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ABSTRACT
Background
The anatomy of the nasal cavity and paranasal sinuses differs significantly, certain distinct variations are found

most frequently among the general population. This makes CT scan an important preoperative investigation in
the diagnoses and treatment of rhinosinusitis.

Objectives

To evaluate the types and frequency of anatomical variants in the nose and paranasal sinuses depicted by
computed tomography (CT) in patients with chronic rhinosinusitis.

Patients and Methods

This study conducted on 76 patients with clinically suspected chronic rhinosinusitis whose age range from 12—
77 years, 31 Males and 45 Females. CT scan were done for them in Sulaimani Teaching Hospital/ Department
of Radiology, from March 2016 to September 2016.

Results

In this study, there were 375 variations which were divided on 27 types of variants, 6 of them were more
common and represented 66 % of all variations, they were (1) agger nasi cells 79%, (2) nasal septal deviation
78%, (3) concha bullosa 58%, (4) septal spur 46%, (5) onodi cells 36%, (6) anterior clinoid pneumatization
32%. The other 21 less common variants formed 34 %. We found significant association between anterior
clinoid pneumatiazation and optic canal dehiscence, also between incidence of atelectatic uncinate process
and maxillary sinus hypoplasia.

Conclusion

The most frequent variations where those involved ethmoidal sinus, nasal septum and middle turbinates,
particularly agger nasi cell, nasal septum deviation and concha bullosea.
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INTRODUCTION

Although the nasal anatomy varies significantly
among individuals, certain anatomic variations are
common in the general population and are often seen
more frequently in patients with chronic inflammatory
disease. The significance of an anatomic variant is
determined by its relationship to the ostiomeatal
channels and nasal air passages. The ability of the
variation to obstruct the air passages may imply a role
in the development and recurrence of sinusitis .

Computed tomography (CT) is currently the modality
of choice in the evaluation of the paranasal sinuses
and adjacent structures. Its ability to optimally display
bone, soft tissue and air, facilitates accurate depiction
of anatomy and extent of disease in and around the
paranasal sinuses. In contrast to standard radiography,
CT can clearly show the fine bony anatomy of the
ostiomeatal channels.

The optimal time to perform CT is during quiescent
phase of the disease, which means after the maximum
medical treatment. This diminishes the effect of acute
inflammation and allows identification of specific
anatomic areas of narrowing or disease. Patients should
therefore undergo comprehensive medical therapy
before they undergo CT?.

The aim of this study is to evaluate the types and
frequency of anatomical variants in the nose and
paranasal sinuses of patients with clinically suspected
chronic rhinosinusitis by computed tomography (CT).

PATIENTS AND METHOD

This prospective study carried out in sulaimaniya
teaching hospital —X ray center from march 2016 to
September 2016.

The study conducted on 76 patients suffering from
chronic rhinosinusitis referred by otorhinolaryngologist
for CT scan of nose & para nasal sinuses. Patients were
scanned when they were clinically well between bouts
of sinusitis.

For tomographic study SOMATOM Emotion (Siemens
medical systems ) 2011, 16 slice multi detector CT
(MDCT) scanner was used.

In all cases, standard studies of the Sino-nasal region
were performed. Axial image were done with the
patient in supine position; coronal and sagittal image
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were reconstructed from the axial images. all images
were dedicatedly evaluated by the same radiologist
with fifteen years of experience .

Direct scans with 5 mm in thickness were made, from
inferior maxilla to the upper end of frontal sinus in
scout view. Then reconstruction of coronal and sagittal
images was done by 0.75-1mm slice in thickness.

The exclusion criteria included:

1. Those patient with history of trauma to the face.
2. Patient suffering from tumors of head and neck.
3. Those patient with history of nasal surgery.

4. Acute inflammatory conditions.

Statistical Analysis

Statistical Package for Social Sciences (SPSS)
version 22, which is a statistical software program,
and Microsoft excel spreadsheets (2013) were used
for data entry, calculations, and data interpretations.
Descriptive statistics and up-to-date statistical methods
were used in the evaluations. Two sample t-test
was used to determine the level of significances of
association between different groups. P-values < 0.05
were considered statistically significant.

