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ABSTRACT

Background: Sphenoid sinuses are surrounded by many crucial
structures. During endoscopic sinus surgery or the transsphenoidal
procedures, complications as arterial bleeding and visual affection can be
caused by nearness of internal carotid artery (ICA) and cranial nerves to
sphenoid sinuses. The study aims to study the important structures in
sphenoid sinuses and their variations by multi slices computed
tomography (MSCT) to guide otorhinolaryngologists to avoid injury of
vital structures.

Methods: MSCT of paranasal sinuses was done for all included subjects
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Results: Within included 100 adult individuals (200 sphenoid sinuses);
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we found pneumatization of anterior clinoid process (ACP), pterygoid
process (PP), and greater wing of sphenoid (GWS) in 16%, 30%, and 30%
of patients. We found protrusion of ICA, optic nerve (ON), MN and V in
40%, 36%, 25% and 28% and their dehiscence in 30%, 31%, 14% and
37%. There was a highly significant relationship between ON protrusion
and ACP pneumatization, ICA protrusion and ACP pneumatization, MN
protrusion and GWS pneumatization and VN protrusion and PP
pneumatization. There were significant associations between GWS
pneumatization and MN protrusion and between PP pneumatization and
VN protrusion.

Conclusions: anatomical sphenoid sinuses variations are usual with high
ICA and ON protrusion and dehiscence prevalence. ICA,
ON and/or VN protrusion is powerfully related to ipsilateral
nearby pneumatization. MN dehiscence and protrusion were
less common. Thus, coronal CT is essential in pre-surgical
evaluation to minimize vascular and neural injuries. O
Key words: Sphenoid sinus; CT; Optic nerve; Carotid artery;
Endoscopic sinus surgery

INTRODUCTION

roper computed tomography (CT) analysis of

the paranasal sinuses (PNS) details and their
variants is crucial for management plan and intra-
operative predilection and it is considered an
important step for complete and safe operation
peculiarly endoscopic sinus surgery (ESS)[1, 2].
Thus, literature reported many anatomic,
endoscopic and radiologic studies that help to
supply the surgeon with data for safe ESS [1-4]. In
spite of these literature, post ESS residual lesions
and complication continue to happen and is not
unusual [5- 6] reflecting the importance of studying
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this area and highlight its variations especially in
the challenging sinus such as the sphenoid sinus.

The sphenoid sinuses are placed at the skull base at
the conjunction of the middle and anterior cranial
fossae. The relation between the optic nerve (ON)
and the paranasal sinuses has been analyzed for
nearly a century [7]. DeLano et al [8] delineated
the precise relations between the ON and the
posterior paranasal sinuses using CT data and
reported that all the evaluated 300 nerves were
closely related to the sphenoidal sinus except a
small percent (3%) was in contact with the
posterior ethmoidal sinuses. Coronal CT revealed
this relationship while the axial scans facilitated
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visualization of the sphenoethmoidal boundaries.
Anatomic configurations that predispose to ON
injury include the type 2 or type 3 ON relationship,
ON bony dehiscence, and anterior clinoid process
(ACP) pneumatization. A pneumatized ACP
represents an essential indicator of ON
vulnerability  resulting from the frequent
association with both bony dehiscence and the type
2 or type 3 ON variations [8].
The sphenoid sinuses are the one of the most
inaccessible paranasal sinuses and are enclosed by
important anatomic structures such as the orbital
content, cavernous sinus and internal carotid artery
(ICA) and the cranial fossa. Single thin bony plates
isolate the sphenoid sinuses from these important
structures. Pneumatisation of these sphemoid
sinuses irregular spaces scoped between their
absences to extended pneumatization [9].
Mamatha et al [10] evaluated the frequency of the
various anatomical variations of the sphenoid
sinuses in relation to transsphenoid sella surgeries
and found that the ICA give well defined
prominence in the super lateral sphenoid sinus wall
in 50% and a bony wall dehiscence in 45% of
cases. The whole sella turcica area is made up of
pituitary gland, optic chiasma, ICA, cavernous
sinus, cranial nerves and sphenoid sinuses [11]. It
was suggested that the more the sphenoidal sinus
pneumatization, the more ON exposure [8, 12].
The goal of the current work was to study the
important structures in the sphenoid sinuses and
find the anatomical variations in this area by multi-
slices computed tomography (MSCT) in adult to
guide otorhinolaryngologist and neurosurgeons to
avoid injury of the vital structures during their
procedures aiming to safe and complete eradication
of the pathology.

