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Abstract

Alongside the past development of endoscopic sinus surgery, knowledge about the anatomy of the sinuses has become crucial for surgeons.
The sphenoid sinus is one of the most variable of all sinuses. Its relations to vital vascular and nervous elements make its approach a
challenge for endoscopic surgeons. These relations include the internal carotid artery, the optic nerve, the pituitary gland, the Vidian nerve,
and other vascular and nervous elements depending on the size of the sinus. This paper will make a review of these anatomical relations

and their importance in endoscopic sphenoid surgery.
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= Development of the sphenoid sinus

Current theories consider that the skull base originates
predominately from cartilaginous precursors with a
small contribution from membranous bone [1, 2]. The
sphenoid bone consists of the body, the lesser and
greater wings and the pterygoid plates, all of them with
different and complex ossification centers. The body
of the sphenoid develops from the presphenoid and
postsphenoid centers, with a contribution from the
medial crus of the orbitosphenoid [3-5]. The lesser
wings develop from the orbitosphenoid and the greater
wings from the larger alisphenoid. The pterygoid plates
follow a complex development being formed by both
intramembranous ossification (the lateral pterygoid plate)
and endochondral ossification (the medial pterygoid plate
from the lateral cartilage of the embryonic skull) [1, 7].
Adjacent to the vomer, two paired ossification centers
appear called bones of Bertin. They enclose the unossified
rostrum of the basisphenoid. This will be the first site of
sphenoid pneumatization [1, 6]. The relation of vascular
and nervous structures such as the optic nerve, maxillary
nerve, Vidian nerve and the internal carotid artery to the
ossification centers of the sphenoid body explains their
close relations to the sphenoid sinus.

The sphenoid sinus is formed in the body of the
sphenoid bone, and it is situated at the limit between the
anterior and middle cranial fossa. The sphenoid sinus
develops differently from the other paranasal sinuses.

At birth, it arises as a recess between the sphenoid
concha and the presphenoid body. Then it starts to
develop inferiorly and posteriorly. In the second or third
year of life, part of the sphenoid concha fusses with the
presphenoid thus forming the sphenoid sinus cavity.
The presphenoid recess becomes the sphenoethmoidal
recess. After this stage, pneumatization occurs in the
presphenoid and the basisphenoid of the sphenoid bone.
By the age of 8—10 years, the real sinus cavity is visible,
although the definitive cavity will be formed at puberty.
The origin of the sphenoid sinus on the posterior nasal
wall can be clearly identified from the location of its
ostium [8]. Most authors consider three main types of
sphenoid pneumatization: conchal type, presellar type,
and the sellar type. The conchal type or the fetal-type
represents a small sinus, separated from the sella turcica
by about 10 mm of trabecular bone. The presellar type
or juvenile type is pneumatized to the level of the
sella turcica. The sellar type (Figure 1) or adult type
is pneumatization of the sphenoid below the sella or
further posteriorly [8, 9].

The most frequent type of pneumatization is the sellar
type, which appears in 75-86% of cases, followed by
the presellar type in 10-25%. The conchal or fetal type
is usually found in 2% of cases [8, 10]. Pneumatization
of the sphenoid can extend in all its components, like
the greater and lesser wings, the pterygoid plates, and
the basiocciput. These extensions of the sinus bring it in
close relations to vessels and nerves of the skull base.
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Figure 1 — Sagittal CT section showing a sellar type
pneumatization of the sphenoid sinus.

=& Anatomy and variations of the sphenoid
sinus. Relations of the sphenoid sinus

The sphenoid bone is one of the most complex
structures of the cranium. It is a part of the floor of the
middle cranial fossa, the orbital apex and a part of the
lateral wall of the skull. It is composed by the body, the
lesser and greater wings and the pterygoid plates. The
sphenoid sinuses develop in the body of the sphenoid
bone. Of the sinus’s eight sides, six sides are disposed
toward the endocranium and the other two sides toward
the nasopharynx and nasal cavity. The superior wall of
the sinus is in continuity with the roof of the ethmoid
sinus and it is part of the anterior and middle floors of
the skull base, being in direct contact to the olfactory
nerves, optic chiasm and hypophysis. The anterior wall
is connected to the perpendicular plate of the ethmoid
and vomer in the midline, as well as the lateral masses
of the ethmoid on each side [8, 9, 11]. This wall can be
displaced by highly-developed Onodi cells or ethmoido-
sphenoidal cells. The anterior wall is the place where
the sinus ostium is often found. The floor of the sinus
forms the dome of the choanae and of the nasopharynx.
The lateral walls are thin bony layers and can be divided
into two areas: an anterior orbital area and the posterior
cranial area. This wall has immediately adjacent to it
highly important structures such as the internal carotid
artery, optic nerve and the cavernous sinus [8, 9, 12—14].

