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Introduction

The natural ostium of themaxillary sinus is anteriorly placed
and has a transversely oval form. It is not visible with nasal

endoscopic evaluation.1 The ostium of the maxillary sinus is
at the highest part of the medial wall of the sinus and is,
therefore, poorly placed in terms of free drainage; in addi-
tion, it does not open into the nasal fossa, but into the narrow
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Abstract Introduction The maxillary sinus and its variations are very important to dentistry
and rhinology.
Objective To investigate the effect of the accessory maxillary ostium (AMO) on the
variations of adjacent structures of the maxillary sinus.
Methods The computed tomography (CT) images of 400 patients were retrospec-
tively evaluated. The prevalence of AMO was calculated. The relationship between
morphological variations of adjacent structures of maxillary sinus such as agger nasi
cell (ANC), Haller cell (HC), nasal septum deviation (NSD), hypertrophy of inferior
concha (HIC), pneumatization of middle concha (PMC), mucus retention cyst (MRC),
mucosal thickening (MT), and maxillary sinusitis (MS), as well as the presence of AMO,
were investigated.
Results Presence of AMO was diagnosed in 42 patients (10.5%), having been found in
4.5% of the patients only on the right side, in 1.25% of the patients only on the left side,
and in 4.75% of the patients on both sides. There is an increasing incidence of ANC, HC,
NSD, HIC, and PMC in the presence of AMO and MS. There is a decreasing incidence of
MRC in the presence of AMO. Furthermore, AMO does not affect the incidence of MT.
Conclusion This study showed that most parameters, except for MRC and MT, had
increasing incidence in the presence of AMO. It is important for radiologists and
rhinologists to have knowledge about the location of AMO and the presence of
variations of MS adjacent structures to avoid surgical complications.
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ethmoidal infundibulum, and its inflammation may further
inhibit drainage.2

In addition to a natural ostiumconnecting themaxillary sinus
to themiddlemeatus, endoscopic in vivo evaluations commonly
reveal thepresenceofanaccessorymaxillaryostium(AMO)inthe
maxillary fontanelle.3 The AMO is generally situated on the
posterior fontanelle of the lateral nasalwall. Themaxillary hiatus
shouldnotbeconfusedwithAMO.1AnAMOisobserved in30%of
patients suffering fromchronicmaxillary sinusitis (MS) and in10
to 20% of healthy individuals.4,5

Chronic sinusitis causes significant morbidity despite ap-
propriate medical and surgical treatment. Anatomical varia-
tions, includingAMO, playa role in the pathogenesis of chronic
MS. An AMO impairs mucociliary clearance of the maxillary
sinus owing to the recyclingofmucus between thenatural and
accessoryostia, and thisprocessmay result in chronicMS.6 It is
not clear whether an AMO is congenital or acquired. Some
authors claim that it may develop after acute MS.7

The aim of this study was to evaluate the incidence of
AMO and the relationship between an AMO and variations in
structures adjacent to the maxillary sinus.

Materials and Methods

The present study is a retrospective study, approved by the
Local Ethics Committee of the Faculty of Medicine of the
Hatay Mustafa Kemal University (decision date: 26/12/2019,
decision number: 07). Themedical history of all patients was
noted through the picture archiving and communication
system (PACS) of the university hospital. The computed
tomography (CT) scans of 400 patients (male¼222, female
¼178) who had been referred to the Department of Dento-
maxillofacial Radiology of our University Hospital were
evaluated.

The exclusion criteria from this study were:

• Patients with maxillofacial trauma.
• Patients undergoing sinus surgery.
• Patients diagnosed with nasal polyps, acute sinusitis,

inverted papilloma, choanal atresia, or advanced nasal
septal deviation (NSD) contacting the lateral nasal wall.

• CT scans with low-quality images.

The study of Yenigun et al.8 investigated the prevalence of
AMO and the relationship between an AMO and anatomical
variations in the adjacent anatomical structures, namely the
agger nasi cell (ANC), Haller cells (HC), NSD, pneumatisation
of the middle turbinate or concha (concha bullosa; PMC),
hypertrophy of the inferior concha (HIC), maxillary sinusitis
(MS), mucus retention cysts (MRC), and mucosal thickening
(MT) (►Figs. 1,2,3,4,5). The following definitions were taken
into account in the evaluation of the parameters:

ANC: Agger nasi cells are frontal ethmoidal cells, located
in front of the anterior end of the middle concha and
uncinate process in the nasal lateral wall.9

