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Abstract: Background: The anatomy of the nose and paranasal sinuses is complex, and many anatomical variations have 

been thoroughly studied. There is debate about the effect of these variations on the occurrence and severity of sinusitis. 

Computed Tomography (CT) scan is the modality of choice for evaluation of variable anatomical variations and different forms 

of sinusitis. Aim: The aim of this research was to study the relation between recurrent sinusitis and anatomical variations of the 

osteomeatal complex and nasal structures by CT. Patients and Methods: A cross section observation study was performed. We 

collected data of 89 patients subjected to CT of the paranasal sinuses. CT was performed using SIEMENS SOMATOM 

SENSATION dual source machine. Data analysis was performed using SPSS program, version (19.0.0): Results: All patients in 

the study population showed one or more anatomical variations and only 85.3% of them had sinusitis. Infundibular pattern of 

sinusitis had the highest incidence and the lowest patterns were sphenoethmoid recess and sporadic unclassified patterns. 

Anatomical variations found by CT, nasal septal deviation represented the most common variation (50%). Conclusion: There 

was a statistically significant correlation between nasal septal deviation, uncinate process anomalies and some patterns of 

sinusitis with the p value = <0.05. 
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1. Introduction 

There is a wide range of anatomical variations of the nose, 

paranasal sinuses (PNS) and osteomeatal complex best 

detected by Computed Tomography (CT), which is a 

noninvasive imaging modality with high image resolution 

and reconstruction capability. These variations may lead to 

impaired mucociliary drainage of the PNS results in sinusitis. 

Inflammatory changes of the PNS are radiologically grouped 

into various patterns; infundibular , ostiomeatal unit (OMU), 

spheno-ethmoid recess, sinonasal polyposis of the nose and 

PNS, sporadic unclassified patterns e.g. mucocele and 

nonspecific mucosal thickening[1,2,3].
 

Many anatomical 

variations have been studied and the correlation between 

them and sinusitis in not clear up till now [4].Some studies 

showed  statistically significant association between common 

anatomic variations and the presence of sinusitis [5].While in 

other studies, no statistically significant correlation was 

found[6]. 

The aim of this study was to study the possible correlation 

of anatomical variations of the nose, PNS and osteomeatal 

complex to chronic sinusitis by means of C.T. 

2. Patients and Methods 

2.1. Type of Study 

A cross section observation study was done at the 

diagnostic radiology department, KAUH after obtaining 

research ethical approval from the medical research ethical 

committee, Faculty of medicine, KAU. 

2.2. Patients 

This study included 89 patients subjected to CT of the PNS 
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done between November, 2012 and March, 2013, who had 

signs and symptoms of chronic sinusitis - as diagnosed by the 

referral ENT doctors - e.g. facial pain and tenderness over 

PNS, nasal congestion, headache, post nasal discharge, night 

irritating cough and reduced smell sensation lasting for more 

than 3 continuous months. Patient’s consent was obtained 

prior CT examination. 

Participants included 42 females and 47 males ranging in 

age from 20 to 72 years with the median age is 46 years. 

2.3. Technique of CT 

Non contrast CT was performed using SIEMENS 

SOMATOM SENSATION dual source machine. Axial planes 

were done for all patients in the supine position, and then 

images were sent to the workstation for coronal and sagittal 

reconstruction. 

2.4. Image Interpretation 

CT scan of each patient was reviewed by two expert 

radiologists minded by the patients symptoms of sinusitis for 

the presence of evidences of sinusitis e.g. mucosal thickening, 

sinus opacification, polyp or mucocele, in addition to the 

presence of anatomical variations of PNS including concha 

bullosa, turbinate hypertrophy, Agger nasi cell, Haller’s cells, 

pneumatized uncinate process, osteomeatal complex, septal 

deviation or maxillary, sphenoid or frontal 

hypoplasia.Inflammatory changes of the PNS were classified 

into five patterns; 1- Infundibular pattern 2- Ostiomeatal unit 

pattern 3- Spheno-ethmoid recess pattern 4- Sinonasal 

polyposis 5- Sporadic unclassified pattern and pansinusitis. 

