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SUMMARY

The sphenoid sinus displays variable pneumati-
zation patterns and complex morphology, situat-
ed near vital vascular and neural structures. Un-
derstanding its anatomical variations is essential
for accurate radiological diagnosis and safe surgi-
cal planning in otolaryngology and neurosurgery.
Different pneumatization types may influence
surgical outcomes and complication risks. This
retrospective study analyzed 408 CT scans from
patients aged >18 years to assess sphenoid sinus
pneumatization and morphometry. Pneumatiza-
tion types were classified as conchal, presellar,
incomplete sellar, and complete sellar. Morpho-
metric parameters (width, height, and angle) were
measured on sagittal CT images. Intraobserver
reliability showed excellent agreement. Statistical
analyses included descriptive statistics, ANOVA,
t-tests, Pearson correlation, and Chi-square tests.

Incomplete (41.42%) and complete sellar
(40.44%) were the most frequent pneumatiza-
tion types. Males had greater posterior wall width
(p = 0.0008), and age positively correlated with
width (p = 0.0125), height (p < 0.0001), and angle
(p = 0.0068). Pneumatization types differed sig-
nificantly by gender (p = 0.0439). Posterior wall

height varied significantly across sphenoid si-
nus pathologies (p = 0.0024), with higher values
in cases of polypoid tissue and cysts. Significant
correlations existed between width and height (p
= 0.0251), and width and angle (p = 0.0053). In-
complete sellar pneumatization was most com-
mon, with notable gender differences in type
prevalence. While sellar morphometry correlated
with age and gender, it was not associated with
pneumatization types. Variations in posterior wall
height across sinus pathologies may reflect ana-
tomical variability, showing the importance of de-
tailed imaging evaluation.
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INTRODUCTION

The sphenoid sinus is located posterior to the
frontal, ethmoidal, and maxillary sinuses at the
skull base and demonstrates complex anato-
my with substantial interindividual variability
in pneumatization and morphology (Park et al.,
2010; Som et al., 2011). Because of its close an-
atomical relationship with critical neurovascular
structures such as the optic nerve, internal ca-
rotid artery, and pituitary gland, detailed knowl-
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edge of sphenoid sinus anatomy is essential for
accurate radiological interpretation and safe sur-
gical planning in otolaryngology and neurosur-
gery (Lee et al., 2012; Stokovié et al., 2016). Even
minor anatomical variations in pneumatization
may alter the spatial relationships between these
structures and increase the risk of complications
during transsphenoidal or endoscopic skull base
procedures (Lee et al., 2012; Stokovié et al., 2016).

Development of the sphenoid sinus begins
around the age of 2—3 years, and progresses grad-
ually throughout childhood, with most individu-
als reaching near-adult sinus dimensions at ap-
proximately 12 years of age (Park et al., 2010; Som
et al., 2011; Lee et al., 2012; Stokovi¢ et al., 2016).
However, subtle pneumatization and remodeling
may continue into adolescence and early adult-
hood, contributing to the wide range of anatomi-
cal variations observed in adult populations (Lee
et al., 2012; Stokovié et al., 2016). This prolonged
developmental process distinguishes the sphe-
noid sinus from other paranasal sinuses.

Sphenoid sinus pneumatization patterns are
typically classified according to their relationship
with the sella turcica. Early classifications de-
scribed three main patterns (conchal, presellar,
and sellar), based on the degree of sinus aeration
within the sphenoid bone (Congdon, 1920; Ham-
mer and Radberg, 1961; Gibelli et al., 2017). Later
studies subdivided the sellar type into incomplete
and complete patterns to provide greater anatom-
ical detail and improve surgical applicability. Ra-
diological studies have demonstrated the clinical
relevance of these variations for transsphenoidal
approaches, with complete sellar pneumatization
generally facilitating improved surgical access to
the pituitary region (Hammer and Radberg, 1961;
IIkéw et al., 2018; Dal Secchi et al., 2018). Detailed
radiographic analyses have also showed the com-
plex anatomical architecture of the sphenoid si-
nus and its surrounding structures (Wiebracht
and Zimmer, 2014; I1kéw et al., 2018).

