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Research Article
Abstract

Background and Objective: The sphenoid sinus is one of the four paranasal sinuses located within the sphenoid bone and
plays a crucial role in pituitary gland surgeries. This sinus is in close proximity to vital structures, including the internal
carotid artery and the optic nerve. This study was conducted to radiologically evaluate sphenoid sinus anatomical
characteristics using computed tomography (CT) scans of patients referring to selected imaging centers in Gorgan, Iran.

Methods: This descriptive-analytical study was conducted on 180 patients (100 females and 80 males; mean age =
35.69+13.07 years) referring for paranasal sinus CT scans or head and neck CT scans, prescribed by a specialist physician, to
the Fifth Azar Educational-Therapeutic Center and lzadi Imaging Center in Gorgan, Iran, during July and August 2020. The
sphenoid sinus volume and anatomical characteristics, including the type of pneumatization, presence of septa, and carotid
canal protrusion and adhesion, were examined via CT imaging.

Results: Regarding the frequency distribution of sinus types based on the site of pneumatization, 151 cases (83.8%) were
postsellar, 25 (13.8%) were sellar, and 4 (2.2%) were presellar. The mean volume of the left sinus and the total sinus volume
were significantly higher in men than in women (P<0.05). Carotid canal adhesion to the sphenoid sinus was observed in 20
patients (11.1%). No significant statistical difference was found between genders regarding the distribution of carotid canal
adhesion, presence of accessory septa, or carotid canal protrusion. Similarly, the pneumatization of the anterior clinoid
process, pterygoid process, and the greater and lesser wings of the sphenoid showed no gender-based significant differences.
A significant statistical correlation was observed between left carotid protrusion and the pneumatization of the greater and
lesser wings of the sphenoid, as well as pterygoid and anterior clinoid processes (P<0.05). On the right side, this correlation
was not present with the pneumatization of the lesser wing. Regarding carotid canal adhesion, a significant correlation was
only found with the pneumatization of the left pterygoid process (P<0.05).

Conclusion: The most common form of the sphenoid sinus was the postsellar type, and the mean total and left sinus volumes
were greater in men. Gender was not found to be a reliable predictor for the extensive variations and high diversity of the
sphenoid sinus anatomical characteristics.
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Introduction

The sphenoid sinus is located within the body of the sphenoid
bone and is considered the most variable cavity in the human
body. It is often regarded as the most inaccessible and least
understood of the paranasal sinuses, yet it plays a critical role as
a surgical corridor for accessing the pituitary gland and adjacent
regions. Due to the significant inter-individual anatomical
variations and its vital importance in neurosurgical procedures,
the morphology of this sinus exhibits substantial diversity.
Various factors, including ethnicity, geographic region, and
neurovascular structures, significantly influence the structural
and volumetric variations of the sphenoid sinus. The sphenoid
sinus consists of distinct left and right sinuses, often
conceptually treated as a single anatomical unit. While these two
sinuses may appear as a unified structure during surgical
interventions, empirical evidence indicates significant disparities
between them in terms of dimensions, type, and morphology.
Critical anatomical structures, including the internal carotid
artery, the optic nerve, and the cavernous sinus, are situated in
the periphery of this sinus. Investigations into the variations of
the sphenoid sinus highlight its growing significance in the field
of clinical anatomy. Pneumatized sinuses represent a potential
risk factor for the development of chronic sinusitis; thus, the
importance of the sphenoid sinus in managing chronic sinusitis
and providing surgical access to the skull base is well-
recognized by neurosurgeons and otorhinolaryngologists.

The transsphenoidal approach was first performed in 1907 as a
treatment for intrasellar lesions and has since evolved into a
standard surgical procedure. Compared to the alternative
transcranial approach, the transsphenoidal approach is more
efficient and is associated with lower rates of morbidity and
mortality. Precise evaluation of the anthropometric parameters of
the sphenoid sinus is critical for surgical interventions, such as
accessing the sella turcica via the nasal passage, to minimize
complications. Potential surgical risks of this approach include
damage to adjacent structures, most notably the internal carotid
artery and the optic nerve.

With advancements in medical imaging and the emergence of
Functional Endoscopic Sinus Surgery (FESS), the significance
of paranasal sinus anatomy-particularly the sphenoid sinus-has
increased. The pneumatization of the sphenoid sinus can vary
across a broad spectrum, ranging from complete absence to great
extension. Furthermore, pneumatization may facilitate access to
other regions of the skull base. Consequently, the extent and
orientation of this pneumatization play a crucial role in the
planning of surgical procedures.

Knowledge of the variations and dimensions of the sphenoid
sinus is directly correlated with the success of endoscopic
sphenoid sinus surgeries. The presence of vital structures, such
as the internal carotid artery, the maxillary nerve, and the optic
nerve in the vicinity of the cranial sinuses, plays a significant
role in the degree of their pneumatization. Understanding
anatomical variations is essential for preventing unintended
iatrogenic injuries and comprehending the pathogenesis of
processes occurring within the sphenoid sinus. Computed
tomography (CT) scan serves as an invaluable technique for
investigating the diversities of the paranasal sinuses. This study
was conducted to radiologically evaluate the sphenoid sinus
anatomical characteristics using CT scans of patients referring to
selected imaging centers in Gorgan, Iran.

Methods

This descriptive-analytical study was conducted on 180
patients (100 females and 80 males; mean age = 35.69+13.07
years) referring for paranasal sinus CT scans or head and neck

CT scans prescribed by a specialist physician.

Radiological data were extracted and analyzed using images
retrieved from the Picture Archiving and Communication
System (PACS). Furthermore, the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) guidelines
were employed for reporting the study findings.

