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A B S T R A C T

Introduction: Knowledge of sphenoid sinus anatomy and its variations is of prime importance in trans-
sphenoidal endoscopic skull base surgery.
Aim: The aim of the present study was to measure the bilateral sphenoidal sinus parameters [depth, width,
and height] and determine the number and pattern of attachments of intra-sphenoid sinus septations in 52
subjects by computed tomography.
Materials and Methods: Cranial computed tomographic images of 52 normal subjects were included
in our study. Four cases in whom the septations were absent were excluded from the measurement
of dimensions of the sinus. The depth, width, and height in 48 sphenoidal sinuses were measured
electronically. The coronal and axial sections were taken and subsequently examined.
Results: The mean depth, width, and height of sphenoid sinus in males on right side are 2.2458cm,
1.555cm, 1.9044 cm and on left side are 2.3877cm, 1.6519cm, 1.8613cm and in females on right side
are 2.0475cm, 1.6258cm,2.05cm and on left side are 2.066cm, 1.2891cm and 1.7941 cm respectively. We
noted single septum in 75 % cases, double septa in 11.53 % case, multiple septa in 5.76% cases and absence
of septa in 7.69% cases.
Conclusion: Anatomical knowledge of sphenoid sinus and its variations in size, pneumatization, intra-
sphenoid sinus septations and its relationship with the surrounding vital structures is prime importance
before performing any endoscopic/open surgery involving skull base via trans-sphenoidal approach.. Thus
preoperative CT is mandatory to avoid injuries to the closely related structures of the walls of the sinus.

© 2019 Published by Innovative Publication.

1. Introduction

Right and left sphenoid sinuses are usually asymmetrical
and lie within the body of sphenoid bone posterosuperior
to the nasal cavity and separated by a bony septum which is
generally not in the midline. Each sinus drains anteriorly
into sphenoethmoidal recess of the nasal cavity.1 The
development of sphenoid sinus starts between 3rd and 4th
month of fetal development. Between birth and 3 years of
age, the sphenoid sinus is merely a pit in the

sphenoethmoidal recess.2,3 Pneumatization of sphenoid
starts at the age of 3 years and extends towards sella
turcica by the age of 7 years, and reaches its final
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form by the age of 14 years.3 Relations of the sinus
are surgically important specially during trans-sphenoidal
hypophysectomy. The anterior part of the roof, the jugum
sphenoidale, is related to the optic chiasma while the
posterior part of the roof, the sella turcica, is related to the
pituitary gland. Each lateral wall is related to the cavernous
sinus, internal carotid artery, maxillary nerve, and Vidian
nerve (nerve of pterygoid canal).1 The sphenoid sinus
shows multitude of variations in degree of pneumatization,
size and pattern of septat ions leading to differences in its
segmentation.4,5 Intra-sphenoid sinus septations (intersinus
septa) which can be absent, single or multiple, complete
or incomplete, thin or thick divide the sphenoid sinuses
into two or more compartments.6,7 The number of septa
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varies from one to nine and in this study multiple septa
were noted in 78.04 % cases.8 These septations are
often deviated to one side attaching to the bony wall
covering various vital structures.9 Preoperative knowledge
of septal attachment especially to posterolateral bony walls
covering vital structures is of utmost importance for a safe
trans-sphenoidal approach for various surgical procedures
involving skull base.10,11 The accurate knowledge of
surounding structures and anatomical variations of size,
septations and pneumatization of sphenoid sinus is a
necessary requisite during transsphenoidal endoscopic skull
base surgery. The aim of the our research work was to
measure the maximum depth, width, height of the sinus in
both coronal and axial images of computed tomography and
observe the number and type of attachment of the septa to
the wall of sinus.

2. Materials and Methods

The cranial computed tomographic study was conducted
on 52 subjects (39 males and 13 females) between the
age of 25 to 65 years, in the Department of Anatomy,
Government Medical college Kannauj (UP) and Study data
taken from Radiodiagnosis center of Rama Dental College
and hospital, Lakhanpur- Kanpur. Individuals with previous
surgery involving skull base or sphenoid sinus, fractures
around skull base or space occupying lesions around skull
base or sphenoid sinus were excluded from the study. In
four cases in which the septa were absent, bilateral size
measurements of those sinuses were not done.

Depth {Antero-posterior diameter (APD)}, Width
{Transverse diameter (TD)}, Height {Cranio-caudal diam-
eter (CCD)} were measured electronically with a com-
puted tomography machine (model Somatom Emotion,
Max.kvp130,max.mA/Max.mAs180 and ID- G-XL-95033).
The maximum Cranio-caudal diameter (CCD) diameter
is measured in coronal sections (Figure 1) and Antero-
posterior diameter (APD) and Transverse diameter (TD) are
measured in axial sections (Figure 2). We also analysed
the CT images for the number of intrasinus septations and
their attachment to the wall of sinus. The axial and coronal
sections were taken at the interval of 1.5 mm.

