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Abstract
Objectives This retrospective study evaluated the visibility, location, and morphology of the primary maxillary ostium (PMO), as
well as the presence and number of accessory maxillary ostia (AMO) in the maxillary sinus using cone beam computed
tomography (CBCT).
Materials and methods CBCT scans with a large field of view with both maxillary sinuses entirely visible, acquired from
February 2016 to February 2018, were initially screened. Patients were included if there was no history of surgical
intervention/trauma in the sinus region. Two observers evaluated the CBCTs for PMO and AMOs independently. PMO and
AMOs were evaluated in axial, coronal, and sagittal CBCT views. In case of disagreement, a third observer served as a referee.
The findings were correlated with age, gender, condition of the sinus mucosa, and status of the dentition to assess for potential
influencing factors.
Results A total of 184 patients (368 maxillary sinuses) were included. PMO was present and patent in 346 (94.0%) of the 368
analyzed sinuses. Most of the PMOs were located above the attachment of and in the middle third of the inferior turbinate
(76.1%) and exhibited a slit shape (71.1%). An AMO was present in 167 (45.5%) of the 368 analyzed sinuses, and 66 (17.9%)
sinuses had multiple AMOs. Gender and sinus mucosa morphology were found to be influencing factors for the patency of the
PMO. Furthermore, gender seems to be influencing the presence of an AMO.
Conclusions Most of the analyzed maxillary sinus cavities in the present population had a patent PMO. Being male and having
morphological changes of the sinus mucosa were factors associated with a reduced prevalence of a patent PMO.
Clinical relevance A maxillary sinus with pathological findings of the mucosa seems to have a reduced prevalence of patent
PMOs. Therefore, clinicians should take care to assess any clinical and radiographical sign indicating a potential maxillary
sinusitis prior to surgical interventions in this region, especially in cases with planned sinus floor elevation.
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Introduction

Sinus floor elevation (SFE) procedures using a transcrestal
or lateral window approach have become well-accepted
surgical options in order to regenerate missing vertical
bone in the atrophic posterior maxilla to facilitate the in-
sertion of dental implants [1]. In addition to SFE, other oral
surgical procedures such as apical surgery or the removal
of impacted teeth in the posterior maxilla also risk to im-
pinge on the integrity of the sinus, and thus, could cause
pathological changes [2, 3]. It is therefore critical to con-
firm healthy conditions of the maxillary sinuses prior to
oral surgical procedures in close relation to the sinus and
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to detect pathological changes of the sinus that might not
only compromise the surgical outcome but also be aggra-
vated following these surgical interventions. For assess-
ment of maxillary sinus conditions, the preoperative use
of a cone beam computed tomography (CBCT) has been
recommended by various authors [4–6].

Timmenga and co-workers reported that following SFE
procedures, a postoperative swelling of the Schneiderian
membrane is a characteristic sequela [7]. Although the
mucosa of the sinus seems to reconstitute itself quite rap-
idly after surgical interventions, its healing can be delayed
and the risk of acute sinusitis is increased in case of a
preexisting chronic sinusitis or an unfavorable anatomy
of the ostiomeatal complex [7]. The development of post-
operative maxillary sinusitis following SFE, although less
common, is considered as a quite severe complication,
since it not only compromises the outcome of sinus aug-
mentation but it also affects the overall health of the pa-
tient [8]. Therefore, extending the CBCT’s field of view
(FOV) to include the ostiomeatal complex may be justi-
fied to avoid postoperative complications [5].

The primary maxillary ostium (PMO) is an important
anatomical entity since its patency ensures adequate
mucociliar clearance and drainage of the sinus into the
middle meatus of the nasal cavity to maintain a healthy
sinus [9]. The PMO has been reported to be located on
the superomedial aspect of the maxillary sinus [10], and
blockage may result in a maxillary sinusitis, which may
even spread to other paranasal sinuses, and thus results in
a pansinusitis [11]. Inflammation in the maxillary sinus
induces a mucosal thickening, which can be seen in com-
puted tomography (CT) or CBCT images and may result in
a total opacification of the affected maxillary sinus [11].

