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Abstract

Objective: This study aimed to describe anatomic variants of sphenoidal si-
nuses and adjacent structures. Methods: A retrospective and descriptive study
was carried out at The National and University Teaching Hospital Hubert
Koutoukou Maga (CNHU-HKM), of Cotonou in Benin from November 1st
to December 31st. A review of CT scans skull was done for the subjects aged
at least 16 years old. Anatomic variants of the sphenoid sinuses and adjacent
structures have been investigated. Results: 225 CT scans of skull were ana-
lyzed. The sellar type was the most common type of pneumatization of sphe-
noid sinuses (74.7%). Pneumatization of anterior clinoid processes of greater
and lesser wings of the sphenoid and of pterygoid processes was observed in
7.1%; 4.6%; 3.3% and 7.3%; respectively. Protrusion of carotid canals and op-
tic canals, maxillary and vidian nerves were observed in 48.3%; 13.1%; 18%
and 9.5%; respectively. Conclusion: Risky anatomic variants of the sphenoid
sinuses and adjacent structures are also described by CT-scan among Beni-
nese. Before any surgery and to avoid bad outcome, a precise approach of
these risky anatomic variants must be carried out by using CT-scan.
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1. Introduction

Sphenoid sinuses are deeply located in the skull. They represent the most inac-
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cessible para nasal sinuses [1] [2] [3] [4]. They are described by some authors as
being the most variable cavities of the human body [5]. They are surrounded by
vital structures such as the internal carotid artery, the optic nerves and the ca-
vernous sinus [5]. The variability of the anatomy of the sphenoid sinuses is well
documented [3] [5] [6]. Iatrogenic internal carotid artery or optic nerves injuries
are serious complications of trans-sphenoid surgery [4] [7]. The sphenoid sinus-
es are irregular cavities carved into the body of the sphenoid bone with pneuma-
tization ranging from absence to extension to adjacent structures including an-
terior and posterior clinoid processes, lesser and greater wings, and processes
pterygoids and the clivus [6] [7]. Depending on the extent of sinus pneumatiza-
tion, bone covering the internal carotid arteries, optic nerves, maxillary nerves,
and vidian nerves may be thin or absent, making these structures susceptible to
iatrogenic injury [8] [9]. Computed tomography (CT) is the most accurate im-
aging for studying paranasal sinuses [10] [11] [12] [13]. CT makes reconstruc-
tions in the different planes of the space notably in the coronal plane. This plan
shows the deep structures progressively as encountered by the surgeon during an
intervention. CT also allows a study both in bone window and soft tissue win-
dow. Despite the complex anatomy and surgical importance of the anatomic va-
riants of the sphenoidal sinuses, very few studies have been done in Africa. Fa-
sunla ef al [14] in Nigeria; in 2012; showed that surgical anatomic variants of
the sphenoid sinuses were also common among black Africans. 38.2% of their
population had a protrusion of the optic canal and 27.3% a protrusion of carotid
canal. This work aimed to study the anatomic variants of sphenoidal sinuses and
adjacent structures at the National and University Teaching Hospital Hubert
Koutoukou Maga of Cotonou (CNHU-HKM/Cotonou).

2. Methods

Our study took place in the radiology department of CNHU-HKM)/Cotonou.

A descriptive retrospective study was conducted over two months from No-
vember 1st to December 31st, 2017. This study targeted patients who performed
a skull CT-scan in the study period.

Included subjects aged at least 16 years and had a skull CT-scan. Sphenoid si-
nuses are present at birth, but their pneumatization continues until adolescence,
when they reach their maximum size [15]. Exhaustive recruitment of all patients
was done. Skull CT-scans performed for head trauma, sinuses tumor or nasosi-
nus polyposis, as well as those with a sinus surgical history were not included in
the study given the changes that these pathologies are likely to cause on spheno-
id sinuses.

The skull CT-scans were performed on EMOTION SIEMENS 16 slide
CT-Scanner witch was put in service in December 2013. CT-scans were syste-
matically reviewed in bone window and soft tissue window after multiplanar re-
construction. Sections were in 1 mm slice thickness.

We studied successively socio-demographic variables such as sex and age;

anatomic variants of the sphenoid sinuses such as type of pneumatization of the
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sphenoid sinuses (sellar, presellar and conchal); the number of sphenoid sinuses;
pneumatization of anterior clinoid processes, of pterygoid processes, of lesser
and greater wings of the sphenoid; protrusion and dehiscence of carotid canal
and of optic canal, protrusion and dehiscence of maxillary nerves and vidian
nerves.

Protrusion was defined as the presence of at least one third of the canal cir-
cumference into the sinus cavity. Dehiscence was defined as the absence of visi-
ble bone density separating the sinus from the course of the canal. Protrusion of
the vidian nerves was defined as the presence of air density around the nerves
[16].

Data collection was done using a survey form prepared for the circumstance.
Data analyses were done by using Epi info software Version 3.5.4.

