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Background:

Sphenoid sinus is a midline single paranasal sinus. Its development is variable
with consequent anatomical variations. For sinus surgeons and endoscopists,
Email: it is very important to consider the anatomical variations of the sinus and its
rashaelshinety@yahoo.com | relation with optic nerve and other structures to avoid mishaps and hazardous
serious complications.

Submit Date  2021-08-02 | The objective: was anatomical and radiological evaluation of the sphenoid
Revise Date  2021-08-20 | sinus

Accept Date  2021-08-30 | Materials and methods:

The study was conducted on 100 patients and 25 dried skulls. CT scan was
conducted to all patients to evaluate pneumatization, septation of the sinus,
presence of Onodi cells and optic nerve relation to it. All results were
statistically analyzed.

Results:

With CT scanning, the commonest type of pneumatization was the sellar
(64%), followed by the pre-sellar (22%), the post-sellar (11%) and the least
common was the conchal pneumatization (3%). The findings were matched
with those of dried skulls examination except that the conchal type wasn’t
shown. Examinations of CT images of the patients showed absence of inter-
sphenoid sinus septum in 3% with Inter-sphenoid sinus septation found in
97%. Out of them, (39%) had single inter-sphenoid sinus septum (main
septum) with no accessory septa. Accessory septa were either vertical or
horizontal and ranges from 1 to 4. Studying the relations between optic nerve
and sphenoid sinus, the optic nerve was bilaterally symmetrical in 92.8% and
asymmetrical in 7.2%.

Conclusions:

Anatomy of sphenoid sinus is very variable and as compared with previous
literature it showed some variations with gender so it should be considered
during surgery and endoscopy and well pre-assessed before any intervention.

INTRODUCTION
aranasal sinuses are cavities within the skull
bones. They develop with the facial skeleton
from mainly cartilaginous and lesser
contribution of membranous origin with unclear
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end point of development [1,2,3]. The sphenoid
sinus develops during the eighth week of
gestation and passes in different stages of
development with progressive pneumatization
starting from second year of early childhood till
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third decade. = Pneumatization
thereafter [4]

The sphenoid sinus is located within the body of
the sphenoid with occasional extension laterally
to the greater and lesser wings and pterygoid
plates of the sphenoid bone and may be
posteriorly to the clivus [5,6,7] with important
close relation to the optic nerve, optic chiasma,
cavernous sinus, pituitary gland, and the internal
carotid artery [8] Individual variations are
associated with variability of the extension of
sinus pneumatization, difference in number and
position of the septa within, and the relation with
surrounding structures[9,10].

Although sphenoid sinus is considered as one of
the single paranasal sinuses, it is usually
subdivided into two unequal spaces within the
body of the sphenoid bone [11]. It is one or
more vertical septa (main and accessory) that
often divide it asymmetrically [12, 13, 14].The
right and left halves are separated by the main
septum that is more commonly shows
lateralization than having median position.
Septal deviation attributes to inequality of the
sinus and the larger one is usually referred to as
the ‘dominant’ sinus [5,14]The ostium of
sphenoid sinus usually opens in the spheno-
ethmoidal recess[3,15], about 7 cm from the
base of the columella with 30° angulation with
the nasal floor. During endoscopic examination,
the postero-inferior end of the superior turbinate
makes an important leading light as it points
supero-medially towards this opening [14,16]
The Onodi cell is an important anatomical
variant, defined as; the most posterior ethmoid
cell located in the sphenoid bone, and
communicates superolateral with the sphenoid
sinus. It has a special importance because of the
special relation with the optic nerves, sphenoid
sinus, and pituitary fossa. Moreover, it might be
mistaken as the sphenoid sinus itself [ 8,17,18]
Due to the deep position of the sinus, and
important adjacent structures, the sinus surgery
and endoscopy are very challenging and
hazardous [7,17]. Comprehensive knowledge of
sphenoid sinus anatomy is increasingly
important with the increment of functional
endoscopic sinus surgery that helps awareness of

regresses
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the exact configuration of a particular
individual’s sphenoid sinuses before surgery.
This precise knowledge is vital to avoid
complications [10].
This study aimed to evaluate the anatomy and
radiologyof the sphenoid sinus in a sample of
Egyptian population regarding; types of
pneumatization, septation, prevalence of Onodi
cell, and relation with optic nerve.

