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Sphenoid sinus is surrounded by critical structures and this can make sphenoid sinus surgeries difficult. The aim 
of this study was to characterize the sphenoid sinus and surrounding structures based on Computed Tomography 
(CT) for Sudanese subjects. Coronal CT scans of 201 patients were reviewed regarding the anatomical variations of 
the sphenoid sinus, degree of pneumatization, anterior clinoid process (ACP), greater wing of sphenoid bone 
(GWS), pterygoid process (PP), protrusion and dehiscence of internal carotid artery (ICA), optic nerve (ON), 
maxillary nerve (MxN) and vidian nerve (VN). The result showed that; the protrusion and dehiscence of (ICA) were 
found in 51 patients (25.4%) and 25 patients (12.4%) respectively. The protrusion and dehiscence of (ON) were 
present in 6 patients (3%) and 32 (15.9%) patients. The protrusion of (MxN) was encountered in 56 (27.9%) patients, 
and dehiscence of (MxN) was seen in 91 (45.3%) patients. Pneumatization of (ACP) was encountered in 28 patients 
(13.9%); it was bilateral in 9 (4.5%), on the right 9 (4.5%) and on the left 10 (5.0%). Pneumatization of the (GWS) was 
encountered in 70 patients, (34.8%) of whom 31 (15.4%) were bilateral, 13 (6.5%) were on the right side, and 26 
(12.9%) were on the left side. Pneumatization of the (PP) was found in 81 patients, (40.3%) of whom 47 (23.4%), 10 
(5%), and 24 (11.9%) were bilateral, right sided, and left sided, respectively. The data were analyzed statistically by 
using Chi- square test. There was a significant association between (ACP) pneumatization and (ICA) protrusion and 
(ON) dehiscence (p = 0.003), also a significant association between (GWS) pneumatization and (MxN) protrusion 
and (MxN) dehiscence (p = 0.003) was noted. Significant association between (PP) and (VN) protrusion and (VN) 
dehiscence (p = 0.004) was also noted. No significant differences were identified in the sphenoid sinus morphology 
between the two genders or age at p = 0.05. The knowledge on the anatomic variations and morphology of the 
sphenoid sinus and its related structures is important in order to avoid the surgical complications when entering 
the pituitary gland and sella turcica. Coronal tomography can successfully detect the sphenoid sinus morphology 
and anatomic variations. 
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INTRODUCTION 
 
The sphenoid sinus (SS) is located  in  the  center  of  the  
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head and is enclosed by several neurovascular 
structures, including the optic nerve, the maxillary nerve, 
vidian nerve and the internal carotid artery (ICA) (Jae 
Hoon et al., 2010). Sphenoid sinus (SS) is particularly 
varied in size, shape and relation to the sella. The degree 
of pneumatization of the sphenoid  sinus  may  also  vary 



 
 
 
 
significantly (Agarwal et al.,2005). The optic nerve and 
carotid artery should be able to bulge out easily when the 
sphenoid sinus is extensively pneumatized, and 
dehiscence should only occur when these surrounding 
structures knobbed significantly. Therefore, both 
pneumatization of the sphenoid sinus and bulging or 
dehiscence of the surrounding structures should be 
anatomically and surgically considered (Jae Hoon et al., 
2010). Sphenoid sinus is the most inaccessible sinus to 
surgeons (Cappabianca et al., 2002) and minimal 
damage to surrounding structures during an operation 
can lead to an irrevocable outcome such as blindness or 
massive bleeding (Unal et al.,2006). Not only is the 
knowledge on the anatomic variations of the sphenoid 
sinus and its related structures important because the 
surgical complications may be avoided, but also such 
knowledge can help in explaining the unusual symptoms 
that arise from the sphenoid sinus disease (Hewaidi and 
Omami 2012). Currently the bony anatomical structures 
variations and abnormalities of this region can be 
demarcated at Computed Tomography (CT) by extreme 
accuracy (Bolger et al., 1991). The coronal CT study has 
become the most requested, and the accurate imaging 
technique for demonstrating the paranasal sinuses 
(Arsalan et al.,1997). The coronal sections show the 
progressively deeper structures as they are encountered 
by the surgeon during functional endoscopic sinus 
surgeries (Zinreich, 1998). In spite of the complex 
anatomy and important surgical relationships of the 
sphenoid sinus; to the best of our knowledge, no studies 
were reported in the open literature for Sudanese 
regarding the sphenoid sinuses morphology. The aims of 
the study were to characterize the anatomic variations of 
sphenoid sinus and related structures, and to determine 
the ability of coronal CT scan to identify these variations, 
as well as to study the impact of age and gender. 
 
