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ABSTRACT

Background and purpose: The sphenoid sinus is characterized by the frequency of anatomical variants that
cause operative difficulties and complications during the transphenoidal approach. These variants involve the
geographic factor and the type of skin phenotype. Most of the studies have been carried out on European,
North African and Asian populations. Some studies have been found in sub-Saharan Africa but not in Cote
d’lvoire. The aim was to determine, from CT data, the anatomical characteristics of the sphenoid sinus in the
Ivorian population.

Methods: Cranioencephalic computed tomography images of 100 patients (80 men and 20 women aged 16 to
71) were used for the study. These were patients who presented with head trauma without injury to the base
of the skull. Were studied the anatomical characteristics of the sphenoid sinus.

Results: The type of pneumatization was sellar in 58% sinuses, pre sellar in 41% and conchal in 1% of cases. The
presellar type predominated in women (60%) and the sellar type in men (65.5%). Extensions were present in
66.34% of cases, more frequent in men (70%), in the sellar type (79.31%), and in the anterior clinoid process
(46.20%). The procidence of vasculo-nervous structures was more frequent in men (52.62%) and in the sellar
type (62.07%), the procidence of the internal carotid artery was bilateral in 30.69% of sinuses, that of the optic
nerve was mainly unilateral left (07.92%) more frequent in women ( 10%) and in the sellaire type (09.43%).
Dehiscence was present in 15% of cases. Dominance was straight in 63.64% of the sinuses. The Onodi cell was
present in 65% of sinuses. The ostium was bilateral in (45%) of the sinuses.

Conclusion: The Ivorian sphenoid sinus is highly pneumatized, facilitating access to the surgeon; the sellar type
is the most frequent. On the other hand, the frequency of procidence and dehiscence of vasculo-nervous
elements increases the risk of surgical complications. Differences between genders and between types of
pneumatization should be considered in sphenoid sinus procedures.
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INTRODUCTION

The sphenoid sinus is characterized by the
frequency of anatomical variations and by its
close relationship with important anatomical
structures including the internal carotid artery,
the optic nerve and the cavernous sinus. They
are the cause of operational difficulties
during the transphenoidal approach. The type
of pneumatization and these vasculo-nervous
relationships determine the risk of complica-
tions occurring during surgery. Benchmark
technique for pituitary surgery since the
advent of the operating microscope in 1960,
the transphenoidal approach has been
revolutionized and has become essential since
the development of endoscopy, which has
improved the results of surgery [1, 2, 3, 4, 5].

The anatomy of the sphenoid sinus is
extremely complex, but essential to know for
the surgeon. Medical imaging, especially
computed tomography, is of undeniable help
in studying this anatomy [4]. The anatomical
variants involve the geographic factor and the
type of skin phenotype. Many studies are
found in Europe, Asia, America, north Africa
[6, 7, 8,9, 10, 11]; a few in sub-Saharan Africa
[12, 13, 14], but no study was found in Cote
d’lvoire.

The aim of our study was to determine the
radioanatomical characteristics of the
sphenoid sinus in the Ivorian population from
scannographic data at the University Hospital
Center of Bouaké in center of the country, in
order to define the operative risk during
‘transphenoidal approach.

METHODS

This was a retrospective study with descriptive
and analytical purposes. The CT images of 100
patients (80 men and 20 women) were
collected at the neurosurgery department of
the Bouaké University Hospital. The CT scan
had been ordered for a head trauma.
Computed tomography with lesion of the base
of the skull was excluded. The patients were
hospitalized between February 28th, 2013 and
March 13th, 2017. Their ages ranged from 16
to 71 years with an average of 29.5 years. The
average age of women was 25.50 years and
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the average age of men was 31.5 years. The
three-dimensional images were obtained by
reconstruction of the axial images using a
section thickness equal to (0.4mm).

The type of pneumatization, according to the
classification of Hammer and Radberg, 1961
[15], its different variants and modalities of
extensions, the existence or not of an Onodi
cell, the characteristics of the septum, the type
of reports of the vasculo- nerve scans of one
hundred cranioencephalic bone window scans
showing the sphenoid sinus were studied. Epi
info 7 software was used for the analysis of
the data collected.

