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ABSTRACT
Background: The complexity of paranasal sinus anatomy and drainage pathways make computed tomography evaluation of the paranasal 
sinuses mandatory in all symptomatic patients.

Objective: The study aimed to evaluate the frequency of anatomical variants and the correlation on computed tomography between paranasal 
sinusitis, its anatomical variants, otitis media and mastoiditis.

Methods: This retrospective cross-sectional study was conducted from July to December 2022 at Alnoor Diagnostic Centre, Lahore. A total 
100 symptomatic subjects with sinusitis were included in the study. Computed Tomography scans of the paranasal sinuses were performed 
following the functional endoscopic sinus surgery protocol. The scans were reviewed to assess the involvement of paranasal sinus as well as 
anatomical variants such as paradoxical middle nasal turbinate, deviated nasal septum (DNS) and concha bullosa among other anatomical 
variations. The study also examined the correlation between sinusitis, otitis media and mastoiditis.

Results: Out of 100 subjects, the mean age was 45.27±18.67 years. The most common sinus involved was the maxillary sinus (83%). The 
most common anatomical variants observed were deviated nasal septum (72%), concha-bullosa (23%) and agger nasi cells (17%). There was 
a correlation between paranasal sinusitis and OMC widening, as well as between different types of sinusitis. Specifically, ethmoid sinusitis 
was correlated with concha bullosa. However, other anatomical variants did not show a significant correlation with sinusitis. The correlation 
between mastoiditis and otitis media was also noted.

Conclusion: This study suggests no significant difference in the prevalence of sinusitis due to these anatomical variants. However, it is important 
to document them to avoid post-surgical complications.
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INTRODUCTION
Sinusitis is the inflammation of the mucosal lining of 
the sinuses, which are air-filled spaces around the 
nose. The frontal, ethmoidal, maxillary and sphenoid 
sinuses are four pairs of paranasal sinuses. Computed 
Tomography of the paranasal sinuses with Functional 
Endoscopic Sinus Surgery (CT PNS FESS) protocol 
has revolutionized the evaluation of paranasal sinus 
anatomy. It is now the study of choice for preoperative 
evaluation and the gold standard study to look for the 
extension of the inflammatory process [1]. Anatomical 
variants can alter the anatomy of adjacent structures 
resulting in the retention of secretions and inflammation. 
Commonly seen anatomical variants include agger nasi 
cells, infraorbital ethmoidal (Haller) cells seen adjacent 
to the maxillary ostium, Onodi cells, nasal septal 
deviation, and concha bullosa [2]. Agger nasi cells are 
the most anterior ethmoid air cells located anterolateral 
and inferior to the frontal recess. Onodi cells are the 
posterior-most ethmoidal air cells that lie superolateral 
to the sphenoid sinus. Onodi cells are located near the 
optic nerve, internal carotid artery and pituitary fossa so 
it’s important to identify them in the preoperative CT 

scan as they can pose obstacles during Transsphenoidal 
surgery [3]. Mucous retention cysts are benign lesions 
that form within the sinuses, while polyps soft growths of 
the nasal cavity. The ostiomeatal complex is a common 
channel that links the maxillary, ethmoid and frontal 
sinus to the middle meatus. According to an article by 
Anita Armani, obstruction of the OMC causes a vicious 
cycle of events that lead to sinusitis. Its obstruction 
leads to mucosal congestion, which decreases airflow 
and leads to further obstruction [4]. Whether a deviated 
nasal septum is a potential risk factor for sinusitis is still 
controversial [5]. Concha bullosa is the pneumatization 
of the middle nasal turbinate. Tiwari R [6] documented 
that concha bullosa is associated with sinusitis, although 
it is still debatable. Normally the concavity of the middle 
turbinate faces laterally, but in paradoxical middle 
turbinate, the concavity faces medially. The lamina 
papyracea (LP) is the weakest area of the medial orbital 
wall and is a vulnerable area during endoscopic surgery 
[7]. Superadded hyper-densities and bony erosions on 
CT scans are considered indicators of superadded fungal 
infection in preoperative studies [8]. A pneumatized 
crista galli is now considered to originate from the 
frontal sinus and has surgical implications when disease 
is present in the crista galli [9]. OM and mastoiditis are 
conditions characterized by inflammation in the middle 
ear cavity and mastoid air cells. This study was also 
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designed to examine the correlation between paranasal 
sinusitis and OM as well as mastoiditis. 
Certain anatomical variants are expected to be a causative 
factor in sinusitis. Therefore, the current study is designed 
to establish a relationship between paranasal sinusitis 
and anatomical variants, particularly in symptomatic 
populations. It is important to mention these anatomical 
variants in preoperative assessment by radiologists as 
a lack of knowledge in this regard may contribute to 
post-surgical complications. In this study, CT scans of 
paranasal sinuses from 100 patients who presented with 
symptoms of sinusitis during the study duration were 
reviewed. This study documented the incidence of the 
above mentioned anatomical variants. A correlation was 
noted between anatomical variants and sinusitis.

