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Computerized tomography (CT) of the skull base region
has become an indispensable tool for endoscopic sino-
nasal surgery.

Objectives: Fundamental knowledge of the sinus anat-
omy is crucial for preoperative surgical planning. The aim
of this research was to evaluate associations between the
anatomical variations sphenoidal sinuses and chronic
rhinosinusitis (CRS) by using CT.

Methods: A descriptive study was performed on patients
with CRS, who were referred to the department of radi-
odiagnosis and imaging for CT scanning. Parameters
were compared between the study and control groups.

Results: Among the anatomical variations, the presence
of bilateral accessory septa within the sphenoidal sinus,
and dehiscence and protrusion of the internal carotid ar-
tery and optic nerve (ON), were high in men and women in
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the case group compared with the control group. Among
the anatomical variations in the sinonasal region of the
male participants, a significant association (p < 0.05) was
observed with ON protrusion and ON dehiscence. ON
protrusion (OR = 2.168) in men was associated with
elevated risk of CRS in the study population.

Conclusion: Knowledge of the anatomical variations in
sk the sphenoid si bles bett derstandi f th
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limits of surgical dissection during the treatment of
sphenoid sinus surgeries.

Keywords: Anatomical variations; Chronic rhinosinusitis
(CRS); Computerized tomography scan; Internal carotid
artery; Optic nerve; Sphenoid sinus
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Introduction

Chronic rhinosinusitis (CRS) is defined as inflammation of
the paranasal sinuses (PNSs) and their respiratory mucosa
lining lasting for at least 12 weeks despite medical treatment.
CRS involves repeated bouts of acute infection or persistent
chronic inflammation of the sinuses. The etiology can involve
anallergy trigger, or a viral, fungal or bacterial infection. 2 The
health of the sinuses is directly associated with the state of the
osteomeatal openings. CRS interferes with the drainage and
retention of mucus secretions. The most important causes
of CRS are failure of resolution of acute infection and
incomplete clearance of mucociliary secretions, as a result of
obstruction.”

Conventional radiography has minimal value for
drainage pathways, because the sinus walls are obscured by
overlying structures. Standard radiological images are no
longer recommended in the diagnosis of CRS, because of
their poor specificity and sensitivity.4 Computerized
tomography (CT), the most precise technique available for
PNS imaging, displays the bone, soft tissue and air in three
dimensions.”

The sphenoidal air sinuses are two large irregular cavities
separated by an intersphenoid septum located deep in the
middle cranial fossa. Each sinus opens into a sphe-
noethmoidal recess. These sinuses are the least accessible of
all PNSs. Septal number and location are important during
endoscopic transnasal surgical procedures.’

Sphenoidal air sinuses relations are the pituitary fossa
superiorly, cavernous sinus and its contents bilaterally and
inferiorly choana, anteriorly by the ethmoidal complex, and
posteriorly by the clivus.® The lateral walls contain vital
structures such as the internal carotid artery (ICA), optic
nerve (ON), maxillary nerve, Vidian nerve, orbit and its
contents, cavernous sinus and anterior cranial fossa.”®
The ICA runs along the posterolateral wall of the
sphenoidal sinus cavity. The ON is the second cranial
nerve that runs from the orbital cavity through the optic
canal to the middle cranial fossa over the roof of

sphenoidal sinus cavity. Extensive pneumatization of the
sinuses exposes the neurovascular bundle to the sinus
cavity. The ICA and ON are exposed as they run through
the sphenoidal sinus cavity, because of the absence of
protective osseous walls.

Variations in the dehiscence or protrusion of the ICA and
ON are important for surgeons performing trans-sphenoidal
surgeries, to avoid fatal hemorrhage due to a ruptured ICA
within the sphenoid sinus. Great caution is required during
removal of the sinus septa, which are anchored to the ICA or
ON walls. Detailed assessment of the presence, number and
location of sinus septa is crucial to avoid iatrogenic mor-
bidities during surgery.

Fundamental knowledge of the sinus anatomy is crucial
for preoperative surgical planning. The aim of this research
was to evaluate associations between anatomical variations
in the sphenoidal sinuses and CRS by using CT scans.

Materials and Methods
Study design

The participants in the present study were patients at the
department of radiodiagnosis and imaging at our institu-
tion. CT scans were performed as part of routine clinical
evaluation for diagnostic purposes. Data were collected
from the CT images of the referred patients. Informed
consent was obtained from the patients willing to partici-
pate in the study.

This observational case control study (n = 800) was
conducted in south India. Patients were categorized into a
case group (n = 400) and a control group (n = 400), each
comprising male (n = 200) and female (n = 200) participants
18—65 years of age.