The relations of the sphenoid sinus with structures
around are close when the sinus is well pneumatized.
When this happens, the surrounding vessels and nerves
are seen in the sinus cavity as irregularities or ridges
[8, 15]. Pneumatization of the sphenoid sinus can extend
to further from its body, and into all of its parts, such as
the clinoid processes, greater wings and pterygoid
planes. According to Climelli D [16], cited by [17], the
sinus spreads more often anteriorly and laterally than
posteriorly and inferiorly.

The sphenoid sinus may pneumatize the anterior
clinoid processes (Figure 2). When present this pneuma-
tization can encroach the optic nerve [18]. The incidence

of pneumatization in the anterior clinoid processes in
literature is between 11% and 29.3% [19-21].

The pneumatization of the sphenoid to the pterygoid
processes is an extension of the sinus between the
maxillary nerve and the nerve of the pterygoid canal
(Vidian nerve). This extension could reach the posterior
part of the maxillary sinus [18], and it is reported to be
present in between 37.5-43.6% of cases [18, 22].

The internal carotid artery is the most medial element
of the cavernous sinus, and it lies in direct relation to the
lateral wall of the sphenoid sinus. Depending on the
pneumatization of the sphenoid, the impression of the
internal carotid artery may be barely noticeable or
highly noticeable. Bulging of the internal carotid artery
into the sphenoid sinus appears in 34-93% of cases,
with apparent differences between races [10, 23-25].
In some cases, the thin bone usually covering the internal
carotid artery is dehiscent (Figure 3), leaving the artery
exposed to the sinus cavity. This has been reported in
approximately 4% of cases [23-25]. It is vital that the
surgeon is informed about these variations in order to
avoid vital complications during surgery.

Figure 2 — Pneumatization of the anterior clinoid
processes encroaching both optic nerves. Note the
insertion of the sphenoid septum on the optic canal.

Figure 3— Endoscopic intraoperative endo-sphenoidal
view of the right sphenoid sinus. In this case, the
carotid canal is dehiscent in the sinus cavity (*).

The sphenoid sinuses are asymmetric cavities inside
the sphenoid body separated by a bony septum. Literature
describes this septum as being rarely situated on the
median plane but very often deviated laterally to one
side or the other. When this happens, it is common that
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it inserts on the carotid canal (Figure 4) or the optic
canal [10, 26]. More often than not, the sphenoid cavity
is divided by more than one septa. Multiple intersinus
septae or crests were found in 80% of cases according
to Sareen D ef al. (2005) [10]. According to Fernandez-
Miranda JC ef al. (2009), at least one of the septa is
inserted on the carotid canal in 87% of cases [26]. These
results indicate that extreme care should be taken intra-
operatively before fracturing or removing these septa,
being safer to leave them alone, if it is not absolutely
necessary to take them down.

10mm/div

Figure 4 — Axial plane CT scan showing multiple
septa in a large sphenoid sinus. Note that one of the
septa is inserted on the carotid canal (*).

= Pathology of the sphenoid sinus. The
importance of sphenoid sinus anatomy
and variations

Pathology of the sphenoid sinus is common among
rhino-sinusal diseases and it corresponds to inflammatory
processes like sinusitis, polyps, mucocele and tumors
both benign and malignant. Sphenoid sinus pathology
can be associated to pathology of the other sinuses or it
can be isolated [27]. Situation of the sinus at the skull
base and its thin bony walls make it easy for tumors or
infection left untreated to spread to nearby structures,
thus developing sometimes-vital complications. The past
years endonasal endoscopic surgery has gained great
importance in sinus surgery and in some neurosurgical
approaches. Due to this great evolution of sinus surgery,
knowledge of the sinus anatomy has become crucial.
The sphenoid sinus is one of the most variable of
all sinuses [28]. Its pathology is nowadays mostly
approached trough endoscopic surgery, with some limits.
Due to its location and its relations, it is modernly often
used by rhinologists and neurosurgeons as a pathway to
parts of the central nervous system, with new techniques
being invented at a very high rate. Having a high
variability, its anatomical relations and their variations
have to be well understood prior to any surgical
intervention [29]. The types of pneumatization of the
sphenoid sinus have to be considered prior to pituitary
surgery. The most important relations of the sphenoid

are on its superior and lateral walls, with the internal
carotid artery and the optic nerve. These have been shown
to have variable pathways alongside the sphenoid.

The complex morphology and risky anatomical
relations of the sphenoid make it a challenge for the
surgeon. To minimize the risks of surgery, care must be
taken in evaluating the pre-operative CT-scans and
recognizing anatomical variations. These will guide
the surgical plan and the limits of dissection intra-
operatively in the sphenoid sinus.
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