METHODS
A retrospective cross-sectional study was conducted 
at the Department of Radiology, Alnoor Diagnostic 
Centre, in Lahore, Pakistan, from July to December 
2022. The study received approval from the Ethics 
Committee of Alnoor Institute of Radiology 
(Approval no. ANIR-12/02/2024-ERB-1337). 
The sampling technique used was non-probability 
convenience sampling. By applying the statistical 
formula  N= 4pq/L2 and considering the most prevalent 
anatomical variant of agger nasi cells to be  86.4% [10] 
with a margin of error up to 8%, the calculated sample 
size was 98.38. The study included 100 symptomatic 
patients with sinusitis, aged between 18-85 years. 
Mucosal thickening greater than 1-mm on a CT scan is 
an indicator of sinusitis. We excluded patients under 18 
years old and over 85 years old, as well as those with a 
history of sinus surgery, malignancy, or facial trauma.
The CT scan of paranasal sinuses with FESS protocol 
was performed on a Toshiba 128 Slice CT Scanner 
with 1-mm thick serial axial slices and sagittal 
and coronal reformat. All symptomatic patients 
referred by physicians for CT PNS FESS protocol 
were retrospectively reviewed by three consultant 
radiologists. 
Each CT scan was analyzed for opacification of the 
paranasal sinuses, indicating sinusitis, as well as the 
presence and location of normal anatomical variants. 
Statistical analysis was conducted to determine the 
association between normal anatomical variations 
and unilateral & bilateral sinusitis. The frequency 
of involvement of different paranasal sinuses was 
studied about each anatomical variant. Additionally, 
the association of paranasal sinusitis with OM and 
mastoiditis was noted.

Analyses were conducted using the Statistical Package 
for the Social Sciences (SPSS) System, Windows 
version 26. The variables were tabulated and presented 
as frequencies and percentages. The data was displayed 
as mean ± standard deviation. The association was 
established using Pearson Correlation. Statistical 
significance was set at p < 0.05.

RESULTS 
Out of 100 subjects, 60 were males and 40 were 
females with a mean age of 45.27±18.67 years. The 
most common sinus involved was the maxillary sinus 
(83%), followed by the ethmoid sinus (49%), sphenoid 
sinus (48%) and frontal sinus (43%). In most cases, both 
sinuses (right and left) were involved. OMC widening 
was noted in 33% of cases, with 18% having bilateral 
OMC widening. Superadded hyperdensity was noted 
in 15% only. Erosion of LP was found in 9% only. 
Retention cysts were found in 26%, while polyps were 
found in 25% only.
The frequency of involvement of anatomical variants 
in decreasing order is described in Table 1. The most 
common anatomical variants observed were deviated 
nasal septum (72%), concha bullosa (23%) and agger 
nasi cells (17%). Out of the 72 % with DNS, 33% had a 
nasal spur on the left side, 32 % had a nasal spur on the 
right side and 7% had an S-shaped DNS. Paradoxical 
nasal turbinate was found in 13% only. Pneumatized 
crista Galli was found in 4%. Haller and Onodi cells 
were found in 4% and 3%, respectively. 
There was a significant correlation between maxillary 
sinusitis and ethmoid sinusitis (r=0.23, p=0.02) as well 
as sphenoid sinusitis (r=0.31, p=0.001) as shown in 
Table 2. Similarly, ethmoid sinusitis was correlated with 
sphenoid sinusitis (r=0.25, p=0.01). Frontal sinusitis 
showed a correlation with ethmoid sinusitis (r=0.53, p 
<0.001) and sphenoid sinusitis (r=0.31, p=0.002).
OMC widening was associated with maxillary sinusitis 
(r=0.26, p=0.007), ethmoid sinusitis (r=0.16, p=0.09), 
sphenoid sinusitis (r=0.25, p= 0.01) and the presence of 
polyps (r=0.45, p <0.001).
Hyperdensity was correlated with bony erosion of LP 
(r=0.35, p <0.001).
Ethmoid sinusitis was correlated with concha bullosa 
(r= -0.20, p=0.04), hyperdensity (r=0.37, p <0.001), and 
bony erosion of the LP (r=0.296, p=0.003) as shown in 
Table 2.
There was no gender association with any specific 
type of sinus involvement, but males were generally 
more affected than females. There was no significant 
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correlation of sinusitis with DNS, paradoxical nasal 
turbinate, pneumatized crista galli, agger nasi, Haller 
cells, and Onodi cells.
DNS had no correlation with concha bullosa (r=0.16, 
p=0.87) which is not significant (less than 0.05). DNS 
also had no correlation with OMC widening, paradoxical 
nasal turbinate, retention cysts and polyps. 
Mastoiditis was present in 15% of subjects, with 
bilateral mastoids involved in only 4%, right-sided 
mastoiditis in 7% and left-sided mastoiditis in 4%. 
Otitis media was present in 9%, with bilateral otitis 
media seen in 3%, right-sided OM in 4% and left-
sided OM in 2% only as shown in Table 3. OM had a 
correlation with mastoiditis (r=0.48, p <0.001), but was 
not associated with sinusitis.
Table 1:  Anatomical variants and their incidence listed in order of 
decreasing frequency, along with their corresponding percentages.
Anatomical Variants Frequencies Percentages