A descriptive analysis of the variables was done. Mean age and standard devi-
ation were calculated. For qualitative variables, frequencies and proportions

were calculated. Data has been used in complete confidentiality.

3. Results

225 Skull CT-scans were collected. 224 had two sphenoid sinuses and one had a
single sphenoid sinus. A total of 449 sphenoid sinuses were examined.

Their age ranged from 16 to 86 years with mean age of 48.8 years + 17.2.
There was male predominance (58.7%) with a sex-ratio of 1.42.

3.1. Types of Pneumatization of Sphenoid Sinuses

There were 74.7% sellar type, 24.9% presellar type and 0.4% conchal type (Figure
1).

3.2. Protrusion and Dehiscence of Carotid Canal and Optic Canal

Protrusion of carotid canal (Figure 2) and optic canal were found in 48.3% and
13.1% of patients, respectively. Dehiscence was observed in 10.2% of patients for
carotid canal and 5.8% for optic canal (Figure 3).

Table 1 showed the detail of protrusion and dehiscence of carotid canal and

optic canal.

(a) (b) (c)

Figure 1. Types of pneumatization: (a) sellar; (b) presellar; (c) conchal, CNHU-HKM,
2017.
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Figure 3. Bilateral dehiscence of optic nerve (arrows), CNHU-HKM, 2017.

Table 1. Prevalence of protrusion and dehiscence of carotid canal and optic canal,
CNHU-HKM, 2017.

Carotid Canal Optic Canal
n % n %
Protrusion
Rigth Side 4 0.9 7 1.5
Left Side 5 1.1 8 1.8
Bilateral 208 46.3 44 9.8
Total 217 48.3 59 13.1
Dehiscence
Rigth Side 3 0.7 2 0.4
Left Side 9 2 4 0.9
Bilateral 24 7.5 20 4.4
Total 46 10.2 26 5.8
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3.3. Protrusion and Dehiscence of Maxillary and Vidian Nerves

The Protrusion of maxillary and vidian (Figure 4) nerves was found in 18% and
9.5% of the patients, respectively. Dehiscence of maxillary nerves was observed
in 6% of patients. Table 2 presented the detail of protrusion and dehiscence of

maxillary and vidian nerves.

3.4. Pneumatization of Adjacent Structures of Sphenoid Sinuses

Pneumatization of lesser and greater wings of the sphenoid (Figure 5); of ante-
rior clinoid processes (Figure 6) and of pterygoid processes (Figure 7) was
found in 4.6%, 3.3%, 7.1% and 7.3% of patients, respectively. The distribution of
these data according to their unilateral or bilateral location is presented in Table
3.

Figure 4. Dehiscence of maxillary nerve (white arrow) and
Protrusion of vidian nerve (red arrow), CNHU-HKM, 2017.

Figure 5. Pneumatization of the right greater wing of sphe-
noid (star), CNHU-HKM, 2017.
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Figure 6. Bilateral pneumatization of anterior clinoid processes (arrow), CNHU-HKM,
2017.

Figure 7. Bilateral pneumatization of pterygoid processes (arrow), CNHU-HKM, 2017.

Table 2. Prevalence protrusion and dehiscence of maxillary and vidian nerves,
CNHU-HKM, 2017.

Maxillary nerves Vidian nerves
n % n %
Protrusion
Rigth Side 3 0.7 3 0.7
Left Side 6 1.3 2 0.4
Bilateral 72 16 19 8.4
Total 81 18 24 9.5
Dehiscence
Rigth Side 2 0.4 - -
Left Side 5 1.1 - -
Bilateral 20 4.4 - -
Total 27 6 - -
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Table 3. Prevalence of pneumatization of adjacent strutures of sphenoid sinuses,
CNHU-HKM, 2017.

Rigth Side Left Side Bilateral Total

n (%) n (%) n (%) n (%)
Greater Wing 3(0.7) 4(0.9) 14 (3.1) 21 (4.6)
Lesser Wing 1(0.2) 2(0.4) 12 (2.7) 15 (3.3)
Clinoid 9(2) 7 (1.5 16 (3.6) 32(7.1)
Pterygoid - 5(1.1) 28 (6.2) 33 (7.3)

4. Discussion

The current study aimed to describe the anatomic variants of sphenoid sinuses
and adjacent structures. The findings help to characterize the anatomic variants

of sphenoid sinuses and adjacent structures amongst Beninese population.

4.1. Type of Pneumatization of Sphenoid Sinuses

In our series, sellar type pneumatization was the most common, 74.7%. In the
literature, variable proportions of different types of pneumatization have been
reported. Sellar type was the most frequent. Wang ef al [6] reported in 2010,
98% of sellar type pneumatization and 2% for the presellar type. Other authors
have found prevalence closer to ours. Notably Lu ef al [8] in China and El
Kammash et al [9] in Egypt, which reported 63.5% and 85.7% of sellar type

pneumatization; 28.5% and 12.6% of presellar pneumatization respectively.