METHODS
Patients: This retrospective work was conducted on
PNS multislice computed tomography (MSCT) for
adult patients. The work was conducted in ORL
and radiodiagnosis departments, Zagazig and Ain
Shams University Hospitals, between January
2017 and January 2020. Patients undergone sinuses
surgery before, neoplastic sinonasal lesions,
sinonasal  polyposis,  significant  cervical
arthropathy, or head and/or neck injuries, and
patients > 18 years old were excluded.
Ethical consideration
This study was conducted in follow to the Helsinki
on Biomedical Research Involving Human
Subjects declaration. The institutional review
board (Zag- IRB) approved the methodology of the
research. A prior written informative consent was
gained from all enclosed subjects.
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Methods
All MSCT scans were conducted with a 64 slices
CT (GE lightSpeed VCT 64 slices). The 64 slice
MDCT protocol was performed. Selecting of
scanning in the coronal plan reduced the radiation
dosage to patients. All patients were placed prone
with hyper-extended head. The scanner gantry was
angled perpendicular to hard palate. Adjoining
slice CT methods were in use with 4mm sections
wideness from anterior wall of the frontal sinuses
to sphenoid sinuses. To have correct judgment of
the adjacent structures and their relationships to the
sphenoid sinuses, 2mm slices thickness was
utilized beginning from anterior wall to posterior
wall of the sphenoid sinuses. For proper visual
images of the complex structure of such area,
scanning was centered to the nasal cavity and
paranasal sinuses. The state of the next variables
was analyzed: pneumatization of ACP, PP, and
GWS, protrusion of ON, ICA, MN, and vidian
nerve (VN), and dehiscence of the walls of ON,
ICA, MN, and VN.
Multi-planar reconstructions with subtle details in
sagittal and axial plane were got for all subjects at
a ordained post processing workstation. Films were
examined in standardized manner to insure not
missing any fine detail.
Dehiscence was defined as lack of seen bony
density isolated the sinus from the examined
anatomical structure along its course. When a
clear-cut judgment between “total dehiscence” and
“very thin bony wall” could not seen, the outcome
were reported as a dehiscence. Projection
(protrusion) of ICA and ON was detected via
determination of any level of such structure
protrusion into the spenoid sinus cavity. The
existence of air density around such structures was
used as a indication for the protrusion of MN and
VN, at least in a coronal section. PP
pneumatization was registered if it exceeds a
horizontal plane traversing the vidian canal, while,
we reported GWS pneumatization when it exceeds
a vertical plane passing through the maxillary canal
(figure 1).
STATISTICAL ANALYSIS
Statistics was performed via the SPSS statistical
software package (version 18; SPSS, Inc., Chicago,
IL, USA). Significance was set at P<0.05.
RESULTS
A hundred adult individuals (200 sphenoid
sinuses), were enclosed in the current study with a
34.2 years mean age (range of age from 19 to 56
years). Pneumatization of PP, ACP and GWS were
seen in 30 patients (30%), 16 patients (16%) and 21
patients (21%) of patients respectively (figure 2).
Protrusion of ICA, ON, MN and VN were observed
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in 40 patients (40%), 36 patients (36%), 25 patients
(25%) and 28 patients (28%) respectively (figure
3). Dehiscence of the bony wall of the ICA, the
bony wall of the ON, the bony wall of the MN and
the bony wall of the VN was encountered in 30
patients (30%), 31 patients (31%), 14 patients
(14%) and 37 patients (37%) respectively (figure 1,
4).