As in most retrospective studies, we worked
with files that did not provide answers to all
of the items in our questionnaire; none of the
100 files studied specified the height and
weight of the patients.

RESULTS
Pneumatization: The three types according to
Hammer and Radberg (1961) [15] have been

found (Figure 1).
[

c. Conchal type (1%)

Fig. 1: Distribution of the type of pneumatization
according to the Hammer and Radberg classification.
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In women, the sellar type was found in 8 cases
(40%) and the presellar type in 12 cases (60%).
In men, the sellar type was found in 50 cases
(62.50) and the presellar type in 29 cases
(36.25%). The conchal type was found in a man
(01.25%) (Figure 2).
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m Conchal mPrésellaire = Sellaire

Fig. 2: Distribution of the type of pneumatization by
sex.

Extension: An extension was found in 67% of
cases. It was present in 11 (55%) women and
56 (70%) men. It was found for the sellar type
in 46 cases (79.31%) out of 58, and for the pre
sellar type in 21 cases (51.22%) out of 41. This
extension was done in the anterior clinoid
process (31 cases or 46.27%), the large wings
(27 cases or 40.30%), anteriorly (22 cases or
32.84%), in the dorsum sellae (15 cases or
22.39%), the basi occiput (12 cases or 17.91%),
small wings (8 cases or 11.94%), the pterygoid
process (8 cases or 11.94%) (Figure 3). There
was no extension in the planum.

! b.
Fig. 3: extensions. a. Frontal section: in the anterior

clinoid process (red arrow); in the pterygoid process
(yellow arrow). b. Horizontal section: in both pterygoid
processes

Septation and dominance: The septum was
present in 98% of cases, in 19 women (95%)
and 79 men (98.75%); single in 64% of cases,
multiple in 34% of cases varying from 2 to 5
with an average of 3, with different orienta-
tions vertical (72.45%), oblique (23.47%) or
horizontal in (4.08%) ). The septum was
complete in 70 sinuses (71.42%) of the 98
sinuses, incomplete in the rest of the cases,
symmetrical in 21 (21.42%) sinuses. It was
inserted into vasculo-nervous elements in
39(39.79%) of the 98 sinuses with septation
(Figure 4).
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Fig. 4: Frontal sections: a. absence of septum.
b. multiple septa. Sagittal sections: c. frontal septum.
d. multiple frontal septa

In the pre-sellary type: the septum was present
in 40 sinuses, ie 97.56%. In the sellar type: the
septum was present in 100.00% of cases. In
the pre-sellar type the septum was unique in
24 (60%) sinuses and it was multiple in 16 (40%)
sinuses while in the sellar type it was unique
in 40 (68.97%) sinuses and multiple in 18
( 31.03%) sinuses. In women: the septum was
unique in 16 women or 80.00% of women and
it was multiple in 03 or 15.00% of women. In
men it was unique in 48 men or 60.00% of men
and it was multiple in 30 men or 37.50% of
men.

The septum insertion site was normal in 46
sinuses, i.e. 53.49% of sinuses, was on the wall
of the right ACl in 12 (13.95%) sinuses, on the
wall of the left ACI in 07 (08.14%) sinuses,
bilaterally on the walls of the two ACls in 13
(15.12%) sinuses, on the wall of the right optic
nerve in 02 (02.33%) sinuses, on the wall of
the left optic nerve in 02 (02.33%) sinuses,
bilaterally on the walls of the two optic nerves
in 01 (01.16%) sinuses and finally on the floor
of the sella turcica in 02 (02.33%) sinus of the
98 sphenoid sinuses (figure 5).

Fig. 5: Distribution of the septum insertion site.
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In the pre-sellary type: the septum was present
in 40 sinuses, ie 97.56%. In the sellar type: the
septum was present in 100.00% of cases. In
the pre-sellar type the septum was unique in
24 (60%) sinuses and it was multiple in 16 (40%)
sinuses while in the sellar type it was unique
in 40 (68.97%) sinuses and multiple in 18
( 31.03%) sinuses. In women: the septum was
unique in 16 women or 80.00% of women and
it was multiple in 03 or 15.00% of women. In
men it was unique in 48 men or 60.00% of men
and it was multiple in 30 men or 37.50% of
men.

