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ABSTRACT

AIM: To determine the clinically significant association between pneumatization types of the sphenoid sinus (SS) and protrusion/
dehiscence of the optic nerve (ON) and the internal carotid artery (ICA).   
MATERIAL and METHODS: This prospective cross-sectional study was conducted between November 2020 and April 2021 at the 
Dow Institute of Radiology, Dow University of Health Sciences, Karachi. This study examined 300 computed tomography (CT) PNS 
patients aged 18–60 years. The forms of SS pneumatization, extent of pneumatization to the greater wing (GW), anterior clinoid 
process (ACP), and pterygoid process (PP), as well as the protrusion/dehiscence of the ON and ICA were examined. A statistical 
relationship was identified between pneumatization type and protrusion/dehiscence of the ON and ICA.
RESULTS: The study included 171 men and 129 women with an average age of 39.28 ± 10.9 years. The most commonly encountered 
pneumatization type was postsellar (63.3%), followed by sellar (27.3%), presellar (8.7%), and conchal (0.75%). The most frequent 
extended pneumatization was observed up to PP (44%), followed by ACP (31.33%), and GW (16.67%). The rate of dehiscence of the 
ON and ICA was less than that of protrusion of the same structures. The association between postsellar and sellar pneumatization 
types and protrusion of the ON and ICA was statistically significant (p<0.001), with the postsellar type showing more protrusions 
of the ON and ICA than the sellar type.
CONCLUSION: The pneumatization type of SS has a significant impact on the protrusion/dehiscence of adjacent vital neurovascular 
structures and should be mentioned in CT reports to alert surgeons for any disastrous intraoperative complications and outcomes.
KEYWORDS: Optic nerve, Internal carotid artery, Pneumatization, Dehiscence, Protrusion

ABBREVIATIONS: SS: Sphenoid sinus, ON: Optic nerve, ICA: Internal carotid artery, ACP: Anterior clinoid process, PP: Pterygoid 
process, GW: Greater wing, ST: Sella turcica, ETS: Endoscopic trans-sphenoidal surgery, CT: Computed tomography
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█   INTRODUCTION

The sphenoid bone in the middle of the skull contains the 
sphenoid sinus (SS). It is regarded as the human body 
cavity with the highest diversity (34). Its high divergence 

is caused by the variability in its pneumatization pattern and 
interactions with nearby critical neurovascular structures, 
such as the internal carotid artery (ICA) and optic nerve (ON) 
(6,17). These neurovascular structures either protrude into the 
sinus cavity or their bony coverings may undergo dehiscence 
depending upon the degree of pneumatization (36). These 
variations place these structures at risk of injury during surgical 
procedures, resulting in life-threatening complications such 
as ICA injury, hypothalamic injury, meningitis, CSF leakage, 
visual deficit, or complete blindness (3,7). Excessive solicitude 
must be exerted during sellar opening to avoid damage to the 
neurovascular structures (30,31). It is mandatory to carefully 
analyze SS anatomical variations and their relationship with 
the surrounding neurovascular structures on preoperative 
computed tomography (CT) scans to minimize possible 
iatrogenic injuries during endoscopic trans-sphenoidal 
surgical (ETS) procedures (35).

Pneumatization of SS can be minimal or substantial (18). It 
may extend into the basisphenoid, anterior clinoid process 
(ACP), greater wing (GW), pterygoid process (PP), and vomer 
bones, in addition to the sphenoid bone (11,38). Increases in 
protrusion and dehiscence of the ON and ICA into the sinus 
cavity are directly correlated with increases in the degree of 
pneumatization. Therefore, a thorough CT sinus investigation is 
essential for a better understanding of the SS architecture and 
to determine how SS pneumatization affects the protrusion or 
dehiscence of neighboring key neurovascular structures (15).

Radiographic CT scans and ETS are currently the choice of 
radiological diagnosis and treatment for various pathologies 
of the hypophysis cerebri (9). The extended trans-sphenoidal 
approach permits surgical access to a wide area of the skull 
base, including the suprasellar and parasellar regions (2,23), 
floor of the middle cranial fossa (12), and apex of the petrous 
temporal bone (38,39). Hence, a comprehensive CT sinus 
examination would be helpful in planning the safest route to 
SS and the success of endoscopic sinus surgeries (32).

