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o Cone-beam computed tomography images can provide valuable information for evaluating the osteo-
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Abstract

Objective: The aim of this study was to evaluate the correla-
tion between the length of the infundibulum and ostium
height with the anatomic variations of osteomeatal complex
(OMCQ) and sinus pathology using cone-beam computed to-
mography (CBCT). Methods: CBCT images of 204 patients
(408 maxillary sinuses) were evaluated retrospectively. The
height of the ostium and the length of the infundibulum
were measured. The presence of maxillary sinus pathology,
nasal septal deviation, Haller cells, concha bullosa, and sinus

septa were analyzed. The correlation between the size of the
maxillary sinus drainage system and anatomic variations was
compared using the t test, Fisher's exact test, and x? test. The
effect of tooth loss on the length of the infundibulum and
ostium height was also analyzed using ANOVA. Results: The
height of the ostium and the maximal septal deviation angle
were found to be significantly greater in males (p < 0.05). As
ostium heightincreased, the presence of maxillary sinus sep-
taincreased (p < 0.05). No statistically significant association
was detected between other variations and the length of in-
fundibulum or ostium height. The relationship between
tooth loss and both the length of the infundibulum and os-
tium height were found to be insignificant (p > 0.05). Conclu-
sions: Radiographic examination, especially on CBCT imag-
es, is important for an evaluation of maxillary sinuses. here,
we demonstrated a significant relationship between ostium
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height and the presence of maxillary sinus septa. However,
it was found that nasal septal deviation, concha bullosa,
Haller cells, and other sinusopathies did not have a major ef-
fect on the size of the maxillary sinus drainage system.

© 2019 The Author(s)
Published by S. Karger AG, Basel

Introduction

The osteomeatal complex (OMC) is an important ana-
tomical entity consisting of the maxillary ostium, eth-
moidal infundibulum, middle nasal concha, uncinate
process, ethmoid bulla, and hiatus semilunaris [1]. Mu-
cosal drainage in healthy tissue occurs via the OMC. In
normal drainage and ventilation, the mucus reaches the
ostium (maxillary sinus opening) and passes through a
small passage that communicates with the nasal cavity
(infundibulum) [2, 3]. Variations that cause the narrow-
ing of this passage have been shown to be responsible for
the development of maxillary sinusitis [4]. Local anatom-
ic variations associated with nasal septal deviation, con-
cha bullosa, and Haller cells could cause this obstruction
and sinusitis [5].

Nasal septal deviation, seen in about 80% of the popu-
lation, is defined as an asymmetry of the nasal septum,
and it may limit air flow and impair the growth of the pa-
ranasal sinus. As a consequence, mucosal ciliary activity
decreases and bacterial invasion develops [6-8]. Addi-
tionally, previous studies stated that concha bullosa
(pneumatized middle turbinate) adversely affects the pa-
ranasal sinus ventilation and mucociliary clearance in the
middle meatus region [9]. However, the potential effect
of nasal septal deviation and concha bullosa on the devel-
opment of maxillary sinusitis has not been clarified [10].
Another anatomic variation, the presence of Haller cells,
shows continuity with the infundibulum proximally [5].
If Haller cells become infected, the maxillary sinus ostium
gets obstructed and chronic sinusitis results [11]. The
maxillary sinus membrane (also called the Schneiderian
membrane) is about 1 mm thick and is therefore not ob-
served in a radiographic examination [12]. However,
when the mucosa become inflamed due to infection by
organisms of both odontogenic or nonodontogenic ori-
gin, this thickness may increase 10- to 15-fold [12]. Gen-
der, smoking, the association with endodontic or peri-
odontal lesions, and the presence of maxillary sinus septa
are the factors that lead to thickening of the sinus mem-
brane to >3 mm [13-16].