An accessory maxillary ostium (AMO) arises from a
membranous area on the medial maxillary wall, situated
between the uncinate process and the inferior concha,
which is only covered by mucoperiosteum [9]. This area
is known as “fontanelle” and has been reported to be
potentially perforated by the pressure of pus and edema
from recurrent episodes of sinusitis [4]. Interestingly, an
AMO has been seen in 30% of the patients with chronic
maxillary sinusitis in comparison to 10–20% in healthy
subjects [12, 13].

Emphasizing the importance of a pneumatized ostium
for common surgical procedures in dental medicine in-
cluding SFE, apical surgery, or removal of impacted teeth
in the posterior maxilla, the objective of the present study
was to assess presence, location, shape and (radiographic)
patency of PMOs, and presence and multiplicity of
AMOs, using CBCT images. Additionally, potential
influencing factors such as gender, age, changes of the
sinus mucosa, and dentoalveolar pathology were
evaluated.

Materials and methods

Study sample

This retrospective study included CBCT scans that were per-
formed at Oral and Maxillofacial Radiology, Faculty of
Dentistry, The University of Hong Kong. The indications for
these CBCT scans varied from dental implant treatment plan-
ning, analysis prior to orthognathic surgery, removal of im-
pacted teeth, to evaluation of cysts and neoplasias. Each scan
was performed using a ProMax 3D Mid (Planmeca, Helsinki,
Finland). All CBCTs were performed during a 2-year period
(from February 2016 to February 2018) and were initially
screened for inclusion of both maxillary sinuses on the scan.
CBCTs were excluded, if one of the following exclusion
criteria was present:

1. Both maxillary sinuses are not entirely visible;
2. History of surgical intervention/trauma to the maxillary

sinus;
3. Pathology from anterior teeth (canine-to-canine) im-

pinged into the maxillary sinuses;
4. Examinations exhibited insufficient image quality in the

sinus region due to artifacts from acquisition or patient
movement.

The medical history of the included patients was searched
for their demographic data, including gender and age at the
time of imaging. The study was conducted in full accordance
with the Declaration of Helsinki 2013 (www.wma.net)
concerning research on human subjects. The study protocol
was approved by the local institutional review board (IRB) of
the University of Hong Kong (HKU)/Hospital Authority
Hong Kong West Cluster (approval number UW 18-227),
and registered in the HKU Clinical Trials Registry (study
identifier HKUCTR-2426).

CBCT image analysis

CBCT images were analyzed on a Philips 223 V LEDmonitor
with a resolution of 1920 × 1080 pixels (Philips, Amsterdam,
Netherlands). Data was reconstructed with slices of 0.5 mm
thickness and a 0.4 mm voxel size. The image observations
were performed using ROMEXIS Version 4.4.0.R software
(Planmeca, Helsinki, Finland). Two examiners (NC and
CM) read all images to test for inter-observer reproducibility
and one examiner (NC) read them twice with a time gap of a
minimum of 4 weeks between each observation to test for
intra-observer repeatability. For each scan, the patient’s right
sinus was assessed first, followed by the left sinus. A third
examiner (AY) assessed the deviating findings from both ob-
servers to reach a final diagnosis, which was then utilized for
further statistical analyses.
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First, the presence of the primary ostium (PMO) was eval-
uated as:

1. Radiologically absent or
2. Radiologically present

If present, the patency of the PMO was assessed as:

1. Obstructed or
2. Patent

The location of the PMOwas analyzed from its position on
the medial maxillary sinus wall. The medial wall has a trape-
zoidal shape with a larger posterior side and is divided into a
cranial and caudal part by the inferior turbinate [6]. PMO
location was assessed in relation to the level of the inferior
turbinate (IT) as visualized in Figs. 1 and 2:

1. PMO location above attachment of and in the anterior
third of the IT;

2. PMO location above attachment of and in themiddle third of
the IT;

3. PMO location above attachment of and in the posterior
third of the IT;

4. PMO location below attachment of and in the anterior
third of the IT;

5. PMO location below attachment of and in the middle third
of the IT; or

6. PMO location below attachment of and in the posterior
third of the IT.

Based on findings from a cadaveric study by Prasanna et al.
[14], the shape of the PMO was classified into one of the
following forms:

