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Abstract The aim of this study was to evaluate sphenoid
sinus pneumatisation and its anatomical relation with
adjacent neurovascular structures in Indian population. We
performed a retrospective cross-sectional study, in which
the pattern of sphenoid sinus pneumatization was studied
on high-resolution computed tomography scans (n = 400),
and association of the optic nerve, vidian canal and fora-
men rotundum along with related morphometric measure-
ments were studied. Out of 400 CT scans, 60.5% were
males. Majority had sellar type of pneumatization (89.5%)
and single intersinus septum (68%). The most common
configuration of relation of optic nerve canal was DeLano
type 2 (34.75%). Vidian canal (VC) and Foramen rotun-
dum (FR) were found dehiscent in 40.5% and 6.38%
respectively. Average distance of FR from midline on right
and left side was 16.3 £ 2.19 mm and 16.7 + 2.23 mm
respectively. Average distance of VC from midline on right
and left side was 12.4 4+ 5.84 mm and 12.4 4+ 4.18 mm
respectively. Average right FR to VC distance was
4.17 & 2.16 mm and left FR to VC was 4.44 4+ 2.20 mm.
Anatomical variations of the sphenoid sinus are well
known. In the present study, we have tried to highlight the
importance of knowledge of various anatomical variations
in relations to sphenoid sinus as they are critical in plan-
ning of surgery. Pre-operative radiological study and cor-
relation is inevitable to assess type and extent of sinus
pneumatisation, bony dehiscence and septal terminations to
avoid injury to vital structures.
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Introduction

Among paranasal sinuses, sphenoid sinus is the least
accessible as is deeply situated in the skull. Its close rela-
tion to various important neurovascular structures like
optic nerve, internal carotid artery, cavernous sinus, vidian
nerve and maxillary nerve, renders this sinus a vital role.
Due to its central location in the cranial base, it is an
important structure in various ventral skull base surgeries.
Anatomical variations in the sinus and related structures
have been documented and radiological and surgical cor-
relation of these variations is essential to prevent iatrogenic
complications. In this study, we retrospectively studied
anatomical variations of the sphenoid sinus and related
neurovascular structures based on CT scan studies.

Methods

This cross-sectional retrospective study was done on
Computed Tomography (CT) scans of Paranasal sinus
which have been done from February 2018 to August 2019
at our institute. The ethical clearance for the study was
taken from the institutional ethics committee. No patient
was made to undergo CT scan for this study. All the CT
scan which were earlier done were archived and were
evaluated as per protocol. Exclusion criteria included
patient age less than 18 years of age, diseases or fractures
involving sphenoid sinus and post-operative cases,
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improper positioning of the patient. The evaluation and
measurements of the CT sections were done under constant
supervision of an experienced radiologist.

Following parameters were studied.

1. Pneumatization of sphenoid sinus (SS): Classifica-
tion by Hammer and Radberg was followed in this
study [1]. In sagittal view, an imaginary vertical line
was drawn through the tuberculum sellae and SS
pneumatization was classified as 3 types (Fig. 1):

(A) Conchal—absent pneumatization

(B) Presellar— pneumatization remains anterior to this
line

(C) Sellar—pneumatization extends beyond this line

2. Inter sinus septum (ISS): presence or absence of
single or multiple ISS and their termination at the
optic canals (OC) or carotid canals (CC). This was
studied in both axial and coronal views (Fig. 2).

3. The relation of Optic nerve with Sphenoid Sinus:
DeLano’s classification was followed in our study
(Fig. 3) [2].

4. Carotid canal Protrusion: Presence of more than 50%
of the diameter of the Carotid Canal into the
Sphenoid sinus was considered as a protrusion
(Fig. 4).

5. Vidian canal (VC) dehiscence: Absence of visible
bone density separating the sinus from the course of
VC. Whenever a clear decision between a very thin
bony wall and total dehiscence was not feasible, the
results were accepted as dehiscence (Fig. 5).