The maxillary sinus is of paramount importance for
oral and maxillofacial surgeons and maxillofacial radiolo-

Maxillary Sinus Drainage System and
Anatomical Variations

gists. Cone-beam computed tomography (CBCT) is fre-
quently used to evaluate sinus anatomy before dental im-
plant treatment [15, 17]. It facilitates evaluation of the
maxillofacial region with high-geometric-accuracy data,
isotropic voxel values, and short scanning times [15, 18].
It provides increased precision, lower radiation doses,
and lower costs than CT [3, 18]. Moreover, a study by Al
Abduwani et al. [19] showed that CBCT is an efficient al-
ternative to standard multidetector computed tomogra-
phy (MDCT) to identify sinusitis. Image quality and ra-
diation dose are comparable to MDCT.

Previous studies have evaluated the significance of an-
atomical variations in the pathogenesis of rhinosinusitis
[5, 20, 21]. However, there is only 1 report on sinusopa-
thies of inflammatory origin in the ostium height or the
infundibulum length of the maxillary sinus [3]. The aim
of this study was to investigate the effect of the length of
infundibulum and ostium height on maxillary sinus pa-
thology using CBCT images. We also assessed the effects
of tooth loss, nasal septal deviation, concha bullosa, Haller
cells, and the presence of maxillary sinus septa on the
length of the infundibulum and ostium height.

Materials and Methods

Study Samples

A total of 204 CBCT images (408 maxillary sinuses) were se-
lected from the archives of the Department of Oral and Maxillofa-
cial Radiology, Faculty of Dentistry, Gazi University, between Jan-
uary 2016 and November 2017. The study included male and fe-
male individuals aged >18 years who had sinus pathology with the
border of both maxillary sinuses detectable on CBCT. Exclusion
criteria were the presence of insufficient image quality or move-
ment artefacts in the CBCT images; a previous history of surgery
or trauma to the maxillary sinuses; and any pathology, bone graft,
or dental implant adjacent to the maxillary sinus.

CBCT Image Analysis

All CBCT images were taken with a Promax 3D unit (Planmeca,
Helsinki, Finland), operating at 90 kVp and 9-14 mA (voxel size
0.2-0.4 mm, exposure time 6 s, and field-of-view 20 x 10 or 20 x
17 cm). The images were analyzed with a CBCT device (Romexis
Viewer 4.6.2.R) on a 24-inch Nvidia Quadro FX 380 screen with
1,280 x 1,024 resolution in a quiet room with subdued ambient light-
ing. All images were evaluated by a maxillofacial radiologist with 5
years of experience. After 2 weeks, 10% of the measurements were
reevaluated for intraobserver reliability (repeatability). The interob-
server reliability was also assessed. Each sinus was assessed separately.

Evaluation of Images

The macxillary sinus changes were analyzed and classified as in
previous studies [3, 17]; (a) normal: hypodensity; (b) mucous thick-
ening present: an image of density in the soft parts with linear as-
pect in association with their walls; (c) antral pseudocyst present:
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Fig. 1. Coronal CBCT images showing mucous thickening (a), antral pseudocyst (b), partial opacification (c), and total opacification (d).

an image of density in the soft parts with circular aspect in associa-
tion with their walls; (d) partial opacification: an image of density
in the soft parts resulting in partial opacification but presenting
regions of internal hypodensity; (e) total opacification: an image of
density in the soft parts resulting in total opacification (Fig. 1).
Bilateral maxilla posterior total loss and partial tooth loss were
evaluated. Concha bullosa, Haller cells, maxillary sinus septa, and
septal deviation were recorded (Fig. 2). Concha bullosa was defined
as the presence of pneumatization of any size on the left or right
within the middle nasal turbinate. Nasal septal deviation was defined
as a deviation of the midline to the left or right. Haller cells were de-
tected as ethmoid air cells located along the medial orbital floor above
the maxillary sinus ostium and extending into the sinus. Maxillary
sinus septa were described as the walls of cortical bone within the
maxillary sinus, and the type (i.e., primary or secondary) was as-
sessed. The length of the infundibulum was measured as the distance
between the center of the ostium and the uppermost point of the un-
cinate process in a coronal slice of the CBCT image. The ostium
height was measured from the center of the maxillary sinus ostium,
thus determining the distance (in millimeters) between the ostium
and the lowest point of the corresponding maxillary sinus [3] (Fig. 3).

