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OzET

Fonksiyonel endoskopik sinls cerrahisinde mul-
tidetektor bilgisayarli tomografide paranasal
sinlislerin anatomik varyasyonlari

Bilgisayarli tomografi paranasal sinislerin hastaliklarinin ve fonksiyo-
nel endoskopik sinls cerrahisi ile tedavilerinin degerlendirilmesinde
anatomik olarak sagladigi bilgi olduk¢a 6nemlidir. Paranasal sin(s-
lerde izlenen anatomik varyasyonlar nadir degildir. Bu makalenin
amaci paranasal siniislerde izlenebilen bazi anatomik varyasyonlari
sunmaktir.

Anahtar sozciikler: Paranasal siniisler, anatomik varyasyonlar, bilgi-
sayarli tomografi, fonksiyonel endoskopik siniis cerrahisi

ABSTRACT
Anatomic variations of paranasal sinus
on multidetector computed tomography

examinations for functional endoscopic sinus
surgery

Computed tomography is excellent means of providing anatomical
information of paranasal sinuses, assessing disease and guiding
treatment with functional endoscopic sinus surgery (FESS). Common
anatomical variations are not rare in the paranasal sinuses. The aim of
this article was presented radiological characteristics of some anatomic
variation in paranasal sinuses.

Key words: Paranasal sinus, anatomical variation, computed
tomography, functional endoscopic sinus surgery

INTRODUCTION

Functional endoscopic sinus surgery (FESS) has been
put into practice for almost a quarter of a century and it has
become of particular importance for the otolaryngologist.
With this technique, it is possible to open the obstructed
ostia of paranasal sinuses to provide normal ventilation
without damaging the adjacent structures. Like traditional
sinus surgery, it is associated with serious risks. In order to
avoid potential complications of FESS, it is essential to know
well-defined anatomy and anatomic variations (1-3).
Although the anatomy of nasal cavity and paranasal sinuses
differ significantly among patients, certain distinct
variations are found most frequently among the general
population. The presence of anatomic variations must be
notedin ordertoattain afull understanding of the individual
patient as well as to develop an accurate diagnosis (4).
Computed tomography (CT) has become a standard part of
oromaxillofacial imaging (1,5). Variations in paranasal sinus

anatomy as shown on CT are of potential significance, it
may predispose to certain pathologic conditions and
diseases (5). Anatomic variations, such as deviation of the
nasal septum, paranasal sinuses pneumatization extent,
concha bullosa, uncinate process variations, Haller cell,
Agger nasi cell, Onodi cell, ethmoid bulla and maxillary
sinus septa are common and emphasized in routine
evaluation of CT (6). This article presents some variational
radiographic anatomy of paranasal sinuses.

NASAL SEPTUM

The nasal septum is fundamental in the development of
the nose and paranasal sinuses. It is “epiphyseal platform”
for the development of the facial skeleton. The three
components of the adult nasal septum (septal cartilage,
perpendicular plate for ethmoid lamina, and delimited by
the vomer) give rise to a deviation of the septum (7,8)
(Figure 1 and 2). Septal deviation is a shift of the midline
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Figure 1: The presence of septation in the left maxillary sinus
(arrow), the nasal septum deviation to the right and hypertrophy of
the right inferior turbinate

Figure 2: Nasal septum deviation on the right side

associated with deformities or asymmetry of the adjacent
turbinates (8). Blaugrund (9), reported that nontraumatic
septal deviation is observed in some 20% of the population.

PARANASAL SINUSES PNEUMATIZATION EXTENT

In most cases, pneumatization presents recesses related
to the greater sphenoid wing, although lateral extensions
may also be observed in the smaller sphenoid wing,
inferiorolateral and septal recesses (8) (Figure 3). Frontal
sinus extension (Figure 4) is a rare condition characterized
by increased sinusal aeration beyond the normal margin of

Figure 3: Nasal septum pneumatization characterizing septal recess

Figure 4: Pneumatization of crista galli

the frontal bone that originates from anterior extension of
the anterior ethmoid air cells. Extensions related to the
lamina of the frontal bone, crista galli, besides inferior,
symmetric extension of the frontal sinus towards the
anterior ethmoid cells may also be found.