Participants

The 800 patients were divided according to their diagnosis
into 400 patients in the case group and 400 patients in the
control group. Each group comprised 200 men and 200
women. The patients were between the ages of 18 and 65
years. The case group comprised patients clinically diag-
nosed with CRS that did not respond to medical treatment
for more than 12 weeks. These patients were referred for
radiological assessment by the ear, nose and throat depart-
ment. The control groups were selected from patients
without CRS, neurological, ophthalmological or neck
pathologies.

Inclusion criteria. Patients clinically diagnosed with CRS
were included in the study in the case group. The
controls were selected from patients with non-ENT
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conditions referred from the departments of neurology or
ophthalmology for headache, neck related diseases such as
cervical pain, neurological diseases or other orbital
pathologies.

Exclusion criteria. Patients with a history of previous endo-
scopic sinus surgery, patients with chronic sinusitis
responding to medical management and patients not con-
senting to participate in the study were excluded. Patients
with a diagnosis of nasopharyngeal tumors, polyps or pre-
vious facial corrective surgeries with alteration of the PNS
anatomy were excluded. In addition, patients with copious
discharge, extensive fungal masses, or benign or malignant
tumors of the sinonasal mucosa were excluded from the
study.

Case group: Patients clinically diagnosed with CRS not
responding to medical treatment for more than 12 weeks
were included in the case group.

Control group: Patients without CRS referred for
neurological, ophthalmological or neck pathologies were
selected for inclusion in the control group.

Methods

A CT scanner (Somatom Spirit (79627), Siemens AG,
Germany) was used to identify the anatomical variation
in the sinonasal region among participants. The machine
was a spiral CT scanner collecting multiple slices. The
anatomical variations in the nasal cavity and PNS, ac-
cording to the CT scans, comprised accessory sphenoidal
sinus septa, and protrusion and dehiscence of the ICA and
ON.

The anatomical variation in the sphenoidal sinuses is
shown in Figure la—d. Accessory septa of the sphenoidal
sinuses were defined by the presence of accessory septa
within the sphenoidal sinus. Chougule and Dixit have
reported that these septa run in both directions, either in
transverse or in vertical orientation.” The accessory septa
within the sphenoidal sinuses appeared as complete or
incomplete septa dividing the sinus cavity into unequal
portions.

The ICA was seen in both axial and coronal slices of the
CT scans. ICA protrusion was defined as the protuberance
of the ICA into the sphenoidal sinus cavity with more than
half the circumference. ICA dehiscence referred to absence
of the bony wall separating the ICA from the sphenoidal
sinus. '’

The ON is the second cranial nerve that runs from the
orbital cavity to the middle cranial fossa through the optic
canal. Extensive pneumatization of the sinus cavity

surrounds the optic canal, thus making the nerve promi-
nently protrude into the sinus region.

ON protrusion is produced by indentation of the ON
along the anterosuperior aspect of the sphenoidal sinus
roof.'” ON dehiscence was defined as dehiscence of the bone
covering the ON along the walls of the sphenoidal sinus, as
described by Al-Tameemi et al.!!

The denudation of the bony covering of the ON led
to exposure of the nerve in the sphenoidal sinuses
(Figure 1b). Bilateral anterior clinoid process (ACP)
pneumatization and exposure of the ON were clearly
seen (Figure 1b).

Bilateral protrusion of the ON and ICA into the right
and left sphenoidal sinuses was observed (Figure Ic). The
ICA runs along the posterolateral wall of the sphenoidal
sinus cavity. The ICA and ON are exposed as they run
through the sphenoidal sinus cavity, owing to the
absence of protective osseous walls. Bilateral protrusion
of the ON was visualized in the reconstructed axial
image with the attachment of the accessory sphenoidal
septum.

The osseous wall encasing the ICA at the point of passage
through the sphenoidal sinus became partially or completely
dehiscent because of extensive pneumatization (Figure Ic
and d).

Statistical analysis

Data analysis was performed in SPSS (version 21)
package. Descriptive statistics was evaluated on the
basis of means, percentages and standard deviations.
Inferential statistics was applied with chi-square test for
qualitative variables to test the significance of associations
between anatomical PNS variation and CRS. The associ-
ations between CRS and the presence of anatomical PNS
variation are reported as odds ratios with 95% confidence
intervals.

Results

The distribution of anatomical variation in the sphenoidal
sinus was identified with CT scans among the male and fe-
male participants, as shown in Tables 1 and 2, respectively.

Associations between the anatomical variation in the
sinonasal region and mucosal thickening among the male
and female participants are shown in Tables 3 and 4,
respectively.

