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ABSTRACT 

Background: Sphenoid sinus is surrounded by several important structures. Sphenoid sinuses are the most 

inaccessible paranasal sinuses and are surrounded by significant anatomical structures such as the orbit and 

its contents, cavernous sinus and internal carotid artery (ICA), and the anterior cranial fossa. The different 

routes to the sella include transethmoidal, transnasal, trans-septal, whether microscopic or endoscopic; 

ultimately pass through the sphenoid sinus to reach the sella. Complications such as arterial hemorrhage, 

visual loss, and extra-ocular palsies occurring in the course of endoscopic sinus surgeries or transsphenoidal 

pituitary procedures can be attributed to the proximity of carotid artery and cranial nerves to the sphenoid 

sinus. 

Objective: To study the important structures in the sphenoid sinus and find anatomical variations to guide 

otorhinolaryngologists to avoid injury of the vital structures during their procedures. 

Patients and methods: This study comprised 100 patients complaining of sinonasal attending ENT 

Department at Al-Azhar University Hospital (Cairo) from October 2018 to October 2020. All patients were 

subjected to full history taking, clinical and endoscopic examinations, CT scan and MRI.  

Results: We found pneumatization of pterygoid process (PP), anterior clinoid process (ACP) and greater 

wing of sphenoid (GWS) in 30%, 16% and 30% of patients. We found protrusion of anterior clinoid process 

(ACP), optic nerve (ON), maxillary nerve (MN) and vidian nerve (VN) in 40%, 36%, 25% and 28% of 

patients and dehiscence of them in 30%, 31%, 14% and 37% of patients. There was a significant association 

between ACP pneumatization and ICA protrusion, ACP pneumatization and ON protrusion, PP 

pneumatization and VN protrusion, and GWS pneumatization and MN protrusion. There were significant 

associations between GWS pneumatization and MN protrusion and between PP pneumatization and VN 

protrusion. 

Conclusion: Coronal CT screening should be used in the pre-surgical evaluation of patients under 

consideration of endoscopic sphenoid sinus surgery to minimize perioperative neural and vascular injury. 

Keywords: Sphenoid sinus, Chronic Hepatitis C, Direct Acting Antivirals. 

 

INTRODUCTION 

     The sphenoid sinuses are located at the 

skull base at the junction of the anterior 

and middle cerebral fossae. The 

relationship between the optic nerve and 

the paranasal sinuses has been studied for 

nearly a century (Kim et al., 2010). 
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     It was delineated that the precise 

relationship between the optic nerves and 

the posterior paranasal sinuses using CT 

imaging data, and to determine the 

relative frequency of variations in this 

relationship. They concluded that all 300 

nerves evaluated in this study were 

intimately related to the sphenoidal sinus. 

Only a small minority (3%) were in 

contact with the posterior ethmoidal sinus. 

Coronal CT revealed this relationship and 

axial scans facilitated visualization of the 

sphenoethmoidal boundary. They found 

that increased sphenoidal sinus 

pneumatization is associated with 

increasing optic nerve exposure. 

Anatomic configurations that predispose 

the optic nerve to injury include the type 2 

or type 3 optic nerve relationships, bone 

dehiscence over the nerve, and 

pneumatization of the anterior clinoid 

process. A pneumatized anterior clinoid 

process is an important indicator of optic 

nerve vulnerability resulting from the 

frequent association with both dehiscence 

and the type 2 or type 3 nerve 

configurations (DeLano et al., 2010). 

     Sphenoid sinuses are the most 

inaccessible paranasal si-nuses and are 

surrounded by significant anatomical 

struc-tures such as the orbit and its 

contents, cavernous sinus and ICA and the 

anterior cranial fossa. Only thin plates of 

bones separate these structures from the 

sphenoid sinus. Pneumatisation of these 

irregular cavities ranged from their 

absence to extensive (Davoodi et al., 

2011). 

     The incidence of the different 

anatomical variations of the sphenoid 

sinus those are relevant to trans-sphenoid 

pituitary surgery. ICA produced a definite 

bulge in the supero-lateral wall of the 

sinus in 10 (50%) patients, of which 3 

(15%) were bilateral, 6 (30%) were left 

sided, and one on right side. A definite 

dehiscence of the bony wall was seen in 9 

(45%) cases, of which 3 (15%) were 

bilateral, 6 (30%) were on the left and one 

on the right (Mamatha et al., 2010). 

