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Abstract: 
Background: Sphenoid sinus (SS) is one of the most variables of all sinuses and its 

relation to vital vascular and nervous elements as optic nerve (ON), cavernous sinus, 

pituitary gland, and internal carotid arteries. This makes its transsphenoidal approach a 

challenge for functional endoscopic sinus surgeries (FESS). We aimed to delineate SS 

radiologically using multislice computed tomography (MSCT), to show normal variations 

in pneumatization pattern, septation, intercarotid distance, bony covering of carotid artery 

and ON, to provide successful and safe FESS -transsphenoidal surgeries and to decrease 

morbidity and mortality during its surgeries. 

Methods and materials: A prospective observational study on 210 patients from 

May 2017 to July 2019 was conducted and included all cases requiring MCTS, with 

free sphenoid sinus. We excluded patients who have pathology in SS, or previous SS 

surgery.  

Results: Onodi cells presented in 67 of cases case (31.9%) from whom 30 cases (14.3%) 

were bilateral, and 143 cases were absent (68.1%). Pneumatization of SS, sellar (adult) 

type is the most common type of pneumatization that presented in 160 cases (76.2%), 

presellar (juvenile) type in 48 cases (22.9%), then conchal (fetal) type only in 2 cases 

(0.95%). The relation between pneumatization of anterior clinoid process (ACP) and 

dehiscence of ON showed that among 168 cases who had absent ACP pneumatization, 159 

of them showed no ON dehiscence (94.6%). Pneumatization of greater wing of sphenoid 

was in 28 cases (41.8%). Type I ON presented in 321 cases (76.4%), type II was in 54 

(12.8%), type III was in 21 (5%), and type IV was in 24 cases (5.7%). Inter sphenoid 

septum was found in 119 cases (56.7%), multiple septa were found in 87 (41.4%), and no 

septum in 4 cases (1.9%). Dehiscence in carotid artery occurred in 17% of cases. 

Conclusion:  We concluded SS variations, septation pattern, type of pneumatization, and 

onodi cells. All that will help preoperative regarding transsphenoidal surgeries, as that 

decrease morbidity and mortality by avoiding injury of important structures. 

Keywords:  Sphenoid sinus; Pneumatization; Onodi; Internal carotid; optic nerve.

Introduction  

Sphenoid sinus (SS) is a sinus that 

grows up after birth. It is notorious by 

the pneumatization progression that 

launches from the sixth age till the 

ninth/twelve years. This sinus is 

described as the most variable human 

cavity.1-2 The concern about SS is its 

location in the body of the sphenoid 

bone, closed with a thin plate of bone 

tissue that separates it from the 

surrounding structures: the optic nerve 

(ON), optic chiasm, cavernous sinus, 

pituitary gland, and internal carotid 

arteries (ICA). 3 Therefore, the infection 

of SS is exposing those structures 



    

                                                                                                                              

DOI: 10.21608/EJNSO.2021.139644                                       EJNSO; Vol.6. No.3, January 2021 

 

 

2 

 

causing serious complications. This 

proximity of the SS to vital vascular and 

nervous elements hails any surgical 

interference as a challenge for surgeons. 
2 

Since 1907, the transsphenoidal 

surgery to combat the intrasellar lesions 

was superior to other approaches as the 

transcranial approach. Furthermore, the 

pneumatization of the sphenoidal sinus 

opens a gate to the skull parts which 

varies according to both direction and 

degree of the sphenoid sinus. 4 With the 

recent advancement in the endoscopic 

sinus surgeries (including both the 

transsphenoidal approach and the 

intracranial approach), the need to 

explore the meticulous anatomy of the 

sphenoid sinus and its variations. 5 

To avoid any complication (iatrogenic 

lesions) and have a full picture for the 

pathological status of the SS; the 

radiological examination of the sinus 

and its variations have a necessity for a 

safe and functional endoscopic sinus 

surgery. 6  Additionally, the SS and its 

pneumatization pattern represents a high 

value in the surgical access to the 

pituitary gland and other skull members 

(septation pattern, intercarotid distance 

(in millimetres), bony covering of 

carotid artery, and bony covering of 

ON); hence, the full illustration of their 

anatomical variation is critical for 

decreasing morbidity and mortality. 7  

In this study, our work is focused to 

use the multislice computed tomography 

(MSCT) to depict the sphenoid sinus, 

radiologically. In addition, we 

investigated the pneumatization pattern, 

septation, intercarotid distance, bony 

covering of carotid artery and ON to 

support the medical community with a 

better illustration for the SS. This 

investigation is going to help in 

reducing the risk of the 

endoscopic/transsphenoidal surgeries 

and cut down the morbidity/mortality 

rates of the skull surgeries.   

