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Surgical Anatomy of the Orbit
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1.1 Introduction

The orbital region is a “crossroads” for various
specialists: ophthalmologists, otorhinolaryngolo-
gists, maxillofacial, reconstructive surgeons, and
neurosurgeons.

Surgical approaches to the orbit present signifi-
cant difficulty to the general neurosurgeon due to
several factors: its relatively small volume, four-
sided irregular pyramidal shape, and location
between the craniofacial structures and the brain [1].

The neurosurgeon who ventures into orbital
surgery must possess extensive anatomical
knowledge of this structure. Much of the litera-
ture on orbital anatomy describes in detail its
complexity but fails to facilitate its comprehen-
sion [2].

Our team has set out to systematically illus-
trate the surgical anatomy of the orbit in this
chapter.

1.2  Surgical Anatomy

The orbital cavities are located symmetrically on
both sides of the nose. They present a four-sided
pyramidal shape with a posterior apex, anterior
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base, and an axis set from the sagittal plane at a
20° angle. This simple architecture is key to
human stereoscopic vision [3].

The curvilinear vertex, base, and walls present
perforations and irregularities through which
neurovascular bundles pass and muscles are
inserted. In terms of thickness, the apex and base
are made of thicker bone, while the walls contain
a thinner width. Of the four walls, the lateral wall
is the thickest while the medial is the thinnest.
This osseous thickening at the apex and base
helps protect the eye and nerves from possible
injury. A distinctive feature of the orbit is that its
elements are organized in groups of seven: seven
bones, seven intraorbital extraocular muscles,
and seven nerves [1].

1.2.1 Bones|[1, 4-8]

The orbit is composed of seven bones: frontal,
ethmoid, lacrimal, sphenoid, zygomatic, palatine,
and maxilla. For its study, it is divided into a lat-
eral wall, medial wall, roof, floor, base, and apex.
The upper portion of the base is formed by the
frontal bone and presents a notch through which
the supraorbital nerve and vessels pass. The lat-
eral wall comprises the zygomatic bone and the
floor consists of the zygomatic bone laterally and
maxilla medially. The internal wall is formed
inferiorly by the frontal process of the maxilla
and superiorly by the frontal bone. The frontal
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sinus is found in the supero-medial region. From
anterior to posterior, the medial wall is formed by
the frontal process of the maxilla, the lacrimal
bone, lamina papyracea of the ethmoid, forming
the center of the medial wall and separating the
orbit from the nasal cavity, and the sphenoid
bone. The ethmoid bone articulates superiorly
with the frontal bone (Fig. 1.1a). In between both
bones, we find the anterior and posterior eth-
moidal canals, which contain branches of the
nasociliary nerve arising from the ophthalmic
branch of the trigeminal nerve, branches of the
ophthalmic artery, and the anterior and posterior
ethmoidal arteries, respectively. The cranial
openings of the ethmoidal canals are related to
the anterior and posterior limits of the cribriform
plate of the ethmoid and divide the orbit into bul-
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Fig. 1.1 360° anatomical dissection of the roof and
medial wall of the orbit. (a) Superior aspect of the floor of
the anterior cranial fossa that forms the roof of both orbits.
(b) Superior aspect of both orbits; the periorbita and the

bar and retrobulbar segments (Fig. 1.1b—d). The
optic foramen is found between the sphenoid and
ethmoid bones, through which the optic nerve
and ophthalmic artery pass.

The thicker lateral wall separates the orbit
from the temporal fossa at its anterior end and the
middle cranial fossa at its posterior end. It is
composed of the zygomatic bone, which has no
contact with the brain, and forms the anterior
limit of the temporal fossa through which the
temporal muscle passes. In turn, it is continuous
in depth with the greater wing of the sphenoid
bone, which is the anterior limit of the middle
cranial fossa in the endocranium. This disposi-
tion is the basis for lateral orbital approaches, by
which a temporal craniotomy with a pure zygo-
matic osteotomy allows access to lesions without
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orbital fat have been removed for anatomical exposure. (c,
d) Endoscopic endonasal view of the roof of the nasal cav-
ity and the medial wall of the orbit. Both arteries and eth-
moidal canals can be seen. (Original to the authors)
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the need for combined cranio-orbital approaches.
At its anterior point, the lateral wall is continuous
with the frontal bone of the orbital roof; however,
at the posterior end, it is interrupted by the supe-
rior orbital fissure adjacent to the sphenoid bone.
The lacrimal foramen, through which the recur-
rent meningeal branch of the ophthalmic artery
passes, is anterior and superior to the superior
orbital fissure.