The septum insertion site was normal in 46
sinuses, i.e. 53.49% of sinuses, was on the wall
of the right ACl in 12 (13.95%) sinuses, on the
wall of the left ACI in 07 (08.14%) sinuses,
bilaterally on the walls of the two ACls in 13
(15.12%) sinuses, on the wall of the right optic
nerve in 02 (02.33%) sinuses, on the wall of
the left optic nerve in 02 (02.33%) sinuses,
bilaterally on the walls of the two optic nerves
in 01 (01.16%) sinuses and finally on the floor
of the sella turcica in 02 (02.33%) sinus of the
98 sphenoid sinuses (figure 5).
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Fig. 5: Distribution of the septum insertion site.

Dominance was straight in 63% of the sinuses
studied, regardless of sex and type of
pneumatization. Dominance was straight in
50% of cases in women and 65.75% in men. In
the pre-sellary type we had 22 right
dominances or 53.65% of the type and 16 left
dominances or 39.02% of the dominance. In
the sellaire type we had 34 right dominances
or 58.62% of the dominance in the type and
19 left dominances or 32.75% of the
dominance.

Ostium : The ostium was present in all the pre
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sellar and sellar types studied, ie 99 (99%)
sphenoid sinuses and it was absent in the
conchal (1%) type. The position of the ostium
was unilateral right in 24 sinuses, or 24.24%,
unilateral left in 30 sinuses, or 30%, and
bilateral in 45 of the 100 sphenoid sinuses
studied, or 45% of these sinuses. In women,
the position of the ostium was right
unilateral in 06 (30%) sinuses, left unilateral
in 05 (25%), and bilateral in 09 (45%) sinuses.
In men, the position was right unilateral in 18
(22.78%) sinuses, left unilateral in 25 (31.65%)
sinuses and bilateral in 36 (45.57%) sphenoid
sinuses.

In the pre-sellar type, the position of the
ostium was unilateral right in 08 (19.51%)
sinuses, unilateral left in 11 (26.83%) sinuses
and bilateral in 22 (53.66%) of the sphenoid
sinuses studied. In the sellar type: the ostium
was right unilateral in 16 (25.59%) sinuses,
left unilateral in 19 (32.76%) sinuses and
bilateral in 23 (39.66%) of the sinuses studied
(Figure 6).

Fig. 6: distribution of the position of the ostium
according to the type of pneumatization.

ONODI cells : Onodi cells were present in 65
sinuses or 65% of the sinuses studied, in 12
women or 60% of women, in 53 men or 66.25%
of men. In the presellary type 24 sinuses had
Onodi cells (58.54% of the type). In the sellar
type, we noted 41 (70.69%) sinuses with Onodi
cells (Figure 7).

a.l
Fig. 7: Onodi cell (yellow arrow). a. Sagittal section. b.
Coronal section.
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Vasculo-nervous relationships

Procidence : The procidence of vasculo-
nervous elements was observed in 48% of
cases, in the sellar type in 36 cases (62.07%),
in the pre-sellar type in 12 cases (29.27%), in
men in 40 cases (50%), in women in 8 cases
(40%).

@ Procidences=No.
@ Procidences=Yes

nchal présellaire. Sellaire

|_TveE DE PrEUMATISATION |

Fig. 8: Distribution of procidence according to type of
pneumatization

The procidence of the internal carotid artery
was observed in 38% of cases, bilateral in 31%
(31 cases) (figure 9), unilateral right in 04 cases
and unilateral left in 03 cases. 05 (25%) women
had bilateral internal carotid artery
procidence; there was no unilateral procidence
of the internal carotid arteries in the woman.
In men, bilateral procidence of the internal
carotid artery was found in 26 cases (32.5%),
right procidence in 04 cases and left
procidence ir'1‘03 cases.

g. 9: procidence bilatérale de IA”CI
In the presellary type, 02 cases of unilateral

procidence of the left internal carotid artery
were observed, i.e. 04.87% of the pre-sellar
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type, and 04 cases of bilateral procidence of
the internal carotid arteries, or 09.75% of the
presellar type. In the sellar type, there was 01
unilateral procidence of the left internal
carotid artery, i.e. 01.72% of the sellar type,
and 27 bilateral procidence of the internal
carotid arteries, or 46.55% of the sellar type.

