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Abstract
Introduction. The sphenoid sinus is an unique space arises within the nasal capsule of the embryonic nose and
remains undeveloped until age three years. It appears before birth in small size; but a recognized definitive cavity
revealed at birth. Secondary pneumatization does not begin until ten years old and finally by age 18 it reaching the
full size.
Aim. To demonstrate the extent of sphenoid sinus pneumatization and identify the extent of pneumatization for two
related anatomical structures, the internal carotid artery and optic nerve by CT scanning.
Materials and methods. A cross-sectional study with randomized sample of 250 individuals attending the Radiology Section of both Baghdad Medical City and Salah Aldeen Teaching Hospitals from February 2019 to January
2020. All the participated adult individuals were undergo examination for the extent of sphenoid sinus pneumatization with two anatomically neighbor structures, the internal carotid artery and optic nerve, by CT scanning.
Outcomes. Three patterns of sphenoid sinus pneumatization were recognized, the pre-sellar, sellar and post-sellar
with prevalence 11.2%, 14% and 74.8% respectively. The internal carotid artery was pneumatized within sphenoid
sinus in four differentiated types with prevalence 10%, 30.8%, 56% and 3.2% respectively; while the optic nerve was
pneumatized within the same sinus in five distinguishable types with prevalence 4%, 52%, 34%, 3.6% and 6.4%
respectively had been reported.
Conclusions. A higher prevalence of optic nerve extension into the lateral wall of sphenoid sinus causing bulged
optic canal in same sinus, also superio-posterior aspect of it tends to be more pneumatized than other aspects; all
these findings can be with magnificent importance to determine the gender, age or even race and ethnic group of
alive or dead individuals.
Keywords: computed tomography (CT), pneumatization, sphenoid paranasal sinus, internal
carotid artery, optic nerve

INTRODUCTION
The sphenoid paranasal sinus is situated mainly
inside the sphenoid bone as a twin structure. The
cavities or chambers of these paired sinuses are divided by a specific bony septum, situated in the
mid-sagittal plane; some asymmetrical features in
their shape and size are almost always found, but
great septal deviations are slightly rare (1). This
sinus is an unique space that it do not arises from
outpouchings of the nasal cavity, but within the nasal capsule of the embryonic nose and remains undeveloped until age three years (2). It begins to
develop during third fetal month when the sphe-

no-ethmoidal recesses constrict with the adjacent
superior conchae draw upward. It appears before
birth with small size; but a recognized definitive
cavity revealed at birth, while after five years, it
invades the presphenoid bone and there are other
successive periods of rapid growth. Secondary
pneumatization does not begin until ten years old
and finally by age 18, the sinus reaching its full
size (3,4).
Many important anatomical structures are surrounding the sphenoid sinus as it situated in the
center of the skull; such as superiorly to it are the
olfactory tracts, pituitary gland, frontal lobes of
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forebrain, with a wide-spread intercavernous
venous plexus. While the optic chiasma is located
antero-superiorly; but in anterior position, the
anterior wall of sphenoid bone configures a small
part in the posterior margin of the orbit; inferiorly,
in addition to the nasopharynx, the nerve and the
blood vessels related to the pterygoid canal, that
present antero-posteriorly immediately under the
sphenoid sinus floor (5-7).
The sphenoid sinus walls are usually irregular
bony septa, which partially divide the recesses
forming incomplete compartments in that sinus.
Characteristic dehiscences may be found within
that bony wall of the sinus, more obvious superiorly
and laterally. Those dehiscences can cause
direct connections between the sphenoid sinus mucosa with overlying dura mater. A thin bony border
with incidental dehiscences isolates sphenoid
sinus laterally from the internal carotid artery and
cavernous sinus, while the maxillary branch of
trigeminal cranial nerve is found alongside the inferior margin of sphenoid sinus (8,9).
The optic nerve with internal carotid artery are
the only two adjacent structures to the sphenoid
sinus that may possibly emerge into its cavity in
some cases that increasing their susceptibility for
injury during specific surgical procedures like
endoscopic intranasal operation (10). The ostium
of sphenoid sinus is located high on anterior sinus
wall approximately one-third to one-half above the
front of the sinus. Sphenoid sinus is draining into
the posterior part of the sphenoethmoidal recess,
over the superior turbinate level (11).
Computed tomography (CT) is a specific medical technique, which yields images in trans-axial
plane across the individual body. Any single CT
image is usually reconstructed in mathematical
methods from a massive number of definitive
one-dimensional screenings of the particular plane.
Those screenings are obtained electronically utilizing a linear order of solid-state sensors with an
x-ray source, which turn around the individual
(12). The highly resolute CT sections supplies
adorable bone details with delicate soft tissues
mapping. It is a standard procedure used prior to
most of endoscopic surgeries to assess the extension of the inflammation area and to determine the
important anatomical landmarks with their recognizable variations (13).
CT and to a lesser degree, MRI, supplies the
radiologists and otolaryngologists with wonderful
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images for the ostiomeatal region with another nasal and paranasal anatomical structures (14-16).
Therefore, it considers as the most precise technique utilized for examination of many lesions
present in any surface or part of the paranasal
sinus, permitting an excellent access to each wall
of it and can be used as there is a clear-cut clue of
paranasal sinus pathology (17). Furthermore, it
used to assess the sinonasal cavity and gives a
proper evaluation for the paranasal sinus structures, craniofacial bone details and the extension
of pneumatization for each paranasal sinus (18).
This study aims to demonstrate the extent of
sphenoid sinus pneumatization and identify the
extent of pneumatization for two related anatomical structures, the internal carotid artery and optic
nerve by axial, sagittal and coronal CT sections
scanning.