In coronal images maximum height measured from roof
to bottom of the sinus and in axial images, maximum
anterio-posterior diameter measured from anterior and
posterior inner bony walls of the sinus and maximum width
by media l and lateral inner bony walls of the sinus.

3. Results

In the current study, the mean depth, width and height in
females are found to be marginally less in comparison to
males and are given in Table 1. We observed a single
intersinus septum (complete and incomplete) in 75 % cases,
double septa (one complete & one incomplete and both

incomplete) in 11.53 % cases, more than two septa in 5.76%
cases and absence of septum in 7.69 % cases (Table 2).
We did not observe any case having both complete septa
or case having more than three septa. Double septa were
found in 6 cases out of which in 3 cases one complete and
one incomplete septum were seen. In 3 cases both septa
were incomplete. Out of the three complete septa, two
were attached to the right posterolateral wall and one to the
posterior wall. Of the incomplete septa, 3 were attached
to the right posterolateral wall, 3 to the left lateral wall, 2
to the left posterolateral wall and 1 to the right lateral wall
(Figure 4 ). In 3 cases multiple septa (more than 2) were
found, out of which 3 complete and 6 incomplete septa were
noted. Three septa were attached to left lateral wall, 3 to the
right lateral wall, 2 to the right postero-lateral wall and 1
septum attached to posterior wall of the sinus. The pattern
of attachment of the single inter-sinus septum found in 39
cases is compiled in Table 3. In majority of the cases (38.46
%) the septum is attached to the posterior wall.

Fig. 1:

Fig. 2:
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Fig. 3:

Fig. 4:
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Table 1: Mean depth, width and height of sphenoid sinus in males and females

Parameter Male (n=36) Female (n=12)
Mean SD Mean SD

Right Depth 2.245cm 0.5316 2.047cm 0.8025
Left Depth 2.387cm 0.6632 2.006cm 0.5182
Right Width 1.555cm 0.3240 1.625cm 0.515
Left Width 1.652cm 0.4950 1.289cm 0.3784
Right Height 1.904cm 0.4281 2.05 cm 0.2987
Left Height 1.861cm 0.4281 1.794cm 0.3235

Table 2: Showing the number of sphenoid sinus septations and their percentage

Number of Septations Number of cases (N=52) (%)
Single and complete 27 (51.92%)
Single and incomplete 12 (23.07%)
Double and complete 00 (0%)
Double septa (one complete and the other one incomplete) 03 (5.76%)
Double septa (both incomplete) 03 (5.76%)
More than two septa 03 (5.76%)
Absent 04(7.69%)

Table 3: Showing the pattern of attachment of single septum to sphenoid sinus wall

Type of attachment to the wall of sphenoid sinus Number of Subjects (N= 39) (%)
Posterior wall 15 (38.46%)
Right posterolateral wall 08 (20.51%)
Left postero lateral wall 04 (10.25%)
Right lateral wall 05 (12.82%)
Left lateral wall 07 (17.94%)

Table 4: Showing comparative differences of parameters of our study with that of others

Parameter Present study (n=48) (Mean ± SD) cm Hasan & Faruqi 13
(Mean ± SD) cm Sareen et al 14 (Mean) cmMale Female

Right depth 2.245 ± 0.5316 2.047 ±0.8025 2.25 ±0.72 2.5
Left depth 2.387±0.6632 2.006 ±0.5182 1.90 ±0.98
Right width 1.555 ±0.3240 1.625 ±0.5150 1.10 ±0.43 2.8
Left width 1.651 ±0.4950 1.289 ±0.3784 0.75 ± 0.23
Right height 1.904 ±0.4281 2.05 ±0.298 1.25 ±0.65 2.2
Left height 1.861 ±0.4281 1.794 ±0.3235 1.01 ±0.63

4. Discussion

The sphenoid bone consists of a body and paired greater
and lesser wings and pterygoid processes. Sphenoid sinus
is formed in the body of sphenoid bone and is located at
the skull base at the junction of anterior and middle cranial
fossae. It separates the cavernous sinuses, the cavernous
segments of internal carotid arteries and the oculomotor,
trochlear, abducent and trigeminal nerves. In addition, it
separates the pituitary gland from the nasal cavity.20

An essential prerequisite for successful performance
of endoscopic surgeries of skull base by trans-sphenoidal
approach is accurate anatomical knowledge of sphenoid
sinus variations in its size, intra-sphenoid septations,
degree of pneumatisation, relationship with the surrounding
neurovascular structures and pituitary gland.10 Computed

tomography is considered as the gold standard for
evaluation of paranasal sinuses. Preoperative analysis of
the sphenoid sinus, its septations and their attachments
especially to bony walls related to neurovascular structures
like internal carotid artery, optic nerve, Vidian nerve and
maxillary nerve, protrusions and bony dehiscence exposing
the neurovascular structures to risk of injury will greatly
help in proper planning to avoid the surgical complications.

