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Abstract: CBCT significantly impacts dental procedures and has brought significant reforms in our
approach to diagnosis & treatment planning despite its limitations in differentiating soft tissues. It
is an excellent imaging modality and quickly identifies sinus opacification and provides valuable
insight into paranasal sinus pathologies with considerably lower radiation exposure. The present
study aimed to investigate the occurrence of maxillary sinus abnormalities in CBCT scans, identify
the frequency, type, and location of these findings, and find the correlation between the distance of
periapical lesions and radiographic changes in the maxillary sinus. Two examiners independently
evaluated 117 patients to diagnose and classify the cases into different abnormality subtypes. The
periapical lesions most closely related to the sinus were recorded. The diameters of the left and right
maxillary sinus ostium and the distance of the ostium's lower border to the sinus's osseous floor
were recorded. The findings were correlated with the age and gender of these patients. The present
study revealed that sixty-one patients were diagnosed with mucosal thickening (52.1%). The sinus
wall most affected by mucosal thickening was the maxillary sinus floor, followed by the medial and
lateral walls. Of 19 patients with periapical lesions, 15 had maxillary sinus mucosal thickening and
was statistically significant (p=0.004). The high occurrence of abnormalities in the maxillary sinus
emphasizes the importance for the radiologist to comprehensively interpret the whole volume
acquired in CBCT images, including the entire sinus. Incidental findings may be considered in the
individual clinical context of signs and symptoms, reducing the risk of overestimating the real
impact of radiographic findings.
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1. Introduction

The maxillary sinus is often affected by periapical pathologies because of its proximity to the
maxillary posterior teeth. As a result, conditions affecting the maxillary sinuses can imitate dental
problems, and vice versa [1]. Radiographs are frequently used to diagnose diseases of the maxillary
sinus ranging from conventional 2D imaging like panoramic radiograph and PA view of sinuses to
the more advanced 3D imaging modalities like cone-beam computed tomography (CBCT), computed
tomography (CT), and magnetic resonance imaging (MRI). The multiplanar images acquired by
CBCT allow radiologists to inspect the entire volume of the acquired image and anatomic variations
or abnormalities found in the image volume [2]. The maxillary sinus area is usually within the
imaging field when CBCT is indicated for dental implant site assessment or periapical pathologies3.
Hence, maxillofacial radiologists frequently view the incidental findings in the maxillary sinus area
and can assess the prevalence, which can be incidental, benign, or detrimental to the treatment plan.

In a study by Cha et al. [4], using CBCT examinations, the abnormalities found were signs of
sinusitis (7.5%), retention cysts (3.5%), and polypoid mucosal thickening (2.3%). In another study, the
prevalence of flat mucosal thickening ranged from 23.7% to 38.1%, polypoid mucosal thickening
ranged from 6.5% t019.4%, signs of acute sinusitis were 3.6%, and partial and total opacification were
12% and 7%, respectively.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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The inability of oral radiologists to detect incidental abnormalities in the maxillary sinus despite
being visible in the CBCT volume is often due to their limited experience in interpreting volumetric
images and their failure to conduct a thorough visual examination of the entire image [5]. The
European Academy of Dento-MaxilloFacial Radiology (EADMEFR) and the American Academy of
Oral and Maxillofacial Radiology (AAOMR) outlines that an oral and maxillofacial radiologist should
review and interpret the entire volume regardless of the region of interest [6].

The present study was undertaken to record the prevalence of incidental maxillary sinus
abnormalities in CBCT scans, recognize the frequency, type, and location of these findings and
correlate the distance between the periapical lesions and the presence of any inflammatory changes
in the maxillary sinus.

2. Materials and Methods

The retrospective study was conducted in the Department of Oral Medicine and Radiology,
Manipal College of Dental Sciences, Mangalore. After receiving approval from the Institutional
Ethical Committee, MAHE/MCODSMLR/ 198/2021. A statistician was consulted and considering the
power of the study to be 80%, it was advised to include 117 patient scans. Detailed information
regarding age, gender, facial asymmetry, trauma, and history of upper respiratory infections was
obtained from the patient’s past medical records. Large FOV CBCT scans were included in the study,
extended from the roof of the orbits inferiorly to at least the second cervical vertebrae of patients
above 18. Scans of edentulous patients, patients referred exclusively for Max sinus abnormalities,
young patients with incomplete sinus development, low-resolution images, and those with metallic
artifacts which impaired sinus visualization were excluded.