DNS 72 72.0

Concha Bullosa 23 23.0

Agger nasi cells 17 17.0

Paradoxical Nasal Turbinate 13 13.0

Pneumatized Crista Galli 4 4.0

Onodi cells 4 4.0

Haller cells 3 3.0

Table 2: Correlation between ethmoid sinusitis and concha bullosa, 
superadded hyperdensity and erosion of the lamina papyracea.

Ethmoid Sinusitis Concha 
Bullosa

Hyper 
Density

Erosion 
of  Lamina 
Papyracea

Pearson Correlation -.026 .377 .296

Sig (2-Tailed) 0.039 <0.001 0.003

DISCUSSION
This study was conducted to establish the correlation 
and frequency of sinusitis in the presence of anatomical 
variants. Anatomical variants cause narrowing or 
obstruction of drainage pathways, impairing airflow 
and resulting in recurrent sinusitis. Therefore, CT PNS 
should be advised in patients with recurrent sinusitis 
who have not responded to treatment, to look for 
anatomical variants. FESS involves surgically opening 
the sinus drainage passages which requires careful 

evaluation and a detailed radiological description of the 
regional anatomy and anatomical variations in the nose 
and paranasal sinuses. Although the role of anatomical 
variations of the OMC in causing sinusitis is still being 
researched, knowledge of these variations in every 
patient is important for presurgical planning to avoid 
damage to surrounding vital structures such as orbit, 
surrounding nerves and the brain. Hence, the radiologist 
should have a good grasp of paranasal sinus anatomy 
and its variants to help doctors with early diagnosis and 
avoid FESS complications.
 In our study of 100 patients, males were more affected 
than females with a mean age of 45.27 ± 18.67 years. 
According to a study conducted in China, the prevalence 
of sinusitis was also slightly higher in males than females 
[11]. In another study, the average age group of affected 
by sinusitis patients was 20-50 years [12].
The most common sinus involved in our study was 
the maxillary sinus (83%), followed by the ethmoid, 
sphenoid and frontal sinuses respectively. In another 
study conducted in Nepal, the frequency of sinus 
involvement was similar to our study; the maxillary 
sinus was involved in 50.9% of cases, followed by the 
ethmoid sinus (30%), sphenoid sinus (15.4%) and frontal 
sinus (11.8%) [13].
In our study, the most common anatomic variant of the 
sino-nasal cavities was DNS, which was present in 72% 
of the patients. Out of these patients, 33% had a nasal 
spur on the left side (as shown in Fig. 1), while 32% had 
a spur on the right side. According to a previous study, 
DNS (88.5%) is the most common variation, with slight 
predominance towards the left side, similar to that seen 
in our study [14].
The second most common variant in our study was 
concha bullosa (23%) followed by agger nasi cells and 
paradoxical nasal turbinate. In another study conducted 
in Pakistan [15], the most common anatomical variants 
were found to be agger nasi cells (64%), DNS (56%), 
concha bullosa (46%), Haller cells (10%) and Onodi 
cells (10%).  The prevalence of Haller cells in our 
study was 3% which was lower than the previously 
documented range of 10-62% [16]. However, the 
prevalence of Haller cells has been reported to be highly 

Table 3: Frequency of mastoiditis and otitis media.

