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Anatomical variations of the sphenoid sinus
- a study of 200 cases -

Lupascu M.¹, Comsa Gh. I.¹, Zainea V.²

ABSTRACT
Our study on the anatomical variation of pneumatisation 
of the sphenoid sinuses was performed on 200 
tomographical studies, evaluating the anatomical 
variations of the sphenoid sinuses and the Onodi 
cells, the types of pneumatisation according with the 
types described by Hammer and Radberg, as well as 
the extensions of pneumatisation towards the anterior 
clinoid processes, pterygoid processes and sphenoidal 
wings; the frequency of intrasphenoidal protrusions 
and dehiscences of internal carotid artery, optic nerve, 
Vidian canal and foramen rotundum and the presence 
of primary and secondary septa attached to their canals.
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Introduction

Modern endoscopic sinus surgery has similar 
if not greater perils as classic sinus surgery. The 
many pitfalls of intrasphenoidal surgery are mainly 
due to the proximity of vital structures such as the 
internal carotid artery (ICA), as well as structures 
whose injury would create a permanent disability to 
the patient, such as the optic nerve (ON). These risks 
increase in case of absence of normal endoscopic 
anatomy, as in the case of surgical reinterventions.

The sphenoid sinus is considered the most 
variable of the paranasal sinuses [1] in terms of 
degree and type of pneumatisation, number and 
position of intra and intersinus septa, relation with the 
surrounding surgical risk elements: the II, III, IV, V, 
VI and Vidian nerves, the ICA inside the cavernous 
sinus and the pituitary gland [2].

The scope of the study is to minimize the risk 
of surgery and decrease surgical morbidity through 
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better understanding of anatomy and the degree of 
anatomical variation of the sphenoid sinus.

There are considerable variations regarding 
the anatomy of the sphenoid sinus as noted by many 
authors in their cadaver and computed tomography 
studies [2-6], some authors finding variations among 
different races as well [7].

Materials and methods

We studied 200 CT examinations of the 
paranasal sinuses (400 sides), taken between January 
2011 and March 2012 at Medimar Imagistic Services 
Constanța by patients with diverse ENT, neurological 
and neurosurgical pathology, using a GE Brightspeed 
16 slices CT scanner with a thickness of 5 mm 
acquisition with reconstruction of 1,5 mm with a 
window of 2000-300 HU.

The two sphenoid sinuses were measured 
separately taking into account the greatest lengths in 
all three dimensions (length, height and width). 

We analysed the examinations in 3 dimensions, 
using three-dimensional reconstructions based on 
series of coronal and axial sections 3 mm apart, 
evaluating: 

1. the anatomical variations of the sphenoid 
sinuses and the Onodi cells; 

2. the types of pneumatisation according with 
the types described by Hammer and Radberg [3], as 
well as the extensions of pneumatisation towards the 
anterior clinoid processes (ACP), pterygoid processes 
and sphenoidal wings; 

3. the frequency of intrasphenoidal protrusions 
and dehiscences of ICA, ON and the presence of 
primary and secondary septa attached to their canals 
[4].

In accordance with [3], the sphenoid sinuses 
were either part of:

- conchal type, when the sinus is separated 
from the sella by thick trabecular bone;

- presellar type, when the sinus is pneumatised 
without extending posteriorly of the sellar floor;

- sellar type, when the sinus extends inferiorly 
and posteriorly of the sella turcica.

Results 

The mean age of the patients at the time of the 
study was 48.5, varying between the ages of 15 and 
80, 116 (58%) of the patients were men and 84 (42%) 
were women.

Out of the 400 sinuses that we measured 138 
(69%) were sellar type, 56 (28%) were of presellar 
type, the conchal type being found in only 6 (3%) 
sinuses. (Figure 1)

Figure 1 - Conchal type sphenoid sinuses in 37 year old 
female patient

The mean dimensions of the sinuses were 
24/20.5/18 mm, mean dimensions in men being 
23.4/22.1/19.2 mm and 24.5/18.6/17.1 mm in women, 
with no significant differences between left and right.

In 33% of the cases we found extensive 
pneumatisation of the pterygoid process, in 10% of the 
cases the anterior clinoid processes were pneumatised 
forming deep optico-carotic recesses and in 8% of the 
cases there were lateral extensions of pneumatisation 
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in the lesser and greater sphenoidal wings. (Figure 
2) Onodi sphenoethmoidal cells were found in 18% 
of the cases, usually associated with smaller sized 
sphenoid sinuses.

Figure 2 - Pneumatised pterygoid and anterior clinoid 
processes with intersinus and secondary septa anchored 

on both optic nerve canal and internal carotid artery 
protrusion

The ICA gave intrasphenoidal protrusions 
in 55% of cases in the C3 segment and in 57% of 
cases in C4 segment, in only 2% of cases there were 
evident dehiscent parts.  (Figure 3) The optic nerve 
had protrusions in 65% of cases, its canal having 
dehiscent parts in 5% of cases. (Figure 4), in 3 cases 
being completely dehiscent in only 3 cases (0.75%). 
We have found protrusion of the Vidian canal in 16% 
of cases and of the foramen rotundum in 7% of cases.

Figure 3 - Dehiscence of the internal carotid artery in the 
C4 part

The intersinusal septum was situated on or 
close to the midline in only 38% of the patients, also 

there was a 47% incidence of secondary intrasinusal 
septa. An aspect of particular surgical importance is 
that in 32% of cases either the main septum or the 
secondary septa had insertions on the optic nerve 
canal or the bone covering the internal carotid artery.

