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ABSTRACT

Objective: The aim of this study is to evaluate anatomical 
variations of nasal cavity and paranasal sinuses using cone 
beam computed tomography (CBCT), which is currently 
used in dentistry radiology. 

Material and Method: In this study, 251 patients’ nasal 
cavities and paranasal sinuses were evaluated using CBCT 
(Newtom 5G, Verona Italy) images in terms of anatomical 
variations. The high-resolution (voxel and slice thickness: 
0.2 mm) multiplanar reformatting images (MPR) were 
used for the evaluation of the variations. 

Results: The most common anatomical variation of nasal 
cavity and paranasal sinuses found in this study was agger 
nasi cell (95.6%). The most rarely observed variation was 
sphenoid sinus aplasia (0.8%). There was no statistically 
significant relationship between concha bullosa and nasal 
septum deviation.

Conclusion: CBCT is a preferred alternative and reliable 
method for evaluation of anatomical variations of the 
nasal cavity and paranasal sinuses.

Keywords: Anatomical variation, nasal cavity, paranasal 
sinus. Nobel Med 2017; 13(2): 36-41
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NAZAL KAVİTE VE PARANAZAL SİNÜSLERİN 
KONİK IŞINLI BİLGİSAYARLI TOMOGRAFİ 
İLE DEĞERLENDİRİLMESİ

ÖZET

Amaç: Bu çalışmanın amacı günümüz diş hekimliğinde 
kullanılan konik ışınlı bilgisayarlı tomografi (KIBT) 
kullanarak nazal kavite ve paranasal sinüslerin 
anatomic varyasyonlarını değerlendirmektir.

Materyal ve Metot: Bu çalışmada 251 hastanın 
nazal kavite ve paranasal sinüsleri KIBT (Newtom 
5G, Verona Italy) görüntüleri kullanılarak anatomik 
varyasyon açısından değerlendirildi. Varyasyonların 
değerlendirilmesinde yüksek çözünürlüklü (voksel ve  

aksiyal değer: 0,2 mm) multiplanar reformat imajlar 
(MPR) kullanıldı.

Bulgular: Bu çalışmada nazal kavite ve paranasal 
sinüslerin en fazla görülen anatomik varyasyonu  
ager nazi hücresi (%95,6) olarak bulundu. Sfenoid 
sinüs aplazisi (%0,8) en az görülen varyasyon olarak 
bulundu. Konka bulloza ve nazal septal deviasyon 
arasında istatistiksel olarak anlamlı farklılık bulunmadı.

Sonuç: KIBT nazal kavite ve paranazal sinüslerin 
anatomik varyasyonlarının değerlendirilmesinde alternatif 
bir metot olarak tercih edilebilir.

Anahtar kelimeler: Anatomik varyasyon, nazal 
kavite, paranazal sinüs. Nobel Med 2017; 13(2): 36-41
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INTRODUCTION

The clinical and surgical importance of variations in 
paranasal sinuses should be investigated.1 Sinusitis 
may be caused by sinonasal cavity anatomic variations. 
The osteomeatal unit can be narrowed or obstructed 
by these variations.2,3 The paranasal sinuses are 
separated from the orbital and cranial fossae by very 
thin bone lamina. Anatomic variations of this region 
must be understood in detail, otherwise serious 
complications, such as cerebrospinal fluid leakage, 
meningitis or blindness may occur during surgery.4

Radiological imaging is a standard diagnostic method 
before surgery for chronic diseases of the nasal 
cavity and paranasal sinuses. However, conventional 
radiographs are insufficient for the imaging of this 
region because of superimpositions.5 Computed 
tomography (CT) is considered as the gold standard 
for sinonasal imaging, but the radiation dose is a 
disadvantage of CT, with lenses and thyroid glands 
being especially negatively affected by the exposure.6,7 
Cone beam computed tomography (CBCT) is a 
low-dose and low-cost scanning system. It has 
been specifically designed for maxillofacial skeleton 
imaging. CBCT is now considered as a preferable 
alternative method to CT for sinonasal imaging.8 

The aim of this study is to evaluate frequency of 
anatomical variations of the nasal cavity and paranasal 
sinuses using with CBCT, which has a low radiation 
dose and high resolution.