There were high significant associations between
PP pneumatization and ICA protrusion and
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between PP pneumatization and VN protrusion (p<
0.001) (table 1). There were high significant
associations between ACP pneumatization and
ICA protrusion and between ON protrusion and
ACP pneumatization (p<0.001) (table2). There
was a high significant association between GWS
pneumatization and MN protrusion (p < 0.001)
(table 3)

Table 1: The relation between pneumatization (PP) and protrusion

No
ICA 14
(n =40)
ON 2
(n=36)
MN 2
(n=25)
VN 12
(n=28)
P <0.001

Table 2: The relation between ACP and protrusion

No

ICA 8
(n =40)
ON 7
(n=36)
MN 1
(n=25)
VN 0
(n=28)

P <0.001

Table 3: The relation between GWS and protrusion

No
ICA 3
(n=40)
ON 3
(n =36)
MN 13
(n=25)
VN 2
(n=28)
P <0.001
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Figure 1: coronal CT shows; A: dehlscence of internal carotid arteries (asterisks), left anterior clinoid process
pneumatization (arrowhead), and protrusion and dehiscence of right vidian canal (square). B: pneumatization
of pterygoid processes (squares), and protrusion of vidian canals (circles). C: protrusion of left optic nerve
(circle) and internal carotid arteries (squares). D: anterior clinoid processes pneumatization (squares), left
pterygoid process pneumatization (asterisk), protrusion and dehiscence of optic nerves (circles), protrusion
and dehiscence of vidian nerves (arrowheads).

Number of cases

Figure 2: Pneumatization of ptergoid plate (PP), anterior clinoid process (ACP) and greater wing of sphenoid
(GWS).
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Figure 3: Protrusion of internal carotid artery (ICA), optic nerve (ON), Maxillary nerve (MN), and vidien
nerve (VN).
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Figure 4: Dehiscence of bony wall of internal carotid artery (ICA), bony wall of optic nerve (ON), bondy wall
of maxillary nerve (MN) and the bony wall of the vidien nerve (VN).

DISCUSSION
Endoscopic sinus surgery (ESS) has gained the
popularity as the main approach to the paranasal
sinus. Frequent and wide ESS applications in
parallel with increasing experience make it
imperative to know in details the anatomy and the
existent pathology before the procedure [13]. The
variability of the deeply seated and challenging
sphenoid sinus is great and common. Injury to the
ICA or ON is a serious complication of the sphenoid
sinus and the transsphenoidal surgeries [14]. The
CT information of the sphenoid sinus should be well
comprehended by the radiologists and the
rhinosurgeons as a pre-request for harmless and
efficient surgeries [10].
Depending on the magnitude of sphenoid sinuses
pneumatization, the bony cover of the ICA, ON,
vidian nerves and maxillary nerves, could be thin or
even not present, exposing these structures to
iatrogenic injury during ESS [15]. CT is the most
precise imaging technique for examination of the
paranasal sinuses with advantages of excellent
appearance of the bony details (via the wide window
set) and good soft tissue outline (via the narrow
window set). Axial, coronal and sagital views may
be helpful to delineate the sinonasal landmarks, but
coronal CT scans gives most of the needed
information for ESS [16].
Because of the complex anatomy and essential
operative relationships of the sphenoid sinuses, the
aims of the present study were to study the
important structures in the sphenoid sinus and find
anatomical variations in this area to guide
otorhinolaryngologists and neurosurgeons to avoid
injury of the vital structures during their sphenoid
sinus procedures and the surrounding structures
aiming at safe and complete eradication of the
pathology. This study comprised CT PNS of 100
subjects.
PP pneumatization is recognized if it extends
beyond a horizontal plane passing through the VC.
We found pneumatization of PP in 30% of patients
while Turkdogan et al [12] observed it in 36.75%.
We found pneumatization of ACP in 16% of
patients while Turkdogan et al [12] observed it in
21.25%.
Radiological experience uncovers that cautious
identification of the ON and an ICA course appears
to underestimate the incidence of protrusion. Thus,
as a concept, ipsilateral ACP pneumatization is a
key guide for the ON and ICA protrusion and so
more suggestibility to hurt during ESS and so needs
more care or even work under navigator. We found
pneumatization of GWS in 30% of patients while
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Hewaidi and Omami [17] encountered it 20%.
We found ICA protrusion in 40% of patients and
ICA dehiscence of it in 30% of patients. Mamatha
et al. [10] evaluated the presence of the anatomical
variations of the sphenoid sinuses that in relation to
the transsphenoid sella surgeries and found ICA
produced a clear prominence in the superolateral
sinus wall in 50% and its bony dehiscence in 45%.
Turkdogan et al. [6] observed ICA protrusion in a
total of 51 sides.