1. Round
2. Ovaloid or
3. Slit-shaped

Subsequently, for each maxillary sinus visible on the
CBCT scan, the presence of an accessory ostium (AMO),
within the fontanelle region of the medial maxillary wall,
was assessed as (Fig. 3):

1. Radiologically absent or
2. Radiologically present

In addition, the potential presence of multiple AMOs in the
fontanelle region was coded as follows:

1. Single or
2. Multiple

Secondary variables regarding the status of the maxillary
sinus and the dentition were included to assess a potential
correlation with PMO patency, AMO presence, and number.
For the Schneiderian membrane and its bony lining, the status
was recorded according to adapted classification from
Soikkonen and Ainamo (1995) as used in previous studies
[15–19]:

1. Inconspicuous or up to 4 mm thickening of the sinus
membrane;

2. Flat, shallow thickening of the Schneiderian membrane
(> 4 mm);

3. Semispheric thickening of the membrane (suspected mu-
cous retention cyst);

4. Complete opacification of the sinus;
5. Mixed flat and semispherical thickenings; or
6. Other (e.g., bone destruction, cyst, foreign body, and

suspected neoplasia).

For all patients included, the status of the dentition distal to
the maxillary canine, with inclusion of the third molar, was
classified into:

1. Dentate
2. Partially edentulous or
3. Completely edentulous

Fig. 1 Schematic drawing of the medial wall of the maxillary sinus used
for the localization of the primary maxillary ostium (PMO). The asterisk
represents a possible localization for the PMO. This position (A) will be
transferred to the inferior turbinate for classification (B; represented by
the arrow). 1 = PMO location above attachment of and in the anterior
third of the IT; 2 = PMO location above attachment of and in the
middle third of the IT; 3 = PMO location above attachment of and in
the posterior third of the IT; 4 = PMO location below attachment of and
in the anterior third of the IT; 5 = PMO location below attachment of and
in the middle third of the IT; 6 = PMO location below attachment of and
in the posterior third of the IT
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If teeth were present in the posterior maxilla, their sta-
tuses were evaluated to account for potential endodontic
or periodontal pathology that could influence the status of
the maxillary sinus. The endodontic status of teeth in the
respective posterior maxilla was classified into (assigning
the largest code value whenever applicable):

1. No endodontic pathology or treatment;
2. Endodontic treatment(s) without visible pathology; or
3. Apical lesion(s) with or without visible endodontic

treatment(s).

Similarly, teeth with periodontal pathology were classified
into (assigning the largest code value whenever applicable):

1. No periodontal lesions;
2. Horizontal and/or vertical periodontal bone lesions deeper

than the midlevel of the respective root without furcation
involvement; or

3. Periodontal lesions with furcation involvement.

Statistical analysis

All data were analyzed descriptively first. Cohen kappa values
were calculated for intra-observer repeatability and inter-
observer reproducibility [20]. The evaluations of influencing
factors on PMO patency and AMO presence and multiplicity
were done on a patient level (age and gender) and a sinus level
(PMO location and shape, morphology of the Schneiderian
membrane and its bony lining, status of dentition, endodontic,
and periodontal pathology), respectively. Potential influencing
factors on PMO patency and AMO presence or number were
evaluated with either chi-square test, Mann–Whitney U test,
or Fisher’s exact tests. The significance level chosen for all
statistical tests was p < 0.05. All analyses were performed in
SPSS (Version 25.0, IBM Corp., Armonk, New York, USA).