In various populations, SS and its surrounding components 
have distinct anatomical configurations (7,15,17,19,29-34). 
A local study highlighted the pneumatization patterns of SS 
(5). Accounts on the relationship between SS pneumatization 
types, protrusion/dehiscence of ON and ICA, and extent of 
pneumatization in the Pakistani population are scarce. This 
study aimed to show the substantial association between an-
atomical variations of the SS, which offers valuable knowledge 
to the area of ETS and is extremely important in preoperative 
risk assessment prior to sinus procedures.

█   MATERIAL and METHODS
This cross-sectional study was performed at the Dow Institute 
of Radiology, Dow University of Health Sciences, Karachi, 
from November 2020 to March 2021, with institutional review 
board permission (Ref: IRB-1766/DUHS/ 13th October 2020).

Study Population

The research included 300 individuals (age 18–60 years) with 
absent bony pathology of SS. Individuals with nasal polyps, 
nasal and PNS tumors, diseases causing bony deformity of 
the SS, surgical intervention around the nose, and prior history 
of nasal trauma were excluded. 

CT Protocol

CT PNS was performed using the General Electric Healthcare 
Computed Tomography Optima 660 system after obtaining 
informed consent. The departmental protocol was followed 
to perform the scans using a 3-mm slice thickness, beam 
collimation setting of 20 mm, and currents of 60–220 mA 
in both bony and soft tissue algorithms. RadiAnt DICOM 
software was used to construct multiplanar reconstructions, 
and coronal and sagittal images were obtained. A consultant 
radiologist performed a thorough study of the CT images, and 
departmental consultations were conducted to resolve any 
query.

Study Variables

The CT scans were examined in detail for pneumatization 
types, extent of pneumatization into ACP, GW, and PP, as 
well as the protrusion and dehiscence of the ON and ICA. 
The sinus was classified into four types according to the 
Guldner classification to determine the pneumatization type 
of the SS (17). In type I (Conchal), there is absent or minimal 
SS in which the sinus is separated from the sella turcica (ST) 
by approximately 10 mm mass of cancellous bone. Type II 
(Presellar) encompasses the posterior sinus wall in front of the 
anterior wall of the ST. Type III (Sellar) has a posterior sinus 
wall located midway between the anterior and posterior walls 
of the ST. In type IV (Postsellar), the posterior wall of the SS is 
situated behind the posterior wall of the ST (32).

To ascertain the degree of pneumatization to the ACP, PP, and 
GW, the following criteria were carefully evaluated. Pneuma-
tization extending beyond the horizontal plane and into the 
ACP is known as ACP pneumatization. PP pneumatization 
was described as pneumatization extending beyond the hor-
izontal plane crossing the vidian canal. GW pneumatization 
was defined as pneumatization extending beyond the vertical 
plane and passing through the foramen rotundum (32).

To assess the protrusion/dehiscence of the ON and ICA, 
protrusion was defined as a slight indentation to the presence 
of more than 50% of the structure’s circumference in the 
sinus cavity (31,36), whereas dehiscence was defined as the 
absence of visible bony density separating the structure from 
the sinus (19,32).

Finally, the relationships between pneumatization types of SS, 
extent of pneumatization, and protrusion or dehiscence of the 
ON and ICA were analyzed.

Statistical Analysis

Quantitative variables, such as mean age and standard 
deviation, were determined. For qualitative variables such as 
pneumatization type, extent of pneumatization, and protrusion/
dehiscence of ON and ICA, frequencies and percentages were 
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computed. The chi-square test was used to determine the 
frequencies of anatomical variants. Spearman correlation was 
used to determine the strength of the association between the 
extent of pneumatization and protrusion/dehiscence of the 
ON and ICA. Statistical significance was set at p≤0.05. The 
data were analyzed using GraphPad Prism 9.

█   RESULTS
There were 300 adult patients with a mean age of 39.28 ± 
10.99 years. The proportion of men was 171/300 (57%) and 
that of women was 129/300 (43%). 

Pneumatization Types of SS

The most frequent pneumatization pattern was the postsellar 
type in 190 (63.3%) patients, followed by sellar pneumatization 
in 82 patients (27.3%), presellar pneumatization in 26 patients 
(8.7%), and conchal pneumatization in 2 patients (0.7%) 
(Figure 1).