METHODS
The study was conducted on:One hundred adult
patients (54 males and 46 females), with age
ranged from 18 to 60 years randomly selected
from the patients admitted to the
Otorhinolaryngology  department at the
Alexandria Main University Hospital with nasal/
sinuses complaints. All selected individuals had
neither history of sphenoid sinus diseases nor
surgeries. CT scans were done to all after their
consent. Written informed consent was obtained
from all participants, the study was approved by
the research ethical committee of Faculty of
Medicine, Alexandria University. The study was
done according to The Code of Ethics of the
World Medical Association (Declaration of
Helsinki) for studies involving humans. Twenty-
five dried adult skulls obtained from the museum
of anatomy department of Alexandria University
were used in the study. They were all for adults
as identified by bone and suture ossification,
they were sagittal sectioned and the medial side
was examined to evaluate the type of
pneumatization of sphenoid sinus. Sex of
specimens wasn’t considered due to difficulty of
gender identification of separate bones.
Multi-slice CT technique: Non-contrast thin-
collimation contiguous helical scanning with a
maximum section thickness of no greater than 1
mm with the patient in supine position.Axial
images of the sinuses were done and scans were
reconstructed in the coronal, and sagittal planes
by using high resolution algorithm bone
windows. Image DICOM (Digital imaging and
communications in Medicine) data were sent to
an offline post processing workstation with a
DICOM viewing software (Osirix or e-film).
Septation would be best visualized on axial and
coronal views [10].
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Statistical analysis
All reported data were statistically analyzed
using IBM SPSS software package version 24.0.
(Armonk, NY: IBM Corp). Qualitative data
were described using number and percent.
Comparison between different groups regarding
categorical variables was tested using Chi-
square test. Significance test results are quoted
as two-tailed probabilities. Significance of the
obtained results was judged at the 5% level [19].
RESULTS

Types of pneumatization of the sphenoid sinus:
On CT examination, the most prevalent type was
the sellar type (64%), and then the pre-sellar
pneumatization  (22%), the  post-sellar
pneumatization (11%) and the least type found
was the conchal pneumatization (3%) that was
all females. There was no statistically significant
difference regarding neither gender nor side
(figure 1, table 1& 2). Examination of dried skull
specimens showed only 3 types; the commonest
was the sellar type as shown in 50%, followed
by the pre-sellar in 30% and the least common
was the post-sellar that found only in 20%. The
conchal type wasn’t seen in any of the studied
skull, a finding may be attributable to the small
sample size. Like the radiological results, there
was no statistically significant difference in the
distribution of the types of pneumatization
between right and left sides (figure 2, table 4).
Inter-sphenoid sinus septation: Examination of
the axial and coronal CT images of the patients
showed absence of inter- sphenoid sinus septum
only in 3% (patients with conchal type of
pneumatization) and the inter-sphenoid sinus
septation was found in the remaining 97%
(figure 1d).

Out of these 97%, 39% had a single inter-
sphenoid sinus septum (main septum) with no
accessory septa that were vertical and complete
in all scans. 58% revealed multiple inter-
sphenoid sinus septa. They were one main inter-
sphenoid sinus septum and from 1 to 4 accessory
septa. A single accessory inter-sphenoid sinus
septum was reported in 36%, 19% had double

IBRAHIM, A, et al

Volume 30, Issue 4, July 2024

accessory septa, 2 2% with triple accessory septa
and only 1% showed 4 accessory septa (figure 3,
4). Only statistically significant difference was
shown in single septation which has been higher
in males and more distributed in the right side of
both sex (table 3) Accessory inter-sphenoid
sinus septa; in the 58% with one or more
accessory septa that were either vertical or
transverse and each of them were either
complete or incomplete seen as a bony spur or
crest. The accessory septa were found to be
either vertical (coronal) in 94% or transverse
(horizontal) in 6%, (table 3, figure 4).