 
MATERIALS AND METHODS 
 
Materials 
 
A number of 201 normal patients 54.2% (109) were 
males and 45.8% (92) were females, with ages range 
between 18-90 years old. The sample was individuals 
with no history of sinus pathology .The target population 
for this research included patients attended for head CT 
scanning in the Radiology Department of Royal Care 
Hospital in Sudan. Patients having pathological changes 
such as: Patients subject to neurological deficit and 
stroke, epilepsy, and vertigo, sinusitis, any congenital 
abnormalities in sphenoid sinuses and patients younger 
than 16 years were also excluded. All patients were 
examined on   a   multi-slice   CT   scanner   (SOMATOM  
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Sensation 64, Siemens AG, Forchheim, Germany). 
Paranasal sinus high-resolution axial CT images were 
selected from all the subjects at 0.625 mm thickness, 
reconstruct the 1-mm-thick gapless sagittal and coronal 
CT images under the bone window (1500 HU at its width 
and 200 HU at its level). Data were obtained using 
technical properties of 120 kVp, 210 mAs. The patients 
were prepared for the procedure by giving them full 
Information about the procedure; restraint from food and 
fluids 
 
 
Methods 
 
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). According to our criteria, (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. Protrusion of 
internal carotid artery (ICA), optic nerve (ON), maxillary 
nerve (MxN), and vidian nerve (VN) were investigated as 
well as dehiscence of the walls of ICA, ON, MxN, and 
VN. The protrusions of the (ICA) and the (ON) were 
determined by the finding of any degree of protrusion of 
the structures into the sinus cavity. The presence of air 
density around the (VN) and the (MxN) in at least one 
coronal section was accepted as protrusions of the vidian 
nerve and the maxillary nerve 
 
 
Statistical Analyses 
 
The data were analyzed statistically by using Chi-square 
test. Statistical analysis used Chi-square test to evaluate 
the association between the pneumatization, protrusion 
and dehiscence (p-values less than 0.05 were accepted 
statistically significant). 
 
 
RESULTS 
   
The results were presented in tables and figures. The 
distribution of the study sample according to sphenoid 
sinus morphology (pneumatization, protrusion and 
dehiscence) for Sudanese subjects was presented. 
Correlation between Sphenoid Sinus morphology, gender 
and age was studied. Association between 
(pneumatization of ACP, GWS and PP) and (protrusion 
and dehiscence of ICA, ON, MxN and VN) were 
assessed using Chi-square test. 
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Table (1):  Distribution of the study sample according  to Sphenoid sinus morphology 
(Pneumatization, Protrusion and Dehiscence) for Sudanese Subjects 

 
 

 

ACP = Anterior  Clinoid  Process,   GWS = Greater  Wing  of  Sphenoid  bone,  
PP = Pterygoid  Process.  ICA = Internal  Carotid  Artery,  ON = Optic   Nerve,  
MxN = Maxillary Nerve, VN = Vedian Nerve 

 
 
 
Table (2): Correlation between Sphenoid Sinus morphology, 
Gender and Age 

 

Morphology Gender (P-value) Age(P-value) 

Pneumatization 0.833 0.909 

Protrusion 0.431 0.645 

Dehiscence 0.677 0.859 

 
 
 
 

Table (3): Association between (Pneumatization of ACP, 
GWS and PP) and (Protrusion & Dehiscence of ICA, ON, 
MxN and VN respectively) 

 

  Frequency P-value 

Pneumatization ACP 28 0.003 

Protrusion ICA 51 

Dehiscence ICA 25 

Pneumatization ACP 28 0.003 

Protrusion ON 6 

Dehiscence ON 32 

Pneumatization GWS 70 0.003 

Protrusion MxN 56 

Dehiscence MxN 91 

Pneumatization PP 81 0.004 

Protrusion VN 85 

Dehiscence VN 111 
 

 
 
 
 
 

Pneumatization Bilateral Right side Left side Total 

ACP 9(4.5%) 9(4.5%) 10(5.0%) 28(13.9%) 

GWS 31(15.4%) 13(6.5%) 26(12.9%) 70(34.8%) 

PP 47(23.4%) 10(5.0%) 24(11.9%) 81(40.3%) 

Protrusion  Bilateral Right side Left side Total 

ICA 21(10.4%) 11(5.5%) 19(9.5%) 51(25.4%) 

ON 1(0.5%) 0(0.0%) 5(2.5%) 6(3.0%) 

MxN 21(10.4%) 18(9.0%) 17(8.5%) 56(27.9%) 

VN 52(25.9%) 10(5.0%) 23(11.4%) 85(42.3%) 

Dehiscence Bilateral Right side Left side Total 

ICA 13(6.5%) 6(3.0%) 6(3.0%) 25(12.4%) 

ON 19(9.5%) 7(3.5%) 6(3.0%) 32(15.9%) 

MxN 49(24.4%) 23(11.4%) 19(9.5%) 91(45.3%) 

VN 74(36.8%) 18(9.0%) 19(9.5%) 111(55.2%) 
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Figure [1]: shows pneumatization of the right (Rt) anterior 
clinoid process (ACP). 

 
 
 
 

 
 

Figure [2]: shows pnemotization of right (Rt) and Left (Lt) greater wing of 
sphenoid (GWS). 
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Figure [3]: shows protrusion of right (Rt) optic nerve (ON). 

 
 
 
 

 
 

Figure [4]: shows protrusion and dehiscence of Right (Rt) and Left (Lt) 
Vidian nerve. 
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Figure [5]: shows protrusion and dehiscence of right (Rt) and left (Lt) 
maxillary nerve (MxN). 

 
 
 
DISCUSSION 
 
The internal carotid artery (ICA), the optic nerve (ON), 
and the vidian nerve are present before the sinus 
development, so that they produce irregularities in the 
walls of the sinus as the cavity develops (Mustafa et al., 
2005). 

In Sudanese population the sphenoid sinus morphology 
was evaluated and the anatomical variation as 
pneumtization, protrusion, and dehiscence were 
presented in table [1]. The protrusion and dehiscence of 
(ICA), (ON), (MxN), (VN) were deliberated and the study 
revealed that the protrusion of (ICA) was found in 51 
patients (25.4%), of whom 21 (10.4%) were bilateral, 11 
(5.5%) were right sided, and 19 (9.5%) were left sided. 
Dehiscence of (ICA) was seen in 25 patients (12.4%) of 
whom 13 (6.5%) were bilateral, 6 (3%) were on the right, 
and 6 (3%) were on the left. Studies have reported the 
protrusions and dehiscence of (ICA) and they 
encountered a least protrusion and dehiscence incidence 
of 26.1 and 5% respectively (Mamatha et al., 2010) and 
higher incidence of 93% and 41.95% (Mamatha et al., 
2010) for the protrusion and dehiscence of the artery 
respectively. These findings are different from what was 

found in our study that showed lower incidence of 
protrusion. The incongruity between these prevalence 
rates may be due to ethnic differences between the 
populations (Hewaidi and Omami, 2012; Davoodi et al., 
2008). The protrusion of (ON) was present in 6 patients 
(3%). Protrusions were bilateral, right sided, and left 
sided in 1 (0.5%), 0 (0%), and 5 (2.5%) of patients, 
respectively. Dehiscence of ON was observed in 32 
(15.9%) patients, of whom 19 (9.5%) were bilateral, 7 
(3.5%) were right sided, and 6 (3%) were left sided; this 
was seen in table [1]. Previous studies reported a wide 
range of protrusion rates of 8 to 70%. (Dessi et al., 1994; 
Teatini et al., 1987) 

Another study found only 4% of optic nerves were 
dehiscent in the lateral sphenoid (Fuji et al., 1997) 
Sudanese were found to score fewer percentages of 
protrusion and dehiscence. What was mentioned in the 
study done on Indian population (Mamatha et al., 2010) 
were obviously very high and most likely explained by 
their criteria for defining protrusion and dehiscence. 
Figure [3] showed protrusion of right optic nerve RT (ON). 
The protrusion of (MxN) was encountered in 56 (27.9%) 
patients, of whom 21 (10.4%) were bilateral, 18 (9%)  
were  on  the  right  side,  and  17  (8.5%) were on the left 
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side. Dehiscence of (MxN) was seen in 91 (45.3%) 
patients, of whom 49 (24.4%) were bilateral, 23 (11.4%) 
were right sided, and 19 (9.5%) were left sided, table [1]. 
Maxillary nerve protrusion in previous studies were found 
to be 24.3% (Hewaidi and Omami, 2012), 30.3% (Birsen 
et al., 2006) on the other hand, another study found that 
the sinuses were neither with protrusion nor dehiscence 
of maxillary nerve (Sareen et al., 2005) dehiscence was 
found to be 3.5% (Birsen et al., 2006) but Sudanese were 
found to score higher dehiscence rate than what was 
mentioned in the previous studies (Birsen et al., 2006). 
This differences may be due to ethnicity divergence. The 
importance of the knowledge about this anatomical 
difference; is that in the endoscopic sphenoid surgery, a 
protruded or dehiscent maxillary nerve is accountable to 
injury. Figure [5] shows protrusion  and dehiscence of 
right and left (MxN). 

