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Objectives: To determine the prevalence of incidental maxillary sinus findings
in a large sample of orthodontic patients by cone-beam computed tomography
(CBCT) with a wide field of view and assess the relationships of such abnor-
malities with age and gender. Methods: Five hundred thirteen CBCT scans
obtained for orthodontic diagnosis and treatment planning in a Northern Italian
population (N = 513; 292 female and 221 male subjects; 1,026 maxillary sinuses)
were studied. The frequencies of pseudocysts and mucosal thickening of the
maxillary sinus were recorded. Logistic regression analysis was used to determine
the influence of age and gender on these abnormalities. Results: Pseudocysts were
detected in 52 patients (10.1%) and 59 sinuses (5.75%). Mucosal thickening was
observed in 206 patients (40.1%) and 258 sinuses (25.1%). Gender and age were
significantly associated with pseudocysts (p = 0.027) and mucosal thickening (p <
0.001), respectively. Conclusions: Half of the orthodontic patients had incidental
maxillary sinus findings. Men were more likely to show pseudocysts, and older
patients (aged 41 - 60 years) were more likely to show mucosal thickening.
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Key words: Computed tomography, Three dimensional diagnosis and treatment
planning

Received June 2, 2012; Revised September 8, 2012; Accepted September 10, 2012.

Corresponding author: Serena Incerti Parenti.

Visiting Professor, Department of Orthodontics, School of Dentistry, University of Bologna,
Via San Vitale 59, 40125, Bologna, Italy.

Tel +39-0512088133 e-mail serena.incerti2@unibo.it

The authors report no commercial, proprietary, or financial interest in the products or companies
described in this article.

© 2012 The Korean Association of Orthodontists.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and
reproduction in any medium, provided the original work is properly cited.

329



Kjo-

Gracco et al » Maxillary sinus findings in orthodontic patients

INTRODUCTION

The advent of cone-beam computed tomography (CBCT)
represents a great improvement in the field of craniofacial
imaging.' Unlike traditional two-dimensional (2D)
radiography, CBCT avoids structural superimposition
and image enlargement and distortion, thus allowing
precise three-dimensional (3D) visualization of dental
and maxillofacial structures at a lower radiation dose
than multislice computed tomography (CT).' Such
imaging frequently presents the dentist or orthodontist
with incidental findings and may raise concerns about
the need for further diagnostic tests or referral to other
specialists.”’

Incidental findings are common in the maxillary sinus.*
Although earlier studies using CBCT for dental diagnostic
purposes have already addressed this issue,”* only one
study using CBCT focused on incidental maxillary sinus
findings in orthodontic patients.” However, the study
was limited by the small sample size and imaging with a
narrow field of view (FOV), which does not allow accu-
rate assessment of sinus pathology.

The aims of this retrospective study were to determine
the prevalence of incidental maxillary sinus findings in a
large sample of orthodontic patients by CBCT with a wide
FOV and assess the relationships of such abnormalities
with age and gender.

Table 1. Age and gender distributions of the sample

Characteristic Data
Age (year) 12-18 19-25 26-40 41-60
Gender
Female 74 73 79 66
Male 64 57 45 65]
Total 138 130 124 121
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MATERIAL AND METHODS

Sample

This study included 680 CBCT images obtained for
orthodontic diagnosis and treatment planning at the
Department of Orthodontics, University of Ferrara, Italy,
between January 2005 and December 2010. The protocol
was approved by the local Institutional Review Board.

Images of patients with fixed orthodontic appliances,
implants, or metallic prosthesis in the maxillary posterior
region that could generate scattering phenomena, cranio-
facial syndromes, or cleft palate were excluded. Finally,
513 CBCT scans of Northern Italian patients (N = 513;
292 female and 221 male subjects; 1,026 maxillary
sinuses) were selected. For statistical analysis, the subjects
were divided into the following age groups®: 12 - 18,
19 - 25, 26 - 40, and 41 - 60 years. The age and gender
distributions are shown in Table 1.

CBCT scanning

CBCT was performed by using a NewTom 3G volume
scanner (QR srl, Verona, Italy) under the following
conditions: 12-inch FOV, 110 kV (anterior posterior-
latero lateral), 2.00 mA (anterior posterior), 1.00 mA
(latero lateral), 5.4-s exposure, and 0.50-mm slice thick-
ness.

The resulting images were elaborated by using NNT
NewTom 3G software to obtain the axial sections in
which the maxillary sinus could best be distinguished.
Then, a line was traced through the greatest mesiodistal
dimension of the most suitable sections and various
0.2-mm-spaced coronal sections of the maxilla perpen-
dicular to this line were obtained.