Statistical Analysis

All statistical analysis was performed using IBM-SPSS software
v23.0 (Armonk, NY, USA). Statistical analysis was conducted with
descriptive statistics. The effect of age and gender on the anatomi-
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cal variations and sinus pathology were analyzed by x? test and
Fisher’s exact test. The effect of gender on measurements was ana-
lyzed by an independent samples ¢ test and the nonparametric
Mann-Whitney U test, depending on the distribution of the mea-
surement. The independent samples f test was also used to com-
pare the mean measurements (infundibulum length and ostium
height) in the presence and the absence of sinus pathologies. The
relationship between sinus pathology and anatomical variations
was analyzed using Fisher’s exact test. The effect of tooth loss on
the length of the infundibulum and ostium height was also ana-
lyzed with ANOVA. The relationship between tooth loss and type
of septum (primary or secondary) was analyzed with Pearson’s x?
test. The significance level was set to 0.05. For intraobserver re-
peatability and interobserver reproducibility, intraclass correla-
tion coefficients (ICCs) were calculated.

Results

The images included in the study were 408 maxillary
sinus CBCT images taken from individuals aged 18-78
years. Of the images, 52.5% (n = 107) were taken from fe-
males and 47.5% (n = 97) from males. Most of the mea-
surements were taken from the maxillary sinus bilaterally.
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Fig. 3. Coronal CBCT images showing the ostium height (a) and infundibulum length (b) of the maxillary sinus.
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Table 1. Distribution of the presence of anatomical variations and maxillary sinus pathology according to age group and gender

Age group pvalue!  Gender p value?
18-24 years 25-34 years 35-44 years 45-54 years 55-64years 65+ years female male
Anatomical variations
Right side
HC 8(10.5) 10 (13.1) 11 (14.4) 25(32.9) 19 (25.0) 3(3.9) 0.409 39 (51.3) 37 (48.7) 0.885
CB 8(10.1) 8(10.1) 14 (17.7) 24 (30.3) 20 (25.3) 5(6.3) 0.320 46 (58.2) 33 (41.8) 0.196
MSS 13 (10.5) 15(18.2) 17 (20.7) 14 (17.0) 21 (25.6) 2(24) 0.120 41 (50.0) 41 (50.0) 0.571
Left side
HC 10 (13.5) 8(10.8)  15(202)  20(27.0)  17(22.9)  4(5.4) 0.636 40 (54.1) 34 (45.9) 0.772
CB 9 (12.6) 7(9.8) 16(22.5)  18(253)  16(22.5) 5(7.0) 0.275 40(56.3)  31(43.7) 0.436
MSS 10 (14.7) 11 (16.1) 13 (19.1) 14 (20.5) 17 (25.0) 3 (4.4) 0.847 42 (61.7) 26 (38.3) 0.074
Maxillary sinus pathology
Right side
Normal 14 (13.2) 17 (16.0) 18 (16.9) 24 (22.6) 28 (26.4) 5(4.7) 0.084 64 (60.3) 42 (39.7) 0.200
MT 3(5.3) 8(14.2) 13(23.2) 17 (30.3) 12 (21.4) 3(5.3) 25 (44.6) 31 (55.4)
AP 7 (25.9) 7(25.9) 1(3.7) 7 (25.9) 4(14.8) 1(3.7) 11 (40.7) 16 (59.3)
PO 1(8.3) 2(16.6) 2(16.6) 4(32.2) 2(16.6) 1(8.3) 6 (50.0) 6 (50.0)
TO 2 (66.6) 0(0.0) 0(0.0) 1(33.3) 0(0.0) 0(0.0) 1(33.3) 2 (66.6)
Left side
Normal 14 (11.8) 20 (16.9)  23(19.4)  25(21.1)  29(24.5) 7 (5.9) 0.594 77(65.2) 41 (34.8) 0.000*
MT 8(17.3) 7 (15.2) 5(10.8) 14 (30.4) 11 (23.9) 1(2.1) 17 (36.9) 29 (63.1)
AP 3(10.3) 7 (24.1) 5(17.2) 9(31.0) 3(10.3) 2(6.8) 7(24.2) 22 (75.8)
PO 2(22.2) 0(0.0) 0(0.0) 4 (44.4) 3(33.3) 0(0.0) 5(55.5) 4(44.5)
TO 0(0.0) 0(0.0) 1(50.0) 1 (50.0) 0(0.0) 0(0.0) 1(50.0) 1(50.0)