The CBCT images were obtained using standard exposure parameters and patient positioning
protocols (field of view= 17x10cm, resolution= 0.16mm, 80-84kvp, 10-12mA) with a CBCT unit
(Planmeca, Helsinki, Finland). Romexis version 4.6.2 software (Planmeca, Helsinki, Finland) was
used. Exposure parameters were standardized for all the patients. The CBCT scan had panoramic
reconstruction and multiplanar reformation views, i.e., axial, sagittal, and coronal planes. Two
examiners assessed all images to diagnose and classify them into different abnormality subtypes. In
case of a discrepancy between two observers, a third examiner intervened, and a consensus on the
radiologic impression was obtained. The presence or absence of sinus abnormalities was identified
using a yes/no scale. The radiology reports followed a consistent format and contained a listing of all
radiographic findings used to tabulate the data in this study using Microsoft Excel.

Increased or decreased dimension of the sinus

Radiographic density changes in the cortical bone of the sinus
Partial or complete opacification of the sinus cavity

Increased thickening of the mucosa greater than 3 mm.
Congenital changes (aplasia and hypoplasia),

Inflammatory lesions like polyps

Fracture lines

NGO L=

Patients were divided into the following age groups: 1) <20; 2) 20-30; 3)30-40; 4) 40-50; and 5) 50-
60; 6)60 years and above.

The location of the diagnosed abnormalities was recorded as affecting either the anterior,
posterior, inferior, superior, lateral, or medial walls of the sinus based on the method of Nishimura
& lizuka [7]. The presence of periapical lesions in upper posterior teeth was recorded. The lesions'
proximity to the sinus wall floor was classified using the method followed by Oberli et al. [8]. They
were classified as Class I (near the sinus floor), class II (in contact with the sinus floor), and Class III
(overlapping the sinus floor). A periapical lesion was recorded when the lamina dura was
imperceptible or had an irregular appearance and when there was a radiolucency indicating bone
destruction around the root apex. Only the lesion most closely related to the sinus was recorded in
cases of multiple periapical lesions near the sinuses. The above findings were all correlated with the
age and gender of the patient.
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Statistical analysis

A Chi-square test was used to compare the patterns with gender and age. Pearson's correlation
coefficient was applied to assess the correlation between dimensions using SPSS version 17.0 (SPSS
Inc., Chicago, IL, USA) was employed for data analysis. Results were considered significant at a p-
value of <0.05 level.

3. Results

Fifty-five patients (47%) were male, and 62 (53%) were female. The most common indication for
CBCT scans was dental implant site assessment, surgical planning, Orthodontic scans, TM]
dysfunction, suspected oral malignancies, and trauma.

68 patients were found to have pathologic findings in one or both sinuses, such as mucosal
thickening, retention cysts, opacification, sinus polyps, and antrolith. (58.1%) (Figures 1-4). Of 55
male patients, 33 had pathologies like oroantral communication and Inflammatory cysts in either
sinus, whereas only 35 of the 62 scans of female patients revealed radiographically abnormal findings
in either sinus. The difference in findings between male and female patients was not statistically

significant (Table 1).
Table 1. Sex-wise distribution of Pathologies.
SEX
F M CHI-SQUARE P VALUE
Count  Count

Abnormality in sinus YNEOS ;Z ;é 0.1510 0.6980
mucosal thickening $IEOS ;1 ii 0.2410 0.6230
Odontogenic cyst gEOS 539 523 0.1030 0.7480

Odontogenic tumor YNEOS 602 505
Bone lesion gE(; 611 514 0.0070 0.9320
Fracture YNEOS 611 514 0.0070 0.9320
hypoplasia $IEOS 620 514 0.2310 0.6310

NO 50 48
PA lesion YES 1 0.9410 0.3320

PA grade 2.4040 0.3010

WIN |
= Q1|1
OO

Patients in the 6th decade of life showed a slightly higher prevalence of pathologic findings in
the maxillary sinus, which was statistically significant (p=0.017) (Table 2).
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Table 2. Age-wise distribution of Pathologies. 'g
s
AGE 2
<=20 20-30 30-40 40-50 50-60 >60 CHI-SQUAREP VALUE [
Count Column N % Count Column N % Count Column N % Count Column N % Count Column N % Count Column N % -
NO 15 46.9% 7 30.4% 6 54.5% 4 26.7% 14 70.0% B 18.8% =