Presence of Onodi cell: Single Onodi cell was
found in 36%, double Onodi cells in 24%
(bilateral) and a single patient had 3 Onodi cells
(1%) (figure 5). The distribution among males
and females is shown in table 3. There was no
statistical significance.

Optic nerve type: following to DelLano
classification; 4 types of sphenoid sinus/ optic
nerve relationships were recognized. Type I: the
nerve was immediately adjacent to the sinus,
without indentation of the wall or contact with
the posterior ethmoid air cell. Type Il: The nerve
was next to the sinus, with indentation in its wall,
with no contact with posterior ethmoid sinus.
Type Ill: The nerve coursed through the
sphenoid sinus with at least 50% of the nerve
was surrounded by air. Lastly, Type IV: The
nerve was adjacent to the sphenoid and posterior
ethmoid sinus.The 3 cases with conchal
pneumatization weren’t included as the optic
nerve wasn’t related to the sphenoid sinus.
Regarding the remaining 97 cases, the optic
nerve was bilaterally symmetrical in 90 cases
(92.8%) and asymmetrical in 7 cases (7.2%). On
the right side; 62 optic nerves were of type I, 24
optic nerves were of type Il, 7 nerves were of
type I11 and 4 nerves were of type IV. On the left
side; 63 optic nerves were of type I, 23 optic
nerves were of type Il, 7 nerves were of type Il
and 4 nerves were of type IV (figure 6). No
significant difference regarding sex or side was
reported (table 2)
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Table 1: Comparison between male and female regarding types of pneumatization and optic nerve type

Male Female Total X2 P value
“n=108” “n=92” “n=200”
No. | % No. | % No. | %
Type of
pneumatization
Sellar 68 63.0 60 65.2 128 64.0
Presellar 26 24.1 18 19.6 44 22.0
Postsellar 14 13.0 8 8.7 22 11.0 3.76 0.298
Conchal 0 0.0 6 6.5 6 3.0
Type of optic nerve Male Female Total
“n=108” “n=86” “n=194”
Type | 65 60.2 60 69.8 125 64.4
Type Il 24 22.2 23 26.7 47 24.2 7.25 0.062
Type Il 11 10.2 3 35 14 7.2
Type IV 8 7.4 0 0.0 8 4.1
Table 2: Comparison between right and left side in both male and female regarding types of
pneumatization and optic nerve type
Male Female
“n=108” “n=92”
Right Left Right Left
“n=54” “n=54” “n=46” “n=46”
No. | % | No. | % | No. | % | No. | %
Type of pneumatization
Sellar 35 64.8 33 | 61.1 31 67.4 29 | 63.0
Presellar 12 22.2 14 25.9 10 21.7 8 17.4
Postsellar 7 13.0 7 13.0 5 10.9 3 6.5
Conchal 0 0.0 0 0.0 0 0.0 6 13.0
X2 p 0.212, 0.899 0.458, 0.722
Male Female
“n=108” “n=86”
Type of optic nerve Right Left Right Left
“n=54” “n=54” “n=43” “n=43”
No. % No. % No. % No. %
Type | 33 61.1 32 | 59.3 29 67.4 31 | 72.1
Type Il 11 20.4 13 | 24.1 13 30.2 10 | 23.3
Type Il 6 11.1 5 9.3 1 2.3 2 4.7
Type IV 4 7.4 4 7.4 0 0.0 0 0.0
X2 p 0.273, 0.965 0.791, 0.673
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Table 3: Comparison between male and female regarding total number of septa and number of Onodi

