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ABSTRACT:   Objectives: To explore correlation between the volume of the agger nasi (AN) cell bulge and the A-P length of the fron-
tal recess (FR).

  Subjects and methods: In total, 120 patients, who underwent septoplasty, were included. All patients underwent pre-
operative computed tomography of the paranasal sinuses (PNS CT). In total, CT data of all 120 patients were analyzed 
with respect to the extent of pneumatization of AN cell bulge and the A-P dimension of the FR. Each side was analyzed 
separately.

  Results: We included 120 patients, 78 (65.0%) females and 42 (35.0 %) males. Their average age was 33.7 ± 11.6 years 
(range: 18–65 years). The mean volume of the AN cell bulge was 0.26 ± 0.4 mm3 on both the right and left sides. The 
A-P length of the FR was 7.7 ± 2.2 mm. No significant between-side difference in the mean volume of the AN cell bulge 
was observed (p=0.906). This volume did not differ significantly by age or sex (p=0.844 and p=0.971, respectively). We 
found no correlation between the volume of the AN cell bulge and the A-P length of the FR (r = 0.098, p=0.192). 

  Conclusion: In the present study, no correlation between AN cell volume and the A-P length of the FR was found. When study-
ing the anatomical complexity of the FR, it is essential to consider the AN cell volume. We suggest that preoperative CT imaging 
is critical when endoscopic sinus surgery is planned. However, further studies with larger numbers of patients are needed to ex-
plore the relationship between AN cell pneumatization and the anatomy of the FR. 
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INTRODUCTION

Endoscopic sinus surgery has recently become accepted as the 
treatment of choice for frontal sinus conditions.(1) Careful plan-
ning is essential because of the complex nature of the frontal si-
nus, anatomical variability of the adjacent structures, and the 
fact that the sinus lies in close proximity to important tissues.
(2) The frontal recess (FR) ishas a shaped asof an inverted cone 
with the apex directed superiorly toward the frontal isthmus. 
The anatomy of the FR and frontal sinus is affected by anatomi-
cal variability of the adjacent structures.(1,2) The most significant 
concerns are the presence/absence of agger nasi (AN) cells and 

the extent of their pneumatization, the size of the frontal beak, 
and the point of superior attachment of the uncinate process.(3,4)

Endoscopically, AN cells form a bulge in the lateral nasal wall 
in front of the anterior attachment point of the middle turbi-
nate. The presence/absence and variable pneumatization of 
AN cells affect the anatomy of the FR, contributing to ana-
tomical variability within the region.(5)  

Recent significant advances in computed tomography (CT) 
have allowed an excellent visualization of the anatomical fe-
atures of the FR and the relationships between the FR and 
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STATISTICAL ANALYSIS 

The Number Cruncher Statistical System (NCSS) 2007 Sta-
tistical Software (UT, USA) was used for statistical analysis. 
For evaluation of the data, descriptive statistical methods 
(mean, standard deviation) were used, and the Pearson’s 
correlation coefficient was used to determine the correla-
tion between the volume of the AN cell and the A-P length 
of the FR. A p-value <0.05 was considered to reflect stati-
stical significance.

Fig. 2.  Correlation between the volume of the AN cells and the anterior-to-
posterior length of the frontal recess.

adjacent important structures. Standard coronal and axial 
paranasal sinus (PNS) CT slices do not allow precise asses-
sment of the FR.(4) Reconstructed parasagittal slices better 
define the size of the AN cell bulge and the anterior-to-po-
sterior (A-P) length of the FR. Also, parasagittal images pro-
vide information on the association between AN cell pneu-
matization and the A-P length of the FR. To correctly build 
a three-dimensional (3D) picture of the FR, it is essential 
to simultaneously review coronal, axial, and reconstructed 
parasagittal slices to build a volume unit.(6,7) 

In the present study, we explored the correlation between the 
volume of the AN cell bulge and the A-P length of the FR.