RESULTS

Of 76 patients (45 were female and 31 were male).The
age range was 12-77 years with the mean age (32.6
years). The highest percentage reported for age group
was group 26-40(45%), followed by age range group
12-25 (30%).

According to the anatomical location, in percentage,the
highest degree of variability was for ethmoidal air cells
(32%) followed by nasal septum (25%), then turbinates
(15%), sphenoid sinus (15%), maxillary sinus (7%) and
least one is frontal sinus (5%), Figure 1.

Regarding the site of affection, (375) sites affected by
27 types of variations in the nasal cavity and paranasal
sinuses), the highest degree for 6 most common
individual variations were as following; (1) agger nasi
cell 79 %, (2) nasal septal deviation 78%, (3) concha
bullosae 58 %, (4) nasal spur 46% , (5) onodi cell 36%,
(6) anterior clinoid pneumatization 32%.and this 6
variants represent about 67% of all variations and the

remaining other 21 variants represent only 33%, Table
1.
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Nasal septum

Our study included any nasal septal deviation from
the midline (59 cases 78%). The rest of the variations
found were septal bony spurs (35 cases 46%) and nasal
septal pneumatization(l cases 1%). We see that there is
no significant difference between male and female sex
groups (P- values >0.05). Also there is no significant
difference between age subgroups (P- values >0.05 ).

Turbinates

Fifty eight variants were encountered at turbinates,
in order of frequency, concha bullosa (44 cases,58%)
,paradoxical middle turbinates (9 cases, 12%) |,
pneumatized superior turbinate (3 cases, 4%),
hypoplasia of the turbinates (2cases, 3%); There is no
significant difference between male and female for
turbinate variations and also no significant difference
between age subgroups (P- values >0.05 ). There is
insignificant association between incidence of septal
deviation and concha bullosa with P- Value 0.52.

Ethmoid sinuses and Uncinate process

Among 120 variants observed the most common was
agger nasi (60 cases ,79%), followed by onodi cells (7
cases, 58%) and the least one was aerated crista galli (2
cases, 3%).

There is insignificant difference between male and
female except for agger nasi cells which show significant
difference (P-Value 0.048).

Maxillary sinus

In the present study ,most common variation was
maxillary sinus septa (18%) , followed by accessory
Ostia 9% then maxillary sinus hypoplasia 3% & the
least were maxillary sinus overpneumatization with
infraorbital nerve dehiscence in which each case was
only 1%.

Frontal sinus

In our study frontal sinus hypoplasia was commonest
variant ( among frontal sinus variation ) about 9 cases
followed by overpneumatized 7 cases and frontal sinus
agenesis.

Sphenoid sinus

Among sphenoid sinus variation , largest number
was pneumatized anterior clinoid process 24 cases
followed by optic canal dehiscence 14 and sphenoid
overpneumatization also 14 cases then least 2 variant
were hypoplastic sphenoid 3 cases followed by
pneumtization of posterior clinoid 2 cases as seen in
Table 2 and Figure 2.
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Figure 1. Frequency and Percentage of sinus variations by the
anatomical locations (n=76, Total Number of Variations=375).
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Table 1. Common Variation frequency, percentages, and sides.

Variation Side Frequency Percentage
Agger nasi cell Valid Right 9 12%
Left 18 24%
Bilateral 33 43%
Total 60 79%
absent 16 21%
Total 76 100%
Nasal Septum Deviation Valid Right 35 46%
Left 24 32%
Total 59 78%
absent 17 22%
Total 76 100%
Concha Bullosae Valid Right 12%
Left 11%
Bilateral 27 36%
Total 44 58%
absent 32 42%
Total 76 100%
NasalSpur Valid 35 46%
absent 41 54%
Total 76 100%
Onodi Cells Valid Right 4 5%
Left 16 21%
Bilateral 7 9%
Total 27 36%
absent 49 64%
Total 76 100%
Pneumatized Anterior Clinoid Valid Right 11%
Left 7%
Bilateral 11 14%
Total 24 32%
absent 52 68%
Total 76 100%

Table 2. Association between incidence of anterior clinoid pneumatization
and optic canal dehiscence (Grades Il & III).

