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maxillary sinuses is very crucial, especially prior to
surgical procedures such as placement of dental implants
and sinus lifting. Moreover, pulpal inflammation/
infection can cause sinusitis like symptoms and sinusitis
can mimic tooth pain in maxillary posterior region, thus
posing diagnostic difficulty.

ABSTRACT
Introduction: The presence of pathology in maxillary
sinus is a frequent finding in cone-beam computed
tomography. The aim of this study was to assess the
prevalence of pathologic findings in the maxillary sinus
by using cone-beam computerized tomography (CBCT).

The panoramic radiograph is a standard two dimension
(2D) radiograph used in dental offices to provide an
overview of oral and maxillofacial hard tissues, which
also include the maxillary sinuses. This view is useful for
evaluating the relationship of the maxillary dentition to
the sinus and even identify any pathology in them.1,2
However, panoramic images commonly present distortions, structural superimpositions, and image enlargement
which are inherent to the technique. These factors
considerably limit the evaluation and diagnostic accuracy
of the maxillary sinus.3

Methodology: Three hundred CBCT scans were retrospectively inspected for pathologic findings in the
maxillary sinus by two observers. All the scans were
screened for any variation in size, deviated nasal septum
(DNS), opacification, mucosal thickening, retention
pseudocyst, polypoidal mucosal thickening, and septa in
the maxillary sinus. Statistical data analysis was done
using chi-square test. The measure of agreement between
the two observers was evaluated by Kappa statistics.
Results: Pathology were found in 63% of the patients with
presence of septa (42%) being the most prevalent finding
followed by polyposis and deviated nasal septum (39%).
No significant association was found between age and
pathology while the association of gender and sinus
pathology was found to be significant in two parameters
i.e. opacification and mucositis where males were
predominant.

Cone-beam computed tomography (CBCT) was
originally developed for angiography in the early 1980s.
Since then CBCT technology has been integrated into the
field of dentistry for visualization of the maxillofacial
region in three-dimensional cone-beam volumetric
images. CBCT overcomes all the shortcoming of 2D
radiography i.e. geometric distortion and superimposition
of surrounding anatomical structures.4 It even has several
advantages over its comparable counterpart i.e. computed
tomography (CT), including reduced radiation dose,
higher spatial resolution, lower equipment cost, and
potentially a reduced examination expense.5

Conclusion: The interpretation of the complete volume of
CBCT images by a dentomaxillofacial radiologist is
important not only to avert any complication during
surgery but also to identify or diagnose patients who
require further referral for their abnormal findings.

INTRODUCTION

Moreover, CBCT even allows the radiologist to evaluate
the entire volume of dental and maxillofacial structures
which are frequently neglected when interpreting images
of areas at a distance from the dentoalveolar region, such

Out of the four paranasal sinuses, maxillary sinus is of
utmost importance to a dental surgeon. Ascertaining any
normal anatomic variation or any coincidental finding in
40
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as the full anatomical aspect of the maxillary sinus.
Sometimes such in-depth analysis of CBCT images or
maxillary sinus per se may reveal pathologic findings
which require further evaluation or have direct
significance to the treatment. It is pivotal to be familiar
with different anatomic and pathologic findings in sinus to
minimize the risk of postoperative complications of
maxillary sinus floor lift and other surgeries in this region.
As maxillary sinuses are significant anatomic structures
in dental practice, their exact and definitive radiological
assessment is necessary, and considering CBCT as an
important diagnostic image modality in dentistry, the
recognition of anatomic variations of the maxillary
6
sinuses in CBCT is noteworthy. This CBCT study was
thus taken up to determine the prevalence of anatomic
variations and pathological findings in maxillary sinus in
asymptomatic patients visiting the Department of Oral
Medicine and Radiology for CBCT.

or metallic prosthesis in the maxillary posterior
region that could generate metallic artifact and thus
impaired sinus visualization
All CBCT images were taken using Carestream CS9300
imaging system consisting of an X-ray tube, a source
collimator and an amorphous-silicon flat-panel detector
(CS 3D Imaging v3.5.7; Carestream Health, Inc New
York, USA) with the field of view (FOV) of 17x11 cm or
17x13 cm. Before every scan a scout image was acquired
to assess and adjust for proper positioning of the subject to
include the region of interest in the scan according to his
complaint and requirement. Image volume was
reconstructed with isotropic isometric 300x300x300 µm
voxels. The tube voltage ranged from 68-90 KVp, tube
current was 4 mA, and an exposure time of 11.30 seconds
was used. Tube voltage was altered depending on the
physique of the patient and presence of metallic structures
such as crowns, implants etc, and resulted in change in
2
exposure which ranged from 697-1585 mGy cm .