CONCHA BULLOSA

Concha bullosa (Figure 5, 6 and 7) is a variation
originated from pneumatization of the bone plate by
extension of the ethmoid sinus cells. Such variation may be
either uni- or bilateral. Varied degrees of pneumatization of
the concha may be observed, possibly causing middle
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Figure 6: Bilateral concha bullosa on the middle turbinate and
hypertrophy of the inferior turbinate

meatus or infundibulum obstruction, besides being related
to deviation of the nasal septum to the contralateral side.
Other variation is frequently associated with septal
deviation (8). The presence of a concha bullosa ranged
between 4% and 80% in different studies. Bolger et al. (10)
evaluated this variant in 15.7% of the population and
classified pneumatization of the concha based on the

Figure 7: Anatomical variations of the nasal conchae. Concha bullosa
on the right middle turbinate and ethmoid bulla on the left side

location as lamellar concha bullosa, bulbous concha bullosa
and extensive concha bullosa.

UNCINATE PROCESS VARIATIONS

The uncinate process projects from the ethmoid process
of the inferior nasal concha and it is a superior extension of
the lateral nasal wall that is anatomically relevant for
draining the frontal recess. Variations such as hypertrophy,
deviation and pneumatization may affect the drainage,
generating abnormalities in the ostiomeatal complex and
predisposing to obstruction (11,12). Pneumatization of the
uncinate process (uncinate bulla) is a rare entity and this
anatomic variation may result in anatomic narrowing of the
infundibulum and can impair sinus ventilation (13,18).
Bolger et al. (10) evaluated 202 CT imaging for anatomic
variation and detected uncinate bulla in 2.5% of patients.

ETHMOID CELLS VARIATIONS

Haller cells (infraorbital ethmoid cells) are ethmoid air
cells located anteriorly to the ethmoid bulla, along the
orbital floor, adjacent to the natural ostium of the maxillary
sinus, which may cause mucociliary drainage obstruction,
predisposing to the development of sinusitis (8,11) (Figure 8
and 9). Bolger (10) reported the prevalence of Haller cells as
45.1%. Agger nasi cells, which are the most anterior ethmoid
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Figure 8: Haller air cell on the left and concha bullosa on the left
middle turbinate

3 S .
Figure 9: CT image of the nasal sinus anatomical variants. Coronal
scan: Haller air cell (arrow) on the left side and a concha bullosa on
the right side (arrow)

cells, are located anteriorly to the upper margin of the
nasolacrimal ductand anteriorly to the plane of the maxillary
sinus infundibulum (8,11). The reported prevalence of agger
nasi cell varies widely among studies. The agger nasi cell can
be an important factor in selected cases of frontal sinusitis.
The giant agger nasi cell caused sinusitis by obstruction of
the frontal sinuses’ drainage pathway (13).

The posterior ethmoid cells may invade the posterior
ethmoid capsule or migrate to the medial aspect of the
optic nerve. These then take the name of Onodi cells
(spheno-ethmoid cells) and are located between the
sphenoid sinus and the floor of the anterior cranial fossa (8,
14) (Figure 10). Arslan et al. (15) observed that this variation

Figure 10: Onodi cell on the left side

was easily seen in 5% of the coronal scans. The presence of
an Onodi cell may possibly contribute to increased risk of
injury to the optic nerve and mucocele of an Onodi cell
causing optic neuropathy is extremely rare (13).

The ethmoid bulla is the largest air cell of the ethmoid
complex. When this air cell reaches sufficient size it can tighten
orevenobstructthemiddle nasalmeatusand theinfundibulum.
Therefore, itis considered as a great ethmoid bulla. Zinreich (16)
found that the prevalence of ethmoid bulla is 8%.

MAXILLARY SINUSES SEPTA

Maxillary sinus septa are thin walls of cortical bone
present within the maxillary sinus, with variable number,
thickness and length. Such septa may divide the sinus into
two or more cavities arising from the inferior and lateral
walls of the sinus. Septa originating from teeth may be
classified according to their development at different
phases of dental eruption (8,17) (Figure 1).

CONCLUSION

A detailed knowledge about anatomic variations
preoperatively and evaluation of pathological findings
within this cavity with gold standard CT may prove
beneficial during FESS. These are important when it comes
to navigating around the paranasal sinuses but their
contribution to disease has been questioned as the
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anomalies are as prevalent in an asymptomatic population
as in a group with proven sinusitis.

