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Abstract

Objective To investigate the relationship between the maxillary sinus ostium 2D area (SOA) and the development of mucosal
cysts of the maxillary sinus (MMC).

Methods Thirty patients (> 18 years) with unilateral MMC who underwent paranasal sinus CT (PNsCT) were included in
this single-center retrospective study. Non-MMC sinus was used as the control group. Cyst and air volume of the maxillary
sinuses, diameter, and 2-dimensional area of the ostium of the patients were calculated in the 3-dimensional volumetric
analysis program. Both correlation and linear regression model analyses were performed for the relationship between MMC
and SOA.

Results Thirty patients were included (mean age of 42.30 +17.62 years). A total of 15/30 (50%) were male. The mean SOA
in patients with MMC (8.91 + 1.10 mm?) was lower than in patients without MMC (12.94 + 1.35 mm?), which was statisti-
cally significant (p <0.001). The mean sinus ostium diameter in patients with MMC (2.12+0.71 mm) was higher than in
patients without MMC (1.91 +0.82 mm), which was statistically insignificant (p =0.295). There was a statistically significant,
good level of negative linear correlation between SOA and total cyst volume (TCV) [correlation coefficient (r) =— 0.680,
p<0.001]). As aresult, the regression model consisting of "Age, Sinus air volume, and TCV" variables is a good model and
has statistically significant relations with SOA.

Conclusion In conclusion, small SOAs contribute to the development of MMC. There was a negative correlation between
SOA and TCV. In addition, 2D area measurement may be a more accurate method instead of diameter measurement.

Keywords Retention cyst - Maxillary sinus - Computed tomography - Maxillary sinus volume

Introduction reported it as 7% [6]. MMC is divided into two groups secre-

tory and non-secretory, and 10-20% of MMC is bilateral [2,

The maxillary sinus, which contains 10% of the mucosal
cysts, is the largest of the paranasal sinuses [1-3]. The most
common sites of mucosal cysts are the ethmoid and frontal
sinuses. [4]. The prevalence of mucosal cysts of the max-
illary sinus (MMC) is between 3.2% and 35.6% [2, 3, 5,
6]. Moon et al. studied using magnetic resonance imaging
(MRI), they approached the most realistic prevalence and
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3, 5, 6]. Non-secretory cysts are more common. MMCs are
usually asymptomatic and detected incidentally on radiolog-
ical imaging methods. Coronal plane paranasal sinus com-
puted tomography (PNsCT) is more successful in showing
anatomical variations and anomalies than cone beam com-
puted tomography (CBCT) and axial plane PNsCT imaging
[7].

In the literature, there are many studies investigating the
etiology of MMC and the causes affecting the maxillary
sinus volume (MSV). When we reviewed the studies inves-
tigating the effects of anatomical variations and pathologies
of the ostiomeatal unit on the development of MMC, we
noticed that the effect of maxillary sinus ostium (MSO) on
the development of MMC had not been specifically investi-
gated. In studies, the relationship with these structures has
been investigated without excluding patients with more than
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one pathology that may cause MSO obstruction. Specifi-
cally, we think that it would be more accurate to investigate
the effect of MSO on the development of MMC. For exam-
ple, MMCs are detected incidentally in CBCT imaging used
by dentists. However, other ostiomeatal unit (OMU) struc-
tures, especially MSO, are not included in the field of view
(FOV) in CBCT. Therefore, since the maxillary sinus drain-
age system cannot be evaluated, the effect of these structures
on MMC and MSYV is not sufficient with CBCT [8]. We also
noticed that in the studies, analysis was made by making a
single measurement without taking the shape of the MSO
into account. In some of these studies, no relationship was
found between MSO diameter and MMCs [1, 9]. MSO is
oval or slit-shaped and located on the medial wall of the
maxillary sinus in the anteroposterior sagittal plane, with
a normal diameter of approximately 3—10 mm [10]. In our
study, unlike the literatures, we thought that both three-con-
secutive diameter measurements and two-dimensional (2D)
area measurements of the MSO would be more accurate.

To our knowledge, any studies in the literature have eval-
uated the relationship between MSV and MMC and the 2D
area of the MSO. The first aim of our study is to investigate
the relationship between 2D area of MSO and MMC devel-
opment, and the second aim is to investigate whether the
measurement of diameter or 2D area can be more accurate
in the MSO-MMC relationship.

Materials and methods
Study population

In our study, the data of patients (> 18 years) who applied
to Amasya University Sabuncuoglu Serefeddin Training and
Research Hospital Emergency Service and Ear Nose and
Throat Polyclinic between June 2021 and August 2022 and
who underwent coronal plan PNsCT were examined. This
retrospective study was conducted according to the "Decla-
ration of Helsinki and Good Clinical Practice" after ethics
committee approval (06.10.2022, issue: 94). In the study,
since patient information was obtained from electronic
records and censored. The ethics committee did not con-
sider it necessary to obtain written informed consent from
the patients.

Inclusion criteria

Adult patients (age > 18 years) with coronal plane PNsCT
images were included.
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Exclusion criteria

Patients with the following criteria were excluded from the
study:

(1) Patients with image artifacts that interfere with the
evaluation; (2) Pediatric patients under the age of 18 and
pregnant women; (3) Osteomeatal unit variations; (4) Inflam-
matory and infectious pathologies of the maxillary sinus; (5)
Patients with tumor presence or history; (6) Patients with
nasal polyps, fractures, odontogenic cysts; (7) Septoplasty,
etc. history of sinonasal surgery; (8) Septum perforation;
(9) History of facial and nasal trauma; (10) Nasal septum
deviation (NSD) angle > 8 (mild: < 9°, moderate: 9°-14°,
and severe: 15° and above) [11]; (11) Patients with Type
3 relationship were excluded according to the anatomical
relationship between the base of the maxillary sinus and the
tooth root (Type 1: None of the tooth roots contacted the
sinus floor; Type 2: At least one of the tooth roots was in
contact with the sinus floor; Type 3: From the tooth roots at
least one of them has entered the sinus floor) [12]; (12) Max-
illary sinus cysts causing bone destruction; (13) Presence of
accessory MSO; (14) Presence of maxillary sinus septum;
(15) Presence of missing teeth in the maxillary posterior
regions; (16) Mucosal thickening in the maxillary sinus >3
mm; (17) Presence of bone spur constricting the OMU and
accompanying septum deviation; (18) Patients with a history
of intubation; (19) Cases with bilateral MMC were excluded,
and the remaining unilateral cases were controlled with the
uncontrolled (non-MMC) side.

Thirty patients with unilateral MMC were included in our
study. The sinuses of these patients without MMC were used
as the control group. As a result, a total of 60 sinus samples
were included in the analysis.

CT protocol

PNsCT scans of all patients were performed on 128-slice
multidetector CT scanners (GE Medical Systems). CT acqui-
sition specifications: Tube voltage, 120 kVp; tube current,
100-450 mA; scanning direction, craniocaudal; recon-
structed kernel, standard; section thickness, 0.625 mm;
and section overlap, 0.625 mm. While the patient was in
the prone position, images were obtained in the coronal
plane from the roof of the frontal sinus to the mandibular
bone. Axial and sagittal multi-plane reformat (MPR) images
were obtained with a section thickness of 0.625 mm after
extraction.

PNsCT imaging analysis

The presence of the following four radiological features was
defined as MMC [2] (Fig. 1a):
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(b)

Fig. 1 a PNsCT was performed on a 70-year-old male patient. There
was a low attenuation, well-defined, round-shaped mucosal cyst
(MMC) at the base of the left maxillