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Ö. Engin1   · G. F. J. P. M. Adriaensen1,2 · F. W. A. Hoefnagels1,3 · P. Saeed1

Received: 15 January 2020 / Accepted: 12 September 2020 / Published online: 31 October 2020 
© The Author(s) 2020

Abstract
Purpose  The orbital apex is the narrowest part of the orbit, housing the link between the intracranial cavity and orbit. Knowl-
edge of orbital apex anatomy is crucial to selecting a surgical approach and reducing the risk of complications. Our purpose 
is to summarize current knowledge on surgical anatomy and attempt to reach a consensus on definition of the orbital apex.
Methods  The online databases of Embase, the Cochrane library, Web of Science and PubMed (MEDLINE) were queried 
in a comprehensive bibliographic search on the (surgical) anatomy of the orbital apex and consisted of a combination of two 
subjects, using indexed terms and free text: “Orbital Apex” and “Orbital Anatomy.”
Results  A total of 114 relevant papers were included in this review. Numerous anatomical variations are described in the 
literature. Variations of the optic canal include duplication (0.64%) and keyhole anomaly (2.65%). Variations in pneumatiza-
tion of the anterior clinoid process were unilateral in almost 10%, bilateral in 9%, and normal in 72%. A rare variant of the 
superior orbital fissure (SOF) is Warwick’s foramen, which appears as if the lowest portion of the SOF was separated from 
the main fissure by a transverse bony bridge.
Conclusion  The definition of the orbital apex varies in the literature, and further research would most likely identify addi-
tional variations. A universal definition reporting these variations and pathology and imaging findings is essential for deter-
mining the optimal surgical approach to the orbital apex.
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Introduction

The orbital apex is the area between the orbit and intracra-
nial space that houses structures like the optic canal (OC), 
superior orbital fissure (SOF), and inferior orbital fissure 
(IOF), forming an opening to the orbit [2, 19, 30, 52, 92, 94, 
108]. The superolateral orbit can be divided in the frontal 

one-third to the lacrimal fossa part and the posterior two-
thirds connecting the SOF [55]. The part between the poste-
rior ethmoidal foramen and the openings of the OC and SOF 
has been described as the orbital apex [48].

Detailed anatomical knowledge of the orbital apex is 
essential for diagnostic purposes and surgical interventions 
because critical structures are only millimeters apart [27, 
79, 92, 104]. The literature describes many variations of the 
anatomy orbital apex and its structures. There is no precise 
definition of what the orbital apex comprises and its precise 
location. Here, we systematically review all current data and 
reports on the anatomy of the orbital apex. An attempt was 
made to develop a conclusive definition of the orbital apex.

Methods

We performed a systematic literature search on the (surgical) 
anatomy of the orbital apex on June 27, 2017, using online 
databases including Embase, the Cochrane library, Web of 
Science, and PubMed (MEDLINE). Preferred Reporting 
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Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines were followed to query these online databases. 
The search strategy was developed by an experienced clini-
cal librarian and consisted of a combination of two sub-
jects using indexed terms and free text: “Orbital Apex” and 
“Orbital Anatomy.” All studies describing data on anatomy 
alone or surgery techniques focusing on the anatomy were 
included. Studies focusing on animals, syndromes, frac-
tures and other orbital abnormalities, non-English studies, 
and reviews were excluded from the analysis. Two reviewers 
(ÖE and PS) independently assessed all titles, abstracts and 
the reference lists for relevance. Subsequently, a full-text 
analysis was performed on all relevant publications for final 
inclusion in the analysis. Discrepancies regarding the inclu-
sion of eligible studies were mutually resolved by discussion 
between the two reviewers. The search strategy is included 
in the Appendix.

Results

Our search strategy yielded 4703 papers after removal of 
duplicates (Table 1). The full texts of 222 articles describing 
the anatomy of the orbital apex and the important structures 
related to this area were assessed for eligibility. This resulted 
in the inclusion of 114 relevant papers in this review (Fig. 1).

Orbital apex

The bony orbital apex is the narrowest part of the orbit. 
The lesser wing of the sphenoid bone forms the roof of the 
apex, the ethmoidal sinus forms the medial wall, the greater 

wing of the sphenoid forms the lateral wall, and the orbital 
plate of the palatine bone forms the floor [1, 30, 46, 63, 82]. 
The OC is bordered by the sphenoid bone, superior by the 
lesser wing, inferolateral by the optic strut, and medial by 
the body. The SOF is inferolateral to the OC separated by the 
optic strut and bordered by the lesser wing of the sphenoid 
superiorly and medially, by the greater wing of the sphenoid 
bone laterally and the orbital process of the palatine bone 
inferiorly (Fig. 2) [27].