The sella turcica represents an important ana-
tomical and cephalometric landmark within the
cranial base, and undergoes measurable morpho-
logical changes related to growth and craniofacial
development (Axelsson, 2004; Dal Secchi et al.,
2018). Variations in sellar morphology may reflect

developmental or adaptive processes of the skull
base. Axelsson et al. (2004) described several dis-
tinct sella turcica shapes, providing a systematic
framework for radiological and orthodontic eval-
uation. Understanding the relationship between
sphenoid sinus pneumatization and sellar mor-
phology is therefore relevant not only for anatom-
ical research but also for clinical imaging inter-
pretation and surgical planning.

Despite extensive literature describing sphe-
noid sinus pneumatization patterns, many previ-
ous studies have focused primarily on prevalence
or surgical accessibility. The relationship between
pneumatization patterns and detailed sellar mor-
phometric characteristics remains less clearly
defined, particularly with respect to potential in-
fluences of age and sex. A more comprehensive
evaluation of these relationships may contribute
to improved anatomical understanding and sup-
port risk assessment in clinical practice.

The aim of this study was to evaluate sphenoid
sinus pneumatization patterns and sella turci-
ca morphometry according to age and sex using
computed tomography, and to investigate poten-
tial associations between pneumatization sub-
types, sellar morphology, and sphenoid sinus pa-
thology.

MATERIALS AND METHODS

Ethical Approval

This retrospective study was conducted in com-
pliance with ethical guidelines and received ap-
proval from the Kocaeli Health and Technology
University Non-Invasive Clinical Research Ethics
Committee (Project No: 2025-127). The study pro-
tocol was reviewed and approved by the Institu-
tional Review Board (IRB), ensuring adherence to
ethical standards. All procedures were performed
in accordance with the ethical principles outlined
in the 1964 Helsinki Declaration and its subse-
quent amendments. To provide patient confiden-
tiality, all imaging data were anonymized before
analysis.

Patient Selection

This retrospective analysis involved the evalua-



tion of CT imaging data. A total of 2,687 CT scans
obtained from the Kocaeli City Hospital , Depart-
ment of Radiology, between 2022 and March 2024
were reviewed. The imaging data were initially
acquired for various diagnostic and therapeutic
purposes. Inclusion criteria consisted of patients
aged 18 years or older with optimal diagnostic
image quality, absence of motion artifacts, and no
history of surgical intervention involving the pi-
tuitary gland, sella turcica, or sphenoid sinuses.
In cases where anatomical landmarks were ob-
scured, images were excluded to maintain data
integrity. After applying these criteria, a final sam-
ple of 408 images was selected, comprising 208
male (50.98%) and 200 female (49.02%) patients,
with a mean age of 45.76 years (SD = 19.69).

Imaging protocols

CT images were acquired using a Revolution™
EVO/Optima™ CT660 CT Scanner (GE Healthcare,
USA). All scans were independently reviewed by
an Oral and Maxillofacial Radiologist and a Ra-
diologist to ensure diagnostic accuracy. Image
evaluation was performed in a standardized envi-
ronment using a dedicated workstation that facil-
itated simultaneous overlay viewing of CT images
in axial, sagittal, and coronal planes. Multiplanar
reconstruction (MPR) was used to obtain stan-
dardized sagittal images. The midsagittal plane
was defined by aligning the reconstruction along
midline anatomical landmarks, primarily the na-
sal septum and the clivus, to ensure consistent
orientation across all cases. Morphometric mea-
surements were then performed on the recon-
structed midsagittal images.

Morphometric and classification parameters

The classification of sphenoid sinus pneumati-
zation relative to the sella turcica was performed
according to the framework originally described
by Hammer and Radberg (1961) and later refined
in subsequent radiological studies. Pneumatiza-
tion patterns were categorized into four types:
conchal, presellar, incomplete sellar, and com-
plete sellar. The distinction between incomplete
and complete sellar pneumatization followed the
criteria described in the CT-based classification
proposed by Dogan et al. (2023). In cases where

pneumatization extended posteriorly to the cli-
vus, the pattern was classified as complete sellar
pneumatization.

The morphological assessment of the sella tur-
cica itself was conducted using the classification
described by Axelsson et al. (2004).

To ensure consistency in anatomical nomencla-
ture and avoid ambiguity in sinonasal terminol-
ogy, the anatomical terms used throughout this
study follow the recommendations of the Europe-
an Position Paper on the Anatomical Terminology
of the Internal Nose and Paranasal Sinuses (Lund
etal., 2014) (Fig. 1).