Protrusion/Dehiscence of ON and ICA

We found ICA and ON protrusions in 147 (49%) and 114 (38%) 
SS patients, respectively, and dehiscence in 28 (9.3%) and 
48 (16%) SS patients, respectively, which are quite high, as 
reported in previous studies (Table I). 

ACP, GW and PP Pneumatization Extent

The divergent pattern of pneumatization was seen in 92% of 
patients, with PP pneumatization in 44%, ACP pneumatization 
in 31.33%, and GW pneumatization in 16.67% (Table I).

Association Between SS Pneumatization Types with ON 
and ICA Protrusion/Dehiscence

The pneumatization type of SS depends on the existence of 
bony protrusions and dehiscence of adjacent neurovascular 
structures. As pneumatization expands in the sellar and 
postsellar types, the bony protrusion of the ON and ICA 
also increases (p=0.001, p≤0.001 respectively) (Table II). The 
conchal type does not show any protrusion/dehiscence as 
the size of the sinus cavity is minimal or absent. In our study, 
no neurovascular protrusion/dehiscence of the ON or ICA 
was observed in the presellar pneumatization type (Figure 2). 
The patients with the postsellar type (Figure 3) showed the 
greatest number of protrusions as well as dehiscence of both 
the ICA and ON as compared to the sellar type (Figure 4). 
The ICA protruded unilaterally in 63 (21%) postsellar patients 
and bilaterally in 61 (20.34%) patients, followed by the sellar 
type, in which unilateral protrusion of the ICA was seen in 20 
(6.67%) and bilateral protrusion in three (0.99%) patients, 
which was less than that in postsellar pneumatization. Similar 
results were observed for ON (Table II).

Table I: Frequency of Anatomical Variations of Sphenoid Sinus Seen on Computed Tomography

Unilateral Bilateral Total

Extent of Pneumatization

ACP 54 (18%) 40 (13.3%) 94 (31.3%)

GW 18 (6%) 32 (10.67%) 50 (16.67%)

PP 60 (20%) 72 (24%) 132 (44%)

Protrusion
ON 77 (25.67%) 37 (12.34%) 114 (38%)

ICA 83 (27.67%) 64 (21.34%) 147 (49%)

Dehiscence
ON 42 (14%) 6 (2%) 48 (16%)

ICA 27 (9%) 1 (0.3%) 28 (9.30%)

ACP: Anterior clinoid process, GW: Greater wing, PP: Pterygoid process, ON: Optic nerve, ICA: Internal carotid artery.

Figure 1: A) Sagittal CT image of sphenoid sinus shows conchal type of pneumatization. B) Axial CT image with minimal sinus cavity 
and no protrusion/dehiscence of ON and ICA C) Coronal CT image with minimal sinus cavity and without any protrusion/dehiscence of 
ON and ICA. ON: Optic nerve, ICA: Internal carotid artery.

A B C
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and ICA, into the sinus cavity. As pneumatization increases, 
the bony protrusion and dehiscence of the ON and ICA also 
increase; hence, the probability of iatrogenic injury to these vital 
structures is greatly increased. Considering the importance of 
sinus variations, this study has objectively analyzed not only 
the overall protrusion/dehiscence, but also the individualized 
relationship of bony protrusion/dehiscence of the ON and 
ICA based on the type of SS that has great significance in 
preoperative risk assessment before sinus surgeries. The aim 
of this study was to guide radiologists in easily identifying the 
risk of bony protrusion/dehiscence of the ON and ICA.

It has been observed that ethno-geographical diversity 
could be reason for certain anatomical variations in the sinus 
(3,31); likewise a subset of Pakistani population is observed 
to have many variations in pneumatization pattern and 
other anatomical variants of SS. In our study, the majority 
(192, 63.3%) of the patients had postsellar pneumatization, 
followed by sellar (82, 27.3%) and presellar (26, 8.7%) types. 
The conchal type was observed in two patients only. The 
results concur with the prevalence of the postsellar type in 
Americans (54%), Iranians (83.5%), Brazilians (63%), Turkish 

Association Between Protrusion/Dehiscence of ON and 
ICA with Pneumatization Extent 

A significant relationship was observed between ACP 
pneumatization and ON/ICA protrusion, PP pneumatization 
and ON/ICA protrusion, and GW pneumatization and ON/
ICA protrusion (Table III). The association was also significant 
between ON/ICA dehiscence and pneumatization of ACP and 
between GW pneumatization and ON dehiscence. The larger 
the value of the contingency coefficient (CC), the greater the 
degree of association. However, no association was observed 
between ON/ICA dehiscence and PP pneumatization or GW 
pneumatization versus ICA dehiscence (Table II).