Values express 71 (%). * Significant at a = 0.05. HC, Haller cells; CB, concha bullosa; MSS, maxillary sinus septa; M T, mucous thickening; AP, antral pseu-

docyst PO; partial opacification; TO, total opacification.
! With the x? test; 2 with Fisher’s exact test.

Table 2. Mean values and standard deviation of infundibulum length and ostium height according to gender

Gender Mean Standard deviation p value

Infundibulum length (right) female 7.32 2.02 0.546!
male 7.53 2.62

Infundibulum length (left) female 6.98 2.30 0.816'
male 7.06 2.24

Ostium height (right) female 29.40 5.16 0.000%*
male 3241 6.02

Ostium height (left) female 30.41 5.01 0.000" *
male 33.47 6.36

* Significant at a = 0.05.

! With the ¢ test; 2 with the Mann-Whitney U test.

The effect of age and gender on anatomical variations
and sinus pathology were analyzed. The p values showed
there was no statistically significant relationship with age
and gender for the presence of Haller cells, concha bul-
losa, and sinus septa. The effect of gender on the presence
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of sinus pathology was found to be statistically significant
for the left maxillary sinus (Table 1). The effect of gender
on measurements (infundibulum length and ostium
height) was analyzed. Our results showed there were sta-
tistically significant differences between males and fe-
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Table 3. Mean values and standard deviations for infundibulum length and ostium height in sinus pathologies and normal maxillary

sinuses
Sinus Infundibulum length Ostium height
pathology n (%) mean SD p value n (%) mean SD p value
Right Normal yes 105 (52.7) 7.70 2.30 0.081 106 (52.2) 30.50 6.10 0.402
side no 94 (47.3) 7.12 2.31 97 (47.3) 31.18 5.40
MT yes 55 (27.6) 7.04 2.29 0.143 56 (27.5) 30.65 5.96 0.788
no 144 (72.4) 7.57 2.32 147 (72.5) 30.89 5.72
AP yes 27 (13.5) 7.46 2.63 0.942 27 (13.3) 31.84 3.96 0.192
no 172 (86.5) 7.42 2.28 176 (86.7) 30.67 5.99
PO yes 10 (5.0) 7.14 1.50 0.696 11(5.4) 32.74 4.36 0.260
no 189 (95.0) 7.44 2.36 192 (94.6) 30.72 5.83
TO yes 2 (1.0) 4.89 0.47 0.121 3(1.4) 29.49 9.66 0.688
no 197 (99.0) 7.45 2.32 200 (98.6) 30.85 5.73
Left N yes 118 (59.0) 7.21 2.37 0.172 118 (58.1) 31.58 5.81 0.408
side no 82 (41.0) 6.76 2.10 85 (41.9) 32.28 5.99
MT yes 43 (21.5) 7.08 2.23 0.840 45 (22.1) 31.31 6.66 0.468
no 157 (78.5) 7.01 2.28 158 (77.8) 32.03 5.66
AP yes 29 (14.5) 6.80 1.85 0.564 29 (14.2) 34.03 5.06 0.033*
no 171 (85.5) 7.06 2.33 174 (85.8) 31.52 5.95
PO yes 8 (4.0) 5.36 1.71 0.034* 9 (4.4) 30.96 4.80 0.634
no 192 (96.0) 7.09 2.26 194 (95.6) 31.92 5.94
TO yes 2 (1.0) 4.82 2.40 0.167 2 (1.0) 34.64 1.95 0.505
no 198 (99.0) 7.05 2.26 201 (99) 31.85 5.91

* Significant at a = 0.05. SD, standard deviation; MT, mucous thickening; AP, antral pseudocyst; PO, partial opacification; TO, total

opacification.

males in terms of ostium height. The mean values were
high for males compared to females. On the other hand,
the effect of gender on the length of the infundibulum for
both maxillary sinuses was insignificant (Table 2).