4.2. Protrusion and Dehiscence of Carotid Canal and Optic Canal

In the literature, there is great variability in the prevalence of protrusion and de-
hiscence of carotid canal and optic canal. This variability could be due to the
criteria considered to define them. In our study, we considered as a protrusion
the presence of at least one third of the canal circumference in the sinus cavity
and dehiscence was defined as the absence of visible bone density separating the
sinus from the course of the canal. In their work, Fasunla et al. [14], Sirikci et al.
[11], Unal et al [5] recognized protrusion as the presence of more than half of
the canal circumference in the sinus. For Hewaidi ef a/ [12], the presence of the
canal in the sinus cavity to any degree was sufficient to define protrusion. Fa-
sunla, Sirikci, Unal found respectively 27.3%, 26.1% and 30.3% for the preva-
lence of carotid canal protrusion. Our rate of 48.3% was close to that of Hewaidi
which was 41%. This great variability is also observed at the optic canal. The
prevalence of the protrusion of optic canal varies from 8% to 70% according to
the authors [13]. In our series the prevalence of the optical canal protrusion was
13.1%. This wide range of prevalence may also indicate that the relationship of
the carotid canal or the optic canal to the sphenoidal sinus is different between
races and ethnic groups, but the variability of the definition criteria does not

help to confirm this hypothesis.
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If the surgeon operating the sphenoid sinus is not aware of the dehiscence or
protrusion of the carotid canal, a wound of this vessel, even a small one, can be
fatal, as it is barely possible to control the bleeding of an internal carotid artery
injured in the sphenoidal sinus. Also, neurological sequelae may be unavoidable.
Similarly, sphenoiditis can also make internal carotid artery vulnerable [11].

In protrusion or dehiscence of optic canal, optic nerves injury may occur in
the event of surgical trauma or as a complication of sphenoid sinusitis. The risk
of blindness is high if the surgeon injures the nerve in the sinus [17]. Also, visual
deficits can result from an infection of the sphenoid or a mucocele from com-
pressing the optic canal. Compression of the optic nerve can cause ischemia and
congestion of the ophthalmic vein. In addition, the optic canal is where the optic
nerve is least vascularized, making it very susceptible to injury [18].

4.3. Protrusion and Dehiscence of Maxillary and Vidian Nerves

Protrusion prevalence of maxillary and vidian nerves observed in our series was
significantly lower than those found in the literature. We observed protrusion of
the maxillary nerve in 18% of patients. Hewaidi et al [12], Unal et al [5], re-
ported a prevalence of 24.3% and 30.3%, respectively.

We found protrusion of vidian nerve in 9.5% of our patients. Hewaidi et al
[12] found this protrusion in 27% of cases.

The divergence between these prevalences may reflect ethnic differences be-
tween the populations studied.

In endoscopic surgery, knowledge of these variants will contribute to im-

proved outcomes and decrease the complications of sinus surgeries [9].

4.4. Pneumatization of Adjacent Structures of Sphenoid Sinuses

For Hewaidi et al [12], it is likely that thin CT scan sections are more precise for
the detection of pneumatization of the adjacent structures to the sphenoid si-
nuses. Thick slice may underestimate these anatomic variants especially when
they are not joined. In his series, on 2 mm slice thickness, 20% had pneumatiza-
tion of greater wings, 15.3% had pneumatization of anterior clinoid processes,
and 29% had pneumatization of pterygoid processes. In our study, on 1 mm slice
thickness, we found a much lower prevalence of pneumatization of adjacent
structures to the sphenoid sinuses. 4.6% of our patients had pneumatization of
greater wings, 7.1% had pneumatization of anterior clinoid processes, and 7.3%
had pneumatization of pterygoid processes. On 3 mm slice thickness, Lane and
Bolger [19] and Unal et al [5] found a prevalence of 13% and 24.1% for pneu-
matization of anterior clinoid processes, respectively. These results suggest that
beyond the thickness of the sections, the wide variability in the prevalence of
pneumatization of adjacent structures can also be attributed to ethnic differences
in the populations studied. The pneumatization of the pterygoid process, when
present, is an important route for access to the skull base. It allows, for example,
extensive transnasal endoscopic approaches to reach the pterygoid process

through the medial part of the posterior maxillary wall [17]. These techniques
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may provide a pathway for endoscopic repair of cerebrospinal fluid leaks and for
endoscopic biopsy of skull base lesions. Such information may be important for
the surgeon in preoperative planning for skull base surgery. Also, the pneumati-
zation of the pterygoid process thins the bone floor of the scaphoid fossa, result-

ing in an intimate relationship between the sinus and the auditory tube [20].

4.5. Limitation of the Study

The number of cases and the absence of additional readers to compare the re-

sults of the first reading are limits to this study.

5. Conclusion

Anatomic variants of the sphenoid sinuses and adjacent structures were varied
and frequent. There was a wide range of prevalence of anatomic variants in the
literature. This variability could be due to ethnic differences between the popula-
tions studied. Knowledge of these variants is important for the surgeon to
choose the best routes and to avoid serious iatrogenic lesions such as hemorr-

hage and blindness.
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