Various studies have measured the distance to the orbital 
apex. Danko and Haug reported that the distance from the 
infraorbital rim to the orbital apex (annulus of Zinn) was 
39.1 mm (range 33.6–41.6 mm) [36]. Other studies meas-
ured the distance from the rim to the optic foramen between 
47.93–49.60 mm inferiorly, 41.32–46.43 mm medially from 
the lacrimal crest, and 44 mm from the lateral orbital rim 
to the apex [61, 64, 105]. Yilmazlar et al. measured the dis-
tance between the orbital apex (described as the part where 
the OC terminates and the orbit begins) to the tubercular 
recess as 11.22–11.47 mm [111]. René reported that the 
orbital apex is located 44–50 mm posteriorly [92]. Smerdon 
stated that the distance between the back of the eye and the 
apex is slightly less than the length of the intraorbital part 
of the optic nerve (ON) [102].

Optic canal

The OC contains the ON, ophthalmic artery (OA), and the 
postganglionic sympathetic nerves that arise from the carotid 
plexus [1, 21, 22, 30, 35, 46, 50, 52, 63, 79, 88, 90, 95, 97, 
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Fig. 1   Flow chart search

Fig. 2   The optic canal (OC) is bordered by the sphenoid bone, supe-
rior by the lesser wing, inferolateral by the optic strut and medial by 
the body. The SOF is localized inferolateral to the optic canal sepa-
rated by the optic strut and bordered by the lesser wing of the sphe-
noid superiorly and medially, by greater wing of the sphenoid bone 
laterally and the orbital process of the palatine bone inferiorly. GWS 
greater wing of the sfenoid, LWS lesser wing of the sfenoid, OC optic 
canal, SOF superior orbital fissure
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101, 105]. The ON is medial to the OA. The OC with its 
intraorbital end (optic foramen), is bordered medially by the 
body of the sphenoid bone, superiorly by the superior root 
of the lesser wing of the sphenoid bone, inferolaterally by 
the optic strut (the posterior root of the lesser wing of the 
sphenoid bone), and laterally by the anterior clinoid process 
(ACP) (Figs. 2 and 3) [8, 14, 21, 27, 30, 34, 46, 50–52, 63, 
88, 91, 92].

Variations of the OC include duplication (0.64–2.98% of 
orbits), which is often associated with the internal carotid 
artery (ICA) originating from the cavernous sinus. When 
duplication is present, the lower canal contains the OA and 
the higher canal contains the ON (Table 2) [15, 16, 28, 
48, 66, 81, 98]. Another variation is the keyhole anomaly 
(1.64–2.65% of orbits), in which the OC has a grooved floor, 
previously known as a grooved OC. On radiographs, the OC 
appears in the shape of a keyhole (Table 2) [15, 16, 66, 67].

Optic nerve

The ON can be divided into four segments: intraocular, 
intraorbital, intracanalicular, and intracranial [5, 12, 18, 24, 
30, 38, 45, 51, 70]. The intraorbital part is located within 
the intraconal space of the orbit and extends from the globe 
to the orbital apex, traveling from the globe inferomedially 
and then superiorly to the optic foramen [12, 45, 46]. The 
intracanalicular part is located above the OA as it passes 
through the OC and lesser wing of the sphenoid bone, sur-
rounded by a muscular cone [5, 12, 45, 46]. The intracanali-
cular and intraorbital parts of the ON are covered by the pia, 
arachnoid, and dura [45, 101]. The intracranial ON segment 
passes from the OC anterolaterally to the posteromedial 

optic chiasm. The intracranial portion of the ON runs along 
the medial aspect of the ACP before the ON turns toward 
the optic chiasm [10, 12, 45, 46, 101].

