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Abstract

Introduction: Anatomical variations are very important to be identified when planning a paranasal sinus (PNS) surgery. There is lack of
studies among Saudi Arabia population in this entity to compare the findings among the main districts of the country. Herein we studied the
incidence of different variations that should be evaluated preoperatively in the southern region of Saudi Arabia.

Method: A Cross-Sectional study. We reviewed the records of 420 adult patient who underwent computed tomography of PNS for different
indications. We applied inclusion and exclusion criteria on them. The gender and age group variations evaluated and discussed. The findings

compared to the literature. The data analysis done with SPSS v22.

Result: 293 met our inclusion criteria. The deviated nasal septum found in 30.7%, Concha bullosa was present in 24.2%, superior turbinate

pneumatization in 1.7%. Paradoxical middle turbinate in 9.5%, crista gali pneumatization in 8.7%, uncinate process attachment to lamina
papyrecia in 73.7%, frontal sinus was hyperpneumatized in 26.3%, frontal air-cell in 25.9%, supraorbital air-cell in 37.5%, Onodi cell in 31.4%,
Haller cell in 25.9%, sphenoid sinus hyperpneumatization in 24.2%, anterior ethmoid artery running within the sinus cavity in 29.4%, posterior
ethmoid artery running within the sinus cavity in 5.5%, type Il depth of cribriform plate in 45.4%, carotid artery dehiscence in 20.8%, optic nerve
was dehiscence in 15%, sphenoid intersinus septum was attached to the carotid canal in 16.4%, and to optic canal in 29.7%.

Conclusion: The anatomical variations of nose and paranasal sinuses found to be different among regions and countries. We found
differences in the neurovascular dehiscences, frontal sinus hyperpneumatization, supraorbital ethmoid air-cell, sphenoid sinus lateral
pneumatization and age group differences. These are very important difference and should be evaluated carefully before starting a sinus surgery
to avoid complications and incomplete surgery.

Keywords : Anatomical variation; Paranasal sinuses; Endoscopic surgery

Introduction

Anatomical variations are very important to be known,
considered, and well identified in any surgical procedure,
especially when planning fine surgeries. The endoscopic sinus
surgery is one of those very fine surgeries. Knowing the different
anatomical variations of the PNS is crucial for doing this surgery.
As it is well known, there is a lot of racial variation among
individuals. The English literature is rich in the description of
anatomical variation of paranasal sinuses, but there is lack of
such studies among Saudi Arabia population. Also, there is lack
in studies tackling the age groups and gender differences in
these variations. Herein we studied the incidence of different
variations that can be evaluated radio logically and to be
considered surgically, in the southern region of Saudi Arabia to
specify any racial or age groups differences and emphasize on
their clinical importance.

Method

A cross sectional study. We reviewed the records of 420
adult patients who underwent computed tomography (CT) for
nose and paranasal sinuses for different indications between
2010-2015 in Asir Central Hospital. We included young adults
to elderly Saudi patients, almost all from the southern provinces
of Saudi Arabia, with CT cut thickness is 1milli meter or less.
We excluded Non-Saudi candidates, and those who have a
disease, trauma or surgery that disturbed their normal anatomy.
The candidate’s gender and age considered. The age groups
distributed according to A novel method for human age group
classification based on Correlation Fractal Dimension of facial
edges in which 15-30 years old is young adult, 31-50 years is
middle-aged adults and 51 and more years old is senior adult
[1-5]. The various clinically relevant anatomical variations
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assessed, correlated to the age groups and genders and the
findings compared with the results of previous local, domestic,
and international studies results. Those variations which are
significantly different than what is recorded in the literature are
highlighted. SPSS v.22 is used for data analysis.

Result

Out of 420 candidates, 293 met our criteria. 49.8% males
and 50.2% females. Ages ranged between 15 and 87 years with
mean of 37.8, median 35 and standard deviation 14.6 years.
Most of our candidates are young and middle-aged adults,
80.9%. Deviated nasal septum found to be present in 30.7%,
mainly to right side (16%). Among the age and gender groups
it was highest in young adult female group (35.9%). The concha
bullosa seen in 24.2%, of them 11.9% unilateral in the right

side, 11.9% bilateral and 0.3 unilateral in the left side. It is
less frequent in senior adults than the other age groups. Basal
lamella pneumatization found in 3.1% (Figure 1). The superior
turbinates were pneumatized in 1.7%, all of them were having
bilateral findings and 80% of them are males. Not seen in senior
adults (Figure 2). The crista gali was pneumatized in 8.7%, of
them 69.6% are males [6,7]. Crista gali pneumatization was
associated with hyperpneumatized frontal sinus. It was higher
among senior adult age group, 14.3% (Figure 3). The middle
turbinate found to be paradoxical in shape in 9.5%, bilateral in
7%. No gender or age group variations. No significant gender or
age group variation (Figure 4). Uncinate process was attached
to lamina papyrecia in 73.7%, middle turbinate 17.4% (22.4%
among females), skull base 8.9% (10.3% among males). No
significant age group variation (Figures 5a & 5b) [8].

