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  ABSTRACT
Introduction: external nasal walls are  an important factor  in the drainage or ob-
struction of the ostiomeatal complex, therfor  anatomical variations in the nasal cavity 
can elevate the risk of pathological sinus conditions. The aim of this study is to evaluate 
anatomical variations of paranasal sinuses and nasal cavities using cone beam comput-
ed tomography (CBCT).
Materials and Methods:This investigation assessed CBCT images from 129 pa-
tients (aged 12-65 years; 82 females and 47 males) to specify the prevalence of anatom-
ical variations of the paranasal sinuses and nasal cavity. We analyzed the data using the 
Mann-Whitney test, Kruskal-Wallis test, and chi-square test.
Results: anatomical variation was observed for accessory maxillary sinus ostium 
(100%). Significant relationships were also found between the prevalence of middle 
turbinate-normal (P=0.03), nasal spine (P=0.01), and patients’ age. Also, significant 
correlations were found between middle turbinate-normal (P=0.04), uncinate pro-
cess-normal (P=0.02), uncinate process-lamina terminslis (P=0.001), and septal de-
viation (P=0.006) and patients’ sex. Significant correlations were also found between 
some anatomical variations (p<0.05).
Conclusion:CBCT is a reliable method for assessing anatomical variations of the 
paranasal sinuses and nasal cavity. When making preoperative assessments, surgeons 
and radiologists should be attention to the anatomical variations of the sinonasal region 
in order to inhibit perioperative complications.

Article info:
Received: 2021/07/20
Accepted: 2021/08/03

* Corresponding Author:
Roghayeh panahi.
Address: Oral and Maxillofacial 
Radiology School of Dentistry, Yasuj 
University of Medical Sciences, Yasuj, 
Iran.
Tel: +98 9120572510
E-mail: Roghayehpanahi2@gmail.com

Use your device to scan 
and read the article online

Citation: Drakhshan M, Panahi R, Sabz Gh. Anatomic variations of paranasal sinuses and 
nasal cavities from CBCT images in the Iranian population. Journal of Dentomaxillofacial 
Radiology, Pathology and Surgery. 2021; 10(3):10-15. http://dx.doi.org/10.32598/3dj.7.4.145 

                http://3dj.gums.ac.ir

Keywords:
 Nasal Cavity
 Spiral Cone-Beam 
Computed Tomography
 Paranasal Sinuses

10

https://orcid.org/0000-0003-0060-2223
http://3dj.gums.ac.ir/page/137/Open-Access-Policy
http://dx.doi.org/10.32598/3dj.7.4.145
http://3dj.gums.ac.ir
http://3dj.gums.ac.ir/page/137/Open-Access-Policy
http://3dj.gums.ac.ir/page/137/Open-Access-Policy


Introduction
The nasal cavity at the top is terminated  by the 
nasal, sphenoid, and ethmoid bones; in later-
al portion by the medial walls of the left and 
right maxillary sinus; and inferiorly terminated 
by  hard palate. The main components of the 
lateral walls of the nasal cavity are the inferi-
or middle and superior conchae (turbinates). 
These structures act as baffles to help filter, hu-
midify, and warm/cool inspired air. Another 
role of the nasal cavity is to facilitate the sense 
of smell (1). This anatomical area must be un-
derstood in detail. Otherwise, serious compli-
cations such as meningitis, blindness, or cere-
brospinal fluid leakage can occur during surgery 
(2). Lateral nasal wall anatomical variations are 
vital because they play a significant function in 
the drainage or obstruction of the ostiomeatal 
complex (3). Furthermore, these variations can 
affect the safety and outcomes of surgical pro-
cedures done in this area (4).  Therefore, the 
surgical and clinical significance of variations 
in paranasal sinuses should be assessed (5). 
The high frequency of anatomical variations of 
paranasal sinuses and nasal cavity is explained 
by the model of formation of paranasal sinus-
es following depression of the nasal mucosa 
around the facial bones (6). These anatomical 
variations are highly important because they 
can predict some types of disease in the para-
nasal sinuses. Such variations may complicate 
clinical procedures that need an accurate as-
sessment of the nasal region such as functional 
endoscopic surgery (7). Most dental clinicians 
are acquainted with 2-dimensional radiographs 
such as panoramic and periapical or radio-
graphic images of the maxillary sinuses (1). 
Three-dimensional (3D) CT technique can pro-
vide important information about the dental 
structures, nasal cavity, paranasal sinuses and 
craniofacial anatomic anomalies (8). Nowadays, 
the use of 3D radiographies such as CBCT is in-
creasing in different fields of dentistry (9), such 
as maxillofacial surgery, implant dentistry, end-
odontics, and orthodontics in planning recon-
structive surgery of the craniofacial region, and 
in evaluating the craniofacial growth of patients 