The optic nerve procidence was observed in
17% of cases, right unilateral in 4 cases, left
unilateral in 8 cases and bilateral in 5 cases.
In women we observed 02 unilateral left
procidencies of the optic nerve, ie 10.00% of
women, 02 bilateral procidencies of the optic
nerves, or also 10.00% of women. In males: 04
(05%) had right unilateral optic nerve
procidence, 06 (07.5%) left unilateral optic
nerve procidence, and 03 (03.75%) had bilat-
eral optic nerve procidence. In the pre-sellary
type: we observed 02 (04.87%) right unilateral
optic nerve procidences, 03 (07.31%) left
unilateral optic nerve procidences and 02
(04.87%) bilateral optic nerve procidences. In
the sellar type, we observed 02 (03.44%) right
unilateral optic nerve procidences, 05 (08.62%)
left unilateral optic nerve procidences and 03
(05.17%) bilateral optic nerve procidences. We
also did not observe any prolapse of the vidian
nerve and the maxillary nerve.

Dehiscence : 15 cases (or 15%) presented with
dehiscence of vasculo-nervous elements.
according to sex, 02 women or 10% of women
had it, and 13 men or 16.25% of men.
According to the type of pneumatization: the
dehiscence of vasculo-nervous elements was
presentin 06 pre-sellary types, eitherin 14.63%
of the pre-sellar type, and in 09 sellar types or
in 15.51% of the sellar-type. There was no
dehiscence of vasculo-nervous elements in the
conchal type.

Regarding the dehiscence of the internal
carotid artery, we observed: 03 right unilat-
eral dehiscences of the ACI, 01 left unilateral
dehiscence and 05 bilateral dehiscences of the
two ACI. In women: we observed 01 (05.00%)
unilateral dehiscence of the right internal
carotid artery, as well as the left internal
carotid artery and no bilateral dehiscence of
the two internal carotid arteries. In humans
we observed: 02 (02.50%) unilateral dehis-
cences of the ACI, no unilateral dehiscence of
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the left ACl and 05 (06.25%) of both ACI. In
the presellar type, 01 (02.43%) sphenoid
sinuses had right unilateral dehiscence of the
ACI and 02 (04.87%) sphenoid sinuses had
bilateral dehiscence.

In the sellar type: 01 (01.72% of the type)
sphenoid sinus had unilateral dehiscence of
the left ACI, 02 (03.44%) sinuses had unilat-
eral dehiscence of the right ACI and finally 03
(05.17 %) sellar-type sphenoid sinuses had
bilateral ACI dehiscence.

Optic nerve dehiscence was found in 6% of the
sinuses studied, right unilateral in 02 cases,
left unilateral in 01 cases and bilateral in 03
cases. All of these cases were found in humans.
In the pre-sellary type, optic nerve dehiscence
was: left unilateral in 01 (02.43% of type)
sinus, bilateral in 02 (04.87%) sinus. There was
no right unilateral dehiscence of the optic
nerve. In the sellar type: optic nerve dehiscence
was unilateral right in 02 (03.44%) sinuses,
bilateral in 01 (01.72%) sinuses. There was no
unilateral left dehiscence.

DISCUSSION

The development of the paranasal sinuses,
especially the sphenoid sinus, explains the
many anatomical variations. Computed
tomography (CT) is an excellent way to explore
this area [16]. During the last decade, and due
to the development of diagnostic techniques,
endoscopic endonasal approaches and the
latest advances in surgery have made it
possible to use the sphenoid sinus as an
access route to the sellar region [10, 17].
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Type of pneumatization: The three types
according to Hammer and Radberg (1961) [15]
have been found. The sellary type (62%)
predominated in agreement with the
literature [4, 7, 8, 9, 18]. On the other hand,
the proportions were lower than those of most
studies [15, 18]. The sellar type predominated
in men (50 out of 80 cases) [18] while the
presellary type predominated in women (12
out of 20 cases). In our study, the pre-sellary
type predominated in women (60.00%), in
agreement with Sevinc [9] in Turkey who found
16.6% of the pre-sellar type with a predomi-
nance of women, and unlike the study by
Kajoak [18] in which the pre-sellar type was
observed in 15 (15%) cases of which 5 (8.9%)
were observed in women and 10 (22.7%) in
men. As in the Sudanese and Turkish
populations, pre-sellar pneumatization is the
second most common type of pneumatization
in Ivorians, with larger proportions, and more
widespread distribution among women. The
sphenoid sinus is therefore more extensive in
men than in women in the Ivorian population.
What is the opposite in the studies of Sevinc
and Kajoak [18].