HC: Haller cells are alternatively referred to as infraorbital
ethmoid cells, as they arise from anterior ethmoid cells
and are located in the medial orbital floor.10

NSD: Nasal septal deviation is a common condition in
which the bone or cartilage of the nasal septum is
deviated from the midline of the face.11

PMC: Pneumatization of the middle turbinate, or concha,
is caused by an air-filled cavity in a concha or turbinate.12

HIC: Hypertrophy of the inferior concha is a condition
encountered with NSD, caused by the increase in the size
of the inferior concha (also called compensatory hyper-
trophy of the inferior concha). The hypertrophy is ob-
served on the opposite side to the NSD. For example, if the
nasal septum deviates to the right, the hypertrophy is
observed to the left.13

MS: Inflammation of the maxillary sinuses. The symp-
toms of sinusitis are headache, generally in the region of
the non-healthy sinus, and possibly a foul-smelling nasal
or pharyngeal discharge, sometimes combined with sys-
temic infection such as fever and malaise. The skin over
the non-healthy sinus may be tender, hot or even red-
dened because of inflammation. In radiological examina-
tion, opacification (or clouding) of the translucent sinus is
generally observed because of mucus involvement.14

MRC: According to the study of Bhattacharyya,15 a diag-
nosis of MRC is based on the following criteria:

- a homogeneous, dome-shaped cyst with sharp
borders;
- a lack of bony destruction;
- a lack of communication with tooth roots;
- a smooth, spherical contour along the cyst-free
border.

MT:Mucosal thickening often coexists with chronicMS,16

and is probably pathological when larger than 2mm.
However, even MT up to 4 to 5mm can be asymptomatic
and go unnoticed by the patient.17

A Toshiba Aquilion (Canon Medical Systems Corp. Ōta-
wara, Tochigi, Japan) CT scanner was used for all the maxil-
lofacial CT procedures. A routine maxillofacial CT protocol
was conducted. All evaluations were performed with a
Lenovo IdeaPad 520 notebook (Lenovo Ltda. Hong Kong,

Fig. 1 Schematic diagram of the accessory maxillary ostium.
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China) with 15.6-inch and 1920�1080 resolution. All eval-
uations were done by a single blinded observer, Gozde
Serindere, who had 6 years of clinical experience. In case
therewas any disagreement, thesewere solved by consensus
with Professor Kaan Gunduz, who had nearly 15 years of
clinical experience.

During the evaluations, the data of each patient were
recorded in an Excel table (Microsoft Co. Redmond, Wash-
ington, USA). The Statistical Package Social Sciences (SPSS,
StataCorp LLC. College Station, Texas, USA) software, version
16, was used to describe and analyze the data. The data were
also analyzed by odds ratio (OR), in suchway that the ORwas
obtained for the presence or absence of an AMO, as compared
with the presence or absence of each of the potential
complications. The significance level was set at p¼0.05.

Results

Of the 400 patients included in the study, 222 were male
(55.5%) and 178were female (44.5%). The patients’ ages were
between 7 and 87 years, and their mean age was of
40.7�18.3 years.

The Incidence of AMO
In this study, the presence of an AMO and accompanying
morphological variations in neighboring structures were
assessed in 800 sides of 400 patients. We diagnosed 42

patients (10.5%) with AMO, having been found in 4.5% of
the patients on the right side, in 1.25% of the patients on the
left side, and bilaterally in 4.75% of the patients.

Fig. 2 Agger nasi cell (A and B – white arrows) and accessory maxillary ostium (C and D – blue arrows).

Fig. 3 A – Haller cell (white arrows); B – Big Haller cell (blue arrow).
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The Relationship between AMO and ANC
We identified ANC in 49.3% of the studied subjects. In 31%
(26/84) of the cases, ANC was diagnosed along with an
AMO, 28.6% of which (12/42) the AMOwas on the right side,
2.4% (1/42) it was on the left side, and 15.5% (13/84) where
it was bilateral. Among the 716 sides in 358 patients
without an AMO, ANC was found in 2.2% (16/716) of the
cases, with 1.7% (6/358) on the right side, 1.1% (4/358) on
the left side, and 0.8% (6/716) bilateral. The incidence of
ANC increased by 77% in the presence of an AMO (OR
¼1.77) (►Table 1).