The floor of the orbit is formed by the maxilla
and zygomatic bone, which is continuous with
the orbital process of the palatine bone posteri-
orly. The palatine bone contains two segments: a
horizontal portion that forms the posterior seg-
ment of the hard palate and a vertical portion,
with one process directed toward the sphenoid
bone and the other toward the orbit. The floor
separates the orbit from the maxillary sinus,
located at the posterior end of the floor is the infe-
rior orbital fissure; on the medial wall, the naso-
lacrimal duct is found. The inferior orbital fissure
is an important surgical landmark as it communi-
cates the orbit with the pterygopalatine fossa and
consecutively with the nasal cavity. Through the
external segment of the inferior orbital fissure,
the orbit comes in contact with the temporal and
infratemporal fossae.

The roof of the orbit is formed by the frontal
bone that articulates in depth with the lesser wing
of the sphenoid and ethmoid bones (Fig. 1.1a).

1.2.2 Muscles |1, 8]

There are seven extraocular muscles: four rectus,
two oblique, and the levator palpebrae (Fig. 1.2).
Only the inferior oblique muscle is attached to
the medial wall of the orbit. The four rectus and
the superior oblique muscle are indirectly
attached to the apex of the orbit through a com-
mon annular fibrous tendon or annulus of Zinn.
The superior orbital muscle passes through the
trochlea, a rounded tendon attached to the frontal
trochlear fovea located at the superomedial angle
of the orbit (Fig. 1.2¢).

The annulus of Zinn is inserted along the apex
of the orbit, surrounding the opening of the optic
canal and the central part of the superior orbital

fissure. The contents encircled by the annulus
include the optic nerve, ophthalmic artery, abdu-
cens or external oculomotor nerve, common ocu-
lomotor nerve, divided into its two upper and
lower branches, and the ophthalmic branch of the
trigeminal nerve. The trochlear nerve and the
frontal and lacrimal branches of the trigeminal
nerve are located outside the annulus.

1.2.3 Nerves|[1, 8-10]

There are seven nerves within the orbit passing
through the superior orbital fissure with excep-
tion of the optic nerve, which traverses the optic
canal (Fig. 1.3a). The optic nerve innervates the
retina, which is protected by dura and arachnoid
in its intracanalicular and intraorbital course.
Upon entry into the orbit through the optic fora-
men, the optic nerve crosses the medial sector of
the annulus of Zinn along with the ophthalmic
artery, directed toward the ocular globe. The cili-
ary ganglion is located on the lateral aspect of the
optic nerve at the junction of its anterior 2/3 and
posterior 1/3 (Fig. 1.3b—d).

The common oculomotor nerve innervates the
extra orbital muscles except for the lateral rectus
and superior oblique muscles. It enters through
the orbital apex and divides into two branches:
superior and inferior. Both branches cross the
annulus of Zinn on its lateral aspect. At this point,
the nasociliary nerve is located between the supe-
rior and inferior rami. Once within the orbit, the
superior branch supplies innervation to the supe-
rior muscular complex (consisting of the levated
palpebrae and superior rectus muscle). The infe-
rior branch innervates the inferior rectus, medial
rectus, and inferior oblique muscles. On its tra-
jectory, an ascending collateral branch reaches
the ciliary ganglion, responsible for parasympa-
thetic innervation. These fibers synapse in the
ciliary ganglion and continue as short ciliary
nerves to the pupillary sphincter.

The external oculomotor nerve is formed by
the union of several fibers within the cavernous
sinus and is responsible for motor innervation of
the lateral rectus muscle. Upon its entry into the
orbit, it crosses the annulus of Zinn lateral to the
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Fig. 1.2 Left orbit dissection. The periorbita and the muscle mobilization. (e) Enlarged view of the superior
orbital fat have been removed for anatomical exposure.  aspect of the orbit focused on the optic nerve. The lateral
(a) Left lateral view. (b) Left lateral view after muscle rectus and superior rectus muscles have been reflected.
mobilization. (¢) Superior view. (d) Superior view after  (Original to the authors)
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Fig. 1.3 Anatomical dissection focused in the apex of the
orbit and optic canal. (a) Superior view of the sphenoid
bone, both optic canals can be seen. (b) Superior aspect of
both orbits. (¢) Enlarged view of the optic canal; the falci-

fibers of the common oculomotor nerve and con-
tinues along the lateral aspect of the orbit until it
reaches the lateral rectus muscle.

The trochlear nerve enters the orbit through
the superior orbital fissure outside the annulus of
Zinn, traversing near the medial wall until it
reaches and innervates the superior oblique
muscle.

The ophthalmic nerve (V1) is exclusively sen-
sitive; its innervation territory includes the eye-
lids, forehead, ocular globe, cornea, and nasal
cavities. The lacrimal secretion is ensured by the
branch of the sphenopalatine ganglion and com-
municating branch of the maxillary nerve. The
ophthalmic nerve presents three branches: lacri-
mal, frontal, and nasociliary (Fig. 1.2). After

form ligament has been removed. (d) Left lateral view of
the periorbita. The anterior clinoid, lateral orbital wall,
and roof have been removed. (Original to the authors)

entering the orbit outside the tendinous ring of
Zinn, the lacrimal nerve follows the lateral wall
and sends a branch communicating with the
zygomatic nerve (branch of V2) for the lacrimal
gland, and also a medial branch for the upper
eyelid.