Fig. 2 Representative CBCT images illustrating how the PMO position
was determined. The actual antero-posterior position of the PMO in the a
coronal image is represented by the green line on the b axial image.
Meanwhile, the blue line indicates the level of height of the axial

image. The transferred level of height is shown in the c coronal and d
axial images. Panels a and c differ by only a change in the level of the
axial plane as represented by the white arrow. The PMO depicted here
would thus be classified as localized in region 2 (IT, inferior turbinate)

(2019) 23:3977–3986Clin Oral Invest3980



Results

Patient population

Initially, a total of 250 CBCT scans with a medium to large
FOVwere screened. From these, 66 CBCTscans were exclud-
ed. Thus, a total of 184 CBCTscans (368 sinuses) fulfilled the
inclusion criteria. The 184 patients consisted of 119 females
and 65 males with a mean age of 30.9 years (range from 18 to
86 years). The FOV (in millimeter, diameter × height) of the
CBCT scans was 20 × 17 for 150 patients, 20 × 10 for 27
patients, 10 × 10 for 5 patients, and 10 × 6 for 2 patients.

The majority of the sinuses was considered to be healthy or
with a shallow Schneiderian membrane thickening of < 4 mm
(72.6%) and associated with a dentate dentition (63.6%) with
no endodontic pathology or treatment (91.2%) and no peri-
odontal bone loss (76.7%; Table 1). The most frequent mor-
phological change of the Schneiderian membrane were
semispheric mucosal thickenings (17.7%).

Intra- and inter-observer agreement

Intra-observer repeatability (Table 2) was very high regarding the
presence, patency, location, and shape of the PMO (Kappa
values/κ = 0.90, 0.88, 0.88, and 0.87, respectively), and the pres-
ence and number of the AMOs (κ = 0.92 and 0.97, respectively).
The inter-observer reproducibility regarding the presence and
patency of the PMO exhibited substantial values (κ= 0.63 and
0.71, respectively). The reproducibility regarding the location
and shape of the PMO and the presence and number of the
AMO exhibited a low to moderate agreement (Table 2).

Characteristics of PMO and AMO

A PMO was present and patent in 346 (94.0%) of the 368 ana-
lyzed sinuses (Table 3). Nine PMOs were present but diagnosed

as obstructed (Table 3). All of these nine PMO obstructions were
unilateral cases. Most of the PMOs were located above the at-
tachment of and in the middle third of the IT (76.1%) (Table 3).
None of the PMOs were located below the attachment of the IT.
The majority of the PMOswere slit-shaped (71.1%) followed by
an ovoloid shape (22.3%). Meanwhile, an AMO was present in
167 (45.5%) of the 368 analyzed sinuses (Table 4). Multiple
AMOs were observed in 66 (17.9%) of the 368 sinuses.

Potential influencing factors on the characteristics
of PMO and AMO

For the PMO and AMO, the analysis for potential influencing
factors showed that the location, shape, endodontic, and peri-
odontal pathology did not have a significant influence on paten-
cy, AMO presence, and number (Table 5). Meanwhile, a signif-
icantly higher ratio of females had a patent PMO (96.2 versus
90.0%, p= 0.016) and was also diagnosed with the presence of
an AMO (51.7 versus 33.8%, p= 0.001). A PMOwas also more
likely to be patent if the sinus was healthy instead of exhibiting
mucosal changes/pathology (95.5 versus 82.2%, p< 0.001).

Age seemed to be an influencing factor on the number of
AMOs diagnosed, as patients with multiple AMOs (median
age = 23.7 years) were generally younger than those without
or only one AMO (median age = 26.4; p = 0.018). The status
of the dentition was also an influencing factor on the number
of detected AMOs, with dentate patients having a higher ratio
of multiple AMOs, followed by partially edentulous and fi-
nally completely edentulous patients (47.4% versus 30.2%
versus 14.3%, p = 0.036).

Discussion

The present study included CBCT images of 368 maxillary
sinuses from 184 patients to assess morphological

Fig. 3 Representative CBCT
images illustrating the presence of
an AMO in the fontanelle region
of a right maxillary sinus. The
AMO was visualized in a axial
and b coronal images (white
arrows)
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characteristics of PMOs and AMOs as seen on radiographic
images, and also to investigate whether age, gender, patholog-
ical changes of the sinus mucosa, or dentoalveolar pathology
may be factors that influence these features. Results showed
that a PMO was present and patent in 94.0% of maxillary
sinuses and over 70% of them present as slit-shaped. The

middle third above the attachment of the inferior turbinate is
the most common location for the PMO. Females had a sig-
nificant higher incidence of PMO patency than males. PMOs
in combination with pathological changes of the sinus mucosa
present a lower incidence of PMO patency compared to
healthy maxillary sinuses. Furthermore, this study also