Anterior clinoid process

Among the bony structures around OC, the ACP is by far 
the most important bony projection that contains parts of the 
ON and OA. The ACP is a small triangular bone formed by 
the medial and posterior end of the lesser wing of the sphe-
noid bone. The posterior root of the sphenoidal bone extends 
medially from the ACP and forms the roof of the OC (Fig. 3) 
[10, 32, 77]. The ACP is composed of a thin shell of outer 
cortical bone surrounding inner spongy bone [4, 32]. Pneu-
matization of the ACP was found in 14.7–28% of cases, and 
a normal ACP was found in 72% of scans (Table 2) [7, 84]. 
Several studies found bony fusions between the ACP and 
posterior clinoid process (PCP) and between the ACP and 
middle clinoid process (MCP). There was a fusion between 
the ACP and PCP in 5–6% of cases. Incomplete and com-
plete ACP-MCP fusion were seen in 10–24 and 13–15% of 
cases, respectively (Table 2) [32, 68].

Dural folds cover the ACP, with two dural rings near the 
ACP and clinoidal ICA. The distal dural ring is formed by 
the dura from the superolateral part of the ACP, while the 
proximal one is formed by dura from the inferomedial part 
of the ACP. These dural rings are an important landmark for 
the termination of the cavernous segment of the ICA and the 
beginning of the clinoidal segment, and the distal ring marks 
the termination of the clinoidal segment of the ICA and the 
beginning of its ophthalmic segment [71, 76, 96].

ACP removal is possible for non-vascular lesions, such 
as sphenoid ridge meningiomas and suprasellar lesions, 
including pituitary adenomas and craniopharyngiomas [10, 
37, 39, 58, 71, 86, 112]. It usually should be removed by 
unroofing of the OC as in spheno-orbital meningiomas to 
provide exposure, mobilization of the ON, and resection of 
the tumor extending into the OC. The ACP is closely related 
to the clinoidal segment of the ICA and the intracranial part 
of the ON, so its removal carried a risk of potential injury to 
the clinoidal and ophthalmic segments of the ICA and ON 
[3, 26, 32, 69].

Annulus of Zinn and extraocular muscles

In 1780, Zinn described the “tendinem verum,” a fibrous 
cord below and external to the optic foramen. This cord is 
divided in three parts: a middle band attached to the inferior 
rectus, an inner band attached to the medial rectus, and an 
external band attached to the lateral rectus [8, 35, 79]. The 
annulus of Zinn contains the ON, OA, oculomotor nerve, 
abducens nerve, trochlear nerve, nasociliary nerve, the 
sympathetic roots of the cervical ganglion, and the superior 

Fig. 3   ACP is by far the most important bony projection which hides 
part of the ON and The ACP is a small triangle bone formed by the 
medial and posterior end of the lesser wing of the sphenoidale bone. 
The posterior root of the sphenoidal bone extends medially from the 
ACP and forms the roof of the OC. AC anterior clinoid process, GWS 
greater wing of the sfenoid, LWS lesser wing of the sfenoid, LC lac-
rimal crest
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ophthalmic vein (SOV) [19, 21, 27, 50, 63, 95]. The abdu-
cens and oculomotor nerves both innervate the extraocu-
lar muscles from within the intraconal space after passing 
through the annulus of Zinn, while the trochlear nerve inner-
vates the superior oblique muscle extraconal. The inferior 
ophthalmic vein (IOV) passes below the annulus [95, 107].

The annulus of Zinn also surrounds the optic foramen, 
oculomotor foramen, and the inferior portion of the SOF, 
creating intraconal and extraconal spaces in the SOF [19, 
46, 50, 52, 63, 91, 92]. The opening called the optic foramen 
(Zinn’s ring) is the bulging end of the SOF and contains the 
nasociliary, oculomotor, abducens, fascial, and trigeminal 
nerves, as well as the sympathetic root of the ciliary gan-
glion [52, 79]. Except for the inferior and superior oblique 
muscles, all four extraocular muscles originate at the orbital 
apex from the annulus of Zinn and form a cone that sepa-
rates extraconal and intraconal spaces [8, 19, 21, 22, 34, 50, 
63, 79, 82, 92, 95, 102, 107]. The inferior oblique muscle 
originates from the periosteum of the maxilla [22, 102]. It is 
composed of two tendinous portions: inferior and superior. 
The lower tendon is located inferior to the optic foramen and 
serves as an origin for the lateral, inferior and medial rectus 
muscles. The tendon of Lockwood (upper tendon) serves as 
origin for the superior rectus muscle [30, 46].