█   DISCUSSION
Comprehensive knowledge of the anatomical variants of SS 
is important for planning the safest surgical route for ETS to 
reach the pituitary gland. In addition, preoperative evaluation 
of all these variations is critical in various skull base surgeries. 
The pneumatization type of SS has an impact on the bony 
protrusion of vital neurovascular structures, such as the ON 

Table II: Statistical Association Between the Bony Protrusion and Dehiscence of on and ICA with Pneumatization Types of Sphenoid 
Sinus

Pneumatization Types

 Sellar Postsellar Total            p

Protrusion

ON Unilateral 19 (6.34%) 58 (19.33%) 77 (25.67%)
0.001*

Bilateral 7 (2.3%) 30 (10.04%) 37 (12.34%)

ICA Unilateral 20 (6.67%) 63 (21%) 83 (27.67%)
<0.001*

Bilateral 3 (0.99%) 61 (20.34%) 64 (21.33%)

Dehiscence

ON Unilateral 6 (2%) 36 (12%) 42 (14%)
0.059

Bilateral 0 6 (2%) 6 (2%)

ICA Unilateral 2 (0.6%) 25 (8.4%) 27 (9%)
0.134

Bilateral 1 (0.3%) 0 1 (03%)

Results are expressed as number and frequency. *: p-value ≤0.05 was considered significant. ON: Optic nerve, ICA: Internal carotid artery.

Figure 2: A) Sagittal CT image of sphenoid sinus shows presellar type of pneumatization. B) Axial CT with no protrusion/dehiscence 
of ON and ICA. C) Coronal CT image without any protrusion/dehiscence of ON and ICA. ON: Optic nerve, ICA: Internal carotid artery.

A B C
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Figure 3: A) Sagittal CT image 
shows postsellar pneumatization 
of sphenoid sinus. B) Axial CT 
image shows bilateral protrusion 
of ICA (white arrows). C) Coronal 
CT section shows bilateral 
protrusion of ON (white arrows) 
with right ON septal insertion, 
bilateral protrusion of ICA (black 
arrows), bilateral pneumatization 
of GW and PP (white circles). 
D) Coronal CT scan showing 
bilateral pneumatization of ACP 
and protrusion of ON (white 
arrows), dehiscence of right 
ICA (white arrowhead) and 
protrusion of left ICA (blue arrow), 
pneumatization of right PP and 
GW (white square). ON: Optic 
nerve, ICA: Internal carotid artery, 
ACP: Anterior clinoid process, 
GW: Greater wing, PP: Pterygoid 
process.

Figure 4: A) Sagittal CT image 
shows sellar pneumatization 
of sphenoid sinus. B) Coronal 
CT image shows right ACP 
pneumatization (white circle), 
right ON dehiscence (white arrow) 
and right ICA protrusion (blue 
arrow). C) Axial CT image shows 
unilateral protrusion of ICA on left 
side (white arrow). D) Coronal CT 
image with bilateral protrusion 
of ON and bilateral ACP 
pneumatization (white arrows).
ON: Optic nerve, ICA: Internal 
carotid artery, ACP: Anterior 
clinoid process.

A B

C D
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predisposes the arterial wall to degenerative changes and 
protruded arterial injury (33). Our results correspond with the 
range of international averages for ICA protrusion (5.2%–
67%) and ON protrusion (2%–56%) (3). Local studies also 
reported ON adjacent to SS in 55.9%–61.5% of sinuses and 
indenting the wall in 22.3%–26.85% of sinuses, which is also 
within international ranges (14,24). There were no protrusions/
dehiscence seen in the presellar type in our study, which 
is similar to the findings of Fatihoglu et al. (15) but slightly 
contradicts the findings of Refaat and Basha (32), in which 
only one (1.2%) patient with the presellar type showed ON and 
ICA protrusion. This finding again confirms that small sinuses 
with a lesser degree of pneumatization usually have no or 
minimal chance of protrusion/dehiscence of the surrounding 
neurovascular structure as compared to well-pneumatized 
sinuses.