The protrusion of (VN) was present in 85 (42.3%) 
patients of whom 52 (25.9%) were bilateral, 10 (5%) were 
on the right side, and 23 (11.4%) were on the left side. 
Dehiscence of (VN) was identified in 111 (55.2%) 
patients, of whom 74 (36.8%), 18 (9%), and 19 (9.5%) 
were bilateral, right sided, and left sided, respectively, 
this was seen in table [1]. The importance of Vidian nerve 
is that when it was affected, it can cause pain and Vidian 
neuralgia. Different studies were obtained and revealed 
that Vidian canal was protruded into the sinus cavity in 
18% (Lang and Keller, 1978) and 27% Hewaidi and 
Omami, 2012) .Sudanese were found to have greater 
percentages for protrusion. Figure [4] presented the 
protrusion and dehiscence of right and left Vidian nerve, 
Our study may serve the surgeons to be as a reference 
for the description of anatomic relationship of the Vidian 
canal to the sphenoid sinus cavity for Sudanese 
population, as well as decreasing the complication of the 
endoscopic trans-sphenoidal and Vidian neurectomy 
surgery. 

Pneumatization of the anterior clinoid process (ACP): 
for Sudanese was encountered in 28 patients (13.9%). It 
was bilateral in 9 (4.5%), on the right in 9 (4.5%) and on 
the left in 10 (5.0%). The prevalence of anterior clinoid 
process pneumatization has been well documented in the 
Literature. Bolger et al. found anterior clinoid process 
pneumatization in 13% (Bolger et al .,1991). Delano et al. 
found anterior clinoid process pneumatization in (4%) 
(Delano et al .,1996) Sirikci et al. found anterior clinoid 
process pneumatization in 29.3% (Sirikci et al., 2000). 
Birsen et al. encountered pneumatization of anterior 
clinoid process in 24.1% (Lang and Keller, 1978). 
Another study reports anterior clinoid process 
pneumatization in 15.3%. (Hewaidi and Omami, 2012) 
Obviously, the reported prevalence rates vary  

 
 
 
 
 

 
 
 
 

considerably.  This  may  reflect  differences  among  the 
studied populations. 

Pneumatization of the greater wing of sphenoid bone 
(GWS): for Sudanese was encountered in 70 patients 
(34.8%), of whom 31 (15.4%) were bilateral, 13 (6.5%) 
were on the right side, and 26 (12.9%) were on the left 
side. This was considered larger than what was 
mentioned by John Earwaker who revealed 
pneumatization of greater wing of sphenoid in 10.7% of 
patients (Earwaker,1993). Figures [1,2]  showed 
pnemotization of right anterior clinoid process (ACP) and 
pnemotization of right and left greater wing of sphenoid 
(GWS) respectively. 

Pneumatization of the Pterygoid Process (PP): was 
found in 81 patients (40.3%) of whom 47 (23.4%), 10 
(5%), and 24 (11.9%) were bilateral, right sided, and left 
sided, respectively. In Libyan population a pneumatized 
pterygoid process was found  in 29% of the patients 
(Hewaidi and Omami, 2012). Bolger et al. identified 
pterygoid process pneumatization in 43.6% of patients 
(Bolgeret et al., 1991). Sirikci et al., reported 
pneumatization of the pterygoid process in 29.3% (Sirikci 
et al., 2000). This wide range of prevalence may be 
attributed to the use of different criteria (Hewaidi and 
Omami, 2012). Statistically, there was a highly significant 
association between (ACP) pneumatization, (ICA) 
protrusion and (ON) dehiscence (p-value = 0.003), also a 
highly significant association between (GWS) 
pneumatization, (MxN) protrusion and (MxN )dehiscence( 
p-value = 0.003), as well as significant association  
between (PP) pneumatization, (VN) protrusion and (VN) 
dehiscence (p-value = 0.004) was also noted as seen in 
table [3]. No significant difference was detected between 
the males and females in the sphenoid sinus morphology 
as protrusion, dehiscence and pneumotization. Similar 
findings were studied previously (Jefferson et al., 2009) 
Also no significant difference was detected in the 
sphenoid sinus morphology and age as presented in 
table [2]. 
 
 
CONCLUSION 
 
The Study concluded that the Sudanese sphenoid sinus 
morphology is different from other populations mentioned 
in the previous studies. Coronal CT may prove beneficial 
for demonstration of sphenoid sinus anatomy .A detailed 
knowledge about anatomic variations will avoid morbid 
consequences during surgery. The clearest 
understanding of the sinus morphology enhances 
identification of the limits of dissection and hence may 
help to reduce the possibility of complications. 
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