call(s).
Male Female Total X? P value
“n=54” “n=46” “n=100”
No. | % | No.| % No. | %
Total no. of septa
No inter-sphenoid septa 0 0.0 3 6.5 3 3.0 | 3631 0.09
Single septum (main) 17 315 22 47.8 39 39.0 | 2.789 0.095
Multiple (main + no. of 37 68.5 21 | 457 58 | 58.0 | 5.332* | 0.021*
accessory septa)
1 26 | 48.1 10 21.7 36 | 360 | 7.63* | 0.01*
2 10 18.5 9 19.6 19 19.0 | 1.524 | 0.217
3 1 1.9 1 2.2 2 2.0 | 0.028 0.925
4 0 0.0 1 2.2 1 1.0 | 1.186 0,460
No. of Onodi call(s)
0 18 33.3 21 | 45.7 39 | 39.0
1 20 37.0 16 34.8 36 | 360 | 236 0.51
2 15 27.8 9 19.6 24 | 24.0
3 1 1.9 0 0.0 1 1.0
Table 4 : Type of Pneumatization in dried skulls in the right and left side.
Right Left Total X? | Pvalue
“n=25” “n=25” “n=50”
No. | % | No. | % | No. | %
Type of pneumatization
Sellar 13 | 520 | 12 |48.0 | 25 | 50.0
Presellar 7 280 | 8 320 | 15 | 30.0 | 0.106 | 0.948
Postsellar 5 20.0 5 20.0 | 10 | 20.0
Conchal 0 0.0 0 0.0 0 0.0
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Figure 1:
High-resolution sagittal sections of CT scan showing different types of sphenoid sinus
pneumatization; ST: sella turcica, SS: sphenoid sinus (SS):
(a) Sellar (b) Presellar (c )Post-sellar ( ¢) Conchal

Figure 2:
Photographs of medial side of the left side of sagittal halves of skull bones showing different types of
sphenoid sinus pneumatization; ACP: anterior clinoid process, PCP: posterior clinoid process, arrow:
sphenoid sinus cavity: (a) Sellar (b) Presellar (c) Post-sellar
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Figure 3:

High-resolution coronal sections of CT scan showing different types of septation; sphenoid sinus (SS),
sphenoid body (SB):

a- No septation (conchal pneumatization)

b- Main single septum (white arrow).

c- Main septum (white arrow), with single accessory incomplete vertical septum (green arrow)
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d- Main septum (white arrow), with multiple accessory vertical septa; 1 complete and 1 incomplete
(green arrows)

e- Main septum (white arrow), with 3 accessory septa; 1 complete transverse septum (blue arrow), 1
complete vertical septum (blue arrow) and 1 incomplete vertical septum (green arrow)

f- Main septum (white arrow), with 4 accessory septa; 2 complete vertical (blue arrows) , 1 incomplete
vertical and 1 incomplete transverse (green arrows)
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Figure 4:

High-resolution coronal sections of CT scan showing transverse accessory septation; sphenoid sinus
(SS):

a- Complete transverse septum (blue arrow)

b- Incomplete transverse septum (green arrow)
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Figure 5:

High-resolution coronal sections of CT scan showing Onodi cell(s) (green arrows), sphenoid sinus (SS):
a- No Onodi cell.

b- Single Onodi cell.

c- 2 Onodi cell.

d- 3 Onodi cell.

Figure 6:

High-resolution coronal sections of CT scan showing types of optic nerve (green arrow)/ sphenoid sinus
(SS) relationship:

Bilateral type |

Bilateral type 11

Bilateral type I11

Right type 1V, left type |

Left type 11, right type 111
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DISCUSSION

Functional endoscopic sinus surgery (FESS) is
of increasing importance due to its popular use
in treatment of different pathologies, not only in
sphenoid sinus, but also extending beyond it to
the neighborhood structures. The trans-nasal
approach to the pituitary in the management of
gland neoplasms is among the commonest uses
of it. FESS has the advantage over trans-cranial
surgical approaches due to fewer hazards with
lower morbidity and mortality rates. The deep
situation, relations and variations of sphenoid
sinus pneumatization interacts together making
sphenoid sinus surgery and endoscopy critical
and of high risk of complications. Preoperative
imaging has to be taken as a prognostic and
evaluation tool in all patients who would be
referred to endoscopic sinus surgery. The
anatomical variations and their impact are
subject of high interest [20].