Acknowledgements

This article derives from the study which is entitled
“Comparison of low-dose with standard dose and

REFERENCES

1. Kazkayasi M, Karadeniz Y, Arikan OK. Anatomic variations of the
sphenoid sinus on computed tomography. Rhinology. 2005; 43: 109-
114.

2. Kayalioglu G, Oyar O, Govsa F. Nasal cavity and paranasal sinus bony
variations: a computed tomographic study. Rhinology. 2000; 38: 108-
113.

3. Kennedy DW, Zinreich SJ. Functional endoscopic approach to
inflammatory sinus disease: current perspectives and technique. Am
J Rhinol. 1988; 2: 89-96.

4. Baradaranfar MH, Labibi M. Anatomic variations of the paranasal
sinuses in patients with chronic sinusitis and their correlation with CT
scan staging. Acta Medica Iranicag. 2007; 45: 477-480.

5. Talaiepour AR, Sazgar AA, Bagheri A. Anatomic variations of the
paranasal sinuses on CT scan images. Journal of Dentistry, Tehran
University of Medical Sciences. 2005; 2: 142-146.

6. Fadda GL, Rosso S, Aversa S, Petrelli A, Ondolo C, Succo G.
Multiparametric statistical correlations between paranasal sinus
anatomic variations and chronic rhinosinusitis. Acta Otorhinolaryngol
Ital. 2012; 32: 244-251.

7. Perez-Pinas |, Sabate J, Carmona A, Catalina-Herrera CJ, Jimenez-
Castellanos J. Anatomical variations in the human paranasal sinus
region studied by CT. J Anat. 2000; 197: 221-227.

8. Miranda CMNR, Maranhao CPM, Arraes FMNR, Padilha IG, Farias
LPG, Jatoba MSA, Andrade ACM, Pailha BG. Anatomical variations of
paranasal sinuses at multislice computed tomography: what to look
for. Radiol Bras. 2011; 44: 256-262.

optimized FESS-protocol in paranasal sinus multidetector
CT examinations”; presented as an oral presentation in the
11th congress of the European Academy of
Dentomaxillofacial Radiology in Budapest, Hungary (25-
28 June, 2008), and supported by the Marmara University
Scientific Research Project Council (project no:
SAG-D-050608-0112).

9. Blagrund SM. The nasal septum and concha bullosa. Otolaryngol Clin
North Am. 1989; 22: 291-306.

10. Bolger WE, Woodruff WW, Morehead J, Parsons DS. Maxillary sinus
hypoplasia: classification and description of associated uncinate
process hypoplasia. Otolaryngol Head Neck Surg. 1990; 103: 759-765.

11. Earwaker J. Anatomic variations in sinonasal CT. Radiographics. 1993;
13:381-415.

12. Huang BY, Lloyd KM, DelGaudio JM, et al. Failed endoscopic sinus
surgery: spectrum of CT findings in the frontal recess. Radiographics.
2009; 29: 177-195.

13. Kantara M, Karasen RM, Alper F, Onbas O, Okur A, Karaman A.
Remarkable anatomic variations in paranasal sinus region and their
clinical importance. Eur J Radiol. 2004; 50: 296-302.

14. Klink T, Pahnke J, Hoppe F, et al. Acute visual loss by an Onodi cell. Br
J Opthalmol. 2000; 84: 801-802.

15. Arslan H, Aydinlioglu A, Bozkurt M, Egeli E. Anatomic variations of the
paranasal sinuses: CT examination for endoscopic sinus surgery. Auris
Nasus Larynx. 1999; 26: 39-48.

16. Zinreich J. Imaging of the nasal cavity and paranasal sinuses. Current
Opinion in Radiology. 1992; 4: 112-116.

17. Maeste-Ferrin L, Galan-Gil S, Rubio-Serrano M, et al. Maxillary sinus
septa: a systematic review. Med Oral Patol Oral Cir Bucal. 2010;15:e
383-386.

18. Rao VM, El-Noueam KI. Sinonasal imaging. Anatomy and pathology.
Radiol Clin North Am. 1998; 36: 921-939.

106 Marmara Universitesi Saglik Bilimleri Enstitiisti Dergisi Cilt: 3, Sayr: 2, 2013 / Journal of Marmara University Institute of Health Sciences Volume: 3, Number: 2, 2013 - http://musbed.marmara.edu.tr




