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Introduction
The sphenoid sinus (SS) is one of the highly variable
pneumatised structure located between the anterior and
middle cranial fossa of the skull.1 It is deeply situated within
the body of the sphenoid, and divided by an intersinus
septum into right and left air-filled cavities that are variable
in size and often asymmetrical.2 In addition, it shows
variations in terms of its degree of pneumatisation and
relationship with surrounding neurovascular structures, like
the internal carotid artery (ICA) and the optic nerve (ON).3
As the extent of pneumatisation into the surrounding
structure increases, the size of sinus cavity also increases.
This makes the nearby critical neurovascular structures
more vulnerable to harm during endoscopic sinus
procedures.4

The significance of anatomical research on SS is evident by
the close correlation of these air cavities with essential vital
neurovascular structures, like ICA and ON.5,6 In cases of
extended pneumatisation, these structures may protrude

into the sinus cavity, sometimes with the absence of bony
separation. In such situations, these structures are at high
risk of injury at some point of trans-sphenoidal surgical
methods, resulting in catastrophic outcomes.7,8

With advancements in endoscopic trans-sphenoidal
surgery (ETS), the SS has gained special importance. It is
not only approached to treat the diseases within the SS, but
is also a choice of treatment modality for intrasellar and
tumours of the skull base, like pituitary adenomas,
chordomas, meningiomas and craniopharyngiomas.9,10 The
ETS is increasingly used due to its minimal invasiveness,
better visualisation and low rate of complications
compared to the traditional transcranial route.11 Therefore,
a detailed knowledge of variable anatomy of SS has
acquired a special importance in planning and managing
surgical procedures.

The sphenoid volume (Sv) is significantly related to SS’s
pneumatisation pattern,12 septation pattern13,14 and
protrusions of ICA and ON.15 While some studies have
employed three-dimensional (3D) models,12,13 several
investigations have used two-dimensional (2D) computed
tomography (CT) scans to estimate the sinus volume using
various formulas.16,17

The frequency of ICA and ON protrusions have been
reported in diverse global3,6,8,9,10,15 and local studies.18,19

The current study was planned to investigate the critical
relationship of Sv with ICA and ON protrusion.
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Patients and Methods
The cross-sectional study was conducted from October
2020 to February 2021 at the Department of Radiology,
Dow University of Health Sciences (DUHS), Karachi. After
approval from the institutional ethics review board, The
sample size was calculated using OpenEpi20 calculator
while keeping the prevalence of paranasal sinus (PNS)
variants at 52% 21 with 80% power and 95% confidence
level. To increase the study power, the sample size was
magnified by >10%.

The sample was raised using convenience sampling
technique. Those included were male and female subjects
aged 20-60 years with no SS bony abnormality; and with
the complaint of headache, mild sinusitis, retention cysts
or abnormalities of sinuses other than SS. Patients with
chronic rhinosinusitis, sinonasal tumours, nasal polyposis,
facial fractures, prior sinus surgery, and congenital
craniofacial abnormalities were excluded.

After taking informed consent, the patients were subjected
to CT PNS scans (Optima 660, 64-slice CT scanner General
Electric Healthcare Computed Tomography system –
California, United States), utilising 3mm slice thickness with
scan parameters of kV120, 0.5s rotation time and 60-220mA
in both bone and soft tissue algorithms. A plane parallel to
the hard palate from the upper dental arch to the roof of
frontal sinus was taken to obtain axial sections. The coronal
and sagittal images were obtained by multiplanar
reconstructions performed with Digital Imaging and
Communications in Medicine (DICOM) which is the
international standard for the digital storage, processing,
printing and presentation of medical imaging information
and reporting was done through the Health Information
and Management System (HIMS) which is a programme to
organize and record medical data. A specialist radiologist
performed a thorough examination of the scans.

In each scan, the morphology of SS was thoroughly
assessed, with special emphasis paid to bony protrusions
of ICA and ON into the sinus cavity. In axial and coronal
sections, protrusion was defined as indentation to the
presence of >50% circumference of structure in the sinus
cavity.7,22 Craniocaudal height, width and anteroposterior
length were measured in the sagittal and axial planes for
volumetric measures. All measurements were taken at the
sinus's maximal dimensions. The volume was computed by
multiplying height*width*length by 0.52.16 To investigate
the relationship between volume and ICA and ON
protrusion, the sample was divided into four groups: Group
1 had no protrusion, Group 2 had ON protrusion, Group 3
had ICA protrusion, and Group 4 had protrusions of both
ON and ICA.

Data was analysed using GraphPad Prism 9. Quantitative
data was expressed as mean±standard deviation, while
qualitative variables were expressed as frequencies and
percentages. Shapiro-Wilk test was used to determine data
normality. ON protrusion data was not normally
distributed. Student's t-test was used to determine the
difference between volume and gender, while one-way
analysis of variance (ANOVA) was used to evaluate Sv in the
four groups of protrusions. Tukey’s Honest Significant
Difference (HSD) was used for post-hoc analysis. P<0.05
was considered significant.

