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Abstract This study was conducted to investigate the
presence of the accessory maxillary ostium and its effects
on the maxillary sinus, and the concurrent occurrence of
morphological variations of neighboring anatomical struc-
tures. This study was performed in a tertiary referral center.
This is a cross-sectional retrospective study that evaluated
coronal CTs of patients to determine the frequency of the
accessory maxillary ostium and investigated any simulta-
neous morphological variations in neighboring anatomical
structures. The presence of the accessory maxillary ostium
(AMO) plus any concurrent morphological variations of
neighboring structures were investigated in 377 patients,
with 754 sides. AMO was found to be present in 19.1 %
(72/377) of the patients. A concurrent mucus retention cyst
was found to be statistically significant on both sides (right
side: p = 0.00, left side: p = 0.00), as well as mucosal
thickening (right side: p = 0.00, left side: p = 0.00), and
maxillary sinusitis (right side: p = 0.04, left side:
p = 0.03). No other concurrent variations of statistical
significance were detected in the neighboring structures.
Our study demonstrated that with the presence of AMO,
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the likelihood of encountering a mucus retention cyst
(48.6 %) had an approximately threefold increase, and that
of encountering mucosal thickening (43.0 %) and maxil-
lary sinusitis (29.1 %) had a twofold increase.
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Abbreviations

AMO  Accessory maxillary ostium
ANC  Agger nasi cells

CT Computed tomography

HC Haller cells

HIC  Hypertrophy of inferior concha
MRC Mucus retention cyst

MS Maxillary sinusitis

MT Mucosal thickening

PMC  Pneumatization of middle concha
SD Septal deviation

Introduction

The natural ostium of the maxillary sinus is located ante-
riorly, has an oval form which extends transversely, and is
not visible during routine nasal endoscopic examination.
The maxillary sinus commonly opens to the anterior part of
the posterior fontanelle, on the inferior part of the ethmoid
infundibulum through its superomedially oriented ostium
[1]. The accessory maxillary ostium is one of the anatomic
variations which may have a role in the development of
chronic maxillary sinusitis. Although some researchers
argue that the accessory ostium develops after acute max-
illary sinusitis, it is still not known whether AMO is a
congenital or an acquired structure [2].
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AMO is usually located on the posterior fontanelle of
the lateral nasal wall, and should not be confused with the
maxillary hiatus. The active mucociliary transport in the
maxillary sinus is directed toward the natural ostium, and
even when the natural ostium is blocked, AMO does not
have a role in the physiological transport inside the max-
illary sinus [1]. AMO is seen in 30 % of the patients with
chronic maxillary sinusitis and in 10-20 % of healthy
subjects [3, 4].

Between the uncinate process and the inferior concha
there is a membranous area on the lateral nasal wall,
covered only by mucoperiosteum. This area is named as
fontanelle, and the ethmoid process of the inferior concha
separates the membranous area into two parts, the anterior
and the posterior fontanelles. The natural ostium of the
maxillary sinus commonly opens to the anterior part of the
posterior fontanelle. Accessory ostia are also most com-
monly encountered at the posterior fontanelle [5]. An
ostium seen at the middle meatus during endoscopic
examination is always an accessory ostium since the nat-
ural maxillary sinus ostium is located deep in the
infundibulum and is hidden from view by the uncinate
process [5].

The aim of our study was to investigate the frequency of
AMO, its effect on the maxillary sinus and the concurrent
presence of morphological variations in neighboring
anatomical structures.

Material and method

This is a retrospective study, approved by the local Clinical
Research Ethics Committee, evaluating axial paranasal
sinus CT (Philips Brilliance 64-slice CT scanner, Philips
Medical Imaging, The Netherlands) images, taken at 3 mm
sections. The axial CT scanning was done on patients
positioned supinely and the head position of those patients
was adjusted in such a way that the hard palate was parallel
to the floor, while the sagittal plane was perpendicular to
the floor. All CT images were ordered for sinonasal, oto-
logic and maxillofacial inquiries, between January and
June 2013. Patients with maxillofacial trauma, nasal
polyposis or sinus anomalies and those who had previous
sinus surgery were excluded from the study.

Coronal sectional CTs of 377 patients were evaluated
for the prevalence of accessory maxillary ostia and for any
concurrent occurrences of morphological variants in
neighboring anatomical structures and for the presence of
mucus retention cyst and mucosal thickening.