Assessment of the risk of development of CRS among
male and female participants, on the basis of anatomical
variations and mucosal thickening of the sinonasal regions,
are shown in Tables 5 and 6, respectively.
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Figure 1: Anatomical variation in the sphenoidal sinuses identified in CT scan images. a) Coronal CT image of the sphenoidal sinus,
showing left accessory sinus septa (white solid arrow). b) Coronal CT section showing bilateral anterior clinoid process pneumatization
(yellow arrows) and bilateral protrusion of the optic nerve (ON) (white arrow) into the sphenoidal sinuses. Bilateral bone covering of the
optic canal is absent. ¢) Axial CT section showing bilateral protrusion of the internal carotid artery (ICA) (yellow solid arrows)
and bilateral protrusion of the optic nerve (white dotted arrows) into the sphenoidal sinuses. Bilateral bone covers the optic canal and
ICA. d) Axial CT section image, showing bilateral protrusion of the optic nerve with dehiscence of the optic canal covering (white dotted
arrows) into the sphenoidal sinuses (SS). Bilateral dehiscence of the osseous covering of the ICA (yellow solid arrows) is present. 4
Siemens AG Somatom spirit scanner was used to assess PNS anatomical variation.

Table 1: Distribution of anatomical variation in the sphenoidal sinus, identified with CT scans among male participants.

Anatomical variations in Men (n = 400)
e splherercal ST Cases n (%) Controls n (%)

(n = 200) (n = 200)

Absent Unilateral Bilateral Absent Unilateral Bilateral
Accessory sinus septa 58 (28.7) 27 (13.5) 115 (57.5) 124 (62.0) 22 (11.0) 53 (26.5)
ICA protrusion 128 (64.0) 4 (2.0) 68 (34.0) 152 (75.5) 24 (12.0) 25 (12.5)
ICA dehiscence 126 (63.0) 14 (7.0) 60 (30.0) 161 (80.5) 14 (7.0) 25 (12.5)
Optic nerve protrusion 93 (46.0) 4 (2.0) 103 (51.0) 135 (67.5) 32 (16.0) 33 (16.5)
Optic nerve dehiscence 76 (38.0) 13 (6.5) 111 (55.0) 120 (60.0) 33 (16.5) 47 (23.5)
ACP pneumatization 129 (64.0) 8 (4.0) 63 (31.0) 152 (76.0) 18 (9.0) 30 (15.0)

The study groups were cases and controls. CT images were collected with a Siemens AG Somatom scanner and used to assess anatomical
variation in the sphenoidal sinuses. Data are shown as frequencies (n) with percentages in parentheses (%). Abbreviations: ICA, internal
carotid artery; ACP, anterior clinoid process; CT scan, computerized tomography scan; cases, patients with chronic rhinosinusitis; controls,
healthy individuals without chronic rhinosinusitis.
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Table 2: Distribution of anatomical variation in the sphenoidal sinus, identified with CT scans among female participants.

Anatomical variations in Women (n = 400)
U9 FRIG o2l S Cases n (%) Controls n (%)

(n = 200) (n = 200)

Absent Unilateral Bilateral Absent Unilateral Bilateral
Accessory sinus septa 69 (34.0) 34 (17.0) 97 (48.5) 128 (64.0) 17 (8.5) 55 (27.5)
ICA protrusion 124 (62.0) 7 (3.5) 66 (33.0) 158 (80.5) 19 (9.5) 21 (10.5)
ICA dehiscence 137 (68.5) 16 (8.0) 47 (23.5) 161 (80.5) 26 (13.0) 13 (16.5)
Optic nerve protrusion 94 (47.0) 11 (5.5) 95 (47.5) 140 (70.0) 26 (13.0) 33 (23.5)
Optic nerve dehiscence 79 (39.5) 32 (16.0) 89 (44.5) 117 (58.5) 2 (1.0) 81 (40.5)
ACP pneumatization 120 (60.0) 9 (4.5) 70 (35.0) 143 (71.5) 4 (2.0) 53 (26.5)

The study groups were cases and controls. CT images were collected with a Siemens AG Somatom scanner and used to assess anatomical
variation in the sphenoidal sinuses. Data are shown as frequencies (n) with percentages in parentheses (%). Abbreviations: ICA, internal
carotid artery; ACP, anterior clinoid process; CT scan, computerized tomography scan; cases, patients with chronic rhinosinusitis; controls,
healthy individuals without chronic rhinosinusitis.

Table 3: Association between the anatomical variation in the sinonasal region and mucosal thickening among male participants.