The origins of the rectus muscles are separated from each 
other by thin connective tissue septa. The superolateral inter-
muscular septum was as described by Ettl et al. in 1997 and 
1998 [44, 45]. Koornneef described thin radial septa, which 
coursed from the rectus muscle to the orbital walls. In two 
studies, he reported connective tissue strands between both 
oblique muscles and Tenon’s capsule [72, 73]. More posteri-
orly, he described septa between the inferior oblique muscle 
and the periorbit of the orbital floor. Connections were seen 
between the upper end of the medial rectus muscle and the 
superior oblique muscle. Multiple connections are described 
between the lateral and inferior recti muscles and the Müller 
muscle with three connective tissue septa, and two septa also 
connected with branches of the inferior ophthalmic vein. 
Firm attachments of the lateral rectus muscle to the lateral 
wall were seen. Other branches of the IOV were observed 
in the septa between the lateral and inferior recti. The lateral 
rectus muscle had connections with the SOV hammock and 
ON. Radial septa originate medially from the medial rectus 
muscle, connecting it with the ethmoidal periorbit. Superi-
orly to this muscle, septa connect with the orbital roof, the 
superior oblique muscle, and SOV [72, 73].

The superior orbital fissure and inferior orbital 
fissure

The SOF is inferolateral to the OC, between the greater and 
lesser wings of the sphenoid bone, with a round part infe-
riorly and a thinner part superolaterally. The SOF can be 

racket-shaped or round, with a narrow part superotemporally 
and a wider part medially, below the optic foramen. It sepa-
rates the posterior segment of the lateral orbital wall from 
the roof. The SOF connects the middle cranial fossa to the 
orbit and is separated from the OC and foramen rotundum 
by the optic and maxillary struts, respectively (Fig. 3) [8, 
18, 19, 21, 22, 27, 30, 33, 34, 46, 49, 50, 63, 90–92, 95, 
101, 105].

The annulus of Zinn divides the SOF into three parts. The 
superolateral part contains the frontal, lacrimal and trochlear 
nerves. The nasociliary nerve, superior and inferior branches 
of the oculomotor nerve, and the abducens nerve are in the 
central part; also, the SOV passes through the central part 
and continues to the cavernous sinus. The inferior part does 
not have any structures [19, 22, 27, 35, 45, 46, 49, 50, 63, 
79, 90, 91, 93, 95]. The OA enters the orbit through the SOF 
in 5–6% of cases as a result of an aberrant development of 
arterial blood supply to the orbit [90].

A rare variant of the SOF is Warwick’s foramen, which 
in many cases is located between the inferior end of the SOF 
and the foramen rotundum. It separates the SOF from the 
main fissure by a transverse bony bridge and connects the 
middle cranial fossa with the orbit [15, 90, 109]. Warwick’s 
foramen must not be confused with the nearby foramen 
rotundum itself, which is located further down [90, 109]. 
Bertelli and Regoli described the presence of this structure in 
0.61–0.74% of the cases, unilateral in all investigated skulls 
and in patients between 14–90 years of age. Their studies 
described variations in shape as round or crescent fora-
men, and variations in size where the caliber of the rounded 
foramina ranged 0.5–2 mm, and the crescentic foramina had 
a diameter as large as 2.88 mm (SD ± 0.956 mm). It is never 
found in fetal skulls [15, 90, 109]. Warwick hypothesized 
that this foramen might contain the IOV, which was also 
seen by Bertelli and Regoli. They described that the foramen 
points towards the pterygopalatine fossa; this makes it pos-
sible that a vessel is present connecting the cavernous sinus 
and the pterygoid venous plexus [15, 90, 109].

The IOF is located between the lateral wall and floor of 
the orbit. The zygomatic bone forms the anterior margin, 
the sphenoid bone forms the lateral margin, and the maxil-
lary bone forms the medial margin. The anterior part of this 
fissure is round and the posterior part is thin and obliquely 
oriented. Anteriorly, the channel is bordered laterally and 
medially by the sphenoid and maxillary bones, respectively. 
It connects inferolaterally to the infratemporal fossa [8, 19, 
34, 46]. The IOF contains the infraorbital artery, infraorbital 
nerve, maxillary division of the trigeminal nerve, zygomatic 
nerve, and branches of the IOV (Fig. 4) [19, 35, 46, 79, 95].