The data were evaluated statistically by the Chi-square
test. Differences at the level of p < 0.05 were accepted to
be statistically significant.
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Results

One hundred ninety-three (51.2 %) of the 377 patients (754
sides) were male and 184 were female (48.8 %). The age of
cases ranged between 10 and 84 years old with the average
age of 36.21 £+ 15.50.

Accessory maxillary ostia (AMO) and accompanying
morphological variants of neighboring structures were
evaluated in 754 sides of the 377 patients. AMO was
detected in a total of 72 (19.1 %) patients. In 7.2 % of the
patients, AMO was located in the right side, in 3.7 % of the
patients in the left side; in 8.2 % AMO was located
bilaterally.

Mucus retention cyst (MRC) was detected at 21.8 %. Of
144 sides in 72 patients with AMO, MRC was encountered
in 48.6 % (70/144) of the sides, with 52.8 % (38/72)
located on the right and 44.4 % (32/72) on the left side. Of
610 sides in 305 patients without AMO, MRC was
encountered in 15.5 % (95/610) of the patients, with
13.8 % (42/305) located on the right and 17.4 % (53/305)
located on the left side. Simultaneous occurrence of AMO
and MRC was found to be statistically significant on both
sides (right side: p = 0.00, left side: p = 0.00) (Odds
Ratio=5.15) (Table 1).

Mucosal thickening (MT) was detected at 25 %. Of 144
sides in 72 patients with AMO, MT was encountered in
43 % (62/144) of the sides with 41.7 % (30/72) located on
the right and 44.4 % (32/72) on the left side. Of 610 sides in
305 patients without AMO, MT was encountered in 20.8 %
(127/610) of the patients, with 17.7 % (54/305) located on
the right and 23.9 % (73/305) located on the left side.
Simultaneous occurrence of AMO and MT was found to be
statistically significant on both sides (right side: p = 0.00,
left side: p = 0.00) (Odds Ratio=2.87) (Table 1).

Maxillary sinusitis (MS) was detected at 14.5 %. Of 144
sides in 72 patients with AMO, MS was encountered in
29.1 % (42/144) of the sides, with 33.3 % (24/72) located on
the right and 25 % (18/72) on the left side. Of 610 sides in 305
patients without AMO, MS was encountered in 11.1 % (68/
610) of the patients, with 10.8 % (33/305) located on the right
and 11.5 % (35/305) located on the left side. Simultaneous
occurrence of AMO and maxillary sinusitis was found to be
statistically significant on the right and left sides (right side:
p = 0.04, left side: p = 0.03) (Odds Ratio=3.28) (Table 1).

Agger nasi cells (ANC) were detected at 62.8 %. Of 144
sides in 72 patients with AMO, ANC was encountered in
73.6 % (106/144) of the sides, with 72.2 % (52/72) located
on the right and 75 % (54/72) on the left side. Of 610 sides in
305 patients without AMO, ANC was encountered in 60.3 %
(368/610) of the patients, with 61.6 % (188/305) located on
the right and 59 % (180/305) located on the left side. There
was no statistical significance for the simultaneous
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Table 1 Concurrence of accessory maxillary ostium with neighboring morphologic variants
Variations Presence—absence of right AMO Presence—absence of left AMO Presence—absence of total AMO  Odds
(%) (p) (%) (p) (%) (p) Ratio
Mucus retention cysts 52.8-13.8 (%) (0.00%**) 44.4-17.4 (%) (0.00%*%*) 48.6—-15.5 (%) (0.00**) 5.15
Mucosal thickening 41.7-17.7 (%) (0.00%*) 44.4-23.9 (%) (0.00%*) 43.0-20.8 (%) (0.00%*) 2.87
Maxillary sinusitis 33.3-10.8 (%) (0.04*) 25-11.5 (%) (0.03%) 29.1-11.1 (%) (0.03*) 3.28
Agger nasi cell 72.2-61.6 (%) (0.27) 75-59 (%) (0.48) 73.6-60.3 (%) (0.36) 1.83
Haller cell 25-18.7 (%) (0.11) 19.4-16.1 (%) (0.20) 22.2-17.4 (%) (0.16) 1.35
Nasal septal deviation 54.1-40.6 (%) (0.37) 65.2-47.2 (%) (0.42) 59.7-43.9 (%) (0.39) 1.89
Hypertrophy of inferior 38.9-33.4 (%) (0.23) 36.1- 41.3 (%) (0.04%) 37.5-37.3 (%) (0.14) 1.00
concha
Pneumatization of middle  45.8-42 (%) (0.22) 50-46.6 (%) (0.38) 47.9-44.3 (%) (0.30) 1.15

concha

Chi-square test * p < 0.05 ** p < 0.001

occurrence of AMO and the agger nasi cell (right side:
p = 0.27, left side: p = 0. 48) (Odds Ratio=1.83) (Table 1).