Results
Of the 300 subjects, 171(57%) were males and 129(43%)
were females. The overall mean age was 39.27±10.9 years.
The male sinuses presented a larger Sv 11.01±3.5cm³
compared to females 7.70±2.13cm³ (p<0.0001). There were
147(49%) subjects in group 4, followed by 72(24%) in group
3, 42(14%) in group 2 and 39(13%) in group 1 (Figure 1).
Statistically significant difference was observed between
Sv across the study groups for both male and female
subjects (Table).
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Figure-1: Axial and coronal views of examples from the four groups of subjects. (A)
Group 1 without any protrusion; (B) Group 2 protrusion of optic nerve
(ON); (C) Group 3 protrusion of internal carotid artery (ICA); and 
(D) Group 4 protrusions of both ICA and ON.White arrows show ICA 
and black arrows show ON.
SS: Sphenoid sinus.
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Sv was significantly higher in group 3 and group 4 patients
than in the other groups (p<0.05). There was significant
difference in volume (p<0.001) between groups 1 and 3,
and between groups 2 and 4 (p=0.001). No significant
difference in Sv was observed between groups 1 and 2 and
between groups 3 and 4 (p>0.05) (Figure 2).

Discussion
To the best of our knowledge, the current study was the
first to explore the association between Sv and protrusion
of ON and ICA in a subset of the Pakistani population.

Sv was traditionally considered challenging air cavities for
the surgeon due to its deep placement in the skull. The
high variability in the size and pneumatisation type has the
potential to endanger surrounding vital neurovascular
structures, like ICA and ON.5,6 These structures are at high
risk of iatrogenic injury resulting in intracranial bleeding,
fatal haemorrhage and visual deficit to complete
blindness.8,9

With the progressive diffusion of ETS and modern imaging
techniques, these air cavities have gained significant
importance in surgery. SS represents the basilar route for
approaching lesions of pituitary gland as well as tumours
involving skull base, parasellar region, cavernous sinus,
clivus, and petroclival region.9 For these reasons, the

knowledge about anatomical variants of SS is essential for
accurate surgical planning, and to minimise intrasurgical
and postsurgical complications.

Sv is an important parameter for determining anatomical
variants of SS and subsequent surgical planning. Significant
difference (p<0.001) observed between mean values of
males and females in the current study indicates that Sv
might be used for evaluation of sexual dimorphism, which
is consistent with earlier findings.12, 23,24 However, Yonetsu
et al. and Oliveria et al. reported no significant association
between gender and Sv.17,25 Apart from the association of
Sv with protrusion of ON and ICA, it is also related to a
number of intersinus septa and risky septal insertion on
bony walls of ON and ICA.13,14

The presence of relationship between Sv and ON/ICA
protrusion may be justified by the presence of protrusion
of these vital structures in cases of extended
pneumatisation of SS.2,5,7 It is also supported by the fact
that during development, as the sinus cavity expands, it
comes into intimate relationship with ON and ICA.26 The
finding of significant association between Sv and different
groups of protrusion of ON and ICA (p<0.001) is consistent
with earlier findings.15

The current results revealed that Sv was higher in subjects
with combined protrusion of ON and ICA or in sinuses with
ICA protrusion alone. However, there was no difference in
Sv with ON protrusion and without any protrusion, which
means that isolated ON protrusion was independent of Sv.

The results are of great importance from a surgical point of
view as they highlight the fact that ICA protrusion can be
encountered in sinuses with larger volume and extended
pneumatisation, whereas ON protrusion can be present in
sinuses with smaller volume. Hence, the protrusion of ON
is more fortuitous than ICA protrusion, and should be
verified carefully in all cases on preoperative CT scans to
avoid any complications.

The presence of protrusion of neurovascular structures into
the SS is not only influenced by extended pneumatization
alone but also by other variants such as the position of ON
and their respective orientation. Therefore, it is
recommended to perform future studies to verify if the
same phenomenon may be shared by other neural
structures often protruding into the sphenoid sinus like
maxillary and vidian nerves.

The present study has several limitations as it was
conducted at a single centre. A multi-centre study with a
large sample size is recommended to obtain generalizable
results. Also, there should have been a confirming
endoscopic correlation with CT images because the
prevalence of surgical complications is unknown.
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Figure-2: Post-hoc Tukey’s Honest Significant Difference (HSD) analysis of
relationship of sphenoid volume with optic nerve (ON) and internal
carotid artery (ICA) protrusions. There were significant difference in cross-
comparisons.

Table: Relationship of sphenoid volume with protrusion of optic nerve and internal
carotid artery.

Variable Group 1 Group 2 Group 3 Group 4 ANOVA
(n=39) (n=42) (n=72) (n=147) p-value

13% 14% 24% 49%
Mean ±SD Mean ±SD Mean ±SD Mean ±SD

Volume (cm3)
Males 8.34±3.68 9.18±2.44 11.92±2.10 13.36±2.15 <0.001*
Females 7.06±2.0 7.8±1.74 9.0±1.74 9.75±1.67 <0.001*

SD: Standard deviation; ANOVA: Analysis of variance. 



Conclusion
There was a significant relationship between Sv and
protrusions of ICA and ON. Large sinuses increased the
likelihood of ICA and ON protrusions, making these
sensitive structures vulnerable to iatrogenic injury during
trans-sphenoid surgical procedures. Hence, a detailed CT
sinus examination is strongly recommended prior to trans-
sphenoidal surgical procedure.
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