The risk of neurovascular injury significantly increases during 
surgery if the bony wall has undergone dehiscence. There 
is a potential chance of injury to the ON and ICA due to the 
absence of bony separation, which makes the ON and ICA 
bare in the sinus cavity. The frequency of dehiscence of the 
ON and ICA was 16% and 9.3% in our study, which is lower 
than that reported by Hewaidi and Omami (31.6% and 30 %, 
respectively) in the Libyan population (19) and 50% and 45% in 
the Indian population, as reported by Mamatha et al. (26). The 
dehiscence of ICA (9.3%) was comparable with the findings of 
Joghataei et al. (8.5%) (21) in an Iranian population and Unal 
et al. (5.3%) in a Turkish population (36). The findings of ON 
dehiscence were also comparable with those of Farhan et al., 
who reported 16.4% of ON dehiscence in the local population 
(14). Our findings are within the range of international averages 
for ON dehiscence between 1%–37% and ICA dehiscence 

(57.8%), and Nepalese populations (52%) (10,27,28,30,37). 
Meanwhile, the prevalence of the sellar type was reported 
in Indian and Egyptian populations (26,32). Subsequent 
studies on these populations reported the postsellar type with 
extensive posterior and lateral extensions of pneumatization 
(1,20). However, confirmed results regarding the prevalence 
of the sellar type were observed in Malaysian (93%), German 
(57.2%), Sudanese (73.58%), Italian (74%), Chinese (65.5%), 
and Korean populations (47%) (4,8,13,16,17,25), which 
contradict the results of our study. This could be attributed not 
only to ethno-geographic variations, but also to the different 
classification patterns used when comparing the incidences 
of sellar and postsellar types. Older studies used the Radberg 
classification, whereas the most recent one used the Guldner 
classification (17,31,37). The inter-observer variability in 
accurately defining pneumatization at the margins of the 
anterior and posterior sellar walls may also be responsible for 
reporting the differences.

The pneumatization type of SS has a significant impact on 
bony protrusion or dehiscence of the ON and ICA. The risk 
of ON and ICA protrusion greatly increased with an increase 
in pneumatization of the SS (p<0.001). ICA protrusions were 
found in 49% of patients, of which the postsellar type was 
manifested in 41.34% and the sellar type in 7.57% of patients. 
Similarly, out of 38% of patients with ON protrusions, 29.37% 
exhibited the postsellar type, while 8.64% of patients showed 
the sellar type. The results were similar to those reported by 
Refaat and Basha (32), in which postsellar types showed a 
greater number of protrusions of ON (52.3%) and ICA (50.6%) 
than the sellar type (48.1%, 46.5%), respectively, but we 
found a higher frequency of ICA protrusion (49%) than ON 
(38%). This could be due to the fact that sinus infection 

Table III: Statistical Association Between Extent of Pneumatization and Neurovascular Protrusion/Dehiscence of Optic Nerve and 
Internal Carotid Artery

Association CC p

ACP pneumatization
ON protrusion 0.518 <0.001*

ON dehiscence 0.282 0.002*

ACP pneumatization
ICA protrusion 0.398 <0.001*

ICA dehiscence 0.269 0.005*

PP pneumatization
ON protrusion 0.269 0.005*

ON dehiscence 0.218 0.093

PP pneumatization
ICA protrusion 0.422 <0.001*

ICA dehiscence 0.165 0.496

GW pneumatization
ON protrusion 0.327 <0.001*

ON dehiscence 0.278 0.003*

GW pneumatization
ICA protrusion 0.427 <0.001*

ICA dehiscence 0.213 0.112

CC: Contingency coefficient. Larger CC values indicate greater degree of association. *p-value≤0.05 was considered significant. ON: Optic nerve, 
ICA: Internal carotid artery, ACP: Anterior clinoid process, GW: Greater wing, PP: Pterygoid process.
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