To compare the effect of the presence or absence of
sinus pathology on infundibulum length and ostium
height, independent samples ¢ tests were used. The re-
sults of the comparison of infundibulum length and os-
tium height according to sinus pathology are given in
Table 3. The effect of the presence or absence of ana-
tomical variations on the infundibulum length and os-
tium height were also compared. There was a significant
relationship between the ostium height and the presence
of sinus septa. The ¢ test results for the infundibulum
length and ostium height are presented in Table 4. The
relationship between the presence of sinus pathology
and anatomical variations was analyzed using Fisher’s
exact test. The results showed that septal deviation,

Maxillary Sinus Drainage System and
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Haller cells, concha bullosa, and sinus septa did not have
asignificant influence on the presence of maxillary sinus
pathology.

The relationship between tooth loss and the length of
the infundibulum and ostium height was also analyzed.
The relationship between tooth loss and both the length
of the infundibulum and height of the ostium was found
to be insignificant. The relationship between tooth loss
and the type of septa (primary or secondary) was analyzed
with Pearson’s x* test and was found to be statistically sig-
nificant. On the other hand, the correlation between gen-
der and type of septum was not significant. To evaluate
intraobserver reliability, the images of 25 patients were
reevaluated after 2 weeks. ICCs were calculated to assign
to the agreement levels and ranged between 0.88 and 0.92,
which indicates strong agreement. The interobserver reli-
ability was also assessed using ICCs and the results were
highly correlated (0.82-0.94).
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Table 4. Mean values and standard deviations for infundibulum length and ostium height in anatomical variations

Variable  Present Infundibulum length Ostium height
n (%) mean SD p value n (%) mean SD p value
Right HC yes 76 (38.3) 7.75 2.47 0.114 76 (36.6) 30.28 5.45 0.273
side no 122 (61.7) 7.21 222 126 (62.7) 3120 594
CB yes 77 (38.9) 7.42 2.18 0.913 79 (39.1) 31.52 5.73 0.190
no 121 (61.1) 7.45 2.42 123 (60.9) 30.43 5.77
MSS yes 80 (40.2) 7.34 2.43 0.655 82 (40.4) 32.26 5.66 0.003*
no 119 (59.8) 7.49 2.25 121 (59.6) 29.86 5.66
NSD yes 68 (34.2) 7.13 2.42 0.195 70 (34.5) 30.79 5.65 0.953
no 131 (65.8) 7.58 2.26 133 (65.5) 30.84  5.85
Left HC yes 74 (37.0) 7.35 2.41 0.115 74 (36.5) 32.64 4.84 0.131
side no 126 (63.0) 6.83 2.16 129 (63.5) 31.43 6.38
CB yes 69 (34.5) 6.94 2.17 0.699 71 (35.0) 32.74 6.24 0.125
no 131 (65.5) 7.07 2.32 132 (65.0) 31.41 5.65
MSS yes 68 (34.0) 7.37 2.52 0.118 68 (33.5) 33.16 5.19 0.027*
no 132 (66.0) 6.84 2.12 135 (66.5) 3123 6.12
NSD yes 83 (41.5) 7.06 2.31 0.866 85 (41.9) 32.54 6.20 0.174
no 117 (58.5) 7.00 2.24 118 (58.1) 3140  5.63

* Significant at a = 0.05. SD, standard deviation; HC, Haller cells; CB, concha bullosa; MSS, maxillary sinus septa; NSD, nasal septal

deviation.