with anomalies (10). CBCT, with low doses of 
X-ray irradiation provides perfect quality for 
imaging of maxillary structures and is specif-
ically suitable for evaluating the shape, posi-
tion, and variations of the paranasal sinuses (6).
Furthermore, the purpose of this research was 
to investigate the frequency of anatomical vari-
ations of the paranasal sinuses and nasal cavi-
ty on CBCT images to specify the statistical 
significance of differences in the frequency of 
these anatomical variations according to age 
and sex, and to calculate the associations be-
tween different variations in Iranian population. 
Therefore the present study was carried out.

Materials and Methods
The CBCT scans of 129 patients (47 male, 

82 female) were assessed in this investiga-
tion. The patients’ ages ranged from 12 to 65 
years. These patients referred to the Dr. Panahi 
Radiology Center, Yasuj, Iran. Except for the 
registered patients in the archive, other patients 
included in this research whose CBCT scanning 
was needed for evaluating the sinonasal region. 
The subjects voluntarily agreed to par¬ticipate 
in this experiment and completed a written in-
formed consent form. All CBCT examinations 
were done in the relevant conditions (10 to 
42 mA based on patients’ size, effective radi-
ation time between 2 to 6 seconds, voxel size 
0.15 mm). Patients with a history of systemic 
disease that could have affected craniofacial 
growth, surgical procedures in this region, 
periodontal disease, history of previous ortho-
dontic treatment, trauma to the head or face, 
clefts, massive polyposis, fibrous dysplasia, and 
benign or malignant tumors that could cause 
changes in the sinonasal anatomy were ex-
cluded. Patients were divided into three groups 
(10- 25 years, 26-40 years, and 41-55 years).

All scans were captured with a PaX-i3D 
Green (Vatech America, Fort Lee, NJ, USA) 
and assessed in the sagittal, coronal, and axial 
planes by two radiologists. If there was any dis-
agreement between the two observers, the final 
decision was made by consulting an experi-
enced oral and maxillofacial radiologist. Analy-
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ses of all images were repeated after two weeks, 
and the results were documented. The param-
eters that were assessed are described below. 

The assessed parameters include the shape of 
the middle turbinate, the shape of the uncinate 
process, nasal septal deviation, pneumatization 
of the nasal septum, the presence of a nasal sep-
tal spine, the presence of an onodi cell, the pres-
ence of an anterior agger nasi cell, asymmetry 
of the ethmoid roof, the presence of accessory 
maxillary sinus ostium, the presence of a superi-
or orbital cell, and the presence of a Haller cell.

We used Mann-Whitney, Kruskal-Wallis, 
and chi-square tests for multiple compari-
sons. The analyses were done using version 
19.0 of SPSS software. The P-value of <0.05 
was regarded as statistically significant.

Results
The anatomical variations found (in or-

der of frequency) were as follows: acces-
sory maxillary sinus ostium in 129 patients 
(100%), nasal septum deviation in 117 patients 
(90.7%), middle turbinate-concha bullosa in 
101 patients (78.3%), nasal septal spine in 86 
patients (66.7%), superior orbital cell in 76 
patients (58.9%), agger sasi cell in 75 patients 
(58.1%), uncinate process-lamina terminslis in 
61 patients (47.3%), onodi cell in 60 patients 
(46.5%), pneumatization of the nasal sep-
tum-small in 55 patients (42.6%), Haller cell 
in 36 patients (27.9%), uncinate process-pneu-
matized in 27 patients (20.9%), middle turbi-
nate-paradoxical in 26 patients (20.2%), unci-
nate process-atelectatic in 26 patients (20.2%), 
middle turbinate-normal in 17 patients (13.2%), 
pneumatization of the nasal septum-medium in 
17 patients (13.2%), uncinate process-normal in 
13 patients (10.1%), uncinate process-curved in 
11 patients (8.5%), pneumatization of the nasal 
septum-larg in four patients (3.1%) and asym-
metry of the ethmoid roof in two patients (1.6%) .