4 N\ ~
Figure 1: shows bilateral concha bullosa with pneumatization Figure 2 : shows bilateral superior turbinates pneumatisation.
extending to the basal lamella. I\ Y,
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Figure 3 : shows Crista gali pneumatization associated with
hyperpneumatized frontal sinus, supraorbital ethmoid air cells,
bilateral concha bullosa with lamellar pneumatization and right
paradoxical middle turbinate. Figure 4 : shows bilateral paradoxical middle turbinates.
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Figure 5 : shows the Uncinate process attached to the middle

turbinate (A) and skull base (B).
J

The frontal sinus was hypoplostic in 10.2% (15.6% among
females), and hyperpneumatized in 26.3% with higher incidence
in males and middle-aged adult age group (35.6% among males
and 31.5 among middle age adults) (Figure 6). The frontal air-cell

found to be present in 25.9%. Type I frontal air cell was the most
prevalent (24%) followed by type IV frontal air-cell (14%, with
higher incidence in senior adults, 23.2%). No significant gender
variations (Figure 7). The supraorbital air-cell was present in
37.5% (47.3% among males and 27.4% among young adults and
51.8% among senior adults) (Figure 8). The Onodi air-cell, the
most posterior posterior ethmoid air cell, found to be present in
31.4%. No significant gender or age group variation (Figure 9).
The Haller air-cell, the anterior ethmoid air cell that lies in the
orbital floor, found to be present in 25.9%. No significant gender
or age group variation (Figure 10). The sphenoid sinus lateral
pneumatization in 24.2% [9-12]. While the conchal type in 1%
only. The sinus is relatively smaller in senior adult age group. No
significant gender variation (Figure 11). The anterior ethmoid
artery was protected with bony canal within the roof in 37.5%,
superficial on the sealing in 33.1%, and within the sinus cavity
with very thin or no bony protection in 29.4%. In senior adult
age group, 44.6% has the artery running within the sinus cavity
[13]. No significant gender variation (Figure 12).

4 B\

4 B\

Figure 7 : shows type IV frontal air-cell.
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Figure 8 : shows bilateral supraorbital air-cell extending
retroorbitally. Figure 9 : Shows left Onodi air-cell.
J N J
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Figure 10 : Shows Haller air-cell.

Figure 11 : Shows bilateral hyperpneumatized sphenoid
sinuses.

Ve

Figure 12 : Shows the anterior ethmoid arteries passing within
the anterior ethmoid air-cells.

Figure 13 : Shows the posterior ethmoid artery passing within
the posterior ethmoid air-cells.

Figure 14 : Shows the carotid artery projecting partially into the
sphenoid sinus cavity without bony partition.
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Figure 15 : Shows the optic nerve passing within the sphenoid
sinus without bony partition.
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Figure 16 : shows the sphenoid sinus septum attached to the
optic nerve (a) and the bony partition between Onodi cell and the

sphenoid sinus attached to the carotid artery.
\ J

The posterior ethmoid artery was protected with bony canal
within the roof in 66.9% and superficial on the sealing in 27.6
within the sinus cavity with or without bony protection in 5.5%
(6.8% among males). In senior adult age group, 10.7% has the
artery running within the sinus cavity (Figure 13). The depth
of cribriform plate (Keros classification) was type Il in 45.4%,
type I in 33.4%, type Ill in 12.6% and asymmetrical in 8.5%. No
significant gender or age group variation [14]. The carotid artery
was dehiscent in 20.8%, the artery was bulging into the sinus
cavity in 6.8%. No significant gender or age group variation
(Figure 14). Optic nerve was dehiscent in 15%, of them 6.7% the
nerve was bulging into the sinus cavity. No significant gender
variation. The incidence of bulging nerve into the sinus cavity is
less frequent in the senior adult age group (3.6%) (Figure 15).
The sphenoid intersinus septum was attached to the carotid
canal in 16.4%, and to optic canal in 29.7%. Among the senior
adult age group, it is attached to the carotid canal in 26.8%. No
significant gender variation (Figure 16a & 16b).