MATERIALS AND METHODS
A cross-sectional study of randomized sample
of two hundreds-fifty cases who were apparently
healthy normal subjects attending the Radiology
Section of both Baghdad Medical City and Salah
Aldeen Teaching Hospitals in Iraq during the period from February 2019 to January 2020.
The current study was approved by the Medical
Ethics Committee of Tikrit University College of
Medicine (Code IQ.TUCOM.REC.19.4692).
Ethical approval statements were acquired for all
participated individuals, depending upon Helsinki
Declaration of World Medical Association; with it
last revision at Edinburgh in 2000.
This study included individuals who had complained of headache and referred for radiology section to have CT scans for brain and paranasal
sinuses in which no pathological findings were detected in these sinuses. On the other hand, patients
with history of surgical interference, trauma, or
any pathological lesion at the skull or maxillofacial area were excluded from the present study.
Sections of five-millimeters were often quite
enough to evaluate various sinonasal or basal skull
structures, but thinner sections of three-millimeters were used for identifying small structures and
evaluating the entire ostiomeatal unit. In terms of
filming, the recommend intermediate window
width/level (W/L) technique was (2500/250, W/L)
(19). The imaging protocols used in the current
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study including: 3 to 5mm slice thickness, 140
kVp, 94 mAs, 2000 window width, 400 window
level and 35-45 second scan time.
Using 3D program of the CT Siemens workstation with a resolution max. 1280 × 1042 full screen
formats and a picture size 360 mm x 288 mm. The
workstation permitted synchronous viewing of
particular reference point at three view sections
(the axial, sagittal and coronal); then capture these
images with JPEG format and downloaded on CD
for transfer its data. Specimens were digitally photographed using a Panasonic HDD-H80 camera.

RESULTS
The sphenoid paranasal sinus is separated into
two-sided cavity with a bony septum, but it is preferable to regard them at first as a single sinus. Its
growth is nearly uniform, since the two-sided principal sinus cavity advances approximately to the
correspond extension posteriorly.
In about 65.2% of cases, the lateral recess
develops from the principal or main sinus cavity.
This may extends to aerated anterior clinoid processes, or greater wings of sphenoid bone alongside the posterior wall of the orbit, with/without
the pterygoid plates (Figure 1A & B). This lateral
recess is mostly asymmetrical on both sides; therefore, it must not be considered as a destructive
lesion.

