.4	� Operative Nuances

Surgical exposure of the optic canal is required to 
resect tumors extending into the optic canal from 
the orbital or intracranial compartments and to 
relieve compression of the edematous optic nerve 
in case of craniofacial trauma or pseudotumor 
cerebri [23]. Historically, ophthalmologists 
approached orbital apex lesions from a lateral 
orbitotomy corridor, which was introduced by 
Krönlein in 1889 [24]. In 1922, Dandy was the 
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first to use the transcranial approach to operate on 
a patient with bilateral optic canal meningiomas, 
concluding to have obtained better optic canal 
exposure compared to the traditional lateral 
access [25]. From that point in time, multiple sur-
gical windows, first open and then endoscopic, 
have been investigated to access the optic canal 
region [2]. Open surgical corridors, including the 
pterional, frontotemporal-orbital, supraorbital, 
and subfrontal, offer maximal exposure of the 
superior and lateral surfaces of the intracanalicu-
lar optic nerve segment. Transcranial routes to 
approach the optic canal can be extradural or 
intradural, with the use of either route depending 
on the surgeon’s preference and expertise [26]. 
Based on our experience, we prefer to access the 
optic canal extradurally by removing the anterior 
clinoid process, sectioning the falciform liga-
ment, and unroofing the optic canal with optic 
strut removal to increase the decompression of 
the optic nerve. Such step, coupled with the distal 
dural ring excision particularly in cases of aneu-
rysms, allow for the mobilization of the optic 
nerve and internal carotid artery creating an addi-
tional corridor in the optic-carotid space. This 
favors proximal control of the internal carotid 
artery, avoiding excessive traction of the optic 
nerve responsible for irreversible injury and 
offering safe dissection of the tumor from the 
optic nerve [27]. All these maneuvers reduce the 
risk of injuring the optic nerve. However, in cases 
of meningiomas, the surrounding dura should not 
be resected since its coagulation may compro-
mise the optic nerve’s blood flow and impairing 
visual function by causing optic neuropathy [27]. 
An anterior clinoidectomy may also be per-
formed with an intradural technique, but it may 
increase the risks of injuring the surrounding vas-
culature. We have recently used the ultrasonic 
bone curette (SONOPET®, Stryker, Kalamazoo, 
MI, USA) to reduce the risks of optic nerve and 
vascular injury, which may occur during bone 
drilling [28]. Any potential risk of thermal injury 
to the optic nerve associated with the use of ultra-
sonic bone curettes may be avoided by operating 
the SONOPET® at low power settings. In some 
cases, the anterior clinoid process may be pneu-
matized, or it can be fused with the middle cli-

noid process, forming the “caroticoclinoid 
foramen”, or with the posterior clinoid process, 
forming the “interclinoid bridge” [8, 29, 30]. 
These anatomical variations should be carefully 
evaluated at pre-operative CT scans, and, if pres-
ent, an intradural clinoidectomy is recommended 
to avoid any injury to the internal carotid or oph-
thalmic artery. The main limitation of open tran-
scranial approaches consists in the difficulty to 
safely expose the inferior and medial surfaces of 
the optic nerve without risking injury of the 
internal carotid artery and/or the cavernous 
sinus. Some authors suggest the use of contralat-
eral transcranial approaches to access the optic 
canal and treat medially projecting aneurysms of 
the ophthalmic (C6) internal carotid artery seg-
ment [31].

The endoscopic transsphenoidal route pro-
vides an optimal surgical corridor for accessing 
lesions originating from the sphenoid wing, cav-
ernous sinus, or tuberculum sellae and displacing 
the optic nerve superiorly and laterally [2]. Using 
the lateral optic-carotid recess as a landmark to 
identify the optic nerve, internal carotid artery, 
and ophthalmic artery, the bone overlying the 
tuberculum and planum sellae can be removed to 
access the optic chiasms and the inferomedial 
quadrant of the intracanalicular optic nerve seg-
ment. Navigation and micro-doppler may assist 
in identifying the internal carotid artery, espe-
cially in cases with tortuous “kissing ICA” where 
the ophthalmic internal carotid artery segment 
needs to be mobilized laterally or inferiorly to 
expose the inferior quadrant of the intracranial 
optic nerve segment. Bone removal may also be 
extended laterally to the tuberculum sellae (i.e., 
trans-medial optic-carotid recess) to access the 
distal intracranial optic nerve segment and the 
superomedial surface of the clinoid (C5) and 
ophthalmic (C6) carotid segments [2]. Abhinav 
et al. [32] reported the feasibility to decompress 
up to 270° of the optic canal using the endonasal 
endoscopic approach, but this technique requires 
extensive intracranial extension with delicate 
manipulation of the optic nerve and leads to high 
risks of causing cerebrospinal fluid leakage. 
Although the endonasal endoscopic corridor 
requires no brain retraction, the main limitation is 
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the inability to expose the superior surface of the 
intracanalicular optic nerve segment and 
transection of the falciform ligament to free the 
optic nerve without opening the subarachnoid 
space and causing cerebrospinal fluid leakage. In 
addition, pneumatization of the sphenoid sinus 
plays a big role in determining the surgical access 
through the transsphenoidal route, expecting 
unfavorable outcomes in patients with poorly 
pneumatized sinuses, which require prolonged 
drilling and thermal injury to the optic nerve [33].

Although several studies have demonstrated 
that the transcranial approaches provide greater 
circumferential decompression and exposure of 
the optic nerve with minimal risk of cerebrospi-
nal fluid leakage, the selection of the best surgical 
approach should be tailored on each patient’s 
anatomy, pathology, and clinical scenario [2, 22]. 
The pterional approach may be preferred to 
achieve a wide optic canal decompression or to 
access the superior and lateral surfaces of the 
intracranial optic nerve segment. The 
frontotemporal-orbital approach is indicated in 
treating lesions that extend into the lateral orbit. 
The subfrontal approach offers better inferome-
dial exposure of the distal intracranial optic nerve 
segment. The endoscopic endonasal transsphe-
noidal route provides the best access to the infe-
rior and medial quadrants of the intracanalicular 
optic nerve, allowing expanded exposure of the 
intraorbital and intracranial segments using the 
transplanum trans-tuberculum, trans-medial 
optic-carotid recess, and transcanalicular 
approaches. The transcranial and endoscopic cor-
ridors should be considered as complementary 
options for accessing the optic canal, optic strut, 
and optic nerve regions, and not as mutually 
exclusive.

2.5	� Conclusions

Knowledge of the surgical anatomy of the optic 
canal, optic strut, and optic nerve is necessary for 
skull base surgeons involved in the treatment of 
traumatic, oncological, and vascular pathologies 
to minimize the surgical morbidity and achieve 
optimal outcomes. Although some anatomical 

variants and abnormalities may be detected in 
several cases, the overall persistency of definite 
anatomical landmarks allows effective surgical 
planning. Open transcranial and endoscopic 
endonasal surgical approaches should be tailored 
on a case-by-case basis with relation to the indi-
vidual patient’s anatomy, pathology, and clinical 
scenario.
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