The morphological assessment of the sella tur-
cica was performed using the Axelsson classifi-
cation (Axelsson et al.,, 2004). Furthermore, the
posterior wall of the sella turcica was evaluated in
sagittal planes, where its length and width were
measured using specific anatomical landmarks
(Fig. 2a). The sagittal plane was aligned with the
midline of the CT scan. The anterior wall of the
sella turcica was selected as a reliable reference
point based on the findings of Lee et al. (2012),
as it remains structurally stable beyond the age
of 18. The measurement protocol involved deter-
mining the length of the anterior wall, identifying
its midpoint, and drawing a perpendicular line to
the posterior wall. The lateral width of the poste-
rior wall was then measured at this intersection.
For the vertical dimension, the distance from the
highest point of the posterior wall to the base of
the sella turcica was recorded.

In addition to morphometric assessments, an-
gular measurements (Fig. 2b) were conducted to
evaluate the inclination between the base of the
sella turcica and its posterior wall. Midsagittal
CT sections were used to ensure consistent an-
atomical reference across all cases. The base of
the sella turcica was defined as a line extending
between the tuberculum sellae anteriorly and the
dorsum sellae posteriorly, representing the infe-
rior margin of the sella floor. The posterior wall of
the sella turcica was delineated by a line extend-
ing vertically from the dorsum sellae towards the
superior margin of the hypophyseal fossa. The
angle was measured at the intersection of these
two lines, with the vertex located at the postero-
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inferior point of the sella turcica floor, where the
base transitions into the posterior wall. All angu-
lar measurements were performed digitally us-
ing the angle measurement tools of the dedicated
workstation software.

Sphenoid sinus pathologies were assessed us-
ing sagittal, axial, and coronal CT images for each
patient. The radiological evaluation focused on
the mucosal lining and internal architecture of
the sphenoid sinus to identify any abnormal find-

ings. Pathologies were classified into five catego-
ries based on imaging characteristics: no patholo-
gy, mucosal thickening, polypoid tissue, sinusitis,
and mucous retention cyst (Fig. 3) and the classi-
fication based on the systematic review of Razi et
al. (2022):

a. No pathological findings: The sinus exhibited
normal aeration with no mucosal abnormalities
or soft tissue densities.

b. Mucosal thickening: Defined as mucosal

Fig. 1.- CT images of sella turcica pneumatization subtypes in sagittal, coronal, and axial planes. (a—c) Conchal type: Pneumatiza-
tion is limited anterior to the sella turcica, with minimal sinus development. (d—f) Presellar type: Pneumatization extends to the
anterior wall of the sella turcica but does not reach its floor. (g—i) Incomplete sellar type: Pneumatization partially extends beneath
the sellar floor, not reaching the posterior wall. (j-1) Complete sellar type: Pneumatization fully extends beneath the sellar floor and
beyond the posterior wall. Each row illustrates sagittal (left), coronal (middle), and axial (right) views of the respective pneumati-

zation type.



thickening >2 mm, consistent with thresholds
used in the literature to distinguish pathological
thickening from physiological variation. This in-
cluded focal or diffuse mucosal elevation without
mass effect or fluid levels (Fig. 3a).

c. Polypoid tissue: Localized, non-cystic muco-
sal protrusions into the sinus cavity with irregular
or lobulated borders, distinguishable from mu-
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cous retention cysts by their sessile morphology
and lack of a defined dome shape (Fig. 3b, c).

d. Sinusitis: Identified by the presence of air-flu-
id levels, complete or near-complete sinus opaci-
fication, and/or thickened mucosa with inflam-
matory characteristics, consistent with acute or
chronic sinus infection (Fig. 34, €, f).

e. Mucous retention cyst: Diagnosed as a

Fig. 2.- Sagittal CT images demonstrating morphometric and angular measurements of the sella turcica. (a) Measurement of the
width (purple line) from the midpoint of the anterior wall, perpendicularly intersecting the posterior wall. Reference lines (orange)
indicate anatomical alignment; green line shows the height from the superior point of the posterior wall to the base (yellow line).
Asterisk (*) indicates mucosal thickening within the sphenoid sinus. (b) Measurement of the angle between the posterior wall and

the base of the sella turcica.