The main arterial supply to the orbit and ON is provided 
by the OA via the supraclinoid portion of the ICA [22, 46, 
55, 56, 70, 78, 87, 91, 92, 102]. In the intracranial segment, 
the OA is related to the proximal part of the ICA. It makes 
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its way through the subarachnoid space into the intracana-
licular segment below the ON and then continues into the 
OC, mostly inferolateral to the ON to perforate the sheath 
at the OC exit [16, 18, 19, 21, 30, 40, 42, 45, 46, 50, 52, 55, 
56, 62, 63, 70, 89, 91, 92, 101, 102, 113]. OA entrance into 
the orbit through the SOF is only described in 5–6% of cases 
due to an aberrant development of the arterial blood supply 
[90]. Lang et al. reported that in 2–4% of cases, the OA is 
located in a separate bony canal parallel to the OC [74, 75].

The OA courses below the superior rectus muscle, even-
tually reaching the medial orbital wall. The main trunk trav-
els near the medial wall of the orbit and splits into terminal 

branches to supply structures within the orbit [52, 57, 62, 
74, 89, 92, 101]. After coursing nasally and anteriorly, the 
OA runs superior to the ON where it gives off most of its 
major branches, including the central retinal artery (CRA), 
which passes inferiorly to the ON, pial vessels, and the pos-
terior ciliary arteries [40, 42, 46, 52, 53, 92]. In 40 and 20% 
of cases, the CRA originated from the posterior long cili-
ary artery and posterior ciliary artery, respectively [52, 87]. 
The CRA penetrates the dural sheath to reach the ON ~ 1 cm 
behind the globe, to reserve a central position within the ON 
[40, 46, 87, 92]. After rising from the ON within the globe, it 
branches into the arteria nasalis retinae superior and arteria 
nasalis retinae inferior [40]. Small pial vessels branch from 
the intraorbital part of the OA, the recurrent branch of the 
posterior ciliary artery, and branches of the CRA and pen-
etrate the superior surface of the optic sheath at a right angle 
to form a subpial meshwork. This network contributes to the 
vascularization of the ON fibers [41, 43, 103].

In the literature, an abnormal origin of the OA is 
described in 1.89–3.1% of cases [13]. Various abnormal 
origins are described, such as within the cavernous sinus, 
due to a persistently dorsal OA (0.42–14.1%), C3 tract of the 

Table 1   Database results Database Papers

Embase.com 3342
Medline Ovid 943
Web of science 283
Cochrane CENTRAL 16
Google scholar 119
Total 4703

Table 2   OC, ACP and OA variations

ACA​ anterior cerebral artery; ACP anterior clinoid process; BA basilar artery; CS cavernous sinus; ICA internal carotid artery; MCP middle 
clinoid process; MMA middle meningeal artery; OA ophthalmic artery; OC optic canal; PCA posterior communicating artery; posterior clinoid 
process

Study N OC duplication Keyhole anomaly

Bertelli [15] 943 1.96% 2.65%
Ghai et al. [48] 194 2.57%
Keyes [66] 2187 0.11% 1.64%
Singh [98] 435 2.98%
Magden et al. [81] 369 0.54%
Kier [67] 1000 2.20%

ACP variations of the ACP

Study N Pneumatization Bony fusion of the 
ACP and PCP

Complete bony fusion of the 
ACP and MCP

Incomplete bony fusion 
of the ACP and MCP

Mikami et al. [84] 300 14.7%
Avci et al. [7] 7 28%
Dagtekin et al. [32] 15 5% 15% 10%
Kim et al. [68] 35 6% 13% 24%

Abnormal origin of the OA

Study N CS ICA Choroidal segment of the 
C4 tract of the ICA

ACA​ MMA PCA BA

Matsumura et al. [83] 109 0.42–14.1% 26.6
Horiuchi et al. [59] 156 6.7
Indo et al. [60] 855 3% 0.35% 0.23%
Hayreh et al. [56] 170 7.50% 4.70% 0.58% 2.40% 0.58% 0.58%
Uchino et al. [106] 826 2.40%
Bertelli [16] 3.3–8%
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ICA (3–26.6%), or choroidal segment of the C4 tract of the 
ICA (0.18–0.35%). The origin can be as double arteries with 
an additional caudal artery passing through the SOF from 
the ICA bifurcation, middle cerebral artery with unilateral 
or bilateral ICA absence, anterior cerebral artery (0.23%), 
posterior communicating artery (0.58%), basilar artery 
(0.58%), or middle meningeal artery (1.2–4%) (Table 2) [13, 
16, 56, 59, 60, 83, 106]. Studies also described variations 
with contributions from the maxillary and middle meningeal 
arteries branching from the external carotid artery, where 
the OA does not arise from the ICA but branches from 
the middle meningeal artery and enters the orbit through 
the SOF [16, 55, 56, 78]. The OA can have two supplying 
branches: a large branch from the middle meningeal artery 
and a smaller branch from the ICA. A persistent connection 
is found between the middle meningeal artery and OA as the 
recurrent meningeal branch of the lacrimal artery. The OA 
has also been found to arise extradurally from the clinoidal 
segment of the intracavernous portion of the ICA, where it 
passes through the SOF instead of the optic foramen [16, 
55, 56, 80, 82, 110].