2.5. Statistical Analysis 

Demographic data of participants together with CT 

findings were collected and statistically analyzed using the 

SPSS program version 19.0.0 (SPSS, Inc. Chicago, USA) 

software package. To correlate the incidence of sinusitis with 

different anatomical variations of osteomeatal complex and 

nasal cavity, Chi-square test or Fischer’s exact test –when 

appropriate- were used to assess the significance of the 

correlation between anatomical variations of osteomeatal 

complex and sinusitis. Differences in all testes with a p-value 

of <0.05 is considered to be statistically significant. 

3. Results 

All participants showed one or more anatomical variations, 

and out of them, 85.3% had sinusitis. The distribution of 

different patterns of sinusitis among the study population is 

shown in (Fig. 1) where infundibular pattern had the highest 

incidence (28%), followed by sinonasal polyposis and 

pansinusitis (20% for each) (Fig. 2), then OMU (14%). The 

least patterns were sphenoethmoid recess pattern and 

sporadic unclassified pattern (9% for each). Unclassified 

pattern included nonspecific mucosal thickening or and 

mucoceles. (Fig.3) 

 
Fig. 1. The distribution of different patterns of sinusitis among the study 

group. 

 
Fig. 2. A & B: Coronal CT shows bilateral maxillary and sphenoid polyps (arrows). Sinonasal polyposis pattern. 
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Fig. 3. CT coronal image shows mucous retention cyst in the left maxillary 

sinus (*). Sporadic unclassified sinusitis. 

 

Fig. 4. CT coronal image shows bilateral concha bullosa (arrows). Notice 

the bilateral inferior turbinate hypertrophy (*).  

 

Fig. 5. CT coronal image shows deviated nasal septum with bony spur 

(arrow). 

One or more anatomical variations were seen by CT in all 

participants. Nasal septum deviation (NSD) represented the 

most commonly encountered variation (50%) with the right 

and left sides are almost equal (26 % and 24 % 

respectively). This is followed by concha bullosa and nasal 

septum spur (16% for each) (Fig. 4 and 5). 

Absent/hypoplastic frontal sinus represented (9%). 

Uncinate process variations (deviation or aeration) 

represented (6%) and Agger nasi cell was seen in only 3%. 

The detailed distribution of common anatomical variations of 

the nose and PNS among the study population is seen in 

figure (6). 

 
Fig. 6. Distribution of anatomical variations of the nasal structures and 

osteomeatal complex among the study group. 

Statistical analysis correlation between different patterns 

of sinusitis and anatomical variation of the nose and PNS was 

done using Chi-square/ Fischer exact test. Table1shows 

different patterns of sinusitis and the incidence of associated 

anatomical variations. Considering the statistical significance 

of p value< 0.05, there was statistically significant correlation 

between sporadic unclassified sinusitis and both nasal 

septaum deviation and uncinate process variations (p value 

=0.047 and 0.024 respectively). 

Table 1. The relation between different patterns of sinusitis and anatomical variations encountered in the study population. Notice that some patients have 

more than one form of sinusitis. 

Patterns 

Variations 
Infundibular OMU 

Spheno-ethmoid 

recess 

Sinonasal 

polyposis 
Sporadic unclassified Pansinusitis 

Numbers 33 16 10 24 11 24 

Percentage 28% 14% 9% 20% 9% 20% 

NSD 

RT P= 0.22 P=0.78 P= 0.21 P= 0.63 P= 0.35 P= 0.22 

LT P= 0.32 P= 0.47 P=0.069 P= 0.093 *P=0.047 P=0.61 

Spur P= 0.68 P= 0.42 P= 0.61 P= 0.45 P= 0.75 P=0.78 

Concha bullosa - P= 0.58 P=0.077 P= 0.22 P= 0.90 P=1 

Absent/ hypoplastic 

frontal sinuses 
- P= 0.33 P= 0.77 P= 0.97 P= 0.32 P=0.061 

Uncinate process 

variation 
- P= 0.16 P= 0.90 P= 0.33 *P= 0.024 P= 0.20 

Aggar nasi cells - - - P= 0.92 P= 0.43 P= 0.92 

* Statistically significant 
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4. Discussion 