Fig. 3.- CT images of sphenoid sinus pathologies in sagittal, coronal, and axial planes. (a) Mucosal thickening visible along the sphe-
noid sinus wall in sagittal section. (b—c) Polypoid tissue appearing as focal soft tissue density in the sinus cavity on coronal (b) and
axial (c) sections. (d—f) Sinusitis characterized by air-fluid levels and opacification in sagittal (d), axial (e), and coronal (f) views. (g)
Mucous retention cyst shown as a well-defined, dome-shaped lesion arising from the mucosa in sagittal CT section.
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well-defined, dome-shaped, non-enhancing, ho-
mogeneous soft tissue opacity arising from the
sinus mucosa. The lesion lacked bony remodeling
or aggressive features and was distinct from pol-
ypoid thickening (Fig. 3g).

The classification was performed by an experi-
enced oral and maxillofacial radiologist through
consensus. Any ambiguous findings were exclud-
ed from analysis to ensure diagnostic accuracy.
This categorization allowed for a systematic as-
sessment of sphenoid sinus health and its poten-
tial associations with anatomical variations in the
sella turcica.

Intra-Observer reliability assessment

To assess intraobserver reliability, a randomly
selected subset of 37 CT scans was re-evaluated
by the same observer one month after the initial
measurements. The Cohen’s Kappa coefficient for
the classification of sella turcica pneumatization
types was calculated as 0.645, with substantial
agreement for categorical assessments. For con-
tinuous morphometric parameters, intraclass
correlation coefficients (ICC) were calculated.
The ICC values demonstrated excellent reliability
for all measurements: 0.924 for width, 0.980 for
height, and 0.946 for angle measurements, which
confirm a high level of intraobserver consistency.

Statistical analysis

All statistical analyses were conducted using
Python (pandas, scipy.stats libraries). The signif-
icance level was set at p < 0.05, and all tests were
two-tailed. Descriptive statistics (mean, standard
deviation, minimum, and maximum) were cal-
culated for continuous variables including age,
width, height, and angle. Categorical variables
such as gender, sellar pneumatization subtype,
and sphenoid sinus pathologies were summa-
rized using frequency counts and percentages. To
assess relationships between variables, statistical
tests were used. One-way Analysis of Variance
(ANOVA) was used to compare continuous vari-
ables across multiple categorical groups. Indepen-
dent Samples t-tests were performed for pairwise
comparisons between gender (binary categorical
variable) and continuous variables such as width,
height, and angle. Pearson correlation coefficients

(r) were calculated to evaluate linear relationships
between continuous variables (e.g., age vs width,
width vs height). Chi-square (x?) tests of inde-
pendence were applied to assess associations be-
tween categorical variables (e.g., gender vs sphe-
noid sinus pneumatization, gender vs sphenoid
sinus pathologies). To account for potential con-
founding, additional multivariable analyses were
performed. Separate multivariable linear regres-
sion models were constructed for posterior wall
width, height, and angle as dependent variables,
with age, sex, sphenoid sinus pneumatization
subtype, and sphenoid sinus pathology entered as
independent variables. In addition, multinomial
logistic regression analysis was used to evaluate
independent predictors of pneumatization sub-
type, with complete sellar pneumatization used as
the reference category and age and sex included
as covariates. Regression coefficients (3), odds ra-
tios (OR), 95% confidence intervals, and p values
were reported. A post hoc sensitivity power anal-
ysis was conducted using the final sample size of
408 patients. At a significance level of 0.05, the
study had 80% power to detect an effect size of ap-
proximately f2 = 0.038 in the multivariable linear
regression models, indicating adequate statistical
power for detecting small-to-moderate effects. A
p-value less than 0.05 was considered statistically
significant for all tests.

RESULTS

Atotal of 408 patients (200 females [49.2%], 208
males [50.98%]) were included in the final analy-
sis. The age of participants ranged from 18 to 94
years, with a mean age of 45.76 years (standard
deviation [SD] = 19.69).

Sphenoid sinus Pneumatization Types

The classification of sphenoid sinus pneuma-
tization revealed that the incomplete sellar type
was the most prevalent (n = 169; 41.42%), fol-
lowed closely by the complete sellar type (n =
165; 40.44%). The presellar type was identified in
61 cases (14.95%), and the conchal type was ob-
served in 13 cases (3.19%).