MATERIALS AND METHODS

We retrospectively reviewed data of patients treated in the De-
partment of Otolaryngology, Head-and-Neck Surgery from Ja-
nuary 2015 to January 2016. In total, 120 patients who under-
went septoplasty were included. Patients with chronic sinusitis, 
under the age of 18 years, with any history of previous endosco-
pic sinus surgery, with a PNS or nasal cavity neoplasm, and with 
any history of maxillofacial trauma were excluded. All patients 
underwent preoperative PNS CT imaging. In total, CT data 
of all 120 patients were analyzed with respect to the extent of 
pneumatization of the AN cell bulge and the A-P dimension of 
the FR. Each side was analyzed separately. A multidetector CT 
system (Sensation 40; Siemens, Erlangen, Germany) was used 
for CT imaging; the imaging parameters included slice thick-
ness and reconstruction intervals of 0.5 mm and a field of view 
of 21.8 × 28.8 cm. We obtained 150–400 images, which were re-
constructed using a classical filtered-back projection. Axial and 
coronal contrast-free CT scans of the sinuses (1-mm sections) 
were obtained for all patients. Parasagittal images (0.5 mm in 
scan thickness) were reformatted on a Mediplus Dicom Viewer 
system (Mediplus Ltd., High Wycombe, UK). The AN bulge was 
identified on axial sinus CT scans, traced superiorly to inferiorly, 
and the extent of air therein was noted. The extent of pneumati-
zation of AN cells was automatically calculated (Fig. 1). The A-P 
length of the FR was defined as the distance between the most 
prominent portion of the frontal beak and the point of superior 
attachment of the ethmoidal bulla lamella. All measurements 
were performed by the same observer and repeated by a second 
observer to reduce inter-observer variation. Measurements made 
by either observer did not differ significantly when the arithmetic 
means were compared. All patients were fully informed about 
the nature of the study and provided written informed consent. 
The study protocol was approved by our hospital’s Ethics Com-
mittee (ethical committee number 2016/36). We meticulously 
complied with the Declaration of Helsinki.

Fig. 1. Measurement of the volume of AN cells.
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RESULTS

We included 120 patients, 78 (65.0%) females and 42 (35.0 %) 
males. Their average age was 33.7 ± 11.6 years (range: 18–65 
years). Their data are summarized in Table 1. The mean volu-
me of the AN cell bulge was 0.26 ± 0.4 mm3 on both the right 
and left sides. The A-P length of the FR was 7.7 ± 2.2 mm. No 
significant between-side difference in the mean volume of the 
AN cell bulge was apparent (p=0.906) (Table 2). This volume 
did not differ significantly by age or sex (p=0.844 and p=0.971, 
respectively). We found no correlation between the volume 
of the AN cell bulge and the A-P length of the FR (r = 0.098, 
p=0.192) (Fig. 2). 

DISCUSSION

The FR is classically described as an inverted funnel connecting 
the frontal sinus to the nasal cavity.(2,3) Structures surrounding 
the FR can affect its anatomy and indirectly the drainage path 
of the frontal sinus. The FR boundaries are the lamina papyra-
cea (laterally), the middle turbinate (medially), the wall of the 
AN bulge (superiorly), and the bulla lamella (posteriorly).(4,5) 
In adults, the depth, width, and boundaries of the FR are af-
fected by the anterior ethmoidal cells and the embryological 
pneumatization patterns of surrounding structures.(6) In fact, 
the very structures that limit the boundaries of the FR can form 
part of the recess. The AN cells constitute the most anterior 
ethmoidal cells; these lie anterolaterally and inferiorly to the 
FR, and above the attachment point of the middle turbinate. 
The presence/absence and extent of pneumatization of AN 
cells can affect the anteroposterior dimensions of the frontal 
sinus ostium, the thickness of the frontal bone, and the dra-
inage pathway of the frontal sinus.(3,4) Anatomically, the FR is 
complex and lies in close proximity to important structures 
including the anterior skull base, the orbit, and the olfactory 
fossa. It is essential to explore the relationship between AN cell 
pneumatization and FR anatomy. Recently, AN cells have been 
employed as an alternative landmark for the FR.(6,7) 