Haller cells (HC) were detected at 18.3 %. Of 144 sides
in 72 patients with AMO, HC was encountered in 22.2 %
(32/144) of the sides, with 25 % (18/72) located on the
right and 19.4 % (14/72) on the left side. Of 610 sides in
305 patients without AMO, HC was encountered in 17.4 %
(106/610) of the patients, with 18.7 % (57/305) located on
the right and 16.1 % (49/305) located on the left side.
There was no statistical significance for the simultaneous
occurrence of AMO and the haller cell (right side:
p =0.11, left side: p=0. 20) (Odds Ratio=1.35)
(Table 1).

Septal deviation (SD) was detected at 47.7 %. Of 144
sides in 72 patients with AMO, SD was encountered in
60.45 % (43/72) of the sides, with 55.7 % (39/72) located
on the right and 65.2 % (47/72) on the left side. Of 610
sides in 305 patients without AMO, SD was encountered in
43.9 % (134/305) of the patients, with 40.6 % (124/305)
located on the right and 47.2 % (144/305) on the left side.
The simultaneous occurrence of AMO and septal deviation
was not found to be statistically significant on either side
(right side: p =037, left side: p = 0.42) (Odds
Ratio=1.89) (Table 1).

Hypertrophy of inferior concha (HIC) was detected at
37.4 %. Of 144 sides in 72 patients with AMO, HIC was
encountered in 37.5 % (54/144) of the sides, with 38.9 %
(28/72) located on the right and 36.1 % (26/72) on the left
side. Of 610 sides in 305 patients without AMO, HIC was
encountered in 37.3 % (228/610) of the patients, with
33.4 % (102/305) located on the right and 41.3 % (126/
305) located on the left side. Simultaneous occurrence of
AMO and hypertrophy of inferior concha was found to be
statistically significant on the left side, while no such sig-
nificance was found for the right side (right side: p = 0.23,
left side: p = 0.04) (Odds Ratio=1.00) (Table 1).

Pneumatization of the middle concha (PMC) was
detected at 44.9 %. Of 144 sides in 72 patients with AMO,
PMC was encountered in 47.9 % (69/144) of the sides with
45.8 % (33/72) located on the right and 50 % (36/72) on
the left side. Of 610 sides in 305 patients without AMO,
PMC was encountered in 44.3 % (270/610) of the patients
with 42 % (128/305) located on the right and 46.6 % (142/
305) located on the left side. There was no statistical sig-
nificance for the simultaneous occurrence of AMO and the
pneumatization of the middle concha (right side: p = 0.22,
left side: p = 0. 38) (Odds Ratio=1.15) (Table 1).

Discussion

Accessory maxillary ostium may be present at varying
degrees. Several cadaver and patient studies reported that
the prevalence of accessory maxillary ostium in human
beings is in the range of 0-43 % [6, 7]. The accessory is
located at 5-10 mm superior to the attachment point of the
inferior concha and it often opens to the lateral nasal wall
and rarely to the infundibulum. Its size is in the range of
1-10 mm [8]. In a study conducted by Balasubramanian in
the year 2012, the accessory ostium was located in the
posterior side and as an elliptical shape, which can easily
be seen in routine endoscopic nasal examination [9].
Genc et al. investigated the development of accessory
ostium in the year 2008 and demonstrated that accessory
maxillary ostium developed following experimentally
induced sinusitis [2]. The incidence of accessory ostium
appears to be higher in patients with a history of
infundibular obstruction or maxillary sinus infection. This in
turn suggests that accessory ostium emerges as a result of a
pathological situation and it then stays open. Rarely, the
natural ostium itself opens directly to the middle meatus,
i.e., the free boundary posterior to the uncinate process [10].
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Accessory maxillary ostium causes the mucus circulation,
which is from the natural ostium and sinus towards the nasal
cavity, to be redirected into the sinus, i.e., the re-entry of
mucus drained through the natural ostium to the maxillary
sinus through accessory ostium. Therefore, chronic maxil-
lary sinus infection was blamed in its pathogenesis [11]. Our
study also supports this result. While the incidence of
mucosal thickening was observed to be 20.8 % in total in
patients without AMO, it was identified to have been 43 %
in patients with AMO, i.e., its incidence had increased more
than two times (right side: p = 0.00, left side: p = 0.00).
Maxillary sinusitis was observed to have an incidence rate of
11.1 % in total among patients without AMO whereas it was
29.1 % among patients with AMO, i.e., its incidence has
more than doubled (right side: p = 0.04, left side: p = 0.03)
(Figs. 1, 2).