MATERIAL AND METHOD

The CBCT images of 251 patients (141 female, 110 
male) were evaluated in this study. The patients ages 
ranged between 18 and 74 years. These patients 
referred for various complaints from November 2011 
to January 2014. Retrospectively registered patients 
in archive provided the evaluated images. Except 
registered patients in archive, other patients included 
in this study whose CBCT scanning was necessary 
including sinonasal region for any reason. These 
patients signed informed consent forms. The study 
was approved by the Ethics Committee of Atatürk 
University, Faculty of Dentistry (2013/006). 

Patients who had undergone surgery of the sinonasal 
region and had advanced inflammatory diseases, 
massive polyposis, enlarged benign and malignant 
diseases within the study field, congenital anomalies, 
fibrous dysplasia and other fibrooseous lesions were 
excluded from study.

In this study, the Newtom 5G (Verona Italy) CBCT 
device was used. The kilovoltage setting was 110 with 
1–20 mA intensity. The multiplanar reformatting 
images (MPR) including axial, coronal and sagittal 
sections were used for the evaluation of the nasal 
cavity and paranasal sinus variations. The images 
voxel and slice thickness values were 0.2 mm.

Concha bullosa, paradoxical concha, nasal septum 
deviation, agger nasi cell, haller cell, supraorbital, 
suprabullar and frontalbullar cell, onodi cell, kuhn 
cells, maxillary sinus septum, sphenoid sinus 
pneumatizations of conchal and presellar types were 
evaluated.

The images were evaluated by a radiologist experienced 
in the analysis of CBCT scans. The relation between 
nasal septum deviation with concha bullosa was 
statistically examined.

The chi-square test was used for the statistical analysis 
and a p value of <0.05 was considered as statistically 
significant.

RESULTS

In our study, frequencies of nasal cavity and paranasal 
sinus anatomical variations were found as follows: 
concha bullosa in 201 patients (80.1%) (Figure 1a), 
paradoxical concha in 47 patients (18.8%) (Figure 
1b), nasal septum deviation was found in 185 patients 
(73.7%) (Figure 1c), agger nasi cell was found in 
240 patients (95.6%) (Figure 2a), haller cell in 121 
patients (48.2%) (Figure 2b), supraorbital cell in 118 
patients (47%) (Figure 2c), suprabullar cell in 134 
patients (53.4%) (Figure 3a), frontalbullar cell in 70 
patients (27.9%) (Figure 3b), onodi cell in 82 patients 
(32.7) (Figure 3c). Kuhn cells type I in 87 patients 
(34.7%) (Figure 4), type II in 47 patients (18.7%) 
(Figure 5), type III in 52 patients (20.7%) (Figure 
6) and type IV cell was not found. Maxillary sinus 
septa in 100 patients (39.8%) (Figure 7), sphenoid 
sinus hypoplasia in 18 patients (7.2%) (Figure 8) and 
sphenoid sinus aplasia in 2 patients (0.8%) (Figure 8) 
was found.

There was no statistically significant relationship 
between concha bullosa and nasal septum deviation 
(p= 0.441). 

DISCUSSION

Concha bullosa is a pneumatization formation of 
the middle concha. The low-degree pneumatization 
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does not have a clinical significance. Large concha 
bullosa may obstruct the antrum drainage channel 
and ethmoid infindubulum.9 In the literature, the 
frequency of concha bullosa varies from 3.1 to 
67%.5,10-12 In our study, the incidence of concha 
bullosa was found to be 80.1% (Figure 1a).

Paradoxical concha is characterized by its convexity 
aspect located on the lateral side. Paradoxical middle 
concha may lead to middle meatus obstruction, and 
therefore, the ethmoid infindubulum may narrow. 
The degree of convexity is a significant factor in the 
development of obstruction.13 In the literature, the 
frequency of paradoxical middle concha was found as 
follows: Arslan et al. 3% and Perez Pinas et al. 27%.5,11  

In our study, the incidence of paradoxical middle 
concha was found to be 18.8% (Figure 1b).