 

 

Methods:Patients and  

 

This observational cross-sectional 

study was conducted at the department 

of otorhinolaryngology at Assiut 

university hospital between May 2017 

and July 2019, after the acceptance of 

the ethical committee of the university 

with IRB approval code (17100092). 

The protocol of study was uploaded in 

clinical trial.gov with registration code 

(NCT03222934). 8 

All patients underwent this study 

needed a multislice computed 

tomography study and accepted to be a 

part of this study. All patients showed 

infected SS or previous surgical 

intervention for SS were excluded from 

this study. Also, all patients with tumors 

or inflammatory diseases that may alter 

the anatomical landmarks of the SS 

were excluded.  The privacy of all 

participants in this study was protected 

through a double-blind methodology. 

The study participants were not be 

identified by name in any reports or 

publications resulted from data collected 

in this study. CT on the nose and 

paranasal sinuses were done for all cases 

studied. Axial images of CT were 

obtained with a slice thickness of less 

than1 mm. Coronal and sagittal images 

were obtained by reformatting the axial 

images, using a software program 

(Radiant DICOM Viewer 64-bit). The 

outcomes were evaluated by a 

radiologist and a rhinologist. All cases 

requiring a multislice computed 

tomography study, with free sphenoid 

sinus, had a high-resolution CT image 

of the sinuses and skull base. Images 

were analyzed and measurements were 

performed using the software program. 

Axial and sagittal images were obtained 
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and analyzed from 210 patients 

undergoing imaging for various 

pathologies including mastoid and 

petrous tumors and inflammatory 

diseases.  

 

analysis:Statistical  
 

All of our cases were analyzed for 

their age, sex, ondoi air cells, 

pneumatization pattern, pneumatization 

of anterior clinoid process (ACP), 

pneumatization of the greater wing of 

the sphenoid, type of ON, dehiscence of 

optic nerve canal (ONC), septation, 

bony covering of carotid artery and 

bony covering of ON.  

The data were tested for normality 

and for homogeneity variances prior to 

further statistical analysis using the 

Anderson-Darling test. Categorical 

variables were described by number and 

per cent (N, %), while continuous 

variables described by the mean and 

standard deviation (Mean, SD). Chi-

square test and Fisher exact test used to 

compare categorical variables. A two-

tailed p< 0.05 was considered 

statistically significant. All analyses 

were performed with the IBM SPSS 

20.0 software. 

Results: 
 

Demographic distribution: 

This study included 210 cases; among 

them, 148 were males (70.5%), while 62 

were females (29.5%). The ages ranged 

from 20-88 years, while the mean age 

was 40.27±16.78 years.  

From the 210 MSCT images; the 

various dimensions of sphenoid sinus 

were measured. Concerning the 

demographic distribution, there was no 

statistical significance (Table 1).  

CT scan findings: 

Ondoi cells: The MSCT images 

showed that Onodi cells were presented 

in 67 cases (31.9%). From those cases, 

30 cases (14.3%) were bilateral and 25 

cases (11.9%) were on the right side. 

However, 12 (5.7 %) cases were on the 

left side while those cells were not 

present in 143 cases (68.1%) (Table 1). 

Type of pneumatization: Table 1 

showed that according to 

pneumatization of the sphenoid sinus; 

the sellar (adult) type is the most 

common type of pneumatization 

recording 160 cases (76.2%); where 114 

cases were males while 46 were females 

[male/female ratio, (71.3%)/(28.8%)] 

(Figure 1A). The second place was 

preserved for the pre-sellar (juvenile) 

type which is recorded in 48 cases 

(22.9%); 33 of them were males while 

15 females [male/female ratio, (68.8%)/ 

(31.3%)] (Figure 1B). Then the conchal 

(fetal) type was present in only two 

cases (0.95%; one male). Overall, there 

is no statistically significant difference 

between males and females regarding 

the type of pneumatization (Figure 1C). 