Mastoiditis & Otitis Media Frequency of Mastoiditis Percentage of 
Mastoiditis

Frequency of 
Otitis Media

Percentage of Otitis 
Media

Overall 15 15.0 9 9.0

Bilateral 4 4.0 3 3.0

Right Sided 7 7.0 4 4.0

Left Sided 4 4.0 2 2.0
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variable, ranging from 2.7 to 45.1% [17]. The presence 
of Haller cells can increase the risk of orbital injury 
during ethmoidectomy [18]. The prevalence of Onodi 
cells was 4% in our study which is within the range 
of 1.3-65.3% as previously reported [19]. Additionally, 
the prevalence of pneumatized crista Galli (4%) was 
within the previously reported range of 2.4-13% range 
[9]. The prevalence of concha bullosa at 23.0% in our 
study is within the range of 14-67.5% as previously 
reported [5, 20].  
In our study, we found no correlation between DNS and 
sinusitis. The only significant association observed in 
our study was the occurrence of ethmoid sinusitis and 
concha bullosa. A study showed no increased incidence 
of paranasal sinus disease in patients with concha bullosa 
or nasal septal deviation [20, 21]. 
The OMC is an important entity to examine for 
drainage of the frontal, anterior ethmoid and maxillary 
cells. Our study showed that OMC widening was 
associated with maxillary, ethmoid and sphenoid 
sinusitis. It also demonstrated a significant correlation 
between OMC widening and the occurrence of polyps. 
Bony erosion is considered a minor criterion for the 
diagnosis of allergic fungal rhino sinusitis, with the 
LP being the most frequently involved. In our study, 
ethmoid sinusitis showed a significant association with 
the erosion of the LP. These findings are consistent 
with the results published by Al-Dousary S [22]. 
Hyper-density is correlated with erosion of the lamina 
papyracea (r=0.35, p= 0.00).
Our study showed an association of OM with mastoiditis, 
as seen in one of the CT scans in Fig. (2). Another study 
stated that mastoiditis was a frequent comorbidity of 
both acute and chronic otitis media [23]. However, 
no correlation was found between OM and sinusitis 
in our study. A study conducted by Raman R reported 
that sinonasal pathologies and mastoid infections have 
a close association. Sinus pathologies and DNS were 
frequently observed in patients with mastoiditis [24].
In our study, we did not find a significant association 
between anatomical variants and sinusitis. Therefore, the 
importance of these variants lies primarily in presurgical 
planning rather than as a causative factor. These results 
were also noted by Shpilberg KA [2].

LIMITATION OF STUDY
We did not cover all anatomical variants; only the 
common ones were included. Secondly, this study 
included a limited number of subjects and was 
conducted at a single center. This study only included 
symptomatic subjects, so the incidence and correlation 

of anatomical variants in healthy individuals were 
not considered. Previous studies have shown varying 
results regarding the correlation between paranasal 
sinusitis and anatomical variants. Therefore, more 

Fig. (1): Coronal view CT of the paranasal sinuses shows the 
presence of normal anatomical variants, such as a left concha bullosa 
and a deviated nasal septum towards the left. The right maxillary 
sinus is completely opacified, and there is mild mucosal thickening 
in both frontal sinuses consistent with maxillary and frontal sinusitis. 

Fig. (2): Two coronal sections through a CT scan of the paranasal 
sinuses of the same patient show the presence of opacification in 
the left middle ear cavity completely encasing the ossicular chain 
suggesting otitis media. The left mastoid air cells are also completely 
opacified demonstrating fluid density consistent with acute left 
mastoiditis.  
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comprehensive research is needed with a metacentric, 
multiregional approach in the future to better understand 
this correlation.

CONCLUSION
Several anatomical variants were noted in this study but 
correlation was only established with a few. Whether a 
CT PNS is performed for pre-surgical evaluation or not, 
it is important to mention any anatomical variants in the 
report to prevent potential surgical complications. 
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