In the current study, detailed anatomical and
radiological examination of sphenoid sinus
revealed 4 types of pneumatization; the
commonest was the sellar type followed by the
pre-sellar, the post-sellar and the rarest was the
conchal type. The last was shown only in
radiological examination and not in the
anatomical reported data may be due to limited
sample size. Variations between sides was
reported however wasn’t statistically significant.
Scx wvariations weren’t cignificant also on
radiological examination. CT scans of the
patients in different orientation revealed also
different number of septa (main and accessory)
that varied from no septation (in conchal
pneumatization), single main septum and main
with accessory septa up to 4 septa. Accessory
septa were either  vertical or horizontal,
complete or incomplete. Significant difference
between sex (more prevalent in males) and side
(commoner in the right side) was only reported
in case of single septum. The relation between
the optic nerve and sphenoid sinus was also
examined and adopting DeLano’s classification,
the 4 types were shown in CT scans. From the
commonest down, type | was the commonest,
type 11, type 1ll, and the rarest was type IV. No
significant difference regarding gender or side.
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Researchers implemented more than a
classification for sphenoid sinus
pneumatization; two, three and four types were
described. Elwany et al [21], and Nikakhlagh et
al. [22]reported two types of pneumatization of
the sphenoidal sinus: pre-sellar (less common
20-27%) and post-sellar (more common 71-
80%). In accordance with the current study
results, Anusha et al. [23] considered 3 types:
conchal, pre-sellar and sellar. According to
them, the sellar type was the commonest of 55-
93%, followed by the pre-sellar in 7-24% and the
least prevalent was the conchal type as reported
in only 0.3-28% [2,23].

Unlike the current results, Tan et al. [24]
described a higher prevalence of conchal
pneumatization of sphenoid sinus, in 28% of
their sample. The pre-sellar type of
pneumatization is wusually intermediate in
frequency in most studies that mimic the present
data. Refaat & Basha [25],reported a dominance
of the post-sellar pneumatization, as the
dominant type was found in cases with
protrusion and  dehiscence of close
neurovascular (ON, ICA) structures indicating
this type is of high-risk during intervention, this
result was agreed with the current data and
mimic to the current results, Degaga et al.
[26],in his work on Ethiopian population,
reported incidence of conchal pneumatization
only in 2%, pre-sellar in 25.5%, sellar in 50%,
and 22.5% of post-sellar pneumatization.

The results of different studies are variable and
the incidence ranged from 2-14% in conchal
type, 5-44% pre-sellar, 41-83% sellar, and 2-
43% post-sellar [9,10].These results concurred
with those of present work with mild difference
in frequency of the post-sellar type. The reported
variations in prevalence of different patterns of
pneumatization might be attributed to the lack of
a standard classification, variable methods of
imaging analysis, and different races that would
be subjectively considered by surgeons [10,23].
In accordance with the present work, Kayalioglu
et al. [6] described no incidence of Conchal
pneumatization in males, and very low incidence
in females (1.7%). However, they reported the
pre-sellar type in 5.6% of males and 2.8% of
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females, a data unlike that of the current work.
They reported a prevalence of the sellar
pneumatization in 24.4% of males and 23.9% of
females and that was near figures to the present
study. The post- sellar type in Kayalioglu et al
work was described in 19.5% of males and
22.2% of females unlike the current findings that
showed lower incidence with no significant
difference regarding gender variation.