6. Maxillary Nerve (MN) dehiscence: Absence of
visible bone density separating the sinus from the
course of MN. Whenever a clear decision between a
very thin bony wall and total dehiscence was not
feasible, the results were accepted as dehiscence
(Fig. 5).

7. Several morphometric measurements were done in
this study. An imaginary line was drawn in the
midline, vertical to the rostrum (R) of sphenoid and
linear distance was calculated from this line to VC
and FR. Distance between FR and VC was also

Fig. 2 Sphenoid sinus septum patterns. a Midline septum, b multiple
septum ¢ & d—Sphenoid septum attachment to optic nerve, E& F—
Sphenoid septum attachment to carotid canal

calculated. The distances were calculated on both left
and right sides in millimetres (mm) (Fig. 6).

Results

Total 400 CT scans were studied in this study. The age
range was found to be from 18 to 74 years and mean age
was 35.15 years. 60.5% (242/400) cases were males.
Among the types of pneumatisation of Sphenoid sinus, the
most common type was Sellar type, found in 89.5% (358/
400) cases. Out of 358, 215 were males and 143 were
females. Next common type was Presellar in 10% (40/400)

Fig. 1 Sphenoid sinus pneumatisation patterns. a Conchal, b Presellar and ¢ Sellar
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Fig. 3 Optic nerve relation with sphenoid sinus—DeLano’s classi-
fication a DeLano type I—Optic nerve lying adjacent to lateral or
superior wall of sphenoid sinus without impression on sinus wall,
b DeLano type II—Optic nerve causing impression on lateral
sphenoid sinus wall, ¢ DeLano type III—optic nerve courses through
the sphenoid sinus, d DeLano type IV—Optic nerve courses
immediately lateral to posterior ethmoids and sphenoid sinuses

Fig. 4 Protrusion of a Left and b Right carotid canal into sphenoid
sinus

Fig. 5 a Vidian Canal Dehiscence and b Foramen rotundum
dehiscence

cases out of which 26 were males and 14 were females,
followed by Conchal type in 0.5% i.e. 2 cases (01 male and
01 female). The Inter Sinus septum was single in 68%
cases, whereas, in 32% i.e. 128 cases, ISS was multiple. In

Fig. 6 Measurement of Distance of FR and VC from midline

167 (41.75%) cases, ISS was in the midline and in line with
rostrum, but in 233 (58.25%) cases, it was attached to other
structures. The most common attachment was to the optic
nerve in 27% cases and in 22% cases attachment was to
Carotid canal. Out of 400 cases, the most common con-
figuration of the relation of optic nerve canal with sphenoid
sinus was of DeLano type 2 (34.75%). The next most
common relation was of DeLano type 1 in 33.25% cases,
followed by type 4 in 16.75% cases and type 3 in 15.25%
cases. Carotid canal protrusion was noted in 12.88% cases.
Vidian canal (VC) was found dehiscent in 40.5% cases and
dehiscence of Maxillary Nerve (MN) was noted in 6.38%
cases. Average distance of FR from the midline on the right
and left side was 16.3 £ 2.19 mm and 16.7 £+ 2.23 mm
respectively. Average distance of VC from the midline on
the right and left side was 12.4 4+ 5.84 mm and
12.4 4+ 4.18 mm respectively. Average right FR to VC
distance was 4.17 4+ 2.16 mm and average left FR to VC
distance was 4.44 + 2.20 mm (Table 1).

Discussion

Anatomical relationships of various neurovascular struc-
tures are altered based on the degree of pneumatization of
the sphenoid sinus. Previous study on SS pneumatization
by Vaezi et al. has shown that more the extent of SS
pneumatization, more the surgical access increases as does
the distance between maxillary nerve and the vidian nerve
[3]. Hammer and Radberg, in their study classified SS
pneumatization in 3 types, sellar type being the commonest
[1]. Incidence was reported to be 86%. Sellar type of SS
pneumatization has been reported to be the most common
in studies done in Asians, Malaysians and Croatians. These
include studies by Vaezi et al. (73.8%), Tan et al. (55%),
and Daniele et al. (77.3%), whereas Madiha et al. noted
dominance of Presellar pneumatization in their study in
Egyptian population [3]-[6]. In present study, majority i.e.
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Table 1 Characteristics of CT scan findings