The Relationship between AMO and HC
We identified HC in 10.3% of the studied subjects. In 5.9%
(5/84) of the cases, it was found along with an AMO, 2.4%
(1/42) of which the AMO was on the right side, and 4.7%
(4/84) where it was bilateral. In patientswithout an AMO, HC
was found in 5.16% (37/716), with 4.75% (17/358) on the
right side, 1.4% (5/358) on the left side, and bilaterally in 2.1%
(15/716). The incidence of HC increased by 20% in the
presence of an AMO (OR¼1.20) (►Table 1).

The Relationship between AMO and NSD
We identified NSD in 41.5% of the studied subjects. In 23.8%
(20/84) of the cases, it was found along with an AMO, 23.8%
(10/42) of which it was on the right side, and 11.9% (10/84) it
was bilateral. In patients without an AMO, NSD was found in
3.07% (22/716) of the cases, with 2.2% (8/358) on the right
side, 1.4% (5/358) on the left side, and 1.25% (9/716) bilateral.
The incidence of NSD increased by 32% in the presence of an
AMO (OR¼1.32) (►Table 1).

The Relationship between AMO and HIC
We identified HIC in 35% of the studied subjects. It was found
in 22.6% (19/84) of the cases with an AMO, with 23.8%
(10/42) being on the right side and 10.7% (9/84) bilateral.
In patients without an AMO, HIC was found in 3.2% (23/716)
of the cases, with 2.2% (8/358) on the right side, 1.4% (5/358)
on the left side, and 1.4% (10/716) bilateral. The incidence of
HIC increased by 61% in the presence of an AMO (OR¼1.61)
(►Table 1).

The Relationship between AMO and PMC
We identified PMC in 14.5% of the studied subjects. It was
found in 8.3% (7/84) of the cases with an AMO, with 11.9%
(5/42) being on the right side, and 2.9% (2/84) bilateral. In
patients without AMO, PMC was found in 4.9% (35/716) of
the cases, with 3.6% (13/358) on the right side, 1.4% (5/358)
on the left side, and 2.4% (17/716) bilateral. The incidence of
PMC increased by 20% in the presence of an AMO (OR¼1.20)
(►Table 1).

The Relationship between AMO and MRC
WeidentifiedMRCin8.5%of thestudiedsubjects. In2.4%(2/84)of
thecases,MRCwasfoundalongwithanAMO. Itwasfoundin5.6%
(40/716) of the caseswithout anAMO,with 4.75% (17/358) being
on the right side, 1.4% (5/358) on the left side, and 2.5% (18/716)
bilateral. The incidence ofMRC decreased by 50% in the presence
of an AMO (OR¼0.50) (►Table 1).

The Relationship between AMO and MS
We identified MS in 49.8% of the studied subjects. It was
found in 28.6% (24/84) of the cases with an AMO, 23.8%

Fig. 4 A – Bilateral pneumatization of middle concha and left nasal septum deviation B – Right nasal septum deviation with left hypertrophy of
inferior concha.
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(10/42) of which were on the right side, 7.1% (3/42) on the
left side, and 13.1% (11/84) bilateral. In patients without an
AMO, MS was found in 2.5% (18/716) of the cases, with 2.2%
(8/358) being on the right side, 0.5% (2/358) on the left side,
and 1.1% (8/716) bilateral. The incidence of MS increased by
39% in the presence of an AMO (OR¼1.39) (►Table 1).

The Relationship between AMO and MT
We diagnosed 24% of the studied subjects with MT. It was
found in 11.9% (10/84) of the caseswith anAMO, 14.3% (6/42)
of which were on the right side and 4.7% (4/84) bilateral. In
patients without an AMO, MTwas found in 4.5% (32/716) of
the cases, with 3.3% (12/358) being on the right side, 1.4%
(5/358) on the left side and 2.1% (15/716) bilateral. Therefore,
AMO did not increase nor decrease MT (OR¼0.98)
(►Table 1).

Discussion

Although the literature contains several studies of the inci-
dence of AMO, to the best of our knowledge, only one other
article8 discusses the presence of an AMO and anatomical
variations in adjacent structures and sinus diseases. Thus,
the present study aimed to investigate the relationship
between the incidence of AMO and the many important
variations in adjacent structures, along with the presence of
sinusitis. In studies performed with cadavers and patients,
the reported prevalence of AMO was in the range of 0 to
43%.18,19 It was reported as 10% by May et al.,20 15% by
Kennedy and Zinteich,21 18.5% by Singhal and Singhal,22

19.1% by Yenigun et al.,8 23% by Van Alyea,23 and 43% by
Schaeffer.24 However, some of the current studies have
shown results above this range. Yeung et al.25 and Hung

Fig. 5 Axial (A) and Coronal (B) scans of mucus retention cyst. C –mucosal thickening in right side; D –maxillary sinusitis.
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et al.26 reported the incidence of AMO as 45.5% and 47.2%,
respectively. In the present study, the incidence (10.5%) was
found to be slightly lower, although within the range
reported in previous studies.