METHODS

A written informed consent form was obtained from each
patient prior to imaging which included a clause of use of
images for academics and research. Two dentomaxillofacial radiologists evaluated the CBCT scans
independently in a darkened quiet room on the Dell
Precision workstation which comprised of dual monitors
(Dell 24-inch nonglossy monitor (1920 ×1200 resolution)
using CS 3D software (v3.5.7). Each viewing session
lasted 30 minutes and care was taken to ensure that the
next viewing session was not before a period of 24 hours
for the examiners. For intra examiner reliability and
reproducibility of the measurements, the images were
evaluated for the second time by the same observers two
weeks later. Observers were allowed to zoom and adjust
brightness and contrast of the images using the image
processing tool in the software to ensure optimal
visualization. Any divergences or conflicting views
between the examiners were resolved by discussion and
reaching a consensus.

The study sample size comprised of 300 CBCT scans
obtained from the archives of Dental Radiology
department over a span of 6 months using non-probability
(purposive) sampling. As a prescan protocol, the purpose
of the CBCT scan was always clearly noted.
Inclusion criteria

Patients in the age range of 12 to 81 years

Patients with the entire maxillary sinuses visualized
bilaterally in the scan
The patients in the study had been referred for scans for
reasons such as implant assessment, evaluation of
maxillary or mandibular pathology, temporomandibular
joint (TMJ), orthodontic treatment, trauma, calcifications
of styloid ligament etc. and none of them had been
primarily referred for the scan of the maxillary sinus area
because of any sinus pathology.
Exclusion criteria

Patients under 12 years of age because of their
incomplete sinus development. Moreover, certain
pathologies such as mucosal thickening and
opacification are common findings in early
childhood and are not indicative of sinus disease

CBCT scans that did not have the entire sino-nasal
complex in the field of view

CBCT scans with patient movement

Scans with fixed orthodontic appliances, implants

The parameters which were evaluated in the present study
were developed on the basis of the published literature and
indicated the presence of an incidental finding or
abnormality in maxillary sinus.7-11 It included evaluation
of:
(i)

41

Size i.e. any increase or decrease in dimension of
the sinus, in accordance to the average dimension
(34×33×25 mm) (Figure 1a, 1b).
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Figure 1: Variation in the size of maxillary sims. Coronal section shown
Figure 2: Coronal view showing
(a) bilateral hypoplasia (b) unilateral right maxillary sinus hypoplasia. deviated nasal septum towards right.

a

b

Figure 3: Coronal section shows (a) partial opacification in both the
sinuses (b) complete opacification of right maxillary sinus.

Figure 4: Sagittal view showing mucosal
thickening on the floor of sinus.

a

b

Figure 5: Coronal view
Figure 6: Coronal view
Figure 7: Axial section showing variations in septae
showing dome shaped
showing bilateral polyposis (a) incomplete bilateral septae (b) complete bilateral
pseudocyst attached partly on
alongwith increased
septae.
the floor and lateral wall of thickness of sinus lining on
right maxillary sinus.
its all walls.
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(ii)

Deviated nasal septum (DNS) (Figure 2).

(iii)

Any opacity in the sinus cavity: the designation of
partial opacification was given when at least 1/3rd of
the maxillary sinus was opacified and the term
complete opacification was used when the
complete maxillary sinus was opacified in all axial
and coronal slices either unilaterally or bilaterally
(Figure 3a, 3b).

(iv)

Mucosal thickening: Pathology was considered
when thickening of >2 mm was present in at least
one wall of the sinus; Coronal and sagittal views
were used for evaluation and the thickest area was
recorded (Figure 4).