The type and extent of sphenoid sinus
pneumatization is crucial and of great
importance in any intervention of the sellar
region. For adequate intervention with minimal
hazards, detailed preoperative radiological
assessment is highly recommended through CT
and MRI. The evaluation of sinus septation is of
special importance [27].With the usage of high-
speed drills, trans-sphenoidal endoscopy is
achievable with the conchal pneumatization
however it is still a bony obstacle, that would
hinder straightforward approach to the sella [28].
According to Hamid et al. [27], the inter-
sphenoid sinus septum showed lateralization,
with the sinus divided into two unequal parts to
the extent that the septum might deviate quite
laterally and end at ICA or the optic nerve.
These septa were variable in number and
orientation.  Sareen et al. [13] described the
multiple as the commonest. In the present study,
it was found that a single inter-sphenoid sinus
septum was present in 39% that mimic the
results of the work of Lupascu et al. [29] and
disagreed with others who reported higher
incidence such as Priya TSG et al. [30] who
reported 83.3% incidence of single inter-
sphenoid sinus septum.

In the current study, an absent inter-sphenoid
sinus septum was found in 3 patients (3%)
similar to Fasunla et al. [31] who described it in
2.7% of their cases, while ELKammash et al.
[32] reported higher frequency as 13.2%. we
reported accessory inter-sphenoid sinus septa in
58 patients (58%) very close to data reported by
Kayalioglu et al[6]. who found it in 52%. A
lower incidence (13.2%) was reported by
Diindar et al. [33] A horizontal septum
incidence is very variable in literature. It was
reported in 0.8% by Priya et al. [30] and in 7.5%
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by Vidya et al. study [34] comparable to 5%
incidence in our study. Battal et al. [35] did not
visualize any transverse septum in their study. In
Ethiopian population Degaga et al [26] reported
single complete septum in 77.5%, single
incomplete in 11.5%, double in 10% and totally
absent in only 1%, a data different from those
reported in the present work.

Because of the very variable design of sphenoid
sinus septation, ranging from complete absence
of any septation up to main septum with 4
accessory septa with variable number, extent and
orientation, Pre-operative radiological
assessment should be considered in any
intervention of the sinus otherwise hazardous
damage of relative structures is a risk with
trauma to the septa of sphenoid sinus that may
extend to the wall and thus to the close relations
as optic nerve and internal carotid artery [36].
Thimmaiah VT & Anupama C [37] reported the
prevalence of Onodi cells in 62.96% in males
and 37.31% in females on their study sample
who were visualized by MDCT in agreement
with results of the present study as Onodi cell
was found in 61% of cases. A different
prevalence was reported by Kasemsiri et al. [38]
on that population sample as Onodi cell was
found in 49.5% with the combined type was the
commonest. Others reported an incidence varied
from 42% to 65% [8, 10] ,this finding might be
attributable to the use of different technique with
different orientation and racial difference. Onodi
cell is a common variation of the pattern of
pneumatization of sphenoid sinus that should be
assessed preoperatively with special care to
reduce the risk of optic nerve trauma.

Regarding the relation of optic nerve with
sphenoid sinus, the current results agreed with
those reported by Gupta et al. who made it
according to Delano’s classification, as reported
type | with the highest incidence followed by
type 1l then type 11l and the least common was
type IV [39].

Nikakhlagh S. [22] described low incidence of
optic nerve dehiscence close to the present
results (8%). Meanwhile, Efendic et al. [1] and
Mamatha et al. [9] reported higher incidence
than the currently reported data ranging from 18-
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50%. As with variable relation between optic
nerve and the wall of sphenoid sinus, the trans-
sphenoidal approach and intervention should be
taken with caution to avoid nerve injury
especially in cases with close relation,
dehiscence and bulge of the nerve into the sinus.

CONCLUSIONS
All data regarding variation in the anatomy of
sphenoid septum, septation, extension and close
relations are very variable as using different
diagnostic measures and also racial and sex
differences are expected. Proper visualization of
sphenoid sinus with CT scan and careful
radiological assessment would help surgeons
and endoscopists avoiding hazardous misshapes
during intervention. Sex and side differences are
expected and should be considered in sinus
surgery and intervention.
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