Avsever et al.27 reported the incidence of ANC, HC, NSD
and PMC as 2.9%, 3.2%, 13.2% and 13.7%, respectively. The
present study found higher results. Arslan et al.28 reported
the incidence of AMO, MRC and NSD as 30%, 18.2% and 58.7%,
respectively. The parameters reported in our study were
shown to be lower. In the study of Yenigun et al.,8 the
incidence of right, left, and bilateral AMO was 7.2%, 3.7%,
and 8.2 %, respectively. Kumar et al.18 reported that AMO
incidence was twice as high on the right side compared with
the left. Similarly, in the present study, an AMO incidence
was found in 4.5% of the patients on the right side, in 1.25% of
the patients on the left side, and in 4.75% of the patients
bilaterally.

The incidence of ANC was reported as 51.9% by Özdemir
et al.,29 40% by Orhan and Saylam,30 62.8% by Yenigun et al.8

and 81.8% by Liu et al.31 In the present study, ANC was
diagnosed in 49.3% of the studied subjects. In 31% of the
cases, it was diagnosed in the presence of AMO, with a 77%
increase. By contrast, Yenigun et al.8 reported that there was
no statistical significance in the simultaneous presence of
AMO and ANC.

The incidence of HC has been reported to vary from 2 to
45% in the literature.32 In the present study, the incidence
was found to be 10.5%, which places it within the reported
limits. In 5.9% of the cases, it was found alongwith AMO,with
a 20% increase. By contrast, Yenigun et al.8 reported that
there was no statistical significance for the simultaneous
presence of AMO and HC.

Some studies have reported NSD in from 20 to 31% of the
community, and also found that severe deviation predis-
posed the population to rhinosinusitis.33–35 In Turkey, some
studies reported the incidence of NSD as 39%36 in adults and

34.9%37 in children. Yenigun et al.8 reported the incidence of
NSD as 47.7%. In present study, the incidence was 41.5%,
similar to other studies in the literature. However, in the
studies by de Oliveira et al.,38 Stallman et al.39 and Clark
et al.,40 a higher incidence (60.3%, 65% and 76%, respectively)
was reported. In our study, NSD was found along with AMO
in 23.8% of the cases. In contrast to the present study,
Yenigun et al.8 reported that there was no statistical signifi-
cance for the simultaneous presence of AMO and NSD.

The incidence of HIC was reported as 37.4% by Yenigun
et al.,8 72% by Clark et al.40 and 6.83% by Cury et al.41 The
present study found that HIC was diagnosed in 35% of the
studied subjects,with 22.6% beingdiagnosed alongwith AMO.
The low incidence in the studyofCuryet al.41maybedue tothe
use of panoramic radiography as the radiological method.
Yenigun et al.8 reported that the simultaneous presence of
AMO and HIC was statistically significant on the left side but
not significant on the right side. In this study, there was a 61%
increasing incidence of HIC in the presence of AMO.

The incidence of PMC was reported in the range between
13 and 72.2% in the literature.42–44 Stallman et al.39 and
Yenigun et al.8 reported the incidence of PMC as 44% and
44.9%, respectively. In the present study, PMCwas diagnosed
in 14.5% of the studied subjects, 8.3% of whom were also
diagnosed with AMO, with an increase of 20%. By contrast,
Yenigun et al.8 reported that there was no statistical signifi-
cance for the simultaneous presence of AMO and PMC.

The diagnosis of MRC in the maxillary sinus is frequent,
and radiological studies reported its incidence as 9 to 22 % in
the general population, similar to our findings of 8.5%.45

Yenigun et al.8 reported that the presence of AMO was
associated with an approximate 3-fold increase in the inci-
dence of MRC. However, in this study, a 50% decreasing
incidence of MRC in the presence of AMO was reported.