First described by Hayreh et al. in 1963, the blood sup-
ply of the ON remains controversial to this day. The dis-
cussions revolve around the role of the CRA, the presence 
of a separate CRA for the ON itself, and the presence 
of anastomoses between the CRA and arteries surround-
ing the ON [54, 57]. In 1954, Francois and Neetens sug-
gested that the CRA was strictly terminal without branches 
throughout its course and proposed that if it had branches, 
it would supply the retina and papilla as opposed to the 
ON itself.[47, 54]. In 1960, Singh and Dass described 
three branches of the CRA in 82% of cases that supply the 
retina. They did not find intraneural branches that sup-
ply the retina as suggested by Francois and Neetens in 
1954 [47, 99]. The intraorbital branches supply the dural 

sheath. The intravaginal branches are the most prominent 
and are similar to the intraneural branches. The intraneural 
branches form the axial vascular system of the ON and 
contain the central vessels [47, 99, 100, 103]. Hayreh also 
described the presence of multiple branches with various 
origins [53].

There are also controversies about the site of branch 
origination. Multiple studies described capillary branches 
from the CRA in the lamina cribrosa [20, 103]. Singh & 
Dass suggested that the intraorbital portion ascends all 
along the entire course of the CRA, the intravaginal part 
arises from the distal half, and the intraneural parts are 
evenly distributed [100]. They found no branches at the 
level of the lamina cribrosa, as described elsewhere [103]. 
On the other hand, Francois & Neetens proposed that the 
intraneural branches originate in the anterior third of the 
CRA behind the lamina cribrosa. These branches are the 
early retinal branches as described by them and do not 
supply the ON [47]. Others reported that all the intraneural 
branches supplied the ON [54, 57, 103].

Venous drainage of the orbital apex

The main venous drainage is provided by the ophthal-
mic vein [22, 50, 63, 82, 91]. It has a valveless superior 
and inferior division that join in the orbital apex and exit 
through the SOF and IOF [8]. The superior root is the 
continuation of the supraorbital vein, while the inferior 
root is the terminal part of the angular vein from the facial 
venous system [25].

The SOV is found superomedially near the trochlea, lat-
eral to the superior oblique muscle, and passes backwards 
above the ON and under the superior rectus. The superior 
supraorbital vein and inferior angular join to form the SOV 
coursing through the orbit from the front toward the back 
next to the artery and passing under the superior rectus mus-
cle entering the muscle cone. The SOV can be divided in 
three segments. The first is the union of the two roots in the 
anterior orbit. The second segment is where the SOV travels 
under the superior rectus muscle in the mid-orbital region. 
The third part starts where the SOV proceeds in a posteri-
orly extending diagonal course from the second segment, 
crossing from medial to lateral to reach the lateral border of 
the superior rectus muscle. From there, it travels posteriorly 
beside the lateral edge of the superior rectus muscle, then 
passes the annulus of Zinn and SOF to drain into the cavern-
ous sinus [9, 19, 25, 30, 51, 55, 91, 102]. The IOV is found 
on the orbital floor and courses along the inferior rectus [30, 
34, 92]. It originates as a plexus on the floor of the orbit and 
drains directly—or indirectly via the SOV—into the cavern-
ous sinus [19, 30].

Fig. 4   The optic canal and it’s relation to the superior and inferior 
fissures. OC optic canal, SOF superior orbital fissure, IOF inferior 
orbital fissure
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Discussion

This literature review summarizes the surgical anatomy 
and variations of the orbital apex described in the litera-
ture. This is to our knowledge, the first systematic review 
describing the anatomical variations in orbital apex struc-
tures to help surgeons navigate in this complex anatomical 
area.