The Kruskal-Wallis test showed a signif-
icant association between the prevalence of 
anatomical variations such as middle turbi-
nate-normal (P=0.03), nasal spine (P=0.01), 

and patients’ age. However, no significant 
correlation between patients’ age and the 
prevalence of other anatomical variations was 
observed . The Mann-Whitney test showed a 
significant correlation between the prevalence 
of anatomical variations such as Middle turbi-
nate-normal (P=0.04), uncinate process-normal 
(P=0.02), uncinate process-lamina terminslis 
(P=0.001), Septal devation (P=0.006), and 
patients’ sex. However, no significant correla-
tion between patients’ sex and the prevalence 
of other anatomical variations was observed . 

There were significant correlations between 
the presence of middle turbinate-normal and 
middle turbinate-paradoxical (0.02), middle 
turbinate-conchabullosa (0.001), and haller cell 
(0.03), as well as between middle turbinate-par-
adoxical and middle turbinate-normal (0.02), 
between uncinate process-normal and uncinate 
process-lamina terminslis (0.001), between 
uncinate process-atelectatic and uncinate pro-
cess-lamina terminslis (0.02), between uncinate 
process-curved and asymmetry of the etmoid 
roof (0.03), between pneumatization of the nasal  
septum-small and pneumatization of the nasal  
septum-medium (0.001), between pneumati-
zation of the nasal septum-medium and pneu-
matization of the nasal  septum-small (0.001), 
between pneumatization of the nasal  sep-
tum-large and onodi cell (0.02), between nasal 
spine and asymmetry of the etmoid roof (0.04), 
between onodi cell and Pneumatization of the 
nasal  septum-large (0.02), between agger sasi 
cell and superior orbital cell (0.001), between 
asymmetry of the etmoid roof and nasal spine 
(0.04). Correlations were also found between 
the presence of the uncinate process-pneuma-
tized and uncinate process-atelectatic (0.01), 
and uncinate process-lamina terminslis (0.03), 
as well as between the presence of a uncinate 
process-lamina terminslis and uncinate pro-
cess-normal (0.001), uncinate process-atelectat-
ic (0.02), uncinate process-curved (0.008), and 
uncinate process-pneumatized (0.03). Also, as-
sociations were revealed between the presence 
of the haller cell and middle turbinate-normal 
(0.03), and uncinate process-normal (0.02). 
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Discussion
In the present research, we evaluated CBCT 

images taken from 129 patients to determine the 
prevalence of anatomical variations of the pa-
ranasal sinuses and nasal cavities in southwest-
ern Iranian subjects. To the best of the authors’ 
knowledge, the present work is the first to eval-
uate the relationship between anatomical varia-
tions of the paranasal sinuses and nasal cavities 
in the southwest Iranian population. The preva-
lence of anatomical variations ranged from 1.6-
100% in our study. A significant relationship 
was observed between the prevalence of middle 
turbinate-normal and nasal spine and the pa-
tients’ age. Also, significant relationships were 
noted between middle turbinate-normal, unci-
nate process-normal, uncinate process-lamina 
terminslis, and septal deviation and the patients’ 
sex. Furthermore, significant correlations were 
found between some anatomical variations.

Anatomical variations of the sinonasal 
area  are important in  surgical procedures. 
Anatomical variations are crucial because  a 
direct association  between this structures 
and  ventilation and drainage of the paranasal 
sinuses  are detected. Also, anatomical vari-
ations may have an important effect on the 
safety of surgical procedures (11). CBCT is a 
new scanning modality with a higher mod-
ulation transfer function than CT, which has 
a higher spatial resolution. Also, CBCT has a 
lower radiation dose and cost than CT. With 
these advantages, CBCT can provide precise 
information about maxillofacial anatomy (7).