We found protrusion of ON in 36% of patients and
dehiscence of it in 31% of patients while Hewaidi
and Omami [17] found it in 35.7%. Dehiscence of
the ON bony wall was observed in 92 patients
(30.7%). We found protrusion of MN in 25% of
patients and dehiscence of it in 14% of patients
while Hewaidi and Omami [17] encountered it in
24.3%. Dehiscence of the MN bony wall was seen
in 39 (13%) patients. We found protrusion of VN in
28% of patients and dehiscence of it in 37% of
patients while Turkdogan et al. [12] observed it in
34.25%.

In our study, we reported high significant
association between ICA protrusion and ACP
pneumatization, ON protrusion and ACP
pneumatization, VN  protrusion and PP
pneumatization, and MN protrusion and GWS
pneumatization (p<0.001).

Wiebracht and Zimmer [18] characterized the
septation pattern of the sphenoid sinuses ina HRCT
database. Pneumatization was described depending
on the antecedently reported studies. The utilization
of thin cuts images can guide radiographs in
subjects without sphenoid rhinosinusitis and cranial
base pathology and also allows for a complete
evaluation of sphenoid sinuses anatomy without
pathological distortions. The data showed large
variability of sphenoid sinuses anatomy suggesting
detailed preQoperative assessment use the endonasal
trans-sphenoidal corridor to approach the skull base.
Turkdogan et al. [12] concluded that the
importance of CT for detecting the different
sphenoid sinuses variations before ESS and
anticipating ~ complication  during  surgical
procedures has been stressed again. As sphenoid
sinuses pneumatization increased, the protrusion of
adjacent vessels and nerves inside the sinus increase
also.

Therefore, the complex anatomy and risky
morphology of the sphenoid sinus tend to create a
complexity of manifestations and possibility of
significant complications. Incomplete knowing of
the detailed anatomy doubtless increases the
potentiality of grave or even fatal iatrogenic
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operative events. To limit such risks during
procedures, an overcautious dissection should be
coupled with a preoperative and intraoperative
careful examination of the anatomic situations on
CT scans. A detailed preoperative CT knowledge
regarding the anatomical variants and pathological
findings within the sphenoid sinuses could be highly
beneficial during ESS. The clear understanding of
the sphenoid sinuses morphology intensified the
identification of the limits of dissection and so helps
to lessen the complications possibility.

CONCLUSIONS
Ratio of protrusion and dehiscence of the ICA and
ON are frequent. The ICA and ON may not be well
secured and thus could be injured during endoscopic
sphenoid surgeries. ICA and/or ON protrusion is
powerfully  related to  ipsilateral ~ ACP
pneumatization.  Maxillary  dehiscence  and
protrusion were less common. Vidian canal
protrusion inside the sinus cavity was greatly
associated with the PP pneumatization. Coronal CT
screening is essential in the pre-surgical evaluation
for sphenoid sinus surgeries to minimize vascular
and neural and injuries.