The reviewed literature reported great variation in dif-
ferent aspects of orbital apex anatomy. These variations 
can possibly be explained by the fact that anatomical 
descriptions are not always based on healthy individuals. 
The majority of studies described the anatomy of patients 
undergoing surgery or imaging. Therefore, it cannot be 
excluded that these variations might be more common in 
pathologic cases. Other possible explanations for these 
variances in description include selection bias, study 
size, and universal definitions. Anatomical structures can 
vary between various populations and diverse individuals, 
yielding different results. So, normal anatomy and varia-
tions are difficult to determine. Baretto et al. described 
significant differences for certain measures of globe and 
orbital positions between black and white populations [11]. 
Kato et al. also found differences in the internal orbital and 
middle facial breadths in Peruvian, Asian, European, and 
African populations [65]. Cutrich et al. and Aziz described 
racial differences in supraorbital notch occurrence in white 
and black population [9, 31]. Others also reported variable 
locations of the supraorbital notch [6, 29, 85]. Blake et al. 
summarized all racial and ethnic differences in ocular and 
orbital anatomy [17]. To date, a racial variation of the apex 
has not been described.

There are many controversies regarding the definition 
and location of orbital apex. We found numerous studies 
investigating the distance of the orbital apex [36, 61, 64, 
92, 102, 105, 111]. There was considerable heterogene-
ity in the measurements between these studies due to the 
use of different reference points. Most studies measured 
the orbital apex from the rim to the optic foramen, but 
several used the annulus of Zinn as a reference point [36, 
61, 64, 92, 102, 105, 111]. To create a clear definition of 
the orbital apex, a fixed reference point must be adopted. 
For practical reasons, an easily detected structure, such as 
bone-like reference point, should be used.

OC variations include duplication and the keyhole 
anomaly. If a duplication is present, the ON courses 
through the higher canal [15, 16, 28, 48, 66, 67, 81, 98]. 
The ACP is often removed in case of non-vascular lesions 
(e.g., sphenoid ridge meningiomas) and suprasellar lesions 
(e.g., pituitary adenomas and craniopharyngiomas) [10, 
37, 39, 58, 71, 86, 112]. This is an important bony projec-
tion because it contains parts of the ON and OA, and it 

should be treated with caution to avoid surgical compli-
cations. Noting the appearance of variations, like pneu-
matization of the ACP, is important to avoid intraopera-
tive complications like cerebrospinal fluid leaks [7, 84]. 
Additionally ACP–PCP and ACP–MCP fusions have been 
described, but the clinical implications have not been 
detailed in the literature [32, 68]. When fusion is present, 
ACP dissection is more challenging. Normally you can 
remove the ACP directly from the bony attachment with 
the optic strut. But in case of a bony bridge, the ACP 
remains attached superiorly after dissection. Removal of 
this portion creates a sharp edge that could damage the 
carotid artery or ON.

We found no variations regarding the annulus of Zinn and 
extraocular muscles in the literature. The annulus of Zinn 
divides the SOF into three parts: superolateral, central, and 
inferior [19, 22, 27, 35, 45, 46, 49, 50, 63, 79, 90, 91, 93, 
95]. A rare variant of the SOF is Warwick’s foramen, which 
separates the SOF from the main fissure by a transverse bony 
bridge [15, 90, 109]. Warwick’s foramen possibly contains 
the inferior ophthalmic vein, but no clinical implications 
were reported in the reviewed literature [15, 90, 109]. No 
variations of the IOF have been described.

Variations in the arterial supply of the orbit include 
abnormal origin of the OA, contribution from the maxillary 
and middle meningeal arteries to the OA, and variations in 
the role and branching of the CRA [13, 16, 47, 54–57, 59, 
60, 78, 80, 82, 83, 100, 103, 106, 110]. Anastomosis net-
works exist between branches of the external carotid artery 
and these OA branches [54, 57]. CRA obstruction will lead 
to blindness, but OA obstructions may be asymptomatic due 
to collateral filling from the external carotid artery [23, 70].

Conclusion

The orbital apex is surrounded by the greater and lesser 
wings of the sphenoid bone, ethmoidal sinus, and palatine 
bone, and the annulus of Zinn. However, the precise defini-
tion varies in the literature. The degree of anatomical vari-
ations in this complex area is immense. Further research 
would most likely lead to the discovery of more. A univer-
sal definition including these variations and pathology and 
imaging findings is essential for selecting the best surgical 
approach to the orbital apex. This information will make it 
possible to predict surgical outcomes for individual patients.
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