Many pieces of research have reported the 
prevalence of anatomical variations in the si-
nonasal area to be 64-98%. Differences in the 
ethnicity and age of patients, as the type of 
imaging modality used, can lead to this discrep-
ancy (12). Shokri et al. observed anatomical 
variations of 5.2-90.4%. Meanwhile, in our 
study, the prevalence of anatomical variations 
was 1.6-100% (13). In the present research, the 
prevalence of concha bullosa was 78.3%, which 
is in line with the findings of Dedeoğlu et al. 
(80.1%) (3). The prevalence of paradoxical 
middle turbinate was 20.2% in the present study, 

which is in line with the findings of Shokri et 
al. (16.8%) and Adeel et al. (18.2%) (13, 14). 

When performing functional endoscopic si-
nus surgery, the surgeon must have knowledge 
of uncinate process variations. If the uncinate 
process is attached to the middle turbinate or 
ethmoid roof during an uncinectomy, the sur-
geon should be careful not to apply excessive 
torsional or tensile force on its superior tip. If 
it is unintentionally damaged, brain damage 
or cerebrospinal fluid rhinorrhea can occur. In 
some patients, the free margin of the uncinat-
ed process is attached to the inferior surface of 
the lamina papyracea or the orbital floor and is 
usually related to a hypoplastic maxillary sinus 
that is frequently opaque due to infundibulum 
obstruction. The risk of penetration into the or-
bit during surgery can increase when the orbital 
floor of the same side is low due to maxillary 
sinus hypoplasia. Furthermore, an abnormal 
position or shape can play an important role 
in the development of sinusitis (15, 16). In the 
present investigation, the prevalence of ana-
tomical variations during the uncinate process 
morphology was normal (10.1%), atelectatic 
(20.2%), curved (8.5%), pneumatized (20.9%), 
and lamina terminslis (47.3%). In other studies, 
anatomical variations of the uncinate process 
morphology were 54.8% and 65% (15, 17).

 Nasal septal deviation might cause infec-
tions in all paranasal sinuses due to weak mu-
cociliary clearance, mucus drainage, and the 
narrowing of the airway (14). In this study, the 
prevalence of nasal septal deviation was 90.7%, 
which is in line with the findings of Shokri 
et al. (90.4%) (13). In the present research, 
the prevalence of the nasal spine was 66.7%, 
contrasting the findings of Dasar and Gokce 
(42.3%). About 50% of cases with nasal spine 
were found to have sinonasal diseases (12). In 
this study, the P-value of correlation between 
the presence of a nasal septal spine and devi-
ated septum was 0.05. In another research, a 
relationship was reported between nasal sep-
tum deviation and nasal septal spine (13, 16). 

Many researchers believe that Haller cells play 
an important role in the recurrence of maxillary 
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sinusitis, but their exact effect on the prevalence 
of sinusitis is still a matter of debate (11, 16). 
In previous research, the reported prevalence of 
Haller cells was 2-70%. Meanwhile, in the pres-
ent investigation, the prevalence of Haller cells 
was 27.9%. The wide range reported can be due 
to controversies in the imaging protocols used 
and differences in the mean age and ethnicity 
of cases, as well as the definition of Haller cells 
(18-20). In the current study, an association 
was detected between Haller cells, middle tur-
binate-normal, and uncinate process-normal. 

Onodi cells usually extend close to the op-
tic nerve and carotid canal. In the preoperative 
evaluation, surgeons must pay attention to 
Onodi cells to prevent any problems during 
surgery (21). The presence of an Onodi cell 
may cause injury in the olfactory nerve during 
surgery. Furthermore, infections of Onodi 
cells can traumatize the optic nerve and lead 
to periorbital swelling (12). In previous stud-
ies, the prevalence of Onodi cells ranges from 
3.4% to 51%, and the prevalence reported in 
the current investigation was 46.5%, which is 
in agreement with the findings of Dedeoğlu  et 
al. (32.7%) (3, 16). In this study, a significant 
association between Onodi cell and pneuma-
tization of the nasal septum-large was found. 

It is demonstrated, in previous studies, 
that a larger size of agger nasi cells may im-
pair the drainage of the frontal sinus (12, 
17). The prevalence agger nasi cell, shown 
in the present study, was 58.1%. Also, asso-
ciations were revealed between the presence 
of agger sasi cell and superior orbital cell.