Total number of subjects 400
Mean age (Yrs.) 35.15
Sex distribution (Male/Female) 242/158

Pneumatisation pattern
Sellar

Presellar

Conchal

358 (Male 215, Female 143)
40 (Male 26, Female 214)
02 (Male 01, Female 01)

Intersinus septum

Single 272 (68%)
Multiple 128 (32%)
Midline 167 (41.75%)

Attachment to optic nerve
Attachment to Carotid Canal

110/400(27.5%)
88/400 (22%)
Relation of optic nerve with sphenoid sinus

Total

266 (33.25%)
278 (34.75%)
122 (15.25%)
134 (16.75%)

DeLano type 1
DeLano type 2
DeLano type 3
DeLano type 4

Carotid canal protrusion

Right Left
50/400 53/400
(12.5%) (13.25%)
Vidian canal dehiscence

Right Left
159/400 165/400
(39.75%) (41.25%)
Macxillary nerve dehiscence

Right Left
24/400 27/400
(6%) (6.75%)

Right side
135 (33.75%)
137 (34.25%)
61 (15.25%)
67 (16.75%)

Left side

131 (32.75%)
141 (35.25%)
61 (15.25%)
67 (16.75%)

Total
103/800
(12.8%)

Total
324/800
(40.5%)

Total
51/800
(6.38%)

Distances between rostrum(R) and Foramen rotundum (FR), rostrum and Vidian Canal (VC), and between FR and VC (Distance in mm)

Parameters Right (Mean + SD)
R-FR 16.3 + 2.19
R-VC 124 + 5.84
FR-VC 4.17 + 2.16

Left (Mean + SD) Total (Mean & SD)

16.7 £2.23 16.5 £2.22
124 £ 4.18 12.4 £ 5.08
4.44 +£2.20 430 £ 2.18

89.5% cases had Sellar type of pneumatization. Sellar type
has been reported to be technically less prone to surgical
risk when compared to Presellar type.

Pattern of inter sinus septum is also highly variable, not
reliable as a landmark to midline. In our study, in 41.75%
cases it was present in the midline. This was in accordance
with study by Lee et al., who reported 32% incidence of
midline septum and Cho et al. who reported 30.5% inci-
dence [7, 8]. However, in the present study, 58.25% cases
showed a deviation of ISS from midline and its termination
at other structure.

@ Springer

In our study, ISS terminating at ON was the commonest
variation reported in 27% cases. The next common
attachment of the septum was to CC in 22% cases. The
findings in our study are similar to other studies. Cho et al.
reported 20% incidence of ISS terminating at ON and 16%
at CC [8]. Unal et al. reported 18% cases with septum
ending at ON [9]. Cappabianca et al. showed ISS termi-
nating at CC in 20% [10]. Such variations warn to be
cautious while removal of the terminal septum as this
variation can cause vision loss and life-threatening bleed-
ing during surgery.



Indian J Otolaryngol Head Neck Surg (Oct-Dec 2021) 73(4):431-436 435
Table 2 Comparison of distances with other studies
Study R-FR R-VC FR-VC
Alireza M. et al. (2016) [20] R—19.0 + 2.1 R—82 £23
L—193 £ 22 L—92+ 2.1
Awadalla AM et al. (2015) [21] R—20.6 £ 2.3 R—20+ 1.9
L—198 £ 14 L—20+12
Kasemsiri et al. (2013) [22] R—17.6 £ 2.3
L—19.1 £ 1.8
Yazar et al. (2007) [23] - 10.5 £ 2.0 72+ 18
Present study R—16.3 + 2.19 R—124 + 5.84 R—4.17 £ 2.16
L—16.7 £ 2.23 L —124 4+ 4.18 L—4.44 +2.20