Pneumatization of anterior clinoid 

process: In our study, we found that 

pneumatization of the anterior clinoid 

process (ACP) was existent in 42 cases 

(20%), where the bilateral was present 

in 16 cases (7.6%). The ACP was 

unilateral in 26 cases (12.3%), where 15 

cases were on the right side (11/4 M/F), 

while 11 were on the left side (5.2%) 

(9/2 M/F). The rest of cases showed no 

pneumatization (114/54 M/F). Our 

results showed no statistically 

significant difference between males 

and females regarding pneumatization 

of ACP (Table 1).  
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Types       Values  

Males (p-value) 148 (0.72) 

Age (range) 20-88 

Ondoi Cells (N, %) 67 (31.9%) 

  Bilateral  30 (14.3%) 

 Right 25 (11.9%) 

 Left 12 (5.7%) 

Type of pneumatization: 

 Sellar  160 (76.2%) 

 Pre-sellar 48 (22.9%) 

 Conchal  2 (0.95%) 

Pneumatization of anterior 
 clinoid process (N, %) 

42 (20) 

 Bilateral  16 (7.6%) 

 Right  15 (7.1%) 

 Left  11 (5.2%) 

 Not pneumatized  168 (80%) 

Pneumatization of greater 

 wing of sphenoid (N, %) 

61 (29%) 

 Bilateral  25 (11.9%) 

 Right  19 (9%) 

 Left  17 (8%) 

 Not pneumatized  149 (71%) 

Type of optic nerve (N, %) 420 

 Type I 321 (76.4%) 

 Type II 54 (12.8%) 

 Type III 21 (5%) 

 Type IV 24 (5.7%) 

Optic nerve canal dehiscence (N, %)            30 

 Bilateral 9 (2.14%) 

 Right 8 (1.9%) 

 Left 13 (3.1%) 

 Not dehiscent  381(90.7) 

Number of bony septa within SS (N, %) 

 One  119 (56.7%) 

 Multiple  87 (41.4%) 

 No 4 (1.9%) 

Bony coverage of right carotid artery (N, %) 

 Dehiscent 17(8.09%) 

 Not dehiscent 193(91.9%) 

Bony coverage of left carotid artery (N, %) 

 Dehiscent 19(9.1%) 

 Not dehiscent 191(90.9%) 

Table 1. Characteristics data and Demographic 

distribution of included patients  

 

 

 

 

 

Relation between pneumatization of 

ACP and dehiscence of ONC: This 

relation was studied as shown in Table 

2. Our study proved that among 168 

cases who showed the absence of ACP 

pneumatization; 159 of them showed no 

ONC dehiscence (94.6%) while only 

nine cases proved dehiscent on ONC 

where two cases of them were bilateral 

(1.2%), 4 at right side (2.4%) and three 

on the left side (1.8%). Moreover, the 

bilateral ACP pneumatization occurred 

in 16 cases where 10 of them showed no 

ONC dehiscence (62.5%). Only three 

cases proved bilateral ONC dehiscence 

(18.8%) where all of them showed left 

ONC dehiscence (18.8%). Furthermore, 

the right ACP pneumatization took 

place in 15 cases, where eight of them 

showed no ONC dehiscence (53.3%), 

three cases showed bilateral ONC 

dehiscence (20%) and four cases 

showed right ONC dehiscence (26.7%). 

Coming to the left ACP pneumatization 

which was seen in 11 cases; three of 

them showed no ONC dehiscence 

(27.3%), one case showed bilateral 

ONC dehiscence (9.1%), and seven 

cases showed left ONC dehiscence 

(63.6%). 

Pneumatization of the greater wing 

of the sphenoid: Pneumatization of the 

greater wing of the sphenoid in our 

study was seen in 61 cases (29 %). The 

pneumatization was unilateral in 36 

cases (19 cases on the right side and 17 

cases on the left side) and bilateral in 25 

cases (11.9 %) (Table 1). 
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Table 2: Comparison between pneumatization of the ACP and Dehiscence of ONC 

  

 

 

 

 

 

 

 

 

 

 
Chi-square test, * Statistically significant difference (p<0.05), **Highly statistically 

significant difference (p<0.01). Note: optic nerve canal (ONC); anterior clinoid process 

(ACP). 