Optic canal dehiscence

Pneumatized Anterior
Clinoid

) p-value
14 0.001*
48

*There is a significant association (P-value<0.05)
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DISCUSSION

A wide range of anatomical variations prevalence were
presented differently in various studies that it could be
the result of discrepancies in analyzing and studying
methods, definitions, racial varieties and the accuracy
of studies according to CT scan cut offs.

The fact that our study involves those cases suspected
to have chronic rhino sinusitis, so the results simply
are different from those done on general population or
those of control groups.

We found 375 variants in 76 patients which were
belong to 27 types of variations in the nasal cavity
and paranasal sinuses but the highest percentage cases
affected by 6 most common variations were as follows:
1) Agger nasi cell 79%, 2) Nasal septal deviation 78%,
3) Concha bullosae 58 %, 4) Nasal spur 46%, 5) Onodi
cell 36%, 6) Anterior clinoid process pneumatization
32%.

Our study results are approximately near to results of
Thimmappa et al @ in the order of frequency of most
common variations, they reported Agger nasi in 68%
,as the most common ,followed by Septal deviation 47%
,Concha bullosa 37%.while Jain P. K et al ® noticed
that deviated nasal septum was the most common
variation in (78.8%) followed by middle concha bullosa
in (32.7%) patients. Bolger et al © reported Agger nasi
98.5%, concha bullosa 53%, and nasal septal deviation
18.8%.

Nasal septum variations

We reported septum deviation in (59 cases, 78%) and
this was concordance with the result of Aramani A °
(74%) and Kaygusuz A’ (72.3%), but differ from Maru
® (55.7%) and this difference in prevalence may be due
to different criteria used for the degree and morphologic
features of septal deviation.

Our study shows septal deviation more in female (45
cases) than male (3lcases) but the difference is not
significant, (P- values >0.05).

This is different from the result of Mundra et al © which
reported male (34 cases) more affected than female (27
cases) and the deviation was predominantly on the left
(59%) side. This difference from our research may be
due to exclusion of those patients who have history of
trauma to nose which is more frequent in males.

Also the septal deviated more to the right (46%) than

the left (32%), this is differ from study of kumar et al
that showed slight predominance to the left side (29%)
as compared to right side (23%).

In the present study we found septal bony spurs (35
cases, 46%) and this was near to result of Earwaker 'V
reported septal spur in 34% of cases while jain P.K @
reported 12.7% in his study.

Also we reported nasal septum pneumatization (1
cases, 1%), this was near to the result of K Dua et
al 1 which were reported in 1 patient (2%).while
Thimmappa TD et al @ reported pneumatization of
the septum in 30% , this wide range of prevalence may
be due to different definition of pneumatization, some
investigator regarded extension of the sphenoid sinus
to the posterior part of the septum as pneumatization of
the septum while other exclude those cases.

Turbinates

In the present study, concha bullosa was observed in
44 cases (58), and this is nearly goes with the result
of Bolger® ( 53.6%) and Scribano et al ¥ (67%). While
Maru ® reported in 42.6 % of cases and Kaygusuz A
reported in 41.5% of cases.

We noticed that there is considerable variation in the
reported prevalence of concha bullosa, this may be
due to using different criteria of pneumatization which
used by different investigator and on the method of
analyses. Some researcher accept very small amount
of air as pneumatization for example: zerniech et al
(4 encountered concha bullosa in 34% of patients
employing a definition of concha bullosa as any degree
of middle turbinate pneumatization on CT scan, this
discrepancy to our study may be the result of using
4mm slice thickness in their study for interpretation &
using old generation CT machine model at that time
(1988) .