The conchal type was rare (1%) (Sévinc 0,5%,
Hamid 2%, Banna & Oluta 3%, Kajoak 0%)
[9,18,19, 20]. On the other hand Liu [21] found
10.8% of the Chinese population. As in the
Turkish and Sudanese populations, the
conchal type is a very rare type of pneumati-
zation in Ivorians. (Table 1)

Prévalence of type de

Population pneumatization (%)
Conchal  Présellar Sellar
Egyptian 2 21 77
Nigerian 0 5 89,7
Chinese 6 28,5 65,5
American 0 9 91
Turkish 0,5 16,6 83
Indian 2 14 84
Soudanese 0 15 85
Burkinabe 0,83 9,67 89,50
Nigerian 1,87 1,25 96,88
Indian 0 1,20 98,80
Ethiopian 2 25,5 72,5
Ivoirian 1 37 62
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The Hammer and Radberg classification [15] is
widely accepted because it predicts the
surgical corridor used in transphenoidal
surgeries. Newer and more specific classifica-
tions have also been developed which take
into account the extent of sphenoid
pneumatization, which facilitates extensive
surgical approaches by providing natural
corridors to access the base of the skull and
bony recesses. [23,24]

Extension : An extension was found in 65% of
cases. This frequency of extension was at the
expense of the anterior clinoid process, then
the large wings, followed by the clivus, small
wings and the pterygoid process. In Liu’s study
[21] the most frequent extension was that of
the small wings (37.2%), followed by the
clivus in 28 (21.4%). Extension in anterior
clinoid processes was the least represented
(5%) in Chinese. Awadalla [25], in Egypt also
found a majority extension at the level of the
small wing (16%). These results diverge from
those observed in the present study, in fact in
Chinese and Egyptian subjects the extension
of pneumatization occurs mainly at the
expense of the small wings whereas it occurs
at the expense of the previous clinoid process
in lvorians. . The risk of damage to the optic
nerve is therefore high in Ivorian subjects.

For Hewaidi [26], protrusion of the internal
carotid artery and optic nerve was strongly
associated with ipsilateral pneumatization of
the anterior clinoid process.

Septation and dominance : The intersinus
septum was multiple in 24% with an insertion
on the noble structures in 11.54% [25,27].
Insertion of the septum on the walls of the
ACl and the optic nerve should raise concerns
about damage to its structures during manipu-
lation of the septum, which should be done
with caution [16, 27, 28]. The results of the
present study are in agreement with Poirier
[29] who found that the septum was inserted
in 16% of the cases on the wall of the ACI,
Kapur [30], who found 14%, and Cappabianca
[31], which found 26%. ELkammash [1] found
that the septum was present in 86.8% of cases,
it was unique and complete in 70% of cases
and its insertion was done in 19.8% on the
walls of the CIA (right 36.8 %, left 63.2%); the
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septum was accessory in 8.3% with insertion
on the walls of the CIA in 57.90% (right 28.6%
and left 71.4%); the septum was multiple with
different orientations in 6.4% of cases. As in
the Egyptian population, the dangerous
insertion of the septum on the walls of a
vasculo-nervous element is frequent in the
Ivorian population, making the sphenoid
sinus of these two populations a sinus at risk.

Dominance was straight regardless of sex and
type of pneumatization. These results are in
agreement with those of Manisha [8] in the
Indian population, who found right dominance
in 20 cases and left dominance in 10 cases. As
in the Indian population, the right sphenoidal
sinus is larger in the Ivorian population. It
provides more workspace for the surgeon.