One of the most common anatomical vari-
ations of the sinonasal area is the presence of 
an asymmetrical ethmoid sinus roof. It has a 
significant association with chronic sinusitis 
and is found in over eighty percent of sinusitis 
patients (16). This variation had a prevalence 
of 1.6% in the current research. In this study, 
a correlation was found between uncinate pro-
cess-curved and asymmetry of the etmoid roof, 
between asymmetry of the etmoid roof and 
nasal spine. Anterior ethmoid cells can pneu-
matize the orbital floor as supraorbital ethmoid 

cells. Neglecting the diseased condition of the 
cells can cause failure in frontal sinus surgical 
procedures (22). In our study, the prevalence 
of supraorbital cells was 58.9%, which is in 
agreement with the findings of Dedeoğlu  et al. 
(47%) (3). In the previous studies, the preva-
lence of accessory maxillary sinus ostium was 
15%-40% (23). The prevalence of accessory 
maxillary sinus ostium was 100% in our study, 
which is different from the findings of Dasar and 
Gokce (21.8%) and Shokri et al. (26%) (12, 13). 

In the present study, we evaluated CBCT 
images of individuals to specify the prevalence 
of anatomical variations of the paranasal si-
nuses and nasal cavity. CBCT is an advanced 
technique for obtaining precise data and may 
be used as a noninvasive preoperative evalu-
ation (8). The limitations of the present study 
included the different ethnic groups living in 
the southwest of Iran and the low sample size; 
therefore, we did not use a control group which 
might have affected the results. Cases were 
selected from people having a CBCT evalu-
ation in Dr. Panahi Radiology Center, Yasuj.  
Also, the clarity of CBCT scans is affected by 
and poor soft tissue contrast, noise, artifacts. 

Conclusion
The high prevalence of anatomical vari-

ations in the sinonasal region and their re-
lationships indicate that these factors are 
crucial when establishing a diagnosis or 
treatment plan. Radiologists should focus on 
anatomical variations when making preop-
erative assessments, and it is very important 
for surgeons to be aware of these variations.

Conflict of interest 
Nonedeclared.

References
1. Parks ET. Cone beam computed tomogra-
phy for the nasal cavity and paranasal sinuses. Dental 
Clinics.2014;58(3):627-51.https://doi.org/10.1016/j.
cden.2014.04.003 
2. Kennedy DW, Bolger WE, Zinreich SJ. Diseases 
of the sinuses: diagnosis and management: PMPH-USA; 

http://dx.doi.org/10.32598/3dj.7.4.145


2001.
3. Dedeoğlu N, Altun O, Bilge OM, Sümbüllü MA. 
Evaluation of anatomical variations of nasal cavity and 
paranasal sinuses with cone beam computed tomography. 
EVALUATION. 2017;36:41. 
4. Perez-Pinas I, Sabate J, Carmona A, Catalina-Her-
rera C, Jimenez-Castellanos J. Anatomical variations in 
the human paranasal sinus region studied by CT. The 
Journal of Anatomy. 2000;197(2):221-7.https://doi.
org/10.1017/S0021878299006500
5. Chong V, Fan Y, Lau D, Sethi D. Functional en-
doscopic sinus surgery (FESS): what radiologists need to 
know. Clinical radiology. 1998;53(9):650-8.https://doi.
org/10.1016/S0009-9260(98)80291-2
6. Güldner C, Ningo A, Voigt J, Diogo I, Hein-
richs J, Weber R, et al. Potential of dosage reduction in 
cone-beam-computed tomography (CBCT) for radiolog-
ical diagnostics of the paranasal sinuses. European Ar-
chives of Oto-Rhino-Laryngology. 2013;270(4):1307-15.
https://doi.org/10.1007/s00405-012-2177-2 
7. Roman RA, Hedeşiu M, Gersak M, Fidan F, 
BĂCIUŢ G, BĂCIUŢ M. Assessing the prevalence of pa-
ranasal sinuses anatomical variants in patients with sinus-
itis using cone beam computer tomography. Clujul Med-
ical. 2016;89(3):423.https://doi.org/10.15386/cjmed-598 
8. Karadag D, Ozdol N, Beriat K, Akinci T. CT eval-
uation of the bony nasal pyramid dimensions in Anatolian 
people. Dentomaxillofacial radiology. 2011;40(3):160-4.
https://doi.org/10.1259/dmfr/35578628 
9. Gahleitner A, Watzek G, Imhof H. Dental CT: im-
aging technique, anatomy, and pathologic conditions of 
the jaws. European radiology. 2003;13(2):366-76.https://
doi.org/10.1007/s00330-002-1373-7 
10. Zamani Naser A, Panahi Boroujeni M. CBCT 
evaluation of bony nasal pyramid dimensions in iranian 
population: a comparative study with ethnic groups. In-
ternational scholarly research notices. 2014;2014.https://
doi.org/10.1155/2014/819378
11. Aramani A, Karadi R, Kumar S. A study of ana-
tomical variations of osteomeatal complex in chronic rhi-
nosinusitis patients-CT findings. Journal of clinical and 
diagnostic research: JCDR. 2014;8(10):KC01.https://doi.
org/10.7860/JCDR/2014/9323.4923
12. Dasar U, Gokce E. Evaluation of variations in sin-
onasal region with computed tomography. World journal 
of radiology. 2016;8(1):98.https://doi.org/10.4329/wjr.
v8.i1.98
13. Shokri A, Faradmal MJ, Hekmat B. Correlations 
between anatomical variations of the nasal cavity and 
ethmoidal sinuses on cone-beam computed tomography 
scans. Imaging science in dentistry. 2019;49(2):103-13.
https://doi.org/10.5624/isd.2019.49.2.103
14. Adeel M, Rajput MSA, Akhter S, Ikram M, Ara-
in A, Khattak YJ. Anatomical variations of nose and pa-