Anatomical variations Study Mucosal p value
in the sinonasal region groups thickening
among men

Present Absent
Accessory septa within Cases 37 20 0.631
the sphenoidal sinus Controls 87 55
ICA protrusion Cases 51 101 0.199
Controls 21 27
ICA dehiscence Cases 57 104 0.342
Controls 17 22
Optic nerve protrusion Cases 71 22 0.013%*
Controls 64 43
Optic nerve dehiscence Cases 47 29 0.013%*
Controls 73 51
ACP pneumatization Cases 94 35 0.073
Controls 43 28

The study groups were cases and controls. Abbreviations: ICA, internal carotid artery; ACP, anterior clinoid process. Chi square test was
used. Levels of significance: p > 0.01** indicates highly significant, p < 0.05* indicates significant and p > 0.05 indicates nonsignificant.
Cases, patients with chronic rhinosinusitis; controls, healthy individuals without chronic rhinosinusitis.

Table 4: Association between the anatomical variation in the sinonasal region and mucosal thickening among female participants.

Anatomical variations Study Mucosal p value
in the sinonasal region groups thickening
among men

Present Absent

Accessory septa within Cases 47 22 0.379
the sphenoidal sinus Controls 81 50

ICA protrusion Cases 99 24 0.792
Controls 60 16

ICA dehiscence Cases 113 24 0.431
Controls 49 14

Optic nerve protrusion Cases 70 24 0.247
Controls 71 35

Optic nerve dehiscence Cases 49 30 0.414
Controls 68 53

ACP pneumatization Cases 91 29 0.124
Controls 52 27

The study groups were cases and controls. Abbreviations: ICA, internal carotid artery; ACP, anterior clinoid process. Chi square test was
used. p < 0.01** indicates highly significant, p < 0.05* indicates significant and p > 0.05 indicates nonsignificant differences. Cases, patients
with chronic rhinosinusitis; controls, healthy individuals without chronic rhinosinusitis.
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Table 5: Assessment of the risk of CRS development among male participants, according to anatomical variations and mucosal

thickening of the sinonasal regions.

Anatomical variations in the sinonasal region Mucosal thickening OR 95% CI
among men
Present Absent
Accessory septa within the sphenoidal sinus Cases 37 20 1.170* 0.617—2.219
Controls 87 55
ICA protrusion Cases 101 27 1.540* 0.794—2.987
Controls 51 21
ICA dehiscence Cases 104 22 1.410%* 0.693—2.869
Controls 57 17
Optic nerve protrusion Cases 71 22 2.168* 1.172—4.010
Controls 64 43
Optic nerve dehiscence Cases 47 29 1.132%* 0.631—2.032
Controls 73 51
ACP pneumatisation Cases 94 35 1.749%* 0.946—3.232
Controls 43 28

CT images obtained from a Siemens AG Somatom scanner were used to assess anatomical variation. Odds ratios (OR) and 95% confidence
intervals (95% CI) were calculated. *Odds ratio >1 was considered to indicate risk. Abbreviations: ICA, internal carotid artery; ACP,
anterior clinoid process; cases, patients with chronic rhinosinusitis; controls, healthy individuals without chronic rhinosinusitis.

Table 6: Assessment of the risk of CRS development among female participants, according to anatomical variations and mucosal

thickening of the sinonasal regions.

Anatomical variations in the Study groups Mucosal thickening OR 95% CI
sinonasal region among women
Present Absent

Accessory septa within the sphenoidal sinus Cases 47 22 1.319% 0.712—2.444
Controls 81 50

ICA protrusion Cases 99 24 1.100* 0.541—2.236
Controls 60 16

ICA dehiscence Cases 113 24 1.345% 0.642—2.818
Controls 49 14

Optic nerve protrusion Cases 70 24 1.438% 0.777—2.661
Controls 71 35

Optic nerve dehiscence Cases 49 30 1.273% 0.713—2.272
Controls 68 53

ACP pneumatization Cases 91 29 1.629* 0.872—3.044
Controls 52 27

CT images obtained from a Siemens AG Somatom scanner were used to assess the anatomical variations. Odds ratios (OR) with 95%
confidence intervals (95% CI) were calculated. *Odds ratio >1 was considered to indicate risk. Abbreviations: ICA, internal carotid artery;
ACP, anterior clinoid process; cases, patients with chronic rhinosinusitis; controls, healthy individuals without chronic rhinosinusitis.