The CBCT scans were reviewed independently by 2
orthodontists trained by a radiologist with experience of
over 1,000 NewTom scans at the time of the study. The
diagnostic criteria were developed on the basis of the
published literature, and in the case of a disagreement,
a consensus was reached after a discussion between the
observers. Each observer separately performed all the
measurements by using the same computer (50-inch

Figure 1. CBCT scans with
incidental findings of pseu-
docysts associated with mu-
cosal thickening in the right
maxillary sinus.
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liquid crystal display monitors, ASUS VW246H; ASUS,
Taipei, Taiwan) and screen resolution (brightness, 300 cd/
m’ resolution, 1,920 x 1,080).

Assessment of pseudocysts

Pseudocysts were diagnosed as homogeneous, dome-
shaped, noncorticated soft tissue opacities with a smooth
and well-defined outline in the maxillary sinus (Figure
1).°” For statistical analysis, the pseudocysts were cate-
gorized according to their greatest diameter (small, < 1
cm; medium, 1 - 2 cm; large, > 2 cm) and location (right,
left, or bilateral).
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Assessment of mucosal thickening

Mucosal thickening was considered present when the
thickness of the sinus mucosa was > 1 mm as measured
from the floor of the sinus to the highest border of the
mucosa (Figure 2).° For statistical analysis, this pathology
was classified according to the degree of sinus opaci-
fication (limited, < 1/3; moderate, 1/3 - 2/3; severe, > 2/3)
and location (right, left, or bilateral).

Calibration and reliability

The 2 observers were calibrated for evaluation by toge-
ther reviewing and discussing the findings of 20 sam-
ple CBCT images (10 per pathology) that had been

Figure 2. CBCT scans with in-
cidental findings of mucosal
thickening in the right maxil-
lary sinus.

Table 2. Unilateral incidental findings in the maxillary sinuses

Pseudocysts Mucosal thickening
Small Medium Large Limited Moderate Severe
Left sinus 20 7 2 89 21 16
Right sinus 18 10 2 87 30 15
Total 38 17 4 176 51 31

Table 3. Data of the unilateral and bilateral incidental findings in the maxillary sinuses

Total 95% CI of the total percentage

Incidental finding Unilateral Bilateral Total percentage ypperlimit Lower limit
Pseudocysts Small 30 4 34 6.6 9.1 4.6
Medium 13 2 15 289 4.8 1.6
Large 2 1 3 0.6 1.7 0.1
Mucosal thickening Limited 98 39 137 26.7 30.8 22.9
Moderate 35 8 43 8.4 11.1 6.1
Severe 21 5) 26 5.1 [2S) 83

CI, Confidence interval.
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diagnosed as either pseudocysts or mucosal thickening by
an experienced radiologist. Each examiner measured and
evaluated all the CBCT images twice, on 2 days a week
apart. The intra-observer and interobserver agreements
were excellent for the linear measurements (intraclass
correlation coeflicients [ICCs], > 0.92) and very good for
the degree of sinus opacification (kappa, > 0.80).

Statistical analysis

The descriptive statistics are presented as frequencies,
and the corresponding 95% confidence intervals (CI)
were also calculated. Logistic regression analysis was
performed to determine the effects of gender and age on
the pathologies. The results are presented in terms of odds
ratio increments with respect to a baseline profile, which
was set as that pertaining to a 14-year-old female patient.
Statistical analyses were performed by using SPSS for
Windows software (version 16.0; SPSS Inc., Chicago, IL,
USA). The level of significance was set at 0.05.

RESULTS

Tables 2 and 3 show the results of the incidental maxil-
lary sinus findings. In total, 258 patients (50.3%) and 317
sinuses (30.9%) had pathologies, with 38.8% and 11.5%
of the subjects showing bilateral and unilateral incidental
findings, respectively. Pseudocysts were detected in 52
patients (10.1%) and 59 sinuses (5.75%), and 38 of the
59 pseudocysts were small. Further, mucosal thickening
was observed in 206 patients (40.1%) and 258 sinuses
(25.1%), and 176 of these sinuses presented limited
opacification. Either one or both sinuses of 3 (0.6%) and
26 (5.1%) patients showed large pseudocysts and severe
opacification, respectively.

Gender was a significant predictor of pseudocysts (p
= 0.027), with male subjects showing a 196.3% higher
relative risk of this pathology. Age was a significant
predictor of mucosal thickening (p < 0.001), with subjects
aged 41 - 60 years showing a 401% higher odds ratio than
those aged 12 - 18 years.