Ab lity in si 13.7310 017+
normatity I smus =y pg 17 53.1% 16 69.6% 5 455% 11 73.3% 6 30.0% 13 81.3% S
NO 16 50.0% 10 43.5% 6 54.5% 6 40.0% 14 70.0% 4 25.0% )
1 thickeni 8.0830 0.1520 s
mucosal TCkenie Vs 16 50.0% 13 56.5% 5 45.5% 9 60.0% 6 30.0% 12 75.0% m
NO 31 96.9% 21 91.3% 1 100.0% 14 93.3% 20 100.0% 15 93.8% o
Odontogenic cyst 2.9490 0.7080 m
ontogenic cys YES 1 3.1% 2 8.7% 0 0.0% 1 6.7% 0 0.0% 1 6.3% <
Odontorenic tumor — N0 32 100.0% 23 100.0% 1 100.0% 15 100.0% 20 100.0% 16 100.0% L
& YES 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% m
NO 32 100.0% 2 95.7% 11 100.0% 14 93.3% 20 100.0% 16 100.0% —

Bone lesi 45210 0.4770
one fesion YES 0 0.0% 1 4.3% 0 0.0% 1 6.7% 0 0.0% 0 0.0% 3
(72]
NO 32 100.0% 2 95.7% 11 100.0% 14 93.3% 20 100.0% 16 100.0% &

Fract 45210 0.4770
racture YES 0 0.0% 1 43% 0 0.0% 1 6.7% 0 0.0% 0 0.0% o
NO 31 96.9% 23 100.0% 1 100.0% 15 100.0% 19 95.0% 15 93.8% ®

hypoplasi 2.6750 0.7500
ypoplasta YES 1 31% 0 0.0% 0 0.0% 0 0.0% 1 5.0% 1 6.3% g
NO 26 81.3% 19 82.6% 10 90.9% 11 73.3% 18 90.0% 14 87.5% =
PA lesi 2.52 773 7
eston YES 6 18.8% 4 17.4% 1 9.1% 4 26.7% 2 10.0% 2 12.5% 00 07730 N
1 2 50.0% 2 50.0% 0 0.0% 4 100.0% 0 0.0% 2 100.0% N

PA grade 2 2 50.0% 1 25.0% 1 100.0% 0 0.0% 2 100.0% 0 0.0% 12.8920  0.2300

5 0 0.0% 1 25.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%
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Sixty-one patients were diagnosed with mucosal thickening (52.1%). The sinus wall most
affected by mucosal thickening was the maxillary sinus floor, followed by the medial and lateral walls
of the maxillary sinus. Of the 19 patients with Odontogenic conditions causing periapical lesions, 15
had maxillary sinus mucosal thickening, and the relation was statistically significant (p=0.004). The
odontogenic cyst was diagnosed in 5 patients (4.3%), while a sinus wall fracture was recorded in 2
patients (1.7%). Maxillary sinus hypoplasia was diagnosed in three patients (2.6%). The frequency of
the pathologies is represented in Graph 1.

3.2. Figures, Tables and Schemes

The frequency of the pathologies seen as incidental findings in the maxillary sinus.

Chart Title

mYES mNO

Figure 1. View from the Sagittal plane. The maxillary sinus floor shows a thickening of the mucous
boundaries of the maxillary sinuses.
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Figure 2. View from the Coronal plane. The maxillary sinus floor shows a fracture line along the floor
of the maxillary sinuses.

Figure 3. View from the Coronal plane. The maxillary sinus floor shows a polypoid growth along the
floor of the right maxillary sinuses.
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Figure 4. View from the sagittal plane. The maxillary sinus floor shows thickening along the maxillary
sinus floor associated with periapical infection in the maxillary molar.

4. Discussion

CBCT, a new 3D imaging modality, could be of clinical value in screening and planning
paranasal surgery. Studies reported the valuable application of CBCT for intraoperative imaging of
the paranasal sinus [9]. One of the benefits of applying CBCT for imaging of the paranasal sinuses
could be the lower dose compared with CT imaging. Moreover, CBCT delivers an isotropic volume
resolution facilitating the diagnosis of delicate structures in multiplanar reconstructions [10]. The
study assessed the prevalence of incidental findings in the Maxillary Sinus using cone-beam
computerized tomography scans of patients referred to the department. The study showed a high
prevalence of abnormalities in the Maxillary Sinus, highlighting the need to thoroughly examine the
entire volume of the CBCT image, which includes the Maxillary Sinus and its associated regions.