The mean age for each pneumatization subtype
was highest in the conchal type (53.54 years, SD =
19) and lowest in the complete sellar type (43.27



years, SD = 19.82). There was no statistically sig-
nificant relationship between age and the type of
sphenoid sinus pneumatization (p = 0.0699). Gen-
der distribution showed a significant difference
(p = 0.0439) in the prevalence of pneumatization
subtypes: incomplete sellar pneumatization was
more common in females (46%) than in males
(37%), whereas complete sellar pneumatization
was more common in males (47.1%) than in fe-
males (33.5%) (Table 1). To evaluate whether the
observed associations were independent of poten-
tial confounding factors, multivariable regression
analyses were performed. In the adjusted linear
regression model for posterior wall height, age re-
mained a significant independent predictor, with
increasing age associated with lower height (8 =
-0.0346, p < 0.001). Compared with the complete
sellar type, the conchal type was associated with
lower posterior wall height (3=-1.458, p = 0.033).
Relative to the mucosal thickening group, greater
posterior wall height was observed in cases with
polypoid tissue (3= 1.700, p = 0.007) and mucous
retention cysts (3= 2.164, p = 0.045). Sex was not
independently associated with height.

In the adjusted model for posterior wall width,
increasing age was associated with lower width (B
= -0.0086, p = 0.016), whereas male sex was as-
sociated with greater width (3= 0.456, p = 0.001).
The conchal subtype also showed lower width
than the complete sellar subtype (8 = -0.815, p =
0.046). No independent association was found be-
tween pathology group and width.

In the adjusted model for angle, age remained a
significant independent predictor (3= 0.0987, p =
0.009), whereas sex, pneumatization subtype, and

pathology group were not significant. Multino-
mial logistic regression analysis, using complete
sellar pneumatization as the reference category,
demonstrated that male sex was associated with
lower odds of incomplete sellar pneumatization
(OR = 0.57, p = 0.012), while increasing age was
associated with higher odds of presellar pneu-
matization (OR = 1.016 per year, p = 0.034). After
adjustment for covariates, the direction of the as-
sociation between age and posterior wall height
differed from the univariate correlation, indicat-
ing the presence of confounding effects.

Morphometric measurements

Descriptive analysis of morphometric param-
eters of the posterior wall of the sella turcica
are evaluated with measurements of width and
height in sagittal sections. Width ranged from
0.6 mm to 7.76 mm, with a mean of 2.95 mm (SD
= 1.43). Height ranged from 3 mm to 16.7 mm,
with a mean of 8.01 mm (SD = 2.49). Age showed
a significant positive correlation with the width
(p = 0.0125), height (p < 0.0001), and angle (p =
0.0068) of the posterior wall of the sella turcica.
Angular measurements between the base and
posterior wall of the sella turcica demonstrated a
minimum angle of 67.6°, a maximum of 150.4°,
and a mean angle of 112.82° (SD = 14.87). A sta-
tistically significant difference in posterior wall
width was found between genders (p = 0.0008),
with males exhibiting a greater mean width than
females. However, there were no significant dif-
ferences between genders regarding posterior
wall height (p = 0.2825), angle measurements (p
=0.1625) (Table 2).

Table 1. Distribution of sella turcica pneumatization types by frequency, mean age, and gender

Sella Pneumatization Type n

Conchal 13
Presellar 61
Incomplete sellar 169
Complete sellar 165

Table 2. Descriptive analysis of morphometric measurements of the posterior wall of the sella turcica

Min (mm)
Width of the posterior wall of sella turcica 0.6
Height of the posterior wall of the sella turcica 3

Gender (n)
% Mean Age (SD)
Female Male
3.19 53.54 (19) 8 5
14.95 49.56 (20.44) 33 28
41.42 46.23 (19.08) 92 77
40.44 43.27 (19.82) 67 98
Max (mm) Mean (mm) SD
7.76 2.95 1.43
16.7 8.01 2.49
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No statistically significant differences were
found between the sphenoid sinus pneumatiza-
tion types and morphometric parameters, includ-
ing posterior wall width (p = 0.0619), height (p =
0.0656), and angle (p = 0.2087). Regarding mor-
phometric correlations, there was a significant
positive correlation between width and height of
the posterior wall (p = 0.0251), indicating that an
increase in width is accompanied by an increase
in height. A positive correlation was also observed
between width and angle measurements (p =
0.0053), suggesting that greater widths are asso-
ciated with larger angles between the base and
posterior wall of the sphenoid sinus.