Mucus retention cyst is commonly located within the
maxillary sinus, and the imaging studies performed find it
in approximately 9-22 % in the general population. It is
thought to arise out of the obstruction of seromucous gland
canals on the sinus surface. Therefore, the obstruction of
the canals results in the growth of a retention cyst encap-
sulated in serous or mucous fluid-containing epithelium.
They rarely reach a size at which they cause bone erosion
or obstruct the sinus ostium resulting in symptoms. In the
CT scan, they appear as well-delineated hypodense masses
[12]. They may result in symptoms, such as headache,
facial pain in the sinus areas and symptoms related to
postnasal drainage and nasal drainage. They generally do
not require treatment unless they are symptomatic [13].
Wang et al. reported 52.5 % nasal obstruction, 35.7 %
nasal discharge and 2.5 % headache in patient populations
with maxillary retention cysts [14]. Busaba and Kieff

Fig. 1 Bilateral accessory maxillary ostium (AO) with mucosal
thickening (MT) on the left and mucus retention cyst (RC) on the
right side, as seen in coronal section
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Fig. 2 Bilateral accessory maxillary ostium (AO), as seen in axial
section

reported the symptoms of facial pain or pressure in the
sinus site in all retention cyst patients [15]. Albu demon-
strated in his study that there were no associations between
retention cyst size and facial pain and pressure, nasal
obstruction, nasal discharge and antral size [12].

Although the etiology of maxillary cyst is not defini-
tively known, allergy, barotrauma, dental diseases, rhinitis
and sinusitis play a role in the development of cysts [15].
Harar et al. concluded that chronic sinusitis played an
important role in the development of maxillary mucosal
retention cysts [16]. On the other hand, another study
demonstrated that chronic sinusitis, allergy, asthma and
recently recovered upper respiratory tract infection and
dental infection were not associated with the high preva-
lence of retention cysts [17]. In another study, no correla-
tions could be identified between ostiomeatal complex
obstruction and growth of retention cysts [18].

In our study, mucus retention cyst was observed to have an
incidence rate of 15.5 % in patients without AMO while it
was identified that its incidence was 48.6 % among patients
with AMO, i.e., it had almost tripled (right side: p = 0.00,
left side: p = 0.00). This result indicates that there might
have been an increased combination of retention cyst,
mucosal thickening and accessory ostium that develop as
complications following maxillary sinusitis. However,
mucosal thickening occurs in paranasal sinuses following
infection apart from maxillary sinuses, whereas the growth
of retention cysts is observed very rarely [14, 19].

Another potential mechanism influencing the growth of
retention cysts is the possibility that accessory maxillary
ostium distorts the mucociliary activity by leading it back
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into the sinus, thereby paving the way for the obstruction of
seromucous glands in the sinus and increasing retention
cyst growth. Behrbohm and Sydow demonstrated that
retention cysts larger than 1.5 cm delayed mucus trans-
portation within the maxillary sinus; therefore, they played
a role in chronic sinus etiology and the mucociliary
clearance was changed with the removal of the cyst [20].
When combined with the result of our study, it is con-
cluded that reduced mucociliary activity increases retention
cyst growth while the growth of retention cyst reduces
mucociliary activity; hence, a vicious cycle is created.

Our finding of pneumatization of the middle concha is
also supported by the study of Stallmann et al. who also
demonstrated the rate of pneumatization of the middle
concha as 44 % [21].

Although there are several studies about maxillary sinus
anatomy and its variations, there are no clinical studies
investigating whether these variations have an association
with accessory maxillary ostium or not. In that respect, our
study brings a novel approach to the literature.

Conclusion

It was identified that the presence of accessory maxillary
ostium is associated with an approximate threefold increase
in the incidence of mucus retention cysts and a nearly
twofold increase in mucosal thickening and maxillary
sinusitis incidence. With respect to the growth of retention
cysts, the distortion of mucociliary activity secondary to
accessory ostium and the consequent obstruction of sero-
mucous glands in the sinus account for the combination of
accessory maxillary ostium and retention cysts.
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