R-FR; Distance between rostrum and foramen rotundum, R-VC; Distance between rostrum and vidian Canal, FR-VC;Distance between foramen

rotundum and vidian canal

Variations involving the optic nerve are clinically very
significant. DeLano et al. described the variations in rela-
tion of ON with SS into four types, and the most common
configuration reported was type 1, reported in 76% cases
[2]. Of the four types, type 3 and 4 have close relation of
ON with SS and thus more critical for the risk of iatrogenic
injury. Heskova et al. and Itagi et al. also reported type 1 as
the most common relation, found in 61% and 60%
respectively [11] [12]. In the present study, 34.75% cases
showed DeLano type 2 relation and 33.25% cases showed
DeLano type I relation.

Incidence of CC protrusion in the present study was
12.88%, which is slightly less when compared to other
studies. Hewaidi et al. reported 41% protrusion, Tan et al.
reported 67% protrusion and Nitinavakarn et al. found
10.2% CC protrusion [4, 13, 14]. Variability in anatomical
relation of internal carotid artery with sphenoid sinus pre-
disposes it to inadvertent injury during surgery leading to
even life-threatening haemorrhage and their prevention
solely lies in reading the scan thoroughly before operating.

Vidian canal dehiscence was noted in 40.5% cases in the
present study. Dehiscence was reported in 37% cases by
Hewaidi et al., in 37.5% cases by davoodi et al. and in 06%
cases by Priyadarshini et al. [13, 15, 16]. Bony dehiscence
may attribute to vidian neuralgia in cases of sinus infec-
tions or trans sphenoidal surgery and vidian neurectomy
[17].

Maxillary nerve in foramen rotundum is another critical
structure in relation with sphenoid sinus. It is an important
surgical reference forming anatomical limit in approach to
superior orbital fissure, cavernous sinus, and middle cranial
fossa®. In the present study, FR was found deficient in
6.38% cases. Hewaidi et al. studied FR dehiscence in
Libyans and reported 13% incidence [13]. Davoodi et al.
reported 36.5% dehiscence in their study, whereas

Priyadarshini et al. found dehiscent FR in 20% cases
[15, 16]. In the presence of dehiscent FR, maxillary nerve
is exposed and is prone to injury during surgery. Bony
dehiscence also increases the susceptibility of nerve for
neuritis in cases of sinusitis, leading to Trigeminal neu-
ralgia [17].

In our study, parameters such as DelLano type I, max-
illary nerve dehiscence, vidian canal dehiscence, distances
between foramen rotundum and vidian canal show quite
variability. A part of this can be explained by racial and
genetic differences in population. Altitude has also been
implicated as a factor affecting various anthropometric
measurements. Asirdizer M et al. studied the possible
effects of altitude and climate on the development of
frontal sinus in adults and concluded that widths, antero-
posterior lengths and volumes of frontal sinus were higher
in a population living in colder climate and higher altitude
[18]. Guglielmino-Matessi et al. also stated that climate
could be a contributing factor affecting skull and anthro-
pometric measurements [19]. These variations in the data
can be partially explained by the fact that our institute
caters to a heterogenous population of Himalayan and sub-
Himalayan areas.

Also contributing to our results is the fact that whenever
the presence of dehiscence was doubtful, we took it as
dehiscence (mentioned in the methodology) consciously
erring towards the higher side. All scans are evaluated with
the help of a radiologist to minimise the chances of
wrongful interpretation of the landmarks and
measurements.

Various morphometric measurements which were done
in the present study showed no age or gender related sig-
nificance. There was no significant difference in the dis-
tances on the right and left side. Comparative studies have
been tabulated [20]-[23] (Table 2).
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Conclusion

Anatomical variations of the sphenoid sinus are well
known. In the present study, we have tried to highlight the
importance of knowledge of various anatomical variations
in relations to sphenoid sinus as they are critical in plan-
ning of surgery. Pre-operative radiological study and cor-
relation is inevitable to assess type and extent of sinus
pneumatisation, bony dehiscence and septal terminations to
avoid injury to vital structures.
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