     Sella turcica resembles as saddle-like 

depression, which provide place for the 

pituitary gland. Anatomically, the sella 

turcica has been expressed as variable. It 

is divided into three fragments and 

consists of an anterior wall, a floor, and a 

posterior wall. The posterior surface of 

attached with membrane, which is termed 

as dorsum sellae and the anterior order is 

attached with the tuberculum sellae. The 

whole sellar area is made up of optic 

chiasma, pituitary gland, internal carotids, 

cavernous sinus, cranial nerves and 

sphenoid sinuses (Tekiner et al., 2015). 

     The association between anomalies in 

the sphenoid sinus area in paranasal 

sinuses computed tomography (PNS-CT) 

and pathological findings. As sphenoid 

sinus pneumatization increased, the 

projection of neighbouring vein and nerve 

structures into the sinus was found to 

increase as well (Turkdogan et al., 2017). 

     The aim of this study was to study the 

important structures in the sphenoid sinus 

and find anatomical variations in this area 

to guide otorhinolaryngologist and 

neurosurgeons to avoid injury of the vital 

structures during their procedures aiming 

to safe and complete eradication of the 

pathology. 
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PATIENTS AND METHODS 

     This study comprised 100 patients 

complaining of sinonasal manifestations 

(headache, nasal obstruction and nasal 

discharge) attending ENT Department at 

Al-Azhar University Hospital (Cairo) 

from October 2018 to October 2020. 

     We excluded patients with prior sinus 

surgery, neoplastic sinonasal tumors, nasal 

polyposis, severe cervical arthropathy, or 

head or neck injury. 

Methods: 

• History taken from every patient. 

• Clinical examination including head 

and neck examination and full ENT 

examination. 

• Endoscopic examination. 

• Imaging studies in the form of: 

- CT scan (coronal and axial) without 

contrast. 

- Unsatisfactory imaging needs 

further imaging (CT with contrast 

and MRI). 

     Choosing to scan only in the coronal 

plan reduces the radiation dose to the 

patient. Each patient was positioned prone 

with the head hyper-extended on the 

scanner bed. The scanner gantry was 

angled perpendicularly to the hard palate. 

Contiguous slice CT technique was used 

with 4-mm section thickness from anterior 

frontal sinus to anterior sphenoid sinus. 

To obtain proper evaluation of the 

neighboring structures and their relation to 

the sphenoid sinus, 2-mm contiguous slice 

thickness was used from anterior to 

posterior sphenoid sinus. For visualization 

of the complex anatomy of this region, 

imaging is best centered to the nasal 

cavity and paranasal sinuses. In all the 

patients, the existence of the following 

variants was investigated: pneumatization 

of pterygoid process (PP), anterior clinoid 

process (ACP), and greater wing of 

sphenoid (GWS, i.e. floor of middle 

cranial fossa), protrusion of internal 

carotid artery (ICA), optic nerve (ON), 

maxillary nerve (MN), and vidian nerve 

(VN), and dehiscence of the walls of ICA, 

ON, MN, and VN. 

     Dehiscence is defined as absence of 

visible bone density separating the sinus 

from the course of the concerned 

structure. Whenever a clear decision 

between “very thin bony wall” and “total 

dehiscence” was not feasible, the results 

were accepted as dehiscence. Protrusion 

of ICA and ON was determined by 

finding any degree of protrusion of the 

structure into the sinus cavity. We are 

unaware of any published criteria for 

protrusion of MN and VN, and presence 

of air density around these structures is 

accepted as a clue for the protrusion of 

MN and VN, at least in a section of 

coronal investigation. PP pneumatization 

is recognized if it extends beyond a 

horizontal plane crossing the vidian canal. 

Likewise, we define GWS pneumatization 

when it extends beyond a vertical plane 

crossing the maxillary canal. 

Statistical analysis: 

     All statistical analyses were done by 

using SPSS v23 statistical software 

(SPSS, Inc, Chicago, Illinois). Data were 

presented as frequency and percentage 

and correlation coefficient for qualitative 

variables. To find the association, Chi-

squared test was used, p<0.05 was 

considered statistically significant. 
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RESULTS 

 

     Pneumatization of pterygoid process 

(PP), anterior clinoid process (ACP) and 

greater wing of sphenoid (GWS) were 

seen in 30 patients (30%), 16 patients 

(16%) and 21 patients (21%) of patients 

respectively (Figure 1). 