Table 1 Demographic data including gender, age (patient level), and morphological changes of the Schneiderian membrane, dentition status,
endodontic and periodontal statuses, and PMO presence (sinus level)

Male Female All (184 patients)

Gender 65 (35.3%) 119 (64.7%) 184 (100%)

Age (mean) 32.2 29.9 30.9

Male Female All (368 sinuses)

Morphological changes of sinus

1. Healthy/shallow thickening of < 4 mm 89 (68.5%) 178 (74.8%) 267 (72.6%)

2. Mucosal thickening of > 4 mm 8 (6.2%) 10 (4.2%) 18 (4.9%)

3. Semispheric mucosal thickening 24 (18.5%) 41 (17.2%) 65 (17.7%)

4. Complete opacification of sinus 2 (1.5%) 1 (0.4%) 3 (0.8%)

5. Mixed flat/semispherical thickening 3 (2.3%) 4 (1.7%) 7 (1.9%)

6. Other 4 (3.0%) 4 (1.7%) 8 (2.1%)

Status of dentition

1. Dentate 87 (66.9%) 147 (61.8%) 234 (63.6%)

2. Partially edentulous 36 (27.7%) 81 (34.0%) 117 (31.8%)

3. Completely edentulous 7 (5.4%) 10 (4.2%) 17 (4.6%)

Endodontic status (first premolar to third molar)

1. No endodontic pathology or treatment 114 (92.7%) 207 (90.4%) 321 (91.2%)

2. Endodontic treatment(s) without visible pathology 2 (1.6%) 12 (5.2%) 14 (4.0%)

3. Apical lesion(s) with/without endodontic treatment(s) 7 (5.7%) 10 (4.4%) 17 (4.8%)

Periodontal status (first premolar to third molar)

1. No periodontal lesions 88 (71.5%) 182 (79.5%) 270 (76.7%)

2. Periodontal bone loss without furcation involvement 27 (22.0%) 34 (14.8%) 61 (17.3%)

3. Periodontal bone loss with furcation involvement 8 (6.5%) 13 (5.7%) 21 (6.0%)

PMO presence 121 (93.1%) 234 (98.3%) 355 (96.5%)

PMO, primary maxillary ostium

Table 2 Analysis of intra- and
inter-observer agreement Observed parameters Intra-observer (Kappa) Inter-observer (Kappa)

PMO Presence 0.90 0.63

Patency 0.88 0.71

Location 0.88 0.36

Shape 0.87 0.40

AMO Presence 0.92 0.52

Multiplicity 0.97 0.31

Status of Schneiderian membrane and bony lining 0.89 0.66

Dentition status 0.90 0.96

Endodontic status 0.84 0.51

Periodontal status 0.86 0.50

Agreement was rated as “low” (< 0.41), “moderate” (0.41–0.60), “substantial” (0.61–0.80), and “excellent” (>
0.80)

AMO, accessary maxillary ostium; PMO, primary maxillary ostium
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reported that the presence of an AMO was observed in 45.5%
(167/368) of maxillary sinuses, and 17.9% (66/368) of the
sinuses present multiple AMOs.

Previous CT/CBCT studies have reported that the inci-
dence of patent PMOs ranged from 73.5 to 89.2% [21–23].
One cadaveric study reported that a PMO was present in 36
(90%) of the 40 specimens [14]. Our study found that 96.5%
(355/368) of the maxillary sinuses evaluated had a clearly
visible PMO, of which 94.0% (346/355) were patent. The
PMO was not detected in very few maxillary sinuses (3.5%,
13/368), and this was due to mucosal thickening at the sinus
ostium region or complete obstruction of the maxillary sinus.
Previous studies have reported that most of the PMOs present-
ed in the upper third, few in the middle third, and none in the
lower third of the medial wall of the maxillary sinus [24, 25].
Additionally, Prasanna et al. [14] and Singhal et al. [26] re-
ported in a cadaveric study that most PMOs (52.5 and 84.2%)
were located in the posterior third of the infundibulum.
Another cadaveric study described that the PMOswere mostly
found (71.8%) in the posterior third of the uncinate groove
[27]. Similar to these investigations, the present study found
that all observed PMOs were located above the attachment of

the interior turbinate and mostly (76.1%, 270 out of 355) in
the middle third in relation to the anterior-posterior direction.