Discussion

The maxillary sinus is a significant anatomical structure
in maxillofacial surgery. The evaluation of maxillary sinus
size and pathology can be of great value to the operator be-
fore dental implant planning and sinus floor elevation [13,
16]. The shape of the maxillary sinus may also cause ana-
tomical limitations to implant surgery [22]. Therefore, pre-
cise visualization of anatomic variations and pathologies of
the maxillary sinus and adjacent structures is vital to pre-
vent possible complications during surgery. CBCT is an
effective method for detecting radiodensities in the maxil-
lary sinus, and it provides significant advantages for radi-
ologists due to its high spatial resolution [2]. We focused
on evaluating CBCT images to ascertain whether there was
any relationship between maxillary sinus pathology and
OMC variations such as the presence of concha bullosa,
Haller cells, nasal septal deviation, and maxillary sinus sep-
ta, with infundibulum length and ostium height.

The prevalence of maxillary sinus pathology according
to age and gender was investigated. Our results demon-
strated that there was no significant association between
age and sinus pathology. Although the incidence of max-
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illary sinus pathology increased in the age groups of 45-
54 and 55-64 years, this result was not statistically sig-
nificant for both sides of the maxillary sinus. This result
is in line with that of Janner et al. [23]. They observed that
mucosal thickening was associated with gender, but that
age and periapical status were not the parameters of this
relationship. Our results showed that mucosal thickening
and antral pseudocyst were the most common maxillary
sinus pathologies bilaterally.

In this study, the presence of radiodensities in the
maxillary sinus was found in 184 of the 408 sinuses
(45.1%), considerably higher than reported in the litera-
ture [22]. On the other hand, the prevalence rate of sinus
mucosal thickening was found to be 25% (n = 102 maxil-
lary sinuses), which is much lower than in other studies
(range 37-62%) [15, 17, 23, 24]. These variations between
studies may be due to differences in the measurements
considered to be mucosal thickening (>1, >2, or >3 mm).
We accepted >2 mm as mucosal thickening.

The maxillary sinuses are directly related to the roots of
the upper teeth and are affected by inflammatory odonto-
genic processes that change the sinus content and normal
physiology [3, 15, 24]. Therefore, we excluded patients
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with periapical inflammatory and periodontal disease in
the maxillary posterior teeth. In previous studies, the pres-
ence of periapical lesions, periodontal bone loss, root canal
filling, and the anatomical relationship between maxillary
sinuses and teeth were evaluated in terms of their possible
effects on the maxillary sinuses [12, 24]. However, to our
knowledge, there is only 1 study on the existence of si-
nusopathies of inflammatory origin in the ostium height
or the infundibulum length of the maxillary sinus [3]. We
investigated the relationship between ostium height and
infundibulum length with sinus pathology. The effect of
gender on sinus pathology was found to be statistically sig-
nificant only for the left side of the maxilla. In addition, a
high preponderance of mucosal thickening was observed
in males and older age groups (45-54 and 55-64 years).
Antral pseudocysts were found to be more prevalent in
males and younger age groups (<65 years). Similar to the
results of our study, Sheikhi et al. [12] revealed a higher
prevalence of mucosal thickening among males.

A previous study found that a shorter ostium and in-
fundibulum facilitate the drainage of sinus contents [3].
Ostium height was found to be a determining factor for
the presence of normal content in the maxillary sinus; it
was also significant with greater height and antral pseu-
docyst. In our study, infundibulum length and ostium
height were found to be greater in males than in females.
There were significant differences between the genders
regarding ostium height but not regarding infundibulum
length. In contrast to the results of de Carvalho et al. [3],
we found that the infundibulum was significantly shorter
with the sinus pathology partial opacification. Addition-
ally, we found that as ostium height increased, the pres-
ence of antral pseudocyst increased. This discrepancy be-
tween studies probably resulted from differences in the
inclusion criteria, measurements techniques, and ethnic-
ities of the study populations.

We also aimed to investigate the prevalence of nasal
septal deviation. Nasal septal deviation causes congestion
of the middle concha, blockage of the middle meatus, and
the obstruction of normal mucus flow from the sinuses
[13]. Thus, nasal septal deviations are a predisposing fac-
tor for obstruction and related complications [5]. Holton
etal. [25] reported that nasal septal deviations are associ-
ated with the hard palate and lateral wall asymmetry of
the nasal cavity. The incidence of nasal septal deviation
has been examined in different studies and found to be in
the range of 9-79.9% [8, 13]. In our study, we found an
incidence of 74%. Sapmaz et al. [6] found that nasal septal
deviation leads to reduced maxillary sinus volume on the
deviated side. Our results revealed no significant relation-
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ship between nasal septal deviation and infundibulum
length or ostium height.