Park et al.(3) used CT to calculate AN cell volumes; they mul-
tiplied the longest anteroposterior and vertical diameters in 
the parasagittal plane by the longest vertical side-to-side dia-
meter in the coronal plane. The AN cell volume was 394.1 ± 
240.5 mm3 and the A-P length of the FR 10.1 ±3.1 mm. In the 
present study, we identified AN cells on all axial sinus sections, 
followed the course of the bulge superiorly to inferiorly, and 
combined the scan data with information on the extent of air 
in the cells. Objective AN cell volumes were calculated auto-
matically. The AN cell volume was 0.26 ± 0.4 cm3, and the A-P 
length of the FR was 7.4 ± 2.2 mm. Park et al.(3) found that the 

AN cell volume exhibited a moderate positive correlation with 
the A-P length of the frontal isthmus and a weak positive cor-
relation with the A-P length of the FR. However, no positive 
correlation was evident between the AN cell volume and the 
thickness of the frontal beak. In the present study, we found no 
correlation between the AN cell volume and the A-P length of 
the FR (r = 0.098, p=0.192). Park et al.(3) suggested that a large 
AN cell bulge would push the posterior table of the frontal si-
nus and the point of superior attachment of the anterior wall 
of the ethmoid bulla in a posterior direction, thus increasing 
the A-P lengths of the FR and frontal isthmus regardless of the 
thickness of the frontal beak. The air space of the FR can poten-
tially be used to connect the frontal sinus and middle meatus 
during surgical resection of thin-walled FR cells. An increased 
pneumatization of AN cells, that is associated with significant 
increments in the A-P length of the FR and frontal isthmus, 
facilitates wide surgical manipulation upon resection of the 
posterior/superior AN cell wall and anterior/superior wall of 
the ethmoid bulla. In 1990, Schaefer and Close(8) removed the 
AN cells to expose the FR during endoscopic sinus surgery. 
This procedure has not been accepted worldwide because the 
relationship between the anatomy of the FR and those of ad-
jacent important structures remains unknown. Subsequently, 
Pletcher et al.(9) suggested that punch-out removal of AN cells 
was safe and effective when used to enhance exposure of the 
frontal sinus. Lassa et al.(10) reported that AN cell removal im-
proved visualization of the frontal sinus ostium. 

Our results differed significantly from those of Park et al.(3) The 
limitations may include the sample size, the used computer 
programs, volume calculation methods, imaging parameters, 

Tab.I. Patient demographics

VARIABLES AVERAGE RANGE

Age(years) 33,7±11,6 18–65 

Gender

-female(No.(%)) 78 (65,0%)

-male(No.(%)) 42 (35,0%)

ANC volume(cm3) 0,26±0,4 cm3 0,09–0,94 cm3

The A-P length of the FR(mm) 7,7±2,2 mm 2,9–16,3 mm

Abbreviations; AN; agger nasi cell, A-P: anterior-to-posterior, FR: frontal recess

Tab. II. Comparison of the volume of AN cells between the right and left side

RIGHT LEFT AP

AN (cm3) 0,26±0,42 0,26±0,37 0,906*

aMann–Whitney U-test 
* p>0.05
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plexity of the FR, it is essential to consider the AN cell vo-
lume. We suggest that preoperative CT imaging is critical 
when endoscopic sinus surgery is planned. However, further 
studies with larger numbers of patients are needed to explo-
re the relationship between AN cell pneumatization and the 
anatomy of the FR. 
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and the subject data and ethnicity. Park et al.(3) evaluated FR 
pneumatization in a Korean population using axial and co-
ronal CT imaging and reconstruction of parasagittal images, 
and the present study was performed in a Turkish population.

Limitations of our study include the small sample size and lack 
of randomization. Also, our anatomical measurements did not 
precisely reveal the course, width, or depth of the FR. If the 
relationships between these parameters and AN cell volume 
had been studied, our work may have been more informative. 

CONCLUSION

We found no correlation between AN cell volume and the 
A-P length of the FR. When studying the anatomical com-
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