Other investigator considered extensive pneumatization
as concha bullos as in the study of Bolger ©. In addition
the incidence depend on the patients group, as some
studies including ours performed on patients with
suspected chronic rhinosinusitis. Maru ® reported 77%
in the present of ostiomeatal disease, when compared
to an incidence of 33% in the absent of the disease.

In our study paradoxical middle turbinate was found in
12% of cases. The incidence in other literatures were:
12% by Asruddin et al ', 12.5% by Sheetal D et al 19,
13.8% by Kaygusuz A @ and 15% by Lloyd 7.
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Ethmoidal sinus and uncinate process:

Agger nasi cells were present in (79%) in our study.
Result in other literatures were : 64.6% by Kaygusuz
A7, 88.5% by Maru ® and 98.5% by Bolger ©. The
reported prevalence in different series ranges widely
from 2% in Lloyd ”to 98.5% Bolger ®, corresponding
to varying anatomic definitions. Kennedy and zenreich
(1988) ® noted agger nasi cells in nearly all patients
evaluated, this would suggest that the agger nasi cell is
a part of normal anatomy.

Onodi cell were found in our study 27 cases 36% . This
is near to the results of A. Chmielik 1 39,8% While
Kasemsiri P @” reported the incidence of onodi cells
49.5%. Kainz and Stammberger ?" found onodi cells
in 42% using endoscopic dissection,which was higher
than that observed with CT examination (39%). A.
Chmielik et al ™ suggested that both axial and coronal
plane reconstructions of the CT examinations should
always be used to detect and describe the onodi cell
properly like our study.

Haller cells incidence in our study was (12%). Lloyd
U7 reported 15%, Zinreich ™ 10% and Kaygusuz A
13.8%, but it was less than that reported by Bolger ©
45.9% and Maru ® 36% ,the possible reasons for this
discrepancy is difference in interpretation of haller
cell, sample study or in the technique of CT scanning.

We observed Uncinate process pnuematization in
(12%). Our result was concordance with earwaker
9.1%, Wani et al ® in (14%) patients, Bolger et al ©
reported in 2.5%, and Adeel et al @ in 5.2%

Atelectatic uncinate process was seen in (7% ). Tulli et al
observed in 2% @ and Anita Aramani 9.3% ©%. There is
significant association between incidence of Atelectatic
Uncinate Process and Maxillary Sinus Hypoplasia with
(p- value 0.002) this is goes with the result of Tamer
Erdem @ and A De Sousa ®®. We observed over
pneumatized Ethmoidal Bulla in 11%, zinreich et al ®
reported 8% which is close to our result and Llyod @7
reported in 17 %. While Arun @? observed in (37.33%)
patients. Patel AK et al ®® Reported prevalence of large
ethmoid bulla in 32.66% patients. Fadda GL et al *
and Krzeski A et al. ®” reported large ethmoid bulla in
32.8% and 26.75% patients respectively.

This discordance between these results may be due to
different description of giant ethmoidal bulla, some
investigators depend on the measurement of the cell,
while others depend on the evidence of extension of
this cell to osteomeatal complex.
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Maxillary sinus variations

Hypoplasia in our study was detected in 4% of cases
and this was concordance with the result of Aramani
et al® which reported 2% and Bolger et al ® found in
10.4%. Maxillary sinus septation was found in 18% in
our study. In the review of the literatures; Ulm et al ¢V
found in 18.3%, Kumar et al @¥in19.6%, Krenmmair
et al®? in 16% Won-Jin Lee ®¥ observed in (24.6%),
Velasquez-Plata et al ¥ in 24%.

Hyperpneumatized maxillary sinus in our study was
1%, Kalavagunta et al.®observed in 8%. Accessory
ostia was 9% in our study and this was concordannt
with the result of A. Sindel et al ¢®(13.8%) but Yenigun,
et al ®”reported in 19.1 %.