Blockage of the PMO could compromise sinus drainage,
and therefore result in a maxillary sinusitis or even a
pansinusitis [11]. Obstruction of the ostium can be a direct
result of surgical interventions in the maxillary sinus [28]
and has also been described more specifically following SFE
procedures [7, 21]. Some studies stated that performing SFE
in patients with an obstructed PMO may increase the risk of
developing a sinusitis [29, 30]. This shows that not only PMO
obstruction occurs as a result of sinus pathology, but sinus
pathology may also develop as a result of PMO obstruction.
Carmeli et al. reported that a sinus membrane thickening of >
5 mm is associated with a progressively increasing risk for
PMO obstruction following sinus grafting [23]. Moreover,
apical lesions can exhibit an intimate relation with the floor
of the maxillary sinus, which increases the risk of oro-antral
communications following an apical surgery [2]. As reported
in previous studies [21–23], sinuses with mucosal changes/
pathology had a significantly higher incidence of having an
obstructed PMO in the population assessed in the present
study. Therefore, if maxillary sinuses exhibit clinical or

Table 3 Detailed descriptive
analysis of PMO presence,
location and shape

Presence

Present and patent Present and obstructed Unclear* Total

Males 117 (90.0%) 4 (3.1%) 9 (6.9%) 130 (100%)

Females 229 (96.2%) 5 (2.1%) 4 (1.7%) 238 (100%)

Total 346 (94.0%) 9 (2.5%) 13 (3.5%) 368 (100%)

Location above attachment of the IT*

Anterior 3rd Middle 3rd Posterior 3rd

Males 30 (24.8%) 90 (74.4%) 1 (0.8%) 121 (100%)

Females 54 (23.0%) 180 (76.6%) 0 (0%) 234 (100%)

Total 84 (23.7%) 270 (76.1%) 1 (0.3%) 355 (100%)

Shape**

Round Ovoloid Slit shaped

Males 10 (8.6%) 24 (20.5%) 83 (70.9%) 117 (100%)

Females 13 (5.7%) 53 (23.1%) 163 (71.2%) 229 (100%)

Total 23 (6.6%) 77 (22.3%) 246 (71.1%) 346 (100%)

PMO, primary maxillary ostium; IT, inferior turbinate

*In 13 cases, PMO location could not be evaluated due to sinus pathology; these are classified as “unclear”

**In 22 cases, PMO shape could not be evaluated due to unclear (13) or obstructed PMO (9)

Table 4 Descriptive analysis of
AMOs presence and number Presence Number > 1

Present and patent Not present/unclear Total Present

Males 44 (33.8%) 86 (66.2%) 130 (100%) 19 (14.6%)

Females 123 (51.7%) 115 (48.3%) 238 (100%) 47 (19.7%)

Total 167 (45.5%) 201 (54.5%) 368 (100%) 66 (17.9%)

AMO, accessary maxillary ostium
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radiographic signs of sinus pathology, and particularly if there
is a need for a surgical intervention that requires a consider-
able amount of grafting, the patency and location of the PMO
should be carefully assessed prior to the procedure to avoid
iatrogenic blockage of the ostium.

Several cadaveric and endoscopic studies have reported the
incidence of an AMO varying from 0 to 43% [31]. Some
studies reported that approximately one-half to one-third of
the sinuses with an AMO exhibited more than one [9, 31,
32]. Compared to cadaveric and endoscopic examinations,
CBCT imaging may increase the accuracy of identifying small
anatomical variations in the maxillary sinus [33]. In the cur-
rent study, using 3D radiography, the presence of an AMO
was found in 167 (45.5%) of the 368 sinuses, which is slightly
above the range reported by previous studies. Similar to the
previous studies, approximately one-third (39.5%, 66/167) of
the sinuses had more than one AMO. Although it has been
reported in the literature that an AMO can emerge as a result
of a pathological change within the respective maxillary sinus,
and then tends to stay open [9], our results were unable to
demonstrate this association between the presence of an
AMO and sinus pathology.