ra-nasal sinuses; CT scan review. Journal of the Pakistan 
Medical Association. 2013;63(3):317.
15. Khojastepour L, Mirhadi S, Mesbahi SA. An-
atomical variations of ostiomeatal complex in CBCT 
of patients seeking rhinoplasty. Journal of Dentistry. 
2015;16(1):42.
16. Som PM, Curtin HD. Head and Neck Imaging 
E-Book: Elsevier Health Sciences; 2011. 
17. Mamatha H, Shamasundar N, Bharathi M, 
Prasanna L. Variations of ostiomeatal complex and its 
applied anatomy: a CT scan study. Indian J Sci Tech-
nol. 2010;3(8):904-7.https://doi.org/10.17485/ijst/2010/
v3i8.17 
18. Bremke M, Leppek R, Werner J. Digital volume 
tomography in ENT medicine. Hno. 2010;58(8):823-32.
https://doi.org/10.1007/s00106-010-2110-1 
19. Mathew R, Omami G, Hand A, Fellows D, 
Lurie A. Cone beam CT analysis of Haller cells: prev-
alence and clinical significance. Dentomaxillofacial Ra-
diology.2013;42(9):20130055.https://doi.org/10.1259/
dmfr.20130055 
20. Fadda G, Rosso S, Aversa S, Petrelli A, Ondolo 
C, Succo G. Multiparametric statistical correlations be-
tween paranasal sinus anatomic variations and chron-
ic rhinosinusitis. ACTA otorhinolaryngologica italica. 
2012;32(4):244.
21. Koo SK, Kim JD, Moon JS, Jung SH, Lee SH. The 
incidence of concha bullosa, unusual anatomic variation 
and its relationship to nasal septal deviation: a retrospective 
radiologic study. Auris Nasus Larynx.2017;44(5):561-70.
https://doi.org/10.1016/j.anl.2017.01.003
22. Al-Abri R, Bhargava D, Al-Bassam W, Al-Badaai 
Y, Sawhney S. Clinically significant anatomical vari-
ants of the paranasal sinuses. Oman medical journal. 
2014;29(2):110.https://doi.org/10.5001/omj.2014.27
23. Miranda CMNRd, Maranhão CPdM, Arraes 
FMNR, Padilha IG, Farias LdPGd, Jatobá MSdA, et 
al. Variações anatômicas das cavidades paranasais à to-
mografia computadorizada multislice: o que procurar? 
Radiologia Brasileira. 2011;44(4):256-62.https://doi.
org/10.1590/S0100-39842011000400012

Panahi R, et al.

Panahi R, et al.Anatomic variations of paranasal sinuses and nasal cavities from CBCT images in the Iranian population. Journal of Dentomaxillofacial 
Radiology, Pathology and Surgery. 2021; 10(3):10-15. http://dx.doi.org/15

http://dx.doi.org/10.32598/3dj.7.4.145