Dehiscence of infra orbital nerve was 1% of cases.
Lang J. observed dehiscence of bony margins of the
infraorbital nerve canal up to 14% of cases ©¥ also
Yenigun, A et al @ reported in 12.3% but their sample
size were larger and they used different description of
infra-orbital dehiscence .

Frontal sinus variations

We observed frontal sinus hypoplasia in (12%) , over
pnuematization seen in (9%) and agenesis in (4%) . Our
result relatively near to the result of the A. Guerram
et al “9 who reported hypoplasia in 9.4% agenesis in
2.5% and hyper pneumatization in 11.9% . Earwacker
J Y observed that hypoplasia in 4% and agenesis in
5% of the population, while Nesibe et al “) reported ;
hypoplasia in 14.2%, aplasia in 4.1%, and hyperplasia
44.5 %.

Sphenoid sinus variations

We observed anterior clinoid process pneumatization
in 32% this is compatible to the result of Heskova et al
42 (26.5%),. but Bolger © reported in 13.3%. We found
overpneumatized sphenoid sinuses in 18% of cases .this
is comparably near to the result of Hamid et al (15.9%)
while A. SEirikci et al ® and Citardi MJ “¥ reptoted
29.3% and 37.5% respectively.

We reported sphenoid sinus hypoplasia in 4%. E.
Sanverdi ® reported in 3% Kayalioglu et al “® 1.9%
and in M. PAIS Clemente “”2%. The grade of optic
canal dehiscence was as follows: grade 1 (82%), grade
2 (12%), grade 3(7%), grade 4 (0%), this result nearly
goes with the result of Delano and zenreich 1996 “®
grade 1 (76%), grade 2 (15%), grade 3 (6%) and grade
4 (3%).
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In our study there was significant correlation between
opticcanal dehiscence (grade2 and 3)and anteriorclinoid
pneumatization with p value 0.001,this is compatible
with the result of Delano ®®, so pneumatization of
anterior clinoid process is an important indicator that
the optic nerve may be at risk of injury during sinus
surgery because of the frequent association with the
type2 and type3 nerve configurations.

Delano* stated that in general, the greater the aeration
of the sinus, the greater the likelihood of optic canal
dehiscence.

Clinical significance of variations

The review of the literature showed that the clinical
significance of the anatomical variants of the nose and
PNS is controversial. Most authors agree that many
anatomic variations can contribute in some way to
the development of recurrent sinusitis. Zinreich (1993)
@ found that 62% of his patients had at least one
anatomic variant, against 11% in the normal control
group. These findings seem to suggest a correlation or
clinical significance of anatomical variants regarding
the appearance of inflammatory sinus pathology.

However, Bolger et al ©, in a series of 202 patients,
observed (64.9%) anatomical variants, but found the
incidence in patients with sinus pathology was similar to
that in persons studied for other reasons. while Yousem
0 claimed that the variants may be a predisposing
factors, depending on their size, location, or the amount
of mucosal contact caused by the variations.

Of all the anatomical variants of Lloyd’s series'’only the
concha bullosa was associated with a high incidence of
sinusitis (85%).

Also Kennedy, bolger ® and zinreich @ agreed that
certain anatomic variations increase the risk of
complications during FESS so a preoperative display
of the individual patient’s anatomy on CT, allows
anatomic variations to be taken into account by the
surgeon during FESS, thus decreasing the likelihood of
any complications.

In conclusion, the most frequent variants are those
involving the ethmoidal sinus, nasal septum and middle
turbinates particularly agger nasi cell, nasal septum
deviation and concha bullosea.

Pneumatization of anterior clinoid process is an
important indicator that the optic nerve may be at
risk of injury during sinus surgery because of the
frequent association with the type 2 and type 3 nerve
configurations.

We suggest a larger study sample on particular
anatomical variants and relation between variation and
extent of the rhinosinus diseases.

Figure 2. Coronal CT scan, optic canal dehiscence type 3.
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