The incidence of MT was found to be 25% by Yenigun
et al.,8 38.1% by Ritter et al.,46 35.1% by Raghav et al.,47 21.25%

Table 1 Concurrence of accessory maxillary ostium with neighboring morphologic variants

Variations Presence/absence
of right AMO N (%)

Presence/absence
of left AMO N (%)

Presence/absence
of bilateral AMO N (%)

Presence/absence
of total AMO N (%)

OR

Agger nasi cell 12–6 (28.6–1.7) 1–4 (2.4–1.1) 13–6 (15.5–0.8) 26–16 (31–2.2) 1.77

Haller cell 1–17 (2.4–4.75) 0–5 (0–1.4) 4–15 (4.7–2.1) 5–37 (5.9–5.16) 1.20

Nasal septum
deviation

10–8 (23.8–2.2) 0–5 (0–1.4) 10–9 (11.9–1.25) 20–22 (23.8–3.07) 1.32

Hypertrophy of in-
ferior concha

10–8 (23.8–2.2) 0–5 (0–1.4) 9–10 (10.7–1.4) 19–23 (22.6–3.2) 1.61

Pneumatization of
middle concha

5–13 (11.9–3.6) 0–5 (0–1.4) 2–17 (2.9–2.4) 7–35 (8.3–4.9) 1.20

Mucus retention
cysts

1–17 (2.4–4.75) 0–5 (0–1.4) 1–18 (1.2–2.5) 2–40 (2.4–5.6) 0.50

Maxillary sinusitis 10–8 (23.8–2.2) 3–2 (7.1–0.5) 11–8 (13.1–1.1) 24–18 (28.6–2.5) 1.39

Mucosal
thickening

6–12 (14.3–3.3) 0–5 (0–1.4) 4–15 (4.7–2.1) 10–32 (11.9–4.5) 0.98

Abbreviations: AMO, accessory maxillary ostium; OR, odds ratio.
Note: In patients with AMO, the first number in the table represents the number of patients with corresponding left column variation, and the second
number represents the number of patients without variation.
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by Drumond et al.,48 and 25.1% by Gracco et al.49 Compatible
with these studies, our study indicated that MT was diag-
nosed in 24% of the studied subjects, and in 14.3% it was
found along with AMO. MT is formed in paranasal sinuses
after infection out of maxillary sinuses, whereas the devel-
opment of MRC is very rarely seen.50,51 In the present study,
the incidence of MTwas found to be higher than that of MRC,
possibly for the same reason. Yenigun et al.8 reported that the
presence of AMOwas associatedwith a nearly 2-fold increase
in the incidence ofMT. By contrast, in our study, the presence
of AMO did not increase nor decrease incidence of MT.

The most frequent disease of the paranasal sinuses is MS,
and theincidence of odontogenicMS ranges from10 to 40% of
all MS.52 Drumond et al.48 found the lower incidence of
chronic sinusitis and chronic odontogenic sinusitis to be
7.48% and 2.29%, respectively. Yenigun et al.8 reported the
incidence of MS as 14.5%. A higher incidence of 49.8% was
found in our study, 28.6% of which it was diagnosed along
with AMO. Yenigun et al.8 reported that the presence of AMO
was associated with a nearly 2-fold increase in the incidence
of MS. Bani-Ata et al.53 reported that the presence of AMO
can contribute to the occurrence of MS. Similarly, in our
study, a 39% increasing incidence of MS in the presence of
AMO was observed.

The differences in results may be due to the large number of
parameters in our study, their effects on one another, and
therefore the extensive literature review involving evaluation of
studies conducted in different populations, using different num-
bers of patients and different radiological modalities.

Vital structures such as the skull base, optic nerves,
internal carotid arteries, and orbits lie near the paranasal
sinuses. Some anatomic variants increase the risk of injury in
these structures, and a clear understanding of the patient’s
individual paranasal sinus anatomy obtained by CT exami-
nation is very important for safe endoscopic sinus surgery.54

In most cases, CT is accepted as a gold standard modality to
diagnose the sinus diseases, as multiple contiguous thin
sections in axial, sagittal and coronal planes can be obtained.
Bone and soft tissue observation can also be performed.55

It should also be noted that MS can have life-threatening
complications, such as orbital, intracranial, or combinations
thereof. Intracranial complications of sinusitis are diseases
that require an emergency approach, early diagnosis, and
intensive treatment.56,57

Conclusion

This study involved sinus diseases without polyps. The
results showed that the incidence of all parameters, except
for MRC and MT, increased in the presence of AMO. Thus, in
cases with AMO, it is vital that the clinician be aware of
maxillary sinus variations to avoid complications during
maxillary sinus surgery. Although the literature contains
several studies on the anatomy and variations in the maxil-
lary sinus, the present study is, to the best of our knowledge,
one of the most detailed studies of the presence of AMO and
anatomical variations in adjacent structures, and their rela-

tion to sinus diseases. Hence, we believe that our study will
be a guide for future research.
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