The over deviation of the nasal septum may laterally 
tilt the middle concha and cause obstruction and 
secondary inflammations.14 In the literature, the 
frequency of septum deviation varies from 14.1 to 
89.2%.5, 11,15-18 In our study, the incidence of septum 
deviation was 73.7% (Figure 1c).

Sazgar et al. recommended that nasal septum deviation 
is an indirect consequence of concha bullosa.19 Smith 
et al. found that the relationship between the presence 
of concha bullosa and nasal septum deviation was not 
statistically significant.20 Aktas et al. also found this 

Figure 1. The coronal CBCT scans showing (A) the bilateral concha bullosa, (B) the paradoxical concha and the (C) nasal septum deviation.

Figure 2. The coronal CBCT scans showing (A) the bilateral aggernasi cells (arrows), (B) the bilateral haller cells (stars) and (C) the supraorbital cell (arrow). 

Figure 3. The sagittal CBCT scan showing (A) the suprabullar cell (arrow) above the agger nasi (arrowhead) and onodi cell (star), the sagittal scan (B) showing the frontalbullar cell  
(arrow), the coronal scan (C) showing the onodi cell (arrow). 
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relationship to be statistically significant with regard 
to the unilateral concha bullosa and nasal septum 
deviation.21 In our study, the incidence of these two 
variations was 78.9%, and the relationship between 
the two variations was not found to be statistically 
significant (p> 0.05).

Agger nasi are the most anterior ethmoid air 
cells. Agger nasi are formed by lacrimal bone 
pneumatization. The enlarged agger nasi cell can 
lead to sinusitis by narrowing the frontal recess.22 
The agger nasi cells that are affected by sinusitis can 
cause ocular complications as well.14 The surgical 
removal of the agger nasi cell can provide access to 
the frontal recess.1 In the literature, agger nasi cell 
frequency varies from 13.5 to 100%.5,13,16,17,22 In our 
study, the incidence of agger nasi cell was 95.6% 
(Figure 2a).

Haller cells are localized under the orbita and on the 
roof of the maxillary sinus. Over pneumatization of 
this cell can obstruct the pathway of the maxillary 
sinus and cause ethmoiditis.11,23 Moreover, this may 
negatively affect the maxillary sinus ventilation and 
can lead to recurrent maxillary sinusitis.22  An enlarged 
haller cell can lead to an increased risk of ocular 
complications during endoscopic ethmoidectomy.11,23 
In the literature, haller cell frequency varies from 1 to 
56.7%.11,13,15,22 In our study, the incidence of haller 
cells was 48.2% (Figure 2b).

Supraorbital cells may resemble the appearance of a 
frontal sinus septum, and can exist as a single cell or 
as multiple cells.23 In the literature, supraorbital cell 
frequency varies from 2.6 to 64.6%.11,17,24-26 In our 
study, the incidence of supraorbital cells was 47% 
(Figure 2c).

Suprabullar cells are localized superior to the ethmoid 
bulla and posterior to the frontal recess. Supraorbital 
cells may be similar to frontalbullar cells, but do 
not extend in the frontal sinus.24 In the literature, 
suprabullar cell frequency varies from 7.8 to  
68%.24,26-28 In our study, the incidence of suprabullar 
cell was 53.4% (Figure 3a).

Frontalbullar cells are localized superior to the 
ethmoid bulla, and the anterior border of this cell 
extends into the frontal cell and throughout the skull 
base into the frontal sinus from the posterior frontal 
recess.24 In the literature, frontalbullar cell frequency 
varies from 9 to 16%.24,26-28 In our study, the incidence 
of frontalbullar cells was 27.9% (Figure 3b).
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Figure 4. The Coronal (A) and sagittal (B) scans showing the frontalethmoidal cell 
Kuhn type I (arrow) upper the agger nasi cell (star) in a same patient.  

Figure 5. The Coronal (A) and sagittal (B) scans showing the frontalethmoidal cell Kuhn 
type II as three cells (stars) upper the agger nasi cell (arrowhead) in a same patient.

Figure 6. The Coronal (A) and sagittal (B) scans showing the frontalethmoidal cell 
Kuhn type III (arrow) upper the agger nasi cell (star) in a same patient.