Discussion

Sino nasal anatomy is very complex clinically and radio
logically. What makes it more complex is the wide variety of
anatomical variations that may influences the path physiology
and the surgical procedures in this area [15]. Therefore, it
needs to be well understood by the surgeon. Endoscopic sinus
surgery is a fine procedure, in which the surgeon should be
meticulous and well oriented about each part of this complex

anatomy. The English literature is rich in the description of
anatomical variation of paranasal sinuses, but there is lack of
such studies among Saudi Arabia population. Studying and
reporting these variations in our society should be helpful for
otorhinolaryngologist to consider those variations while dealing
with their patients in our region and for planning the surgical
interventions on them. In the human being, 4 pairs of paranasal
sinus are there. Embryo logically developing in this sequence,
ethmoid, maxillary, sphenoid, and frontal. These sinuses have
different extent of development and pneumatization, and
variable relations with the surrounding structures, especially
orbit and skull base. Also the lateral nasal wall composed of
three turbinate’s, uncinate process and perpendicular plate of
palatine bone. Each of these structures has variant relations
with sinuses, orbit and skull base [16,17].

The imaging investigation, CT as a gold standard, for the
anatomical variation of the paranasal sinuses is very important
these variations and in correlating them with the inflammatory
changes of the paranasal sinuses. Also it is very important for
planning any surgical intervention. Inadvertent violation of
the cribriform plate may cause CSF leak, direct penetration
trauma to the dura, serious intracranial and intracerebral
complications [2,3]. In the regional and domestic literature,
three studies published tackling these variations. One of them
in eastern province of Saudi Arabia evaluated 121 candidates
for these variations and concluded that there is a difference
in the prevalence of some variants among Saudi population
compared with other study groups [4]. Another domestic study
conducted in Oman and concluded that type 3 olfactory fossa
(low lying cribriform plate) is present in more than the third of
the Omani population. This is in contrast to the Caucasian and
Indian populations where type 1 and type 2 are more common,
respectively [5]. Nouarei et al. studied 278 patients in 2009
for the incidence of anatomical variations and concluded that
there is no relationship between anatomic variations of the
bony structures and the risk to develop mucosal disease of the
sinus but they cannot exclude the potential impact on the safety
of the surgery. Therefore, these anatomic variations need to be
assessed in the preoperative evaluation [6] (Table 1).

Table 1: Showing the various anatomical variation that we reported in our research and comparison of the most recent and relevant local,

domestic and international studies.z

Lerdlum
P - Si il
Study P‘::;zs Badia Badia & Dua | Caughey | Mazza Nouraei Al- Mamatha | Fadda Adeel Al-Abri Roman Alrumaih “el:‘:: 4
Anatomical etal etal. etal. Vachira- | etal. etal. etal. etal. Qudah etal. etal. etal. etal. etal. etal. v
Variation % ) [8] 81 nubhap [10] [11] [12] [el [13] [14] [15] [16] [51 [17] [4]
[71 11 study]
Year 2000 2005 2005 2005 2005 2005 2007 2009 2010 2010 2012 2013 2014 2015 2016 2017
United
. Hong . ) . United . ) . Saudi Saudi
Country Spain Kong King- Thailand | India USA Italy Kingdom Jordon India Italy Pakistan Oman Romania Arabia Arabia
dom
Number of
. 110 100 100 133 50 250 100 278 110 40 200 77 360 130 121 293
candidates
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DNS 58 15 33 56.4 44 - - - 43 65 82 26 80 - - 30.7
h
concha 245 95 31 14.3 16 27.4 29 354 62 15 2.8 18.2 49 353 55.4 24.2
bullosa
Basal |
asal lamella 15.7 - - - - - - - - - - - - - - 3.1
pneumatization
superior
turbinates - - - - - - - - 25 - - - 1.4 - - 1.7
pneumatization
crista .gall. - - - - - - - - 28 - 13.6 - 0.3 - 89.2 8.7
pneumatization
Paradoxical
middle 5 6.5 22 5.3 10 - 11 0.7 18 - 6.4 14.3 13 8 12.4 9.5
turbinate
Uncinate
process - - - - - - - - - LP 40 - - - SB 46 - LP 73.7
attachment
Frontal sinus
hyperpneu_ - - - - - - - - - - 2.1 - - - - 26.3
matization
Frontal
air cell - - - - - - - - - - Type 1 - - - Typel Typel
supraorbital 2 17 : . . . 6.1 . - - - 13 . . 37.5
air-cell
Onodi cell 10.9 33 17 - 3 - 9 4.7 - - 8.5 6 7.5 8 35 31.4
Hallar cell 45 5 15 9.4 16 27 5 12.2 20 17.5 22.8 9.1 24 25 39.7 25.9
Sphenoid
lateral - 12 6 - - - - 11 - - - - - - - 24.2
pneumatization
Anterior Bony In the
ethmoid - - - - - - - - - - - - canal - - sinus
artery 14 29.4
l:z}sl:::i(:; R . R . . . . R . R R R R . . In the roof
66.9
artery
Keros Type I Type I Type 3 Type Il Type Il
classification 29 27 Typel92 Typel 36 TypelV 52.9 45.4
Carot}d artery R 0 3 : : : : R } R R R R } 17 20.8
dehiscence
Optlf? nerve R 0 2 : . : : R . R R R 08 . . 15
dehiscence
S:ehetl;(:;d R Carotid Carotid . . . . R . R R R Carotid . . Optic 20.7
ept 35 36 0.8 pic &2
direction