Discussion

Functional endoscopic sinus surgery (FESS) is a mini-
mally invasive technique used to restore sinus ventilation and
normal function. The ability to treat PNS disease has been
revolutionized by the advent of fiberoptic endoscopes and
CT scanners.'” FESS requires meticulous assessment and
detailed description of both the nasal and paranasal
regions.]3

Spiral CT scans enable excellent surgical orientation in
axial, coronal and sagittal sections, thus allowing for optimal
evaluation of the sizes of the orbital and maxillofacial bony
structures, intracranial soft tissues and the OMC region.ld"]5
CT images clearly delineate mucosal thickening, sinus
opacity, bone sclerosis and disease extent in CRS. In
addition, CT scans define the underlying anatomic

abnormalities that predispose people to sinusitis. Moreover,
these scans are used for identifying key neurovascular
structures, such as the orbital contents, ON and carotid
artery in diseased areas—a process essential for surgical
planning.13 1617 The appearance of bony details with wide
window settings correlates exactly with the true
measurements of the air spaces, and the thickness of soft
tissue diseases and bone.'®!"”

Multiple septa appear to have transverse or vertical ori-
entations. The main septum cannot be used as a reliable
landmark for endoscopic procedures.20 Attention must
critically be paid to the insertion of the main and accessory
septa along the osseous walls of structures such as the ON
and ICA.”' Two bulges produced by the ON and ICA are
seen on the lateral wall of the sphenoidal sinus. The optic
canal bulges into the anterior superior part of the
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sphenoidal sinus. The ICA bulges into the superolateral wall
of the posterior part of the sinus.””

The ICA is seen in both axial and coronal slices of CT
scans.”> The osseous wall encasing the ICA while passing
through the sphenoidal sinus becomes partially or
completely dehiscent, owing to extensive pneumatization
(Figure 1b). Pneumatization of the ACP exposes the ON in
the sinus cavity.”® Extensive pneumatization brings
neurovascular structures, such as the ON, cavernous sinus,
ICA and ACP, into proximity of the sinuses.””

This study was conducted to identify the presence of
anatomical variations in patients with CRS (cases) and those
with non-sinus diseases (controls) in the South Indian pop-
ulation undergoing CT scanning.

Among the women in the case group, bilateral presence of
bilateral accessory septa within the sphenoidal sinus
(48.5%); dehiscence (23.5%) and protrusion (33%) of the
ICA; dehiscence (44.5%) and protrusion (47.5%) of the ON;
and ACP pneumatization (35%) were more frequent in the
case group than the control group (Table 1).

Distribution of anatomical variations in the sinonasal region
and their associations with mucosal thickening by sex

Among the anatomical variations in the sinonasal region
in male participants, we observed a significant association (p
< 0.05) in the ON protrusion and ON dehiscence with
prevalence of chronic rhinosinusitis. No other parameters
showed significant associations in the study population
(Table 3). Among the female participants, no anatomical
variations in the sinonasal region showed significant
associations (Table 4).

Assessment of CRS risk according to the anatomical
variations and mucosal thickening of sinonasal region be-
tween study groups.

We examined anatomical variations and mucosal thick-
ening in the sinonasal region to determine individuals’ risk of
developing CRS. OR values calculated for the anatomical
variations and mucosal thickening in the sinonasal region in
male (Table 5) and female (Table 6) participants were used to
estimate the risk of developing CRS.

Among the anatomical variations in the sinonasal region
in men, the calculated OR was highest for ON protrusion (OR
= 2.168, 95% CI = 1.172—4.010). The chance of developing
CRS was 2.168 times greater with the presence of ON pro-
trusion. Hence, a man in the study population with ON
protrusion might have a substantial risk of developing CRS.

The other anatomical variations in men had an OR >1,
thus suggesting that these anatomical variations were asso-
ciated with an elevated risk of CRS. All anatomical varia-
tions in the sinonasal region in women showed an OR >1,
thus suggesting their presence was associated with elevated
CRS risk.

This study may increase awareness of the existence of
anatomical variations between individuals with versus
without CRS. It provides valuable information for endo-
scopic sinus surgeons performing FESS procedures.28’2°
Iatrogenic injuries can lead to post-operative complica-
tions, such as diplopia, visual blindness, cerebrospinal fluid
leakage, intra-cranial hemorrhage, dural penetration or
intracerebral (:omplic:ations.’m*32

Conclusion

The degree of pneumatization of the sphenoidal sinus
varies from absent to extensive among individuals. Pneu-
matization of the sinuses leads to diverse anatomical varia-
tions in the surrounding neurovascular structures. A bulging
or dehiscent ON and ICA increases the risk of injury during
surgery. Even minimal damage to surrounding structures
during surgery can lead to irrevocable outcomes such as
blindness or massive bleeding. The outcomes of the present
study shed light on conspicuous variations and may benefit
society by improving patient quality of life.
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