A

The sella turcica can be appear like a prominence within the sphenoid sinus roof and considered as one of the most important anatomical landmarks to the sellar floor. The degree or grade of
sphenoid paranasal pneumatization differs greatly
and its pattern significantly affects the sella, therefore a well-pneumatized sinus can disfigure its
anatomical configurations. The criteria for recognition the conchal type or pattern is indicated by
the existence of a solid bone under the sella lacking any visible pneumatization.
According to extent of pneumatization, sphenoid sinus can be categorized into three patterns or
types:
1. The pre-sellar type that is characterized when
the pneumatization is restricted to the area in front
of the plane, which is in parallel with the anterior
wall of sella turcica. In the present study, this type
was the less common seen type with only 11.2%
prevalence (Figure 2A).
2. The sellar type that is characterized when the
extension of pneumatization is behind the anterior
wall of sella turcica but it does not pierces the posterior wall of sella turcica; this type was found in
14% of cases (Figure 2B).
3.The post-sellar type that is characterized
when the extension of pneumatization is behind
the posterior sellar wall; this type was the most
common type of pneumatization with 74.8% of
cases (Figure 2C).

B

FIGURE 1. Pneumatization of the sphenoid sinus through the lateral recesses. A – Coronal CT section showing 1*
its pneumatization down into the pterygoid plates. B – Axial CT section showing 1* its pneumatization bilaterally into
the posterior orbital wall.
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FIGURE 2. Sagittal CT sections showing the types or patterns of sphenoid sinus pneumatization. A – 1* The
pre-sellar type; 2* Sella turcica. B – 1* The sellar type; 2* Sella turcica. C – 1* The post-sellar type; 2* Sella turcica.

All these types were best revealed in sagittal
CT sections.
Extent of pneumatization patterns of the internal carotid artery within the sphenoid sinus
It depended upon the degree of pneumatization
of the sphenoid paranasal sinus around the retro-sellar part of internal carotid artery; therefore,
in present study, the degree or grade of exposure
inside the sinus was the basic role to demonstrate
the following types:
1. Type 1 – Represents non-exposure because of
the presence of a thick bony segment separating internal carotid artery from its adjacent sphenoid sinus.
This type was found in 10% of cases (Figure 3A).
2. Type 2 – Represents exposure less than 90
degrees because of the presence of a thin bony segment separating internal carotid artery from its adjacent sphenoid sinus. The prevalence of this type
was 30.8% cases (Figure 3B).
3. Type 3 – Represents exposure more than 90
but less than 180 degrees because the sphenoid si-

nus lumen protrudes slightly by the internal carotid
artery. This type was the most common type shown
in 56% of cases.
4. Type 4 – Represents exposure more than 180
degrees because the sphenoid sinus lumen protrudes
prominently by the internal carotid artery. This type
was the less common type, since only 3.2% of cases
were seen with this finding (Figure 3C).
All these four types were best shown in axial
CT sections.
Extent of pneumatization patterns around
optic nerve in the sphenoid sinus
In this study, the degree or grade of pneumatization into the neighborhood area of optic nerve
can be classified into five different types:
1. Type 1 – Demonstrates no adjacent pneumatization, only 4% of cases were with this finding
(Figure 4A).
2. Type 2 – Demonstrates pneumatization close
to optic nerve without any indentation in sphenoid
sinus. This type was the most common type of
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FIGURE 3. Axial CT sections showing different types of extent of sphenoid pneumatization around the retro-sellar
segment of the internal carotid artery. A – 1* Type 1; 2* Internal carotid artery. B – 1* Type 2; 2* Internal carotid
artery. C – 1* Type 4; 2* Internal carotid artery.