 

Figure 1. Sagittal MSCT show different types of sphenoid sinus pneumatization 

 

 

 

 

 

 

Dehiscence of 

ONC 

Pneumatization of ACP P. value 

No (n=168) Bilateral 

(n=16) 

Right 

(n=15) 

Left (n=11) 

No. % No. % No

. 

% N

o. 

% 

No. 159 94.6 10 62.5 8 53.3 3 27.3 0.000** 

Bilateral 2 1.2 3 18.8 3 20.0 1 9.1 

Right 4 2.4 0 0.0 4 26.7 0 0.0 

Left 3 1.8 3 18.8 0 0.0 7 63.6 
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Table 3. Comparison between onodi cells and pneumatization of the anterior clinoid 

process, pneumatization of greater wing of sphenoid 

 
 

Table 4: Comparison between dehiscence of ONC and type of ON  

Type of ON 

Dehiscence of ONC 

P. value 
Not dehiscent 

(n=381) 

Bilateral (n=18) 

  

Right (n=8) 

  Left (n=13)  

No. % No. % No. % No. % 

Type I 321 84.2 0 0.0 0 00.0 0 00.0 

0.000** 
Type II 40 10.5 6 33.3 3 37.5 5 38.4 

Type III 10 2.6 2 11.1 3 37.5 6 46.1 

Type IV 10 2.6 10 55.6 2 25 2 15.3 

Chi-square test, * Statistically significant difference (p<0.05), **Highly statistically significant difference 

(p<0.01) 

     

 
Table 5. Bony coverage of right and left carotid artery 

  Range Mean ±SD 

Bony coverage of right 

carotid artery (mm) 

0.4-1.9 1.07±0.36 

Bony coverage of left 

carotid artery (mm) 

0.4-2.5 1.13±0.42 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pneumatization of 

anterior clinoid process 

Onodi cells 2X P. value 

No (n=143) Yes 

(n=67) 

  

 
No. % No. % 

  

       
No 12

6 

88.1 42 62.

7 

18.433 0.000** 

Yes 17 11.9 25 37.

3 

Pneumatization of the greater wing of sphenoid 

No 11

0 

76.9 39 58.2 7.753 0.005** 

Yes 33 23.1 28 41.8 
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Figure 2. Male patient 35 years old, coronal MSCT revealed right anterior clinoid process pneumatization 

(arrow), with bilateral pterygoid process pneumatization 

 
Figure 3. Coronal CT showing different types of optic nerve and its dehiscence 

 
Figure 4. Axial MSCT shows the main and accessory sphenoid septum with main sphenoid septum 

deviated to the right(arrow); it is seen to insert over the bone covering the right internal carotid 

artery canal.  
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Figure 5. Axial MSCT show dehiscent left internal carotid artery bony wall (arrow) 

 

Relation between onodi cells and 

pneumatization of ACP and 

pneumatization of greater wing of 

sphenoid: This relation was 

investigated in Table 3.  For instance, of 

the 67 ondoi cells including cases; we 

found 25 cases showed ACP 

pneumatization and 28 cases share 

pneumatization of the greater wing of 

the. Overall the Onodi cells, the ACP 

and the pneumatization of the greater 

wing of sphenoid were absent in 143, 

126, and 33, respectively. 

Type of ON and its dehiscence: The 

ONs in our cases varied to include type 

I, II, III and IV with percent of 76.4%, 

12.8%, 5% and 5.7%, respectively 

(Figure 2) (Table 1).  

Relation between dehiscence of ONC 

and type of ON: The ON dehiscence 

was bilaterally in 9 cases, 5 of them 

were type 4 ON (55.6 %), and 3 of them 

were type 2 ON (33.3%), and one case 

was type 3 ON (11.1%). ON dehiscence 

on the right side was in 8 cases, 3 cases 

were type 2 ON (37.5%), and 3 of them 

were type 3 ON (37.5%) and 2 cases 

with type 4 ON (25%). ON dehiscence 

on the left side was in 13 cases, 5 of 

them were type 2 ON (38.4%), and 6 of 

them were type 3 ON (46.1%) and 2 of 

them with type 4 ON (15.3%) (Table 4). 