In the literature, up to our knowledge, no study assessed
the gender and age group relation to these anatomical
variations in details. In our study there is lower incidence of
deviated nasal septum in comparison to other studies. This
can be explained by the inclusion criteria which mandate a
thin cut CT scan. This study is not used to assess the incidence
of deviated nasal septum. May be for the same reason, in the
literature some studies have nearly same incidence [8,16].

The incidence of concha bullosa is almost the half of
what mentioned in the local and domestic studies. But in
comparison to the overall reviewed papers it is around
the mean. The middle turbinate lamellar pneumatization
is not mentioned in most of the reviewed papers. Among

the recent studies only one study reported it is incidence
which is five time the incidence we found in our candidates.
Superior turbinate pneumatization is not studied well also.
In the recent studies, only two studies reported its incidence
with great difference between the findings although both
are domestic studies [5, 13]. In our study its nearly the same
as the finding in Oman study [5].

Crita gali pneumatization is mentioned in four studies in
the literature [4,5,13,15]. Our finding is much less than the
finding of Alrumaih et al which was conducted in the eastern
region of our country. The other three studies reported
variable incidences. The paradoxical middle turbinate was
tackled in many studies with no much variable findings.
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In our studies its found to be around the average of other
studies findings. The uncinate process attachment is not
clearly mentioned in most of the studies. Two studies
reported the higher incidence of attachment type of
uncinate process [14,17]. In our studies the incidence of
attachment to lamina papyrecia is higher than what is
reported in the other studies. This type of uncinate process
is associated with drainage of frontal sinus into the middle
meatus directly, which is theoretically associated with better
drainage of frontal sinus.

Among the recent studies on various anatomical
of paranasal the
hyperpneumatization is mention in one study only [15].
In our study, there is much higher incidence of frontal

variations sinuses, frontal sinus

sinus hyperpneumatization extending to the level of the
mid-globe and even beyond. The frontal air-cell found to
have same predominance of type I. But we found a higher
incidence of type IV cells in our candidates. The supraorbital
air-cell is reported in three studies [6,5,8]. In our sample,
there is much higher incidence of this type of anterior
ethmoid air-cells. This is very important to be evaluated as
hidden disease can be missed there leading to persistence
or recurrence of the symptoms.

The Hallar and Onodi ethmoid air-cells are well studied
in the recent papers. In our study the Hallar air-cell is about
the average of the findings of the other studies. While the
Onodi air-cell found to be higher than most of the other
studies, except two studies showed even higher incidence
of this variation, one was conducted in the Eastern Region
of Saudi Arabi and the other in Hong Kong [4,8]. The
lateral pneumatization of sphenoid sinus is two studies
[6,8]. One of them actually mentioned the clinoid process
pneumatization which showed a lower incidence than our
sample. The other one reported the incidence of sphenoid
sinus pneumatization laterally where the incidence was also
lower than our sample findings.

The position and dehiscence of anterior and posterior
ethmoid artery is not well studied in the papers tackled the
various anatomical variations. In our sample we found it
running within the anterior ethmoid air-cells in about the
third. Most of them with thin or no bony canal. While the
posterior ethmoid artery is almost always protected with
bony canal. But in minority of cases it was running within
the sinus cavity. The depth of the cribriform plate of ethmoid,
the Keros classification in our sample is comparable to most
of the other studies where type II is the most predominant

type.

Among the reviewed papers, the internal carotid artery
canal dehiscence is mentioned in two studies only [4,8].
The incidence of dehiscence is significantly higher in our
candidates. The optic nerve canal dehiscence also found

to be much more in our candidates in comparison to the
other two studies reported it [5,8]. There is very important
to take care of while reviewing and planning endoscopic
sinus surgery in our region. While the sphenoid intersinus
septum found to be mainly centrally positioned with lower
incidence of attachment to internal carotid artery canal, but
higher incidence of attachment to the optic canal.

Conclusion

The anatomical variation of nose and paranasal
sinuses is very important to be identified preoperatively.
These variations found to be different among regions and
countries. In our study, we found differences in very risky
parts from what is mentioned in other studies, in
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