Some of our results match with those mentioned in 

literatures and others don’t match. Infundibula pattern (the 

commonest pattern of sinusitis (28%) in the current study) is 

more or less the same of Babbel et al, 1991 where the 

infundibular pattern is the most common detected pattern in 

his study (26%) [7]. Also, sphenoethmoid recess pattern has 

the least incidence (9%), which is in concordance with the 

results of Zinreich S, et al, 2003 where sphenoethmoidal 

recess representing only  13.6%[2]. On the other hand, some 

patterns are seen less frequently than mentioned in literatures 

[3,8]. Ostiomeatal unit pattern is seen in 14% and sporadic 

unclassified pattern is seen in only 9% of our study group. 

These results denote the great variation in the incidences of 

different patterns of sinusitis. In the current study, anatomical 

variations of the PNS are surprisingly found in all population 

study. This incidence is very high compared to other studies. 

In studies of Adeel M, 2013 with a sample size of 77, 88.5% 

of the population study had anatomical variation and in 

another study - but with smaller sample size (40 patients), the 

incidence was much less (51.9%) [9]. The incidence of these 

variations differs from one study to another. This may be 

referred to genetic &racial causes or may be due to the 

different methodologies of sample collection and sample size. 

The relation of anatomical variation to the incidence of 

paranasal sinusitis is debated. 

In our study, 85.3% of patients have sinusitis, which is a 

high incidence supporting the possible correlation between 

anatomical variation and sinusitis. Nasal septum deviation is 

the most common of all (50%).  We find a correlation between 

nasal septum deviation and sporadic unclassified sinusitis 

(P=0.047). Our results are supported with those of Sarna A et 

al, 2002 who stated that “severe nasal septum deviation has 

been noted as a contributing factor for sinusitis” [10]. 

Significant bowing of the nasal septum results in narrowing of 

the middle meatus. Sometimes there may be attached nasal 

spurs which may further compromise the osteomeatal unit with 

increased incidence of developing sinusitis. However, the 

effect of nasal septum deviation or isolated nasal spur on the 

occurrence of sinusitis was not proved [8, 11].
 
The reported 

prevalence of aeration of the middle turbinate varies widely 

from 14-80% [12]. The concha bullosa in itself does not 

require surgery, but its presence may predispose a patient to 

occlusion of the ostiomeatal complex and subsequent sinus 

disease [13].
 

Concha bullosa is found in 23% of our 

participants with non-significant correlation between it and 

different types of sinusitis. The reported incidence of uncinate 

process variation ranges from 0.4 to 18 % [9]. Uncinate 

process may show pneumatization, deviation or even absence. 

Pneumatization of the uncinate process is believed to be due to 

the extension of the agger nasi cell within the anterosuperior 

portion of the uncinate process. It has also been suggested as a 

predisposing factor for impaired ventilation of the anterior 

group of sinuses and frontal sinus. It may also change the 

normal anatomy of Osteomeatal complex thus proper drainage 

of sinuses causing sinusitis [13]. Only 6% in the current study 

have uncinate process variations, with significant correlation to 

unclassified sinusitis, including nonspecific mucosal 

thickening and mucocele (with the p value =0.024).
 

In summary, anatomical variations of the nose and PNS are 

common and variable. They may be considered as 

contributing factors for the occurrence of inflammatory 

diseases of the PNS. However this correlation is still under 

investigation and needs more expanded researches with large 

sample size. 

5. Conclusion 

The commonest anatomical variation of the study 

population is nasal septal deviation (50%), and the most 

common pattern of sinusitis is the infundibular pattern (28%). 

There is significant correlation between nasal septal 

deviation, uncinate prosess anomalies to paranasal sinusitis 

(p value <0.05 for each). CT scan can diagnose different 

types of anatomical variations of the nose and PNS owing to 

its high resolution, thin cuts, and reconstructed images. The 

importance of diagnosing such anomalies is not only in the 

correlation between their presence and patient’s liability to 

sinus inflammatory diseases, but also in planning for surgical 

or endoscopic intervention of the PNS. 
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