 

Figure (1): Pneumatization. 

     Protrusion of internal carotid artery 

(ICA), optic nerve (ON), maxillary nerve 

(MN) and vidian nerve (VN) were 

observed in 40 patients (40%), 36 patients 

(36%), 25 patients (25%) and 28 patients 

(28%) respectively (Figure 2). 

 

Figure (2): Protrusion 
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     Dehiscence of the bony wall of the 

internal carotid artery (ICA), the bony 

wall of the optic nerve (ON), the bondy 

wall of the maxillary nerve (MN) and the 

bony wall of the vidien nerve (VN) was 

encountered in 30 patients (30%), 31 

patients (31%), 14 patients (14%) and 37 

patients (37%) respectively (Figure 3). 

 

Figure (3): Dehiscence 

     There were high significant 

associations between PP pneumatization 

and ICA protrusion and between PP 

neumatization and VN protrusion (p < 

0.001). There were high significant 

associations between ACP pneumatization 

and ICA protrusion and between ACP 

pneumatization and ON protrusion (p < 

0.001). There was a high significant 

association between GWS pneumatization 

and MN protrusion (p < 0.001) (Table 1). 

 

Table (1): The relation between pneumatization (PP), ACP & GWS and protrusion 

Parameters 

Protrusion 
No % 

PP 

ICA (n = 40) 

ON (n = 36) 

MN (n = 25) 

VN (n = 28) 

14 

2 

2 

12 

35 

5.6 

8 

42.8 

ACP 

ICA (n = 40) 

ON (n = 36) 

MN (n = 25) 

VN (n = 28) 

8 

7 

1 

0 

20 

19.4 

4 

0 

GWS 

ICA (n = 40) 

ON (n = 36) 

MN (n = 25) 

VN (n = 28) 

3 

3 

13 

2 

7.5 

7.5 

8.3 

7.1 

 

 

 

 



 

 

MOHAMED A. EL-ZANFALY et al., 
378 

Figure (4): Coronal CT image showing dehiscence of internal carotid arteries 

(asterisks), pneumatization of left anterior clinoid process (arrowhead), 

and protrusion and dehiscence of right vidian canal (square) 

Figure (5): Coronal CT image showing pneumatization of pterygoid processes 

(squares), and protrusion of vidian canals (circles) 
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Figure (6): Coronal CT image showing protrusion of internal carotid arteries 

(squares), and protrusion of left optic nerve (circle) 

Figure (7): Coronal CT image showing pneumatization of anterior clinoid processes 

(squares), protrusion and dehiscence of optic nerves (circles), protrusion 

and dehiscence of vidian nerves (arrowheads), and pneumatization of left 

pterygoid process (asterisk) 

 

DISCUSSION 

     Endoscopic sinus surgery (ESS), which 

gains importance each passing day, is a 

method safely used in the treatment of 

paranasal sinus diseases. Frequent and 

broad application of ESS in parallel with 

experience makes it imperative to know 

the anatomy and the existing pathology 
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very well before surgery (Güldner et al., 

2012). 

     In spite of the complex anatomy and 

important surgical relationships of the 

sphenoid sinus, to our knowledge, only a 

few relevant studies have been reported 

from. The aims of the 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 procedures 

aiming to safe and complete eradication of 

the pathology. 

     Pterygoid process pneumatization is 

recognized if it extends beyond a 

horizontal plane crossing the vidian canal. 

We found pneumatization of PP in 30% of 

patients. The association between 

anomalies in the sphenoid sinus area in 

paranasal sinuses computed tomography 

(PNS-CT) and pathological findings and 

determined variations of sphenoid sinus. 

Pterygoid process pneumatization was 

observed. We found pneumatization of 

ACP in 16% of patients. It was observed 

anterior clinoid process pneumatization in 

a total of 85 sides (Turkdogan et al., 

2017). 

     Radiological experience revealed that 

carefully tracing the course of the optic 

nerve and internal carotid artery seemed to 

underestimate the presence of protrusion. 

Therefore, as a rule, ipsilateral anterior 

clinoid process pneumatization was a 

good indicator of optic nerve and internal 

carotid artery protrusion. 

     We found pneumatization of GWS in 

30% of patients. It was found encountered 

pneumatization of the greater wing of 

sphenoid of 20% of cases (Hewaidi and 

Omami, 2010). 