Many studies have acknowledged that interpreting CBCT images necessitates familiarity with
the anatomy of the area being investigated, comprehension of the spatial relationships within the
image volume, a deep understanding of the potential diseases, anatomical variations, and
abnormalities that impact the maxillofacial region, and the ability to formulate a differential diagnosis
with expertise [11].

For dental implant site assessment in the maxilla, the configuration and status of the maxillary
sinus are essential to assess the available amount of bone. If a sinus lift is indicated, the visualization
is helpful because the success rate of sinus lift procedures is crucially dependent on the configuration
and status of the maxillary sinus [12]. Any disease arising from dental or dentoalveolar structures
could damage the floor of the maxillary sinus leading to sinusitis, known as odontogenic maxillary
sinusitis (OMS). The maxillary sinus and the associated teeth are better revealed in CBCT than in
periapical radiography [13,14].

Several studies have reported significant variability in the prevalence of incidental findings in
the maxillary sinuses of asymptomatic subjects in multiplanar images [15-17]. The CT is considered
the gold standard for adequate maxillary sinus imaging because of its high resolution and ability to
discern bone and soft tissue and detect sinus inflammation in approximately 30% of cases18. CBCT
studies reported a prevalence of 24.6% to 56.3% [19], whereas our research saw incidental
abnormalities in 68.3%. Discrepancies in these variations may be due to several factors, such as
dissimilarities in the sampling criteria, variations in image interpretation, and diagnostic criteria
used.

Our study covered a wide range of age distribution; it did not include patients under 12 years
since the formation of their maxillary sinus is still incomplete and specific abnormalities such as
mucosal thickening and opacification are common findings in early childhood and are not indicative
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of sinus disease. The most detected abnormality was mucosal thickening, observed in 52.1% of cases,
especially among individuals under 20 and between 20-30 years old. A study done by Rege [20] also
had a similar finding and was associated with irritation, such as odontogenic pathology or allergic
phenomena.15 Nonvital posterior maxillary teeth, periodontal abscesses, retained roots, embedded,
or impacted teeth, extensively carious teeth, and oroantral fistulae could be etiological factors in
pathologies of odontogenic origin causing mucosal thickening [6].

The proximity between the maxillary molar roots associated with periapical lesions and the
sinus floor could influence maxillary sinus irritation [17]. Our study demonstrated a significant
relationship between periapical lesions and sinus pathology (p=0.04). The lower sinus wall was the
most affected location within the sinus, which suggests a possible odontogenic involvement [17]. The
results of our study correlate with the study by Hauman et al. [17], who demonstrated a positive
correlation between periapical lesions and sinus opacification.

Odontogenic cysts were the second most frequently found inflammatory abnormality (4.3%).
This result is comparable to the findings of Bosio et al. [21] and Rhodus NL [19] studies. These studies
examined general dental patients using plain panoramic radiography and reported a prevalence
ranging from 1.4% to 9.6%.

The third most frequent finding was sinus opacification, observed in six patients. The deviated
nasal septum was observed in 6.3% of patients; this finding is consistent with Smith et al. 22, who
found that 19.4% of their patients had a deviated septum, and 50.0% had mucosal thickening and
sinus opacification, which was consistent with maxillary sinusitis.

Considering the clinical implications of sinus inflammation when installing dental implants,
particularly in patients with nasal septum deviation, is essential [23,24]. It is crucial to carefully assess
the presence or absence of opacifications in the maxillary sinus. However, it is essential to note that
opacification can also result from other abnormalities such as mechanical trauma, barotraumas, and
hemorrhage. Raghav M et al. [25]. reported that opacification could even be found in asymptomatic
patients as an incidental finding in 67% of cases.

One limitation of this study is the limited sample size and the need for prospective studies. We
also recommend a multidisciplinary approach toward the management of such incidental findings.
The present study stresses the importance of radiologists being alert and observing alterations that
may not be related to the reasons for the initial examination. It is also important to note that incidental
findings on radiographs should be assessed clinically as a part of proactive patient care.

5. Conclusions

The high occurrence of incidental findings in the maxillary sinus emphasizes the importance for
the dentomaxillofacial radiologist to comprehensively interpret the whole volume acquired in CBCT
images, including the entire sinus, while analyzing the images of routine patients. Two-dimensional
imaging techniques suffer from the superimposition of anatomic structures making documentation
of incidental findings in the maxillary sinus difficult. Incidental findings may be considered in the
individual clinical context of signs and symptoms, reducing the risk of overestimating the real impact
of radiographic findings.

6. Patents

No Patents have been filed from this study
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