Previous studies investigated the effects of anatomical
variations on sinus pathology [5, 10, 11, 20, 21, 26]. Kay-
gusuz et al. [20] evaluated the relation between chronic
rhinosinusitis and sinonasal anatomic variations. They
showed no statistically significant correlation between si-
nonasal anatomic variations and chronic rhinosinusitis.
Stallman et al. [10] demonstrated no statistical associa-
tion between the anatomical variations and sinus disease.
Our results are compatible with these studies; relation-
ships between the presence of septal deviation, Haller
cells, concha bullosa, and sinus septa with maxillary sinus
pathology were not significant.

We also investigated anatomical variations such as
Haller cells, concha bullosa, and sinus septa and their pos-
sible influence on infundibulum length and ostium height.
Alkire and Bhattacharyya [26] reported that the presence
of Haller cells and a smaller infundibulum width were re-
lated to the progress of recurrent acute rhinosinusitis. Shin
et al. [21] found that the presence of concha bullosa was
significantly associated with maxillary sinus fungal ball de-
velopment, and that a narrow long infundibulum can play
a role in the development of this pathogenesis. Tonai and
Baba [9] showed Haller cells in the study with a rate of 36%.
Another study reported Haller cells with a rate of 39.9%
[26]. We detected Haller cells with a rate of approximately
37%. This finding is in line with the other 2 studies [9, 26].
Haller cells are located inferior to the ethmoid bulla and
adjacent to the roof of the maxillary sinus, continuing with
the proximal infundibulum. Particularly when these cells
are infected, they narrow the ostium of the maxillary sinus
and adversely affect drainage [11]. However, our study re-
vealed there was no statistically significant correlation be-
tween the presence of Haller cells and infundibulum length
or ostium height. There was also no relationship found be-
tween the presence of Haller cells and sinus pathology. An-
other local anatomic variation, concha bullosa, was seen in
36.8% of our cases, which is lower than in previous reports
[10, 26]. Although the concha bullosa is accepted as an eti-
ological factor in sinusitis, our findings did not corroborate
this relationship. We found a slightly higher incidence of
concha bullosa in females than in males.

Maxillary sinus septa is one of the most studied sub-
jects in terms of location, prevalence, and morphology
[27-29]. Maxillary sinus septa was found in 49% of pa-
tients, on the right (40.2%) and left (33.4%) sides, higher
than reported by Kim et al. [27], Neugebauer et al. [28],
but lower than reported by Neychev et al. [29]. This dif-
ference could be associated with the different radiograph-
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ic examinations, the thin interval slice of the CBCT im-
ages (in this study, 0.2-0.4 mm), and the different ages of
the study populations. Neugebauer et al. [28] and Ney-
chev et al. [29] found no correlation between gender and
the prevalence of septa. Our results showed a nonsignifi-
cant relationship between the prevalence of septa and
gender or age. However, there was a statistically signifi-
cant relationship between ostium height and the presence
of sinus septa. We also investigated the type of septa and
assessed the relationship between tooth loss, infundibu-
lum length, and ostium height. Neychev et al. [29] report-
ed that primary complete septa were found in patients
with teeth, and secondary partial septa were observed in
edentulous patients; in our study, the edentulous patients
were found to have a higher prevalence of septa. Our re-
sults showed a statistically significant difference between
the septa type in toothed and edentulous regions of the
maxilla. The effect of the absence or presence of teeth on
the length of the infundibulum and ostium height was
also assessed. However, no statistically significant rela-
tionship was detected between tooth loss and the length
of the infundibulum or the height of the ostium.

Conclusions
Our study indicates that the OMC has a very high rate

of anatomical variations. Nasal septal deviation, concha
bullosa, Haller cells, and some sinusopathies had no ma-
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