Inclusion criteria consisted of age over 18 years and referral
for paranasal sinus CT scans or head and neck CT scans
prescribed by a specialist physician. Exclusion criteria included
the presence of pathologies altering skull anatomy, lesions
suspicious of malignancy, evidence of surgical changes in the
sinuses and skull, deformities, evidence of direct trauma or
recent skull fractures, and a lack of informed consent from
patients to participate in the study.

The volume of each patient's sphenoid sinus was measured as
the primary variable using a Siemens Somatom Emotion Spiral
16-Slice CT scanner. The sinus type was classified based on the
pneumatization site into four categories: Sellar, presellar,
postsellar, and conchal. Additionally, the presence of accessory
septa within the sphenoid sinus was evaluated. The presence or
absence of carotid canal protrusion and adhesion was recorded.
Demographic data, including age and gender, were extracted
from the patients' medical records. All radiographic images were
independently reviewed by two radiologists.

Results

The frequency distribution of sinus types based on the
pneumatization site was determined as follows: Postsellar in 151
individuals (83.9%), sellar in 25 individuals (13.9%), and
presellar in 4 individuals (2.2%). Furthermore, the localization
of the accessory septum was identified on the left side in 27
individuals (15%), on the right side in 21 individuals (11.7%),
and bilaterally in 8 individuals (4%).

The mean volume of the left sinus (P<0.006) and the total
volume were significantly higher in males than in females
(P<0.002); however, the mean volume of the right sinus showed
no gender-based statistically significant difference. Carotid canal
adhesion to the sphenoid sinus was observed in 20 individuals
(11.1%). The frequency distribution of carotid canal adhesion
and the type of sphenoid sinus exhibited no statistically
significant difference between the two genders. Furthermore, the
frequency distribution of individuals with and without accessory
septa showed no gender-based statistically significant difference.
Carotid canal protrusion into the sphenoid sinus was present in
38 individuals (21.1%), and its frequency distribution showed no
gender-based statistically significant difference.

There was no gender-based statistically significant difference
in the pneumatization of the anterior clinoid process. Overall, 31
individuals (17.2%) exhibited the pneumatization of the anterior
clinoid process. The frequency of the pneumatization of the
anterior clinoid process on the left, right, and bilateral sides was
determined to be 12, 10, and 16 individuals in males, and 15, 7,
and 12 individuals in females, respectively. Similarly, the
pneumatization of the pterygoid process showed no gender-
based statistically significant difference. In total, 67 individuals
(37.2%) demonstrated the pneumatization of the pterygoid
process.

The frequency of the pneumatization of the pterygoid process
was observed in males on the left side in 13 individuals, on the
right side in 8, and bilaterally in 22; additionally, it was noted in
females on the left side in 7 individuals, on the right side in 5,
and bilaterally in 22.

Pneumatization of the greater wing of the sphenoid showed no
gender-based statistically significant difference. Overall, 49
individuals (27.2%) exhibited pneumatization of the greater
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wing of the sphenoid. The frequency of the pneumatization of
the greater wing of the sphenoid on the left side, right side, and
bilaterally was observed in 13, 8, and 21 males and in 5, 13, and
8 females, respectively. Similarly, pneumatization of the lesser
wing of the sphenoid demonstrated no gender-based statistically
significant difference. In total, 29 individuals (16.1%) displayed
pneumatization of the lesser wing of the sphenoid. The
frequency of lesser wing of the sphenoid pneumatization on the
left side, right side, and bilaterally was observed in 4, 3, and 7
males and in 10, 2, and 5 females, respectively.

Overall, the frequency of pneumatization was observed in all
samples as follows: The anterior clinoid process (36.7%), the
pterygoid process (37.2%), the greater wing of the sphenoid
(27.2%), and the lesser wing of the sphenoid (16.1%).

A statistically significant correlation was observed between the
left carotid canal protrusion and the pneumatization of the
anterior clinoid process (P<0.001), the pterygoid process
(P<0.001), and the greater wing of the sphenoid (P<0.001); a
substantial percentage of specimens exhibiting protrusion also
demonstrated pneumatization of these structures. However, this
association was not statistically significant regarding the
pneumatization of the left lesser wing. A similar pattern was
observed on the right side, so that the right carotid canal
protrusion showed a strong and statistically significant
correlation with the pneumatization of the anterior clinoid
process (P<0.001), the pterygoid process (P<0.001), and the
greater wing (P<0.001); however, no significant statistical
correlation was found with the pneumatization of the lesser
wing.

Regarding the carotid canal adhesion, the only statistically
significant correlation was observed with the pneumatization of
the pterygoid process on the left side (P<0.008). On the same
side, the correlation between carotid canal adhesion and the
pneumatization of the anterior clinoid process approached
statistical significance (P<0.0579); however, no significant
statistical correlation was found with the pneumatization of the
lesser wing and the greater wing of the sphenoid.

Conclusion

Regarding the four types of sphenoid sinuses, the majority of
individuals in the present study exhibited the postsellar type
(83.8%), followed by the sellar (13.8%) and presellar (2.2%)
types, while the conchal type was not observed in any of the
samples. This predominant pattern (postsellar) demonstrated a
significant difference compared to the common patterns
observed in non-Iranian populations. Such a notable discrepancy
in the prevailing pneumatization patterns strongly suggests the
influence of ethnic (racial) and regional variations on the
anatomical development of the sphenoid sinus, underscoring the
importance of establishing regional anatomical maps.
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The postsellar type is the most prevalent configuration of the sphenoid sinus. While the mean volumes of the total
and left sphenoid sinuses are significantly higher in males than in females, gender was not identified as a reliable
predictor for the extensive variations and high diversity of the sphenoid sinus anatomical characteristics.
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