Figure 4 - Dehiscence of the optic canal with secondary 
septum anchored on contralateral canal.

Discussion 

The incidence of the sellar type of 
pneumatisation in literature is found in 53-89% of 
cases, the presellar type in 10-38% and the conchal 
type in 0-9%, in our study the sellar type was as well, 
most frequently found, in 69% of the cases, above the 
percentage found in the studies of Hamid et al. [7] 
(55%) and Araújo Filho et al. [8] (53%), but much 
lower than in the studies of Kinnman [5] (87%) and 
[3] (86%). The conchal type was found in only 3% of 
the cases, this type of pneumatisation has an increased 
surgical risk in transsphenoidal surgery because of the 
amount of bone that needs to be drilled, even when 
guided by neuronavigation, some authors considering 
this type of pneumatisation a counter indication for 
transsphenoidal approach to the pituitary gland.

We have found that the intersinusal septum 
divides the sphenoid body in two almost equal 
cavities in 38% of the cases, having secondary septa 
in 47% of the cases, compared to [3], who finds the 
intersinusal septum forms two equal cavities in 27% 
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of cases, having a vertical direction in 25% of cases, 
[5] finds the septum on the midline in 42% of cases 
with secondary septa in 19% of cases, meanwhile 
Zada et al. [9] finds a single septum situated on the 
midline in 18.5% of cases and a complex endosinus 
anatomy with multiple secondary septa in 29% of the 
cases, Kazkayasi et al. [10] in 19.5%, [8] in 23.8 %.

Sareen et al. [11] found secondary septa in up to 
80% and Fernandez-Miranda et al. [12] consider that, 
when present, in up to 87% of the cases, at least one 
of the secondary septa is inserted on the protrusion 
of the ICA, we have found this aspect in only 32% of 
the cases.

We have found extensions of pneumatisation in 
the pterygoid processes in 33% of the cases, this type 
of extension being correlated with protrusion of the 
Vidian nerve, the results being similar to [10] (30.6%), 
but much lower than [8] (50%), in 10% of the cases 
the anterior clinoid processes were well pneumatised 
, forming deep opticocarotic recesses, the results 
being similar to [10] and, again, much lower than [8] 
(54%) and Elwany et al. [13] (41.9%), the sphenoidal 

wings were pneumatised in only 8% of the cases, 
much lower than the results of the studies of [13] and 
[8], with 31.7%, respectively 47.6% (Table I).

In 18% of the cases we have found Onodi 
sphenoethmoidal cells, named after the esteemed 
Hungarian anatomist, the presence of these cells 
holding great practical importance, their presence 
increasing the risk of surgical lesion of the O.N. 
There are great variations in literature regarding 
this type o cells, Mutlu et al. [14] finding them in 
7.2% of cases, [10] in 2.6%, meanwhile Kainz and 
Stammberger [15] report an incidence of 42% and 
Tomovic et al. [6] find them in up to 65.3%, the latter 
finding variation between races as well, in Asians, the 
incidence reaching 83%.

The prevalence of the ICA and ON protrusions 
in our study is superior to that found by [13], [10] 
and Unal et al. [16], similar to the findings of [8], but 
much lower compared to the findings of Fujii et al. 
[2] (Table II).

The prevalence of dehiscence inside the 
sphenoid sinus of the ICA and the ON is similar 

Pterygoid 
processes

Anterior clinoid 
processes

Sphenoid wings Ononi cells

Lupașcu 33% 10% 8%
Elwany et al. 15.5% 41.9% 31.7%
Kazkayasi et al. 30.7% 12.9% 2.6%
Araújo Filho et al. 50% 54% 47.6% 31%
Kainz & 
Stammberger

- - - 42%

Table I - Frequency of extensions of pneumatisation

ICA ICA 
dehiscence

ON ON 
dehiscence

Vidian 
canal

Maxilary 
nerve

Lupașcu 68.3% 2% 65% 5% 16% 7%
Elwany et al. 18.2% 4.8% 29% 0% 7.5% 12.9%
Heskova et al. - - 35.3% 11.7% - -
Kazkayasi et al. 5.2% 1.5% 4.1% 0.7% 36.7% 14.2%
Araújo Filho et al. 48.8% 32.1% 36.9% 9.1% 45.4% 49.8%
Unal et al. 26.5% 4.7% 27.3% 7% 31.1% 26.5%
Fujii et al. 98% 8% 94% 4% - -

Table II - Incidence of protrusions and dehiscences of neurovascular structures
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to most studies, but the prevalence of Vidian and 
maxillary protrusion is much lower than [10], [8] and 
[16] and similar to the results of the study of [13].

Conclusions 

The sphenoid sinuses have a remarkable 
variation in form, dimension and position relative to 
the surrounding neurovascular structures, knowing tis 
relations before surgery may prove to be the difference 
between surgical success and fatal complications.

The presurgery imagistic examinations 
should be evaluated systematically punctuating all 
elements of surgical risk and evaluating the degree 
of pneumatisation, protrusion of the surrounding 
elements and more importantly the dehiscence of the 
bony walls covering them, found relatively rare in the 
population, but potentially lethal during surgery.

A particular element of surgical risk is the 
Onodi cells, found in 18% of the cases, the risk of 
injuring the optic nerve through transethmoidal 
approach of the sphenoid sinus increasing greatly in 
their presence.
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