Sphenoid sinus pathology

Among the 408 cases evaluated, 245 patients
(60.05%) exhibited no pathological findings in
the sphenoid sinus. The most common patholog-
ical finding was mucosal thickening, observed in
129 cases (31.62%). Additional findings included
polypoid tissue in 16 cases (3.92%), sinusitis in
13 cases (3.19%), and mucous retention cysts in
5 cases (1.23%). No significant association was
observed between age and the presence of sphe-
noid sinus pathology (p = 0.6102), and gender
and presence of sphenoid sinus pathology (p =
0.3693). No significant association was observed
between pneumatization type and the presence of
sphenoid sinus pathology (p = 0.3938).

Width was not significantly associated with
sphenoid sinus pathology (p = 0.9628). However,
posterior wall height demonstrated a statistically
significant difference across different sphenoid
sinus pathology groups (p = 0.0024). Individuals
with polypoid tissue and mucous retention cysts
exhibited notably greater posterior wall height,
while patients with sinusitis showed the lowest
average height. These findings suggest a potential
relationship between posterior wall morphology
and specific sphenoid sinus conditions. No signif-
icant correlation was identified between posterior
wall height and angle measurements (p = 0.4634).

DISCUSSION

The sphenoid bone originates from the parax-
ial mesoderm and neural crest during the first
month of gestation (Tubbs et al., 2007). The de-

velopment of the sphenoid sinus begins between
the 3rd and 4th months of prenatal life through
the bilateral invagination of the nasal mucosa into
the cartilaginous cupular recesses within the na-
sal cavity (Scuderi et al., 1993; Cho et al., 2010).
At birth, the sphenoid sinus is not pneumatized
and contains bone marrow. During childhood,
the marrow within the sphenoid bone gradually
transforms from red to yellow marrow as pneu-
matization progresses (Scuderi et al., 1993). The
sinus expands inferiorly and posterolaterally
without crossing the spheno-occipital synchon-
drosis. Several studies suggest that the major
phase of sphenoid sinus pneumatization occurs
during childhood and adolescence, although sub-
tle remodeling may continue into early adulthood
(Lee et al., 2012; Carter et al., 1999).

In the present study, individuals younger than
18 years were excluded to obtain a relatively ho-
mogeneous adult sample and to minimize devel-
opmental variability in sphenoid sinus anatomy.
Although some studies indicate that pneumatiza-
tion may continue into the early twenties (Carter
et al., 1999), the majority of anatomical develop-
ment is generally completed by late adolescence.
Therefore, restricting the sample to adult patients
allowed a more consistent evaluation of sphenoid
sinus morphology and sellar measurements.

The sphenoid sinus has traditionally been clas-
sified according to the degree of pneumatization
relative to the sella turcica. Early classifications
described conchal, presellar, and sellar types
based on the extent of sinus aeration within the
sphenoid bone (Carter et al., 1999). Later studies
subdivided the sellar type into incomplete and
complete patterns, providing greater anatomical
detail and clinical relevance for transsphenoidal
surgical approaches (Cho et al., 2010; Gibelli et
al., 2017). In the present study, sphenoid sinus
pneumatization was categorized into four sub-
types: conchal, presellar, incomplete sellar, and
complete sellar. This approach reflects common-
ly used radiological classifications and allows a
more detailed evaluation of anatomical variabili-

ty.
The distribution of pneumatization types ob-

served in this study is broadly consistent with
previous reports. The sellar pattern has been re-



ported to occur in approximately 59-86% of indi-
viduals (Carter et al., 1999; Cho et al., 2010; Battal
et al,, 2014). In a study by Tomovic et al. (2013),
the conchal type was observed in 1.8% of cases,
the presellar type in 7.3%, and the sellar type in
90.9%. Similarly, Lu et al. (2011) reported con-
chal, presellar, and sellar types in 6%, 28.5%, and
65.5% of patients, respectively. Tahmasbi-Arash-
low et al. (2015) reported conchal pneumatization
in 1.8%, presellar pneumatization in 7.3%, and
sellar pneumatization in 91% of cases, with the
sellar group further subdivided into sellar and
postsellar subtypes.

Cadaveric studies have also demonstrated a
predominance of the sellar pattern in adult popu-
lations (Cho et al., 2010). The findings of the pres-
ent study are therefore consistent with the gener-
al trend reported in the literature.