(v)

Retention pseudocyst: it appears as non-corticated,
smooth, dome-shaped radiopaque mass (Figure 5).

(vi)

Polyp and polypoidal mucosal thickening: Polyp
also appear as homogenous round opacity similar
to retention pseudocyst but can be differentiated
with the fact that polyp is accompanied with a
thickened mucous membrane lining as it is no more
than an accentuation of the sinus mucosa12 (Figure 6).

presence of septa. They were either incomplete or
complete dividing the sinus into locules (Figure 7a, 7b).
For statistical analysis, patients were separated into seven
age groups: 12-21, 22-31, 32-41, 42-51, 52-61, 62-71, and
72-81 years. Statistical analysis was done using SPSS
(version 19) and the test applied was chi-square.

RESULTS
The age of the participants in the study ranged from 12-81
years with 157 males and 140 females. Out of the seven
parameters which were evaluated in the study, 63% of the
participants manifested one or more positive findings with
the distribution of 104 males and 85 females (Table 1).
The age group with most prevalent finding was 1221(23%) followed by 22-31 and 42-51(17.5%) which had
equal percentage of findings. Presence of septa (42%) was
the most prevalent incidental finding followed by
polyposis and DNS (39%) and mucositis (20.6%). The
prevalence of sinus hypoplasia and pseudocyst was 7%
and 4% respectively (Table 2).
The prevalence of unilateral and bilateral septae was
found to be equal i.e. 40 in each; however, variation in
gender distribution was seen wherein unilateral septa

(vii) Septa: Axial images were used for identification of

Table 1: Gender wise distribution of incidental findings in maxillary sinus of study participants (n=189)
Gender

Variation
in size

DNS

Partial
opacification

Complete
opacification

Mucositis

Retention
psendocyst

Males
Females

9
5

47
28

14
18

16
4

18
21

8
1

Polypoidal
mucosal
thickening
44
32

Septa

43
37

DNS: deviated nasal septum

Table 2: Age-wise distribution of incidental findings in maxillary sinus of study participants (n=189)
Age
groups

Variation
in size

DNS

Partial
opacification

Complete
opacification

Mucositis

Retention
psendocyst

12-21
22-31
32-41
42-51
52-61
62-71
72-81
Total
%

3
1
1
4
1
1
3
14
7.4

15
13
9
11
12
9
6
75
39

5
5
3
4
7
7
1
32
16.9

3
3
0
3
4
6
1
20
10.5

7
8
3
9
3
9
0
39
76

3
2
2
1
0
0
1
09
4.7

DNS: Deviated nasal septum
43

Polypoidal
mucosal
thickening
25
14
5
10
10
10
2
76
40

Septa

22
16
9
15
6
10
2
80
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were more common in females (55%) while bilateral septa
were more in males (62.5%). Out of the 49 cases of
mucositis, 14 could be attributed to odontogenic cause i.e.
it was referred to as odontogenic mucositis. Another
inference which could be made from the data was that out
of the 75 cases of DNS, 59 (78.6%) were associated with
some kind of inflammation of sinus i.e. either mucositis,
polyposis or opacification and it was found to be
statistically significant (p<0.05).

males which is in agreement with the literature but the
difference was not statistically significant in the study. 8,10, 18
It has been proposed that males are more vulnerable to the
occurrence of mucosal thickening due to irritation of the
sinus mucosa because of the greater prevalence of dental
18
pathology in them. Although there has been a study
which showed no correlation between the findings in
9
maxillary sinus and gender.
In the present study, presence of septa was the most
prevalent incidental finding which is in accordance with
the studies by Tadinada A et al19 and Lana JP et al.20
According to a systematic review by Maestre-Ferrín L et
al21, the septal prevalence ranged from 13-56%. Its prime
distribution in the younger age group of 12-21 years in the
study implies that they are mainly primary septa.
According to Krennmer et al22, primary septa are the ones
which arise during the development of maxilla and
secondary septa arise from irregular pneumatization of
the sinus floor following tooth loss. The present study
emphasizes the significance of not ignoring this crucial
finding as it increases the chance of membrane perforation
leading to profuse bleeding during implant surgery.
Moreover, septa can also obstruct proper visualization of
the sinus and its accessibility during sinus floor
augmentation.23

No significant association was found between age groups
and sinus pathology. Although the prevalence of partial
and complete opacification and mucositis were more
common in patients above 50 years of age but it was not
statistically significant. Regarding the association
between gender and sinus pathology, it was found to be
significant (p< 0.05) in two parameters i.e. opacification
and mucositis where males were predominant. The interobserver agreement between the observers was assessed
by Kappa statistics and it was found to be 0.72.