Figure 7. The coronal (B) and sagittal (C) scans showing the maxillary sinus septum 
(arrows) on the left side in a same patient. 
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The onodi cell is a posterior ethmoid cell. It elongates 
superiorly to the sphenoid sinus and is located 
between the sphenoid sinus and skull base. Because 
of its direct relation to the optic nerve, this cell is 
very important. Moreover, the skull base is located at 
the posterior wall of the onodi cell.9 In the literature, 
onodi cell frequency varies from 8.4 to 65.3%.5,17,27,29,30 

In our study, the incidence of onodi cells was 32.7% 
(Figure 3c).

Kuhn classified the frontalethmoid cell and described 
four types. Type I is a single cell above the agger nasi 
and does not elongate into the frontal sinus. Type II is 
two or more cells located above the agger nasi. Type III 
is a large single cell above the agger nasi that extends 
into the frontal sinus. Type IV is an isolated cell within 
the frontal sinus.31 These cells alter the frontal recess 
anatomy, narrowing the frontal sinus ostium and can 
cause pathological changes. For achieving access to 
the frontal sinus ostium during endoscopic surgery, 
the removal of Kuhn cells may be required. In the 
literature, type I cell frequency varies from 17 to 37%, 
type II frequency varies from 4.2 to 19% and type III 
frequency varies from 3,1 to 12.5%.24, 26-28 Only Leunig 
et al.27 encountered type IV cell and its frequency was 
found to be 0.1%. In our study, the incidence of the 

type I cell was 34.7% (Figure 4), type II was 18.7% 
(Figure 5) and type III was 20.7% (Figure 6). The type 
IV cell was not encountered.

In cases where maxillary sinus septa are present, 
the risk of schneiderian membrane perforation 
increases. The determination of prevalence, location 
and morphology of septa can prevent surgical 
complications.32 In the literature, maxillary sinus 
septa frequency varies from 22.8 to 44.8 %.32,33 In 
our study, the incidence of maxillary sinus septa was 
39.8% (Figure 7).

The sphenoid sinus pneumatization is classified into 
three types (presellar, sellar and conchal) according 
to the vertical plane crossed from the tuberculum 
sella.34 The presellar type pneumatization is located 
anterior to the vertical plane, while the sellar type 
pneumatization elongates beyond this plane. In the 
conchal type, there is no pneumatization but the 
conchal bone fills the sphenoid sinus.

The conchal type of sphenoid sinus variation is also 
known as sphenoid sinus aplasia. In the literature, 
sphenoid sinus aplasia frequency was found to vary 
from 0.13 to 2%.35,36

In our study, the incidence of sphenoid sinus aplasia 
was 0.8% (Figure 8).

The presellar type of sphenoid sinus pneumatization 
is also known as sphenoid sinus hypoplasia.37 The 
frequency of sphenoid sinus was found by Güldner 
et al. to be 6.6%, Kajoak et al. found 15% and Hamid 
et al. found 21%.29,36,38 In our study, the incidence of 
sphenoid sinus hypoplasia was 7.2 % (Figure 8).

CONCLUSION 

CBCT can be considered as an alternative method 
for evaluation of anatomical variations with the 
nasal cavity and paranasal sinuses. In this study, 
agger nasi cell was the most common sinonasal 
anatomic variation. Sphenoid sinus aplasia was the 
least variation. We found no statistically significant 
relationship between the concha bullosa and nasal 
septal deviation

*The authors declare that there are no conflicts of 
interest.

Figure 8. The axial scan showing the sphenoid sinus hypoplasia (star) and sphenoid 
sinus aplasia (arrow) in a same patient.  

CORRESPONDING AUTHOR: Numan Dedeoğlu İnönü University, Dentistry of Faculty Department of Oral Diagnosis and Dentomaxillofacial Radiology, 44280, Malatya, Turkey dedenu@gmail.com 

DELIVERING DATE: 23 / 05 / 2016     • ACCEPTED DATE: 01 / 08 / 2016



NOBEL MEDICUS 38 | C LT: 13, SAYI: 2 

41

EVALUATION OF 
ANATOMICAL 
VARIATIONS OF NASAL 
CAVITY AND PARANASAL 
SINUSES WITH CONE 
BEAM COMPUTED 
TOMOGRAPHY

REFERENCES

1. Chong VFH, Fan YF, Lau D, Sethi DS. Functional endoscopic sinus surgery  

 (FESS): what radiologists need to know. Clin Radiol 1998; 53: 650-658.

2.  Mohebbi A, Ahmadi A, Etemadi M, Safdarian M, Ghourchian S. An  

 epidemiologic study of factors associated with nasal septum  

 deviation by computed tomography scan: a cross sectional study.  

 BMC Ear Nose Throat Dis 2012; 12: 1-15.

3.  Kennedy DW, Bolger WE, Zinreich SJ. Disease of the Sinuses,  

 diagnosis and management. B.C. London: Decker Inc Hamitton  

 2001; 19–24 

4.  Keast A, Sofie Y, Dawes P, Lyons B. Anatomical variations of the  

 paranasal sinuses in Polynesian and New Zealand European  

 computerized tomography scans. Otolaryngol Head Neck 2008;  

 139: 216-221.

5.  Perez PI, Sabate J, Carmona A, Catalina HCJ, Jimenez CJ.  

 Anatomical variations in the human paranasal sinus region  

 studied by CT. J Anat 2000; 197: 221-227.

6.  Dym RJ, Masri D, Shifteh K. Imaging of the Paranasal Sinuses.  

 Oral Maxillofac Surg Clin North Am 2012; 24: 75-189.

7.  Eggesbo HB. Radiological imaging of inflammatory lesions in the  

 nasal cavity and paranasal sinuses. Eur Radiol 2006; 16: 872-888.

8.  Güldner C, Ningo A, Voigt J, et al. Potential of dosage reduction in  

 cone-beam-computed tomography (CBCT) for radiological  

 diagnostics of the paranasal sinuses. Eur Arch Otorhinolaryngol  

 2013; 270: 1307-1315.

9.  Beale TJ, Madani G, Morley SJ. Imaging of the paranasal sinuses  

 and nasal cavity: normal anatomy and clinically relevant  

 anatomical variants. Semin Ultrasound CT MR 2009; 30: 2-16.

10. Pliska B, DeRocher M, Larson BE. Incidence of significant  

 findings on CBCT scans of an orthodontic patient population.  

 Northwest Dent 2011; 90: 12.

11. Arslan H, Aydınlıoğlu A, Bozkurt M, Egeli E. Anatomic variations of  

 the paranasal sinuses: CT examination for endoscopic sinus  

 surgery. Auris Nasus Larynx 1999; 26: 39-48.

12. Scribano E, Ascenti G, Cascio F, Racchiusa S, Salamone I.  

 Computerized tomography in the evaluation of anatomic variations  

 of the ostiomeatal complex. Radiol Med 1993; 86: 195-199.

13. Azila A, Irfan M, Rohaizan Y, Shamim AK. The prevalence of  

 anatomical variations in osteomeatal unit in patients with chronic  

 rhinosinusitis. Med J Malaysia 2011; 66: 191-194.

14. Laine FJ, Smoker WR. The ostiomeatal unit and endoscopic  

 surgery: anatomy, variations, and imaging findings in inflammatory  

 diseases. AJR 1992; 159: 849-857.

15. Dutra LD, Marchiori E. Tomografia computadorizada helicoidal  

 dos seios paranasais na criança: avaliação das sinusopatias  

 inflamatórias. Radiol Bras 2002; 35: 161-169.

16. Riello APDFL, Boasquevisque EM. Anatomical variants of the  

 ostiomeatal complex: tomographic findings in 200 patients. Radiol  

 Bras 2008; 41: 149-154.

17. Earwaker J. Anatomic variants in sinonasal CT. Radiographics.  

 1993; 13: 381-415.

18. Mladina R, Cujic E, Subaric, Vukovic K. Nasal septal deformities  

 in ear, nose, and throat patients: an international study. Am J  

 Otolaryngol 2008; 29: 75-82.

19. Sazgar AA, Massah J, Sagedhi M, Bagheri A, Rasool E. The  

 incidence of concha bullosa and the correlation with nasal septal  

 deviation. Acta Otorhinolaryngol Belg 2007; 4: 87-91.