pneumatization which was found in 52% of cases
(Figure 4B).
3. Type 3 – Demonstrates pneumatization close
to optic nerve associated with indentation in sphenoid sinus. The prevalence of this type was 34% of
cases (Figure 4C).
4. Type 4 – Demonstrates pneumatization of approximately less than fifty percentage of optic
nerve circumference. This type was found in 3.6%
of cases (Figure 4D).
5. Type 5 – Demonstrates pneumatization of
further than fifty percentage of optic nerve circumference. This type was present in 6.4% of cases
(Figure 4E).
All these five types were best seen in both coronal and axial CT sections.
Indeed, the anatomical position of internal carotid artery at the lower part of sphenoid paranasal
sinus makes it less possible to get injury. Furthermore, it was obvious in this study, the size of internal carotid artery was greater than that of optic

nerve; with a notable protection either by a thick
bony segment, or when it close to sinus, acted to
cause a bulge in internal carotid artery. In the present study, it was found that the 3, 4 and 5 of optic
nerve patterns of pneumatization corresponding to
2, 3 and 4 of internal carotid artery patterns of
pneumatization.

DISCUSSION
The majority of sphenoid sinus was of post-sellar pattern or type of pneumatization with prevalence 74.8% of cases, which could be a result of
the exclusion policy for those individuals who had
sellar pathological lesions that might involve the
sphenoid sinus. In Hamid et al. (20) study, pre-sellar, sellar and post-sellar types of pneumatization
reported in 21%, 54.3%, and 22.7% respectively;
and the lateral extent of pneumatization into the
greater wings of sphenoid bone that causing an obvious capacious sinus, was revealed with 15.8% of
total cases.
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FIGURE 4. Coronal CT sections showing different types of extent of pneumatization for the optic nerve into the
sphenoid sinus. A – 1* Type 1; 2* Optic nerve. B – 1* Type 2; 2* Optic nerve. C – 1* Type 3; 2* Optic nerve. D – 1*
Type 4; 2* Optic nerve. E – 1* Type 5; 2* Optic nerve.
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The conchal type of sphenoid sinus were absent
in this study, but was recorded in 2% of patients by
Hamid et al. (20), whereas the rareness of conchal
pneumatization agrees with other various researches done by Banna & Olutola (21), Vaezi et al. (22)
and Dal Secchi et al. (23).
The mature configuration of the sphenoid paranasal sinus was in significant relationship with internal carotid artery and the optic nerve, since
these two structures were simply noticed as bulges
at the lateral margin of this sinus. Septae inserting
onto the internal carotid artery with optic nerve
were found in 50% & 8% respectively, compared
to 37.5% & 3% by Gibelli et al. (24) and 26.4% &
4% by Alaa et al. (25) in the same order.
The present study allowed identification of
three basic patterns of sphenoid sinus that explain
the relation between the presence of an accessory
septum and synchondrosis of different ossification
centers, with eventual resistance in their junctions.
Therefore, a hypothesis advanced by Som et al.
(26) described the existence of an accessory septum may not completely enhanced, also in addition
to their description of the relation between the septum and synchondrosis, they regarded those structures to be exist in every sinonasal complex. Actually, the present findings demonstrated a quite
regular pattern related to the septal position at the
posterior wall of sinus. The prevalence of septae in
present study was 22% of cases, but if compared to
studies, which described intersinus septae in about
68% of total cases, by Famurewa et al. (27). Those
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recorded attachment of these septae into the clivus
with 63.8% of cases reported by Elkammash et al.
(28), while the closest study done by Idowu et al.
(29) who was with only 27% of their studied cases.

CONCLUSIONS
This study observed the absence of the conchal
pattern of sphenoid sinus pneumatization, with
three obvious types of its pneumatization (the
pre-sellar, sellar and post-sellar). In addition, the
internal carotid artery was pneumatized within
sphenoid sinus in four differentiated types with
prevalence 10%, 30.8%, 56% and 3.2% respectively; while the optic nerve was pneumatized
within the same sinus in five distinguishable types
with prevalence 4%, 52%, 34%, 3.6% and 6.4%
respectively had been reported. A higher prevalence of optic nerve extension into the lateral sphenoid sinus wall that causes bulging of optic canal
in the same sinus. All these findings may suggest
that superio-posterior margin of the sinus tends to
show more pneumatization than other aspects. Ultimately, these findings can be with magnificent
importance to determine the gender, age or even
race and ethnic group of alive or dead individuals.
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