Sex-related differences in pneumatization pat-
terns were observed in this study, with incomplete
sellar pneumatization more frequent among fe-
males and complete sellar pneumatization more
common among males. Similar differences have
been reported in previous anatomical investiga-
tions of the sphenoid sinus and skull base struc-
tures (Aoki et al., 1989; Cho et al., 2010; Ozenen
Keskek et al., 2021). Although the biological mech-
anisms underlying these differences remain un-
clear, they may reflect broader variations in cra-
niofacial growth patterns, hormonal influences on
bone remodeling, or differences in cranial base
morphology between sexes. After multivariable
adjustment, several associations observed in uni-
variate analyses were attenuated, indicating that
age and sex acted as important confounding fac-
tors. Nevertheless, age remained independently
associated with sellar morphometric parameters,
and male sex remained independently associated
with posterior wall width. In addition, posterior
wall height remained independently associated
with certain sphenoid sinus pathology categories,
suggesting that this relationship was not solely
explained by demographic differences. The pres-
ent study also demonstrated significant correla-
tions between age and posterior wall dimensions.
Significant correlations were observed between
age and posterior wall dimensions, suggesting
that sellar morphology may continue to undergo

subtle changes during adulthood.

Such changes likely represent long-term re-
modeling of cranial base structures rather than
pathological alterations. The observed positive
correlations between posterior wall width, height,
and angular measurements further support the
concept that these anatomical parameters are in-
terrelated components of sellar morphology.

An additional finding of this study was the ob-
served difference in posterior wall height among
patients with different sphenoid sinus pathology
categories. However, this association should be
interpreted cautiously. Many mucosal findings
detected on CT imaging, including mucosal thick-
ening or small retention cysts, are frequently re-
ported as incidental radiologic findings in asymp-
tomatic individuals (Razi et al., 2022). Therefore,
the observed differences in sellar wall morphology
may not necessarily indicate a causal relationship
with sinus pathology. Instead, they may reflect co-
incidental anatomical variation or imaging-based
detection of incidental mucosal changes. Further
studies would be required to determine whether
any true anatomical relationship exists between
sphenoid sinus mucosal conditions and sellar
morphology.

From a clinical perspective, detailed knowledge
of sphenoid sinus pneumatization patterns and
sellar morphology remains important for sur-
gical planning. The sphenoid sinus lies in close
proximity to critical neurovascular structures,
including the optic nerve, internal carotid artery,
and cavernous sinus. Variations in sinus aeration
may alter the spatial relationships between these
structures and influence surgical accessibility
during endoscopic or transsphenoidal proce-
dures (Lee et al., 2012; Ilkéw et al., 2018). Com-
puted tomography remains the most reliable im-
aging modality for evaluating these relationships
because of its high spatial resolution and ability to
depict fine osseous anatomy (Tahmasbi-Arashlow
et al.,, 2015; Ozenen Keskek et al., 2021).

Several limitations of the present study should
be considered when interpreting the results. First,
the study was conducted using a hospital-based
retrospective sample, which may introduce se-
lection bias, because imaging was obtained for
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clinical indications rather than population-based
screening. Second, although the sample size was
relatively large, some subgroups (particularly
certain sinus pathology categories) contained rel-
atively small numbers of cases, which may lim-
it statistical power for subgroup comparisons.
Third, the study population consisted of patients
from a single geographic region, and therefore
the results may not fully reflect ethnic or popu-
lation-specific anatomical variability. Previous
studies have suggested that craniofacial and sin-
onasal anatomy may vary across different popula-
tions (Lu et al., 2011; Ozenen Keskek et al., 2021).
Finally, as with all imaging-based morphometric
studies, minor measurement variability related
to slice orientation and anatomical interpretation
may occur despite standardized imaging pro-
tocols. Although the intraobserver agreement for
pneumatization classification was substantial (x
= 0.645), borderline anatomical configurations
between incomplete and complete sellar pneu-
matization may introduce subjective interpreta-
tion. Transitional morphology and the complex
three-dimensional anatomy of the sphenoid si-
nus may contribute to variability in classification,
particularly when posterior sinus extension ap-
proaches the clivus without clearly crossing ana-
tomical landmarks.

In conclusion, this study demonstrates that
sphenoid sinus pneumatization patterns and
sellar morphometric characteristics exhibit sub-
stantial anatomical variability in an adult popula-
tion. While certain demographic and anatomical
associations were identified, the relationships
between sinus mucosal findings and sellar mor-
phology should be interpreted cautiously because
many radiological findings may represent inci-
dental variations. Continued investigation in larg-
er and more diverse populations may help clarify
the anatomical and clinical significance of these
observations
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