Interestingly, being female has been shown to be of a main
influencing factor for a higher incidence of PMO patency in
this study. This finding might be related to differences in the
sinus conditions between females and males. In the present
study, females presented a higher incidence of healthy

maxillary sinus than males, and a healthy maxillary sinus
was associated with a significantly higher incidence of PMO
patency.

The ideal field of view (FOV) needed for CBCTs to assess
PMOs and AMOs is not yet clearly defined in the literature
[33]. There is insufficient evidence to recommend a general
use of large FOVs for preoperative CBCT examinations for
sinus-related surgeries including SFE, apical surgery, or the
removal of impacted teeth in the posterior maxilla [33].
Moreover, it is worth noting that potential negative effects to
the eye lens of large volume 3D craniofacial imaging have
been mentioned [34, 35]. To adhere to ALADA (i.e., “As
Low As Diagnostically Acceptable”) principles [36], it should
be emphasized not to indiscriminately scan bilateral sinuses
entirely to limit radiation dose exposure to the field of interest
only. Extending the FOV to include the entire maxillary sinus
with the PMO is thus only recommended when there are ob-
vious clinical or radiographic signs indicating sinus pathology
including an impaired sinus drainage that could jeopardize the
outcome of surgical procedures [5, 33].

One of the major limitations of the present study is that the
CBCT images analyzed were retrospectively collected from
patients referred for implant treatment planning, orthognathic
surgery, impacted teeth, cysts, and neoplasias. Furthermore,
the included patients were generally younger (mean age
31 years). Considering that CBCT diagnostic imaging in pa-
tients referred to receive implant placement in the posterior

Table 5 Potential influencing factors on PMO patency and AMO presence or number

Potential influencing factors PMO patency AMO presence AMO number

Age p = 0.289# p = 0.896# Presence: median age = 23.7
Absence: median age = 26.4
p = 0.018#*

Gender Male (1) 90.0% 33.8% p = 0.563
Female (2) 96.2% p = 0.016* 51.7% p = 0.001*

PMO Location p = 1.000^ p = 0.948^ p = 0.333

Shape NA p = 0.728 p = 0.341

Dentition Dentate (1) p = 0.261 p = 0.084 47.4%

Partially edentulous (2) 30.2%

Completely edentulous (3) 14.3% p = 0.036^*

Pathology Sinus Healthy (0) 98.5% p = 0.257 p = 0.122

Pathological 82.2%

(1–5) p < 0.001*

Endodontic p = 1.000^ p = 0.487 p = 1.000^

Periodontal p = 0.440^ p = 0.983 p = 0.641

Chi-square test was performed unless otherwise mentioned

NA, not applicable; PMO, primary maxillary ostium; AMO, accessary maxillary ostium

*p value < 0.05 in bold; detailed information such as median or percentages shown only if significant
#Mann–Whitney U test
^ Fisher’s exact test
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maxilla comprises a generally older subject group [37], a pro-
spective study specifically addressing differences of PMO pa-
tency prior to SFE would be needed to further assess its clin-
ical relevance.

Conclusions

Based on the findings of this retrospective analysis of 184
CBCT scans, the following conclusions can be made:

& PMOs were present and patent in 346 (94.0%) of the 368
analyzed sinuses.

& Most of the PMOs were located in the middle third above
the attachment of the inferior turbinate (76.1%) and exhib-
ited a slit shape (71.1%).

& An AMOwas present in 167 (45.5%) of the 368 analyzed
sinuses, and 66 (17.9%) sinuses had multiple AMOs.

& Regarding PMOs, gender and sinus mucosal morphology
were influencing factors for their patency.

& Regarding AMOs, gender was an influencing factor on
presence, and patient age and status of dentition were
influencing factors on number.
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