DISCUSSION

In this study, 513 CBCT images obtained for orthodontic
diagnostic purposes in a Northern Italian population were
retrospectively evaluated. Overall, half of the patients
had incidental findings in the maxillary sinus. A lower
prevalence (19%) in 5,021 Finnish dental patients has
been reported by using panoramic radiography,” which
is not as reliable as 3D imaging techniques for diagno-
sing maxillary sinus pathologies.”'* The present result is
somewhat in accordance with the frequencies (40.0 - 42.5%)
reported by using CT and magnetic resonance imaging
in the ear-nose-throat field'"'* and is confirmed by the
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reported prevalence of 56.3% in 1,029 German patients by
using CBCT for dental purposes.*

By focusing on CBCT scans for orthodontic purposes,
Pazera et al.” reported a prevalence of 46.8% in 134 Swiss
patients (mean age, 17.5 years), but Cha et al.” reported
airway-related findings in only 14.3% of 252 Californian
patients (mean age, 18.6 + 10.1 years). However, direct
comparison with the current study is inappropriate
because of the different age distribution and geographic
origin of the sample. The existing data vary among the
studies as a function of different imaging modalities and
different age and patient groups. Further, the definitions
of pathologic changes vary among the published articles
and are sometimes not fully described. In the present
work, the diagnostic criteria were predefined and the
observers were calibrated to strengthen the reproducibility
of the results. Moreover, the ICCs for interobserver and
intra-observer reliability were very good, confirming the
reliability of the obtained data.

Although pseudocysts, sometimes called mucosal
cysts or polypoid mucosal thickening,"* should be dif-
ferentiated from mucous retention cysts, which are epi-
thelium-lined true cystic structures usually detected by
histologic examination,”” many authors use the term
“retention cyst” as “pseudocyst.”? Their incidence on
panoramic radiographs has been reported to be between
5.8% in an orthodontic population” and 7.0 - 9.7% in a
general dental population.®” In the present study, they
were diagnosed in 10.1% of the subjects and male patients
showed a greater risk, in accordance with previous find-
ings.”’ The reported incidences on CBCT scans vary
between 6.5% and 16.4% in a dental population®® and
from 3.5% to 19.4% in an orthodontic sample. However,
comparisons with the published data should be made
cautiously because of the lack of adequate diagnostic
criteria.**’

Because the normal thickness of the maxillary sinus
mucosa is 0.8 - 1.0 mm,” we considered a thickness
of 2 1 mm as evidence of mucosal thickening. The
incidence of this pathology on panoramic radiographs
has been reported to be between 3% in an orthodontic
population and 12% a general dental population.”"’
In the present study, we noted mucosal thickening in
40.1% of the subjects, in accordance with the incidences
(38.1% and 42.0%, respectively) reported by Ritter et
al." and Phothikhun et al.® among dental patients. This
result is higher than the prevalences (23.7% and 7.5%,
respectively) reported by Pazera et al.” and Cha et al.” in
orthodontic patients. Again, the different age and patient
groups as well as the different definitions and diagnostic
criteria for the pathologic changes may account for these
discrepancies. Patients aged 41 - 60 years showed the
highest risk of mucosal thickening in the maxillary sinus,
supporting previous reports of a higher prevalence of
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mucosal thickening in older individuals.**

So far, no studies have directly and rigorously addressed
the prevalence of pseudocysts and mucosal thickening
by using CBCT for orthodontic purposes in an Italian
population. These sinus abnormalities are benign and
self-limiting conditions, generally seen in asymptomatic
patients.” No treatment is required unless they are asso-
ciated with symptoms or considerable radiographic ex-
pansion.’ The high prevalence of incidental maxillary
sinus findings in the present study is relevant to ortho-
dontics because of the increasing use of miniscrews
as temporary anchorage devices."""* As postoperative
maxillary sinusitis is one of the most concerning sequelae
after sinus perforation,'®"” CBCT evaluation for signs of
inflammation in the maxillary sinus before miniscrew
placement is very important from both the clinical and
the medicolegal points of view. Further research is needed
to determine whether these findings can be generalized to
a nationally representative sample.

CONCLUSION

Half of the orthodontic patients showed incidental find-
ings in the maxillary sinus, with 64.4% of the pseudocysts
being smaller than 1 cm and 68.2% of the sinuses
presenting less than one-third opacification. CBCT scans
obtained for orthodontic purposes should be carefully
examined in all 3 views (axial, coronal, and sagittal) to
exclude any pathologic changes in the maxillary sinus
and refer the patient to a specialist if necessary. Detection
of signs of inflammation in the maxillary sinus is also
relevant when the use of orthodontic miniscrews is
planned.
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