Inter sphenoid septa: In our study; 

the single inter sphenoid septum was 

found in 119 of cases (56.7%), while the 

multiple septa were found in 87 cases 

(41.4%) (Supplementary Figure 3).  

Bony coverage of right and left 

carotid artery: The range of bony 

coverage of right and left carotid artery 

was (0.4–1.9) and (0.4–2.5), 

respectively. While mean of right and 

left carotid artery was (1.07±0.36) and 

(1.13±0.42), respectively (Table 5). 

 

Discussion: 
 

With the considerable expansion in 

the endoscopic sinus surgeries; there is a 

rising need to investigate all the aspects 

of the anatomical variation in the 

sphenoidal sinus through radiology.9  Of 

215 included case in our study; we 

figured that the sellar type of sphenoid 

sinus pneumatization prevailed, while 

the conchal type was the least common. 

This is backed by previous reports 6,10-12 

where they proved the majority of the 

adult type of pneumatization in the 

sphenoidal sinus and the scarce of the 

fetal type.  

Coming for the pneumatization of 

ACP; we hailed it in 42 cases (20%) 

with being bilateral in 16 cases (7.6%), 

and unilateral in 26 cases (12.3%). Also, 

those results did not go far away from 

the published studies. 13-14 On the other 

side, the pneumatization of the greater 
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wing of the sphenoid was noticed in 29 

% of our cases where the cases were 

bilateral/unilateral with 11.9/29. The 

greater wing pneumatization varied in 

the literature to be 5.1% in a study 15, 

while it is reported to be 21% in another 

one. 16 We may stem that back to the 

sample tested in both studies.  

In addition, our study figured that 

56.7% of our cases were with single 

inter sphenoid septum, while 41.4% 

were with multiple septa. The variation 

in the incidence of sphenoidal septation 

pattern caused a variation in the 

literature-including data. A report 17 

found that the multiple intersinus septae 

happened in 80 % of the cases. On the 

opposite, Miranda et al. 18 revealed that 

at least one of the septa is inserted on 

the carotid canal in 87% of cases. 

However, the multiple septa recorded 

only 31 % of cases in Alshaikh et al 19.   

For the onodi cells, these cells were 

present in 67 cases (32%); of whom 30 

cases (14.3%) were bilateral, 25 cases 

(11.9%) on the right side, while the left 

side occurred in 12 cases (5.7 %). These 

results were close with other studies’ 

results where the ondoi cells were 

existent in 22.5%. 20 Another study 

reported the rate to be 15.5% of Ondoi 

cells. 21   

The optic nerve studies were 

classified into type I (without 

indentation on the wall of sphenoid 

sius), type II (with indentation but with 

no contact with the posterior ethmoidal 

cell), type III(with contact with the 

posterior ethmoidal cell) and type IV 

(the nerve is adjacent to the Ondoi cell). 
22 Our study could reveal that type one 

was presented 321 times, type II was 

presented 54 times, type III was 

presented 21 times and type IV was 

presented 24 times. In addition, the optic 

nerve dehiscence was bilaterally present 

in 9 cases, 5 of them with type 4 ONC 

(55.6%), 3 of them with type 2 ONC 

(33.3%) and one case in type 3 ONC 

(11.1%). Dalenome et al 22 had 

comparable results. 

In our study we found that right 

carotid artery was dehiscent in 17 cases 

(8%) and left carotid artery was 

dehiscent in 19 cases (9%), so 

dehiscence in the carotid artery (right or 

left) was (17 %). This result is 

incompatible with a study recording the 

dehiscence of the artery, which may be 

related to the by the new criteria for 

defining protrusion and dehiscence. 13  

 

Conclusion : 

 

This work is presenting the variations 

of sphenoidal sinus, radiologically. We 

managed to show the vital 

neurovascular relations; as ICA and 

ONC. In addition, we explained the 

relations between those variations, 

septation patterns and type of 

pneumatization. We showed the 

presence/absence of onodi cells and we 

compared our results with previous 

studies showing how vital to asses such 

information. 
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