Onodi cell: Onodi cells were frequently found
(84%) [7] and it was more common in the type
of saddle pneumatization. Shin [32] found a
prevalence of Onodi cells higher than previ-
ously reported (33,3%). For him, as these cells
affect sphenoid surgery, they should be
removed completely to expose the edge of
sellar floor and allow the complete resection
of tumors located in the sellar and parasellar
regions. In Kajoak’s study [18] on the Sudanese
population, Onodi cells were present in 13%
of patients (07 men and 06 women), 10 of them
were sellaries and 03 were pre-sellaries.
Onodi’s cell was absent in (87%). The results
are therefore opposite, as the Onodi cell is
present in most Ivorians while it is absent in
most Sudanese. The presence of Onodi cells
should be routinely tested by functional
endoscopic surgeons to prevent damage to the
optic nerve. Its prevalence makes the sphenoid
sinus of the lvorian a sinus at risk.

It is important to identify them because of
their direct relationship with the optic nerve
and internal carotid artery and the possibility
of damaging these structures. On coronary CT
images, a useful clue to the presence of these
air cells is a horizontal or cruciform septum. A
horizontal separation represents a downward
displacement of the anterior wall of the
sphenoid sinus by a superior Onodi cell and a
cruciform configuration results from bilateral
Onodi cells associated with a median inter
sphenoidal septum [33]. Onodi cells can also
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extend into anterior clinoid processes, with
pneumatization of these structuresin 6% -13%
of cases [16,27]. The presence of Onodi cells
can cause the surgeon to become disoriented
with the usual anatomy, which can be
catastrophic during surgery, because behind
the posterior wall of Onodi cells, the surgeon
will encounter the middle cranial fossa instead
of the expected sphenoidal sinus.

Frequency of vasculo-nervous structures : The
incidence of vasculo-nervous elements was
observed in approximately half of lvorians
(47.52%), only in the sellary type and more
frequently in men. The sphenoid sinus of the
Ivorian subject is a risk sinus with a higher risk
in men. The incidence of AClI was most often
bilateral (30.00%) and most commonly
observed in males.

These results are in agreement with those of
Budu [4] in Bucharest who found 34-43.6% of
ACI procidence. This information is essential
for the neurosurgeon because it will help
prevent the internal carotid artery breaking
out, which is a vital risk during surgery.

Optic nerve procidence appears in (16.83%) of
patients, more frequent in men and predomi-
nantly unilateral to the right. Hewaidi [26]
found a high prevalence of protrusion and
dehiscence of the internal carotid artery and
optic nerve in lybian population. The internal
carotid artery and optic nerve may not be well
protected and thus could be damaged during
endoscopic sphenoid surgery. In our study, as
in the study of Hewaidi, the procidences of
vasculo-nervous elements are only observed
in sellar pneumatization. But in gender it is
more important in men with a significant dif-
ference. Fuji [34], found 40% of optic nerve
procidence, Elwany [35], in Egypt, found 29%
of procidence. The procidence of the optic
nerve is less important in the lvorian
population than in the Egyptian population,
but remains significant. Gender should be
considered in sphenoid sinus procedures. The
risk of break-in is greater for the internal
carotid artery compared to the optic nerve.

Dehiscence of vasculo-nervous structures: In
the study, the dehiscence of vasculo-nervous
elements was significantly less than the
procidence, it was also the case in the study
Int J Anat Res 2022, 10(1):8206-15.  ISSN 2321-4287

of Budu [24] which found 4% dehiscence and
of Kennedy [36] which found 22 %; but it kept
the same tendencies as the prevalence in the
kind and the type of pneumatization.
Dehiscence was more common in males and
in the sellar type.

CONCLUSION

This study makes it possible to understand the
anatomical characteristics of the sphenoidal
sinus in Ivorians and thus to predict any
difficulties and assess the potential risk
during the transphenoidal approach.

The Ivorian sphenoid sinus is highly pneuma-
tized, dominated by sellar-type pneumatiza-
tion providing more work space for the
surgeon. On the other hand, the frequency of
procidence and dehiscence of vasculo-nervous
elements increases the risk of surgical
complications. This risk must be prevented by
a good radiological study of the sinus before
surgery, combined with rigorous surgery.
Differences between genders and between
types of pneumatization should be considered
in sphenoid sinus procedures.
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