REFERENCES
1- El-Anwar MW, Khazbak AO, Eldib DB,
Algazzar HY. Lamina papyracea position in
patients with nasal polypi: a computed tomography
analysis. Auris Nasus Larynx 2018; 45(3): 487-491
2- El-Anwar MW, Raafat A, Almolla RM,
Alsowey AM, Elzayat S. Maxillar
3- Nouraei SA, Elisay AR, Dimarco A, Abdi R,
Majidi H, Madani SA, Andrews PJ. Variations in
paranasal sinus anatomy: implications for the
pathophysiology of chronic rhinosinusitis and
safety of endoscopic sinus surgery. J Otolaryngol
Head Neck Surg. 2009; 38: 32-7.
4- Kantarci M, Karasen RM, Alper F, Onbas O,
Okur A, Karaman A. Remarkable anatomic
variations in paranasal sinus region and their
clinical importance. Eur J Radiol. 2004; 50: 296-
302.
5- Gore MR, Ebert CS Jr, Zanation AM, Senior
BA. Beyond the ‘‘central sinus’’: radiographic
findings in patients undergoing revision functional
endoscopic sinus surgery. Int Forum Allergy
Rhinol. 2013; 3: 139-146.
6- El-Anwar MW, Almolla R , Eldeeb DB ,
Oraby TA , Ibrahim AA, Nofal AA.
Retromaxillary recess of the sphenoid sinus: an
overlooked recess. EJO 2021; 37: 119.

How to cite

Volume 30, Issue 1.1, -January 2024, Supplement Issue

7- Onodi A. The optic nerve and the accessory
cavities of the nose. Ann Otol Rhinol Laryngol
1908; 17: 1-61.
8- DeLano MC, Fun FY, Zinreich SJ.
Relationship of the optic nerve to the posterior
paranasal sinuses: A CT anatomic study. AJINR Am
J Neuroradiol 1996; 17: 669-675.
9- Davoodi M, Saki N, Saki G, Rahim F.
Anatomical variations of neurovascular structures
adjacent sphenoid sinus by using CT scan. Pak J
Biol Sci 2008; 129(6): 522-5.
10- Mamatha H, Saraswathi G, Prasanna LC.
Variations of sphenoid sinus and their impact on
related neurovascular structures. Curr. Neurobiol.
2010; 1(2): 121-4.
11- Tekiner H, Acer N, Kelestimur F. Sella
turcica: An anatomical, endocrinological, and
historical perspective.
www.ncbi.nlm.nih.gov/pubmed/25307180, 2015.
12- Turkdogan FT, Turkdogan KA, Dogan M,
Atalar MH. Assessment of sphenoid sinus related
anatomic variations with computed tomography.
Pan Afr. Med. J. 2017; 27: 109.
13- Guildner C, Pistorius SM, Diogo I, Bien S,
Sesterhenn A, Werner JA. Analysis of
pneumatization and neurovascular structures ofhe
sphenoid sinus using cone-beam tomography
(CBT). Acta Radiol 2012; 53(2): 214-9.
14- Cappabianca P, Cavallo LM, Coloa A,
De Caro MD, Esposito F, Cirillo S,
Lombardi G, et al. Endoscopic endonasal
transsphenoidal approach: outcome analysis of 100
consecutive procedures. Minim Invas Neurosurg
2002; 45: 193-200.
15- Liu S, Wang Z, Zhou B. Related structures of
the lateral sphenoid wall anatomy studies in CT and
MRI. Lin Chuang Er Bi Yan Hou Ke Za Zhi 2002;
16: 407-9.
16- Kaluskar SK, Patil NP, Sharkey AN. The
Role of CT scan in Functional Endoscopic Sinus
Surgery. Rhinology 1993; 31(2): 49-52.
17- Hewaidi GH, Omami GM. Anatomic variation
of sphenoid sinus and related structures in Libyan
population: CT scan study. Libyan J Med 2007;
128-133.
18- Wiebracht ND, Zimmer LA. Complex
anatomy of the sphenoid sinus: A radiographic
study and literature review. J Neurol Surg B 2014;
75: 378-382.

Mobasher, M., El-Anwar, M., abuel naga, 0. The Sphenoid Sinuses and Anatomical Variations of the
Neurovascular Related Structures: A CT study. Zagazig University Medical Journal, 2024; (191-196): -

.doi: 10.21608/zum;j.2022.123559.2486

Mobasher, M., et al

196 | Page


https://doi.org/10.21608/zumj.2022.123559.2486
http://www.ncbi.nlm.nih.gov/pubmed/25307180