     We found protrusion of ICA in 40% of 

patients, and dehiscence of it in 30% of 

patients. Mamatha et al. (2010) evaluated 

the incidence of the different anatomical 

variations of the sphenoid sinus that are 

relevant to trans-sphenoid pituitary 

surgery. ICA produced a definite bulge in 

the supero-lateral wall of the sinus in 50% 

of patients, of which 15% were bilateral, 

30% were left sided, and one on right side. 

A definite dehiscence of the bony wall 

was seen in 45 % cases, of which 15% 

were bilateral, 30% were on the left, and 

one on the right. It was observed ICA 

protrusion in a total of 51 sides 

(Turkdogan et al., 2017). 

     We found protrusion of ON in 36% of 

patients and dehiscence of it in 31% of 

patients. It found the protrusion of the 

optic nerve in 35.7% of patients (Hewaidi 

and Omami, 2010). Dehiscence of the 

bony wall of the optic canal was observed 

30.7% of patients. 

     We found protrusion of MN in 25% of 

patients and dehiscence of it in 14% of 

patients. It was encountered the protrusion 

of the maxillary canal (foramen 

rotundum) in 24.3% of patients. 

Dehiscence of the bony wall of the 

maxillary canal was seen in 13% of 

patients (Hewaidi and Omami, 2010). 

     We found protrusion of VN in 28% of 

patients, and dehiscence of it in 37% of 

patients. It was observed vidian canal 

protrusion (Turkdogan et al., 2017). 

     In our study, there was a significant 

association between ACP pneumatization 

and ICA protrusion, ACP pneumatization 

and ON protrusion, PP pneumatization 

and VN protrusion, and GWS 

pneumatization and MN protrusion. 
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     The septation pattern of the sphenoid 

sinus in a high-resolution computed 

tomography (CT) database was 

characterized. It was concluded that 

dimensions and septation patterns of the 

sphenoid sinus from 90 high-resolution 

CT images of patients without sinus 

pathology were analyzed. Pneumatization 

was described according to previously 

reported studies. The use of thin-cut 

image-guided radiographs in patients 

without skull base pathology and sphenoid 

rhinosinusitis allows for a complete 

categorization of sphenoid sinus anatomy 

without pathologic distortion. The data 

showed great variability of sphenoid sinus 

anatomy and suggest careful preoperative 

evaluation when approaching the skull 

base through an endonasal transsphenoidal 

corridor (Wiebracht and Zimmer, 2014). 

     The importance of PNS-CT in terms of 

determining anatomic variations before 

ESS and predicting possible complications 

during surgery has been emphasized once 

more. As sphenoid sinus pneumatization 

increased, the projection of neighbouring 

vein and nerve structures into the sinus 

was found to increase as well (Turkdogan 

et al., 2017). 

CONCLUSION 

     The anatomical variations of the 

sphenoid sinus were remarkably common. 

Prevalence of protrusion and dehiscence 

of the internal carotid artery and optic 

nerve were high. The internal carotid 

artery and optic nerve may not be well 

protected and thus could be damaged 

during endoscopic sphenoid surgery. 

Protrusion of the internal carotid artery 

andor optic nerve was strongly associated 

with ipsilateral pneumatization of the 

anterior clinoid process. Protrusion and 

dehiscence of the maxillary nerve were 

less common. Protrusion of the vidian 

canal into the sinus cavity was strongly 

associated with pneumatization of the 

pterygoid process.  

     Coronal CT screening should be used 

in the pre-surgical evaluation of patients 

under consideration of endoscopic 

sphenoid sinus surgery to minimize 

perioperative neural and vascular injury. 
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تعددددددد الجيددددددوب الوتديددددددة فددددددي يصعددددددر الجيددددددوب الأ  يددددددة التددددددي يصددددددعب  خلفيةةةةةةة البحةةةةةة  

د الوصددددددوا ألياددددددا يت ددددددار الجراحددددددات بالم طددددددار الجراحددددددي حيدددددد  ي اددددددا محا ددددددة بالعديدددددد

مددددددا الاياصددددددت والأعةددددددار التشددددددريحية الاامددددددة صالجيددددددب الوريدددددددي ال ا ددددددي و الشددددددريا  

السدددددااتي الددددددا لي وتجويدددددت العددددديا ومحتوياتددددده معدددددت العصدددددب الاصدددددري  لددددد ل   ادددددي 

يصعددددددددر عرعددددددددة للمةدددددددداع ات يت ددددددددار التددددددددد ت الجراحددددددددي صددددددددال  يت الشددددددددريا ي يو 