20. Smith KD, Edwards PC, Saini TS, Norton NS. The prevalence of  

 concha bullosa and nasal septal deviation and their relationship  

 to maxillary sinusitis by volumetric tomography. Int J Dent 2010;  

 2010: 1-5.

21. Aktas D, Kalcıoglu MT, Kutlu R, Ozturan O, Oncel S. The  

 relationship between the concha bullosa, nasal septal deviation  

 and sinusitis. Rhinology 2003; 41: 103-106.

22. Kantarci M, Karasen RM, Alper F, et al. Remarkable anatomic  

 variations in paranasal sinus region and their clinical importance.  

 Eur J Radiol 2004; 50: 296-302.

23. Shechtamn FG, Kraus WM, Schaefer SD. Inflammatory diseases  

 of the sinuses: anatomy. Otolaryngol Clin North Am 1993; 26: 509–515

24. Lee WT, Kuhn FA, Citardi MJ. 3D computed tomographic analysis  

 of frontal recess anatomy in patients without frontal sinusitis.  

 Otolaryngol Head Neck Surg 2004; 131: 164-173.

25. Cho JH, Citardi MJ, Lee WT, et al. Comparison of frontal  

 pneumatization patterns between Koreans and Caucasians.  

 Otolaryngol Head Neck Surg 2006; 135: 780-786.

26. Park SS, Yoon BN, Cho KS, Roh HJ. Pneumatization pattern of  

 the frontal recess: relationship of the anterior-to-posterior length  

 of frontal isthmus and/or frontal recess with the volume of agger  

 nasi cell. Clin Exp Otorhinolaryngol  2010; 3: 76-83.

27. Leunig A, Betz CS, Sommer B, Sommer F. Anatomic variations of  

 the sinuses; multiplanar CT-analysis in 641 patients.   

 Laryngorhinootologie 2008; 87: 482-489.

28. Thomas L, Pallanch JF. Three-dimensional CT reconstruction  

 and virtual endoscopic study of the ostial orientations of the  

 frontal recess. Am J Rhinol Allergy 2010; 24: 378-384.

29. Kajoak SA, Ayad CE, Abdalla EA, et al. Characterization of  

 sphenoid sinuses for sudanese population using computed  

 tomography. Glob J Health Sci 2014; 6: 135-141.

30. Tomovic S, Esmaeili A, Chan NJ, et al. High-resolution computed  

 tomography analysis of the prevalence of onodi cells.   

 Laryngoscope 2012; 122: 1470-1473.

31. Bent JP, Cuilty-Siller C, Kuhn FA. The frontal cell as a cause of  

 frontal sinus obstruction. Am J Rhinol 1994; 8: 185-191.

32. Lee WJ, Lee SJ, Kim HS. Analysis of location and prevalence of  

 maxillary sinus septa. J Periodontal Implant Sci 2010; 40: 56-60.

33. Lana JP, Carneiro PMR, Machado VDC, et al. Anatomic variations  

 and lesions of the maxillary sinus detected in cone beam computed  

 tomography for dental implants. Clin Oral Implants Res 2012; 23:  

 1398-1403.

34. Hammer G, Radberg C. The sphenoidal sinus. An anatomical  

 and roentgenological study with reference to transsphenoid  

 hypophysectomy. Acta Radiol 1961; 56: 401-422

35. Aydinlioğlu A, Erdem S. Maxillary and sphenoid sinus aplasia  

 in Turkish individuals: a retrospective review using computed  

 tomography. Clin Anat 2004; 17: 618-622.

36. Hamid O, El Fiky L, Hassan O, Kotb A, El Fiky S. Anatomic  

 variations of the  sphenoid sinus and their impact on trans- 

 sphenoid pituitary surgery. Skull Base 2008; 18: 9-15.

37. Cakur B, Sümbüllü MA, Yılmaz AB. A retrospective analysis of  

 sphenoid sinus hypoplasia and agenesis using dental volumetric  

 CT in Turkish individuals. Diagn Interv Radiol 2011; 17: 205-208.

38. Güldner C, Pistorius SM, Diogo I, et al. Analysis of pneumatization  

 and neurovascular structures of the sphenoid sinus using cone- 

 beam tomography (CBT). Acta Radiol 2012; 53: 214-219.