In our study we measured the size of sphenoid sinus
(depth, width and height) and observed the number of septa
and their pattern of attachments to the sinus wall. Only few
authors have done cadaveric and radiological morphometric
study of sphenoid sinus. In our study all the dimensions of
the sphenoid sinus in females is less than that of the males.
In males the mean depth, width and height of the sphenoid
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Table 5: Showing comparison of septation pattern of sphenoid sinus observed in various studies

Author Number of
cases

Modality of
study

Absent
septum

Single septum
(Complete+
Incomplete)

Double septa
(Complete+
Incomplete)

Multiple septa
(Complete+
Incomplete)

Wani et al
(2019) 12

591 NCCT 5.9% 79.7% 11% 3.4%

Lokwani et al
(2018) 13

260 CT 2.3% 79.6 1 % 18.1% -

Wiebracht
Zimmer (2014) 14

90 HRCT 4% 75% 3% -

Hamid et al
(2008) 7

296 CT / MRI 10.8% 71.6% 10.8% 6.8%

Sareen et al
(2005) 15

20 Cadaveric - 20% - 80%

EL Kammash et
al (2014) 16

182 CT /MRI 13.2 % 59.89 % 7.14 % 5.49 %

Dundar et al
(2014) 17

218 CT 2.2 % 90.7 % 6.8 % -

Kashyap et al
(2017) 11

80 CT 5.0 % 67.5 % 21.25 % 6.25 %

Battal et al
(2014) 18

314 CT 1.3 % 64.3 % 20.1 % 14.0 %

Ngubane et al
(2018) 19

40 Cadaveric 7.5 % 65.0 % 22.5 % -

Banna & Olutola
(1983) 6

70 Cadaveric 11.4 % 61.0 % 14.0 % 12.8 %

Present study
(2019

52 CT 7.69% 75% 11.53% 5.76%

Table 6: Showing comparative differences of attachment of septations to sphenoid sinus wall and their percentage

Type of attachment to the wall of
sphenoid sinus

Our study (N = 39) (%) Wani AH et al 17 Number of individuals (N =
591) (%)

Posterior wall( sellar) 15(38.46%) 284 (51.0%)
Right posterol-ateral wall(post. wall &
Right ICA)

08(20.51%) 21 (3.8%)

Left postero-lateral wall( post. wall & let
ICA)

04(10.25%) 45 (8.1%)

Right lateral wall( right ICA) 05(12.82%) 36 (6.5%)
Left lateral wall( left ICA) 07(17.94%) 128 (23.0%)
Lateral wall - 23 (4.1%)
Lateral wall and carotids - 17 (3.1%)
Optic nerve - 2 (0.4%)

sinus on the right side were 2.24 cm, 1.55 cm and 1.90 cm
and on the left side were 2.38 cm, 1.65 cm and 1.86 cm
respectively. The same measurements in females on the
right side were 2.04 cm, 1.62 cm and 2.05 cm and on the
left side were 2.00 cm, 1.28 cm and 1.79 cm respectively
(Table 1). Other authors did not separately measure the
sphenoid sinus in males and females.15,21 The comparative
data is given in Table 4. Awadalla et al (2015) in their
radiological study indicated that the mean length (depth) in
the upperpart of the sinus was 1.39 cm and lower part was
2.59 cm and mean vertic al height in the anterior part was
1.89 cm and posterior part was 1.21 cm.22

We studied the number of septa, complete and
incomplete, present in the sphenoid sinus dividing it into

compartments. Single inter-sinus septum was seen in 39
cases (75.0%), double septa in 6 cases (11.53%), more
than two septa in 3 cases (5.76%). Absence of septa was
observed in 4 cases (7.69%). Incidence of a single inter-
sinus septum as reported in the literature is highly variable
with a low of 20% cases reported by Sareen et al (2005)15

and a high of 90.7 % reported by Dundar et al (2014).17

Values of single septum quoted by Wani et al (2019),12

Lokwani et al (2018),13 Wiebracht et al (2014),14 Hamid
et al (2008)7 are similar to our study. Slightly lesser
incidence of single septum was observed by EL Kammash
et al (2014),16 Kashyap et al (2017),20 Battal et al (2014),18

Ngubane et al (2018)19 and Banna et al (1983).6 Absence
of inter-sinus septum was observed only in 1.3 % cases by
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Battal et al (2014)18 in contrast to this EL Kammash et al
(2014)16 noted it in 13.2 % cases. These comparative data
are compiled in Table- 5.

We compared the attachments of the septa to the wall of
sinus with the study of Wani) In our study we have made an
attempt to provide useful information about the variations
in size, number of septations and their attachment patter
n to the wall of sinus and show how this information is
useful prior and during endoscopic/open surgery involving
skull base via trans-sphenoidal approach to an endoscopic
neurosurgeon.

5. Conclusion

Variability in the morphology and number and pattern of
intrasphenoidal

septations of the sphenoidal sinus has practical signif-
icance during or prior surgical procedures conducted by
endoscopic neuro surgeon. Thus a thorough preoperative
assessment of relevant surgical anatomy of sphenoid sinus
by computed tomography is necessary to avoid damage of
vital structures lying around the sinus.

6. Source of funding
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7. Conflict of interest

None.
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