 .أصابة العصب الاصري و قدا  الاصر يو تلت عةلات العيا

دراسدددددة الاياصدددددت المامدددددة  دددددي الجيدددددب الوتددددددي وأيجددددداد ا تلا دددددات  مةةةةةن البحةةةةة  الهةةةةةد  

تشددددددددريحية لتوءيدددددددده ي اددددددددار الأ ددددددددت والأ   والح جددددددددر  لتج ددددددددب أصددددددددابة الاياصددددددددت 

 .الحيوية يت ار أءراراتام

مريةدددددددا  يشددددددد و  مدددددددا  011تةدددددددم ل فددددددد   الدراسدددددددة  المرضةةةةةةةى وحةةةةةةةر  البحةةةةةةة  

عي )القدددددددافر   مددددددددا ءراحدددددددة الأ دددددددت والأ   والح جدددددددر  بمستشددددددد   الأ فدددددددر الجدددددددام

. وقددددددد  ةددددددى ءميددددددى المرعدددددد  لأ دددددد  التدددددداري  8181ألدددددد  يصتددددددوبر  8102يصتددددددوبر 

ال امدددددددددت وال حوصدددددددددات السدددددددددريرية والم دددددددددا ير والأ دددددددددعة المق عيدددددددددة والتصدددددددددوير 

 .بالر يا المغ ا يسي

، وعمليددددددة وءدددددد ا عمليددددددة التددددد  ط بددددددالاوار المةدددددغو  لعمليددددددة الج دددددا نتةةةةةابح البحةةةةةة  

مددددددددددا  ٪01و  ٪01، ٪01صلي ويددددددددددد الأماميددددددددددة والج ددددددددددا  الوتدددددددددددي الأصاددددددددددر  ددددددددددي 

ا  دددددددي عمليدددددددة صلي ويدددددددد الأماميدددددددة، والعصدددددددب الاصدددددددري،  المرعددددددد . وءدددددددد ا  تدددددددور 

مدددددددا  ٪82و  ٪82، ٪01، ٪01والعصدددددددب ال  دددددددي العلدددددددوي والعصدددددددب ال يددددددددا ي  دددددددي 
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مدددددددا المرعددددددد . وصدددددددا  ف دددددددا   ٪03و  ٪00و  ٪00، ٪01المرعددددددد  وت   ادددددددم  دددددددي 

تاا ددددددا  مع ويدددددددا  للغايددددددة بددددددديا عدددددددغب الاددددددوار وعمليدددددددة صلي ويددددددد الأماميدددددددة وبدددددددرو  ار

الشددددددددريا  السددددددددااتي الدددددددددا لي، والت  دددددددديط بددددددددالاوار المةددددددددغو  وعمليددددددددة صلي ويددددددددد 

الأماميددددددة وبددددددرو  العصددددددب الاصددددددري، والتةددددددنم بددددددالاوار المةددددددغو  لعمليددددددة الج ددددددا 

رو  وبدددددددرو  العصدددددددب ال يددددددددا ي، والج دددددددا  الوتددددددددي الأصادددددددر بةدددددددغب الادددددددوار وبددددددد

العصددددددب ال  ددددددي العلددددددوي. وصا ددددددل ف ددددددا  ارتاا ددددددات مع ويددددددة بدددددديا التاويددددددة والج ددددددا  

الوتددددددددي الأصادددددددر وبدددددددرو  العصدددددددب ال  دددددددي العلدددددددوي وبددددددديا التاويدددددددة لعمليدددددددة الج دددددددا 

 .وبرو  العصب ال يدا ي

يجددددددب اسددددددتنداص ال حدددددد  بالتصددددددوير المق عددددددي المحوسددددددب التدددددداءي  ددددددي  الاسةةةةةةتنتا  

ت مراعددددددا  ءراحددددددة الجيددددددوب الوتديددددددة التقيدددددديم السددددددابم للجراحددددددة للمرعدددددد   ددددددي  دددددد

 .بالم طار لتقليت الإصابة العصاية والأوعية الدموية المحي ة بالجراحة

الجيدددددوب الأ  يدددددة الوتديدددددة، ألتاددددداب ال ادددددد المددددد ما سدددددي، مةدددددادات  الكلمةةةةةاا الدالةةةةةة 

 .ال يروسات  ات الم عوا الماا ر