The frontal nerve enters outside the annulus of
Zinn and follows the superior wall of the orbit.
Upon reaching the orbital rim, it divides into two
branches: medial (supratrochlear) and lateral
(supraorbital) frontal nerves. The medial frontal
nerve innervates the forehead, nose, and upper
eyelid. The lateral frontal nerve passes through
the supraorbital fissure and ascends beneath the
forehead. The nasociliary nerve enters the orbit
through the annulus of Zinn and contains several
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collateral branches: sensitive (toward the ciliary
or ophthalmic ganglion), long ciliary nerve (to
the ocular globe), and sphenoethmoidal branch
(to the mucosa of the ethmoidal cells and sphe-
noid sinus). In the lateral wall of the orbit, it
bifurcates giving the internal nasal nerve (i.e.,
anterior ethmoid nerve) and external nasal nerve
(i.e., infratrochlear nerve). The internal nasal
nerve passes through the cribriform plate and
innervates the mucosa of the lateral walls, while
the external nasal nerve innervates the mucosa of
the lacrimal ducts.

1.2.4 Vascular Supply[4, 6,8, 11]

The orbit, pertaining to both the endocranium
and exocranium, is irrigated by the internal
carotid artery, through the ophthalmic artery and
by the external carotid artery via the infraorbital
branch of the maxillary artery.

The ophthalmic artery is a branch of the supra-
clinoid segment of the internal carotid artery. The
origin of the ophthalmic artery is usually medial
to the anterior clinoid process, below the optic
nerve (Fig. 1.3b—d). It enters the optic canal along
with the optic nerve, located on the lateral and
inferior face. Once it enters the orbital cavity, it
remains on the lateral wall of the orbit and gives
off dural branches. Subsequently the ophthalmic
artery, accompanied by nasociliary nerve, crosses
the optic nerve over its superior face (85% of
cases) and ends parallel to the medial face of the
orbit giving off its terminal branches of the supra-
trochlear and angular arteries. It is important to
mention that in 15% of individual, the ophthal-
mic artery crosses the optic nerve over its inferior
face. The knowledge of the anatomical trajectory
of the ophthalmic artery is relevant during the
opening of the falciform ligament, to avoid its
injury. The ophthalmic artery gives rise to the
central retinal, supraorbital, palpebral, lacrimal,
short ciliary, long ciliary, infratrochlear, supra-
trochlear, and dorsal nasal arteries. In addition, it
also emits dural branches and therefore can be
compromised in skull base injuries.

The principal drainage route of the orbit is
through the superior ophthalmic vein, formed by
inflows from the supero-medial sector of the

orbit. In addition, the inferior ophthalmic vein
arises via inflows from the inferior-lateral aspect
of the orbit. These veins are connected to each
other on the superficial wall of the orbit by anas-
tomoses formed by the facial and angular veins.
The inferior ophthalmic vein can drain directly
into the cavernous sinus but commonly joins the
superior ophthalmic vein forming a common
trunk, with the latter draining into the cavernous
sinus.

1.3  Surgical Approaches
According to Anatomy

[12-17]

Among the various approaches to the orbit, we
can include the following:

1. Transcranial approaches. Within this group,
we recognize two large sub-groups:
(a) Intracranial approaches: fronto-orbital
and orbito-zygomatic.
(b) Exocranial approaches:
orbitotomy.
2. Endoscopic approaches.
3. Transconjunctival approaches. These are spe-
cifically the domain of the ophthalmologist.

lateral

During multidisciplinary meetings, the neuro-
surgeon will have to determine whether a patient
is candidate for surgery and the best approach. It
is often difficult to determine the type of
approach; our team follows the guidelines pro-
posed by the School of Pittsburgh [18, 19].
According to these guidelines, each approach
offers a certain surgical corridor corresponding to
a time range of an analog clock:

— Lateral orbitotomy from 08:00 to 10:00
o’clock.

— Orbito-zygomatic craniotomy from 06:00 to
01:00 o’clock.

— Endonasal endoscopic approach from 01:00 to
07:00 o’clock.

Figure 1.4 illustrates the well-known concept
of “around the clock” with cadaveric
preparations.
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Fig. 1.4 The right orbit is used for demonstration of the
clock model. (a) Right orbit with its anatomical land-
marks. (b) “Around the clock model”. (¢, d) Lateral orbi-
totomy enables access to the orbit from 08:00 to 10:00
o’clock. (e, f) An orbito-zygomatic craniotomy gives

orbital access from 06:00 to 01:00 o’clock. (g, h) An
endoscopic endonasal approach gives access to the orbit
between 01:00 and 07:00 o’clock. (Original to the
authors)
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