DISCUSSION
The prevalence of pathologic findings in one or both the
maxillary sinuses was found to be 63% in the present
study. This data varies among the previous studies and
8,13-15
was found to be in the range of 27% to 61%.
A systematic review by Vogiatzi et al reported that frequency of
maxillary sinus disease varied widely from 14.3% to
5
82%. The reasons which can be attributed for this discord
include the sampling and the diagnostic criteria applied to
16
evaluate the pathosis in maxillary sinuses. A low prevalence was noticed when the authors selected only a
particular age group like patients undergoing orthodontic
15
treatment or patients scheduled for sinus lift procedures.
While higher prevalence was observed when a wider age
group and numerous parameters were evaluated
simultaneously as in the study by Raghav et al17 and our
own study where we investigated seven possible causes of
alterations in maxillary sinuses. Another reason for this
observation can be the application of varied definitions or
lack of any clear cut criteria for certain pathology such as
mucosal thickening. There is no consensus in the
literature for the cut off value of mucosal thickening and
the measurements range from 2-6 mm.8,16 In the present
study, the diagnostic criteria were pre defined and the
observers were calibrated to strengthen the reproducibility of the results.

Deviated nasal septum, polypoidal mucosal thickening,
and mucositis were the next most common findings in the
present study. The radiographic presentation of
thickening of the mucosal lining of maxillary sinus can be
the outcome of many causes like bacterial, viral or fungal
infection, allergy, polyps, DNS or odontogenic. Nasal
polyps and anatomical variation such as DNS can block
the middle meatus and impede the drainage of the sinuses
resulting in mucositis.24
Odontogenic mucositis was 28.5% with floor of the sinus
being the most affected location and maxillary first molar
being the most common tooth involved. Its prevalence in
literature ranges from 10-40%. Sinus inflammation and
infection from a dental source is more common in
pneumatized sinus in which the pathogens can easily
penetrate through the thin Schneidarian membrane from
any periapical or periodontal infection or perforation of
sinus iatrogenically during extractions, implant surgery
etc. The accurate identification of odontogenic sinusitis is
crucial because directing the medical and surgical
therapies only to treat sinus per se without addressing the

There was a higher frequency of incidental findings in
44
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maxillofacial region identified on cone-beam computed
tomography scans. J Orthod Res 2013;1(1):33-39.

dental pathology will result in failure of the treatment and
1,7
persistence of symptoms.
No statistical significance of dental disease and polyposis
was found in the study and thus the reason for polypoidal
mucosal thickening can be partially attributed to DNS.
Complete opacification accounted for only 10% of the
total findings and this data was in agreement with the
25
previous literature. Although chronic rhinosinusitis was
the most common diagnosis, other differentials should
also be ruled out for this condition such as fungal disease
and malignancy in older individuals and antrochoanal
polyp in younger patients especially with unilateral
26
opacification. Patients with a history of mechanical or
barotrauma can also present with complete opacification
due to hemorrhage as blood and pus appear
radiographically identical.17
The limitation of the study was that it was a retrospective
prevalence study lacking in depth clinical history and
follow up of the patients. Etiology of the pathologic
findings or association among the different parameters
can only be presumed but cannot be established with
confirmation.

In view of the high prevalence rate of maxillary sinus
findings or pathology in the CBCT scans in asymptomatic
patients, it is the responsibility of every dento maxillofacial radiologist to be vigilant and comprehensively
review the entire volume. This will not only help them to
evade complications during implant surgery but also lead
to diagnosis of certain conditions like pansinusitis,
blocked osteomeatel complex, concha bullosa etc. which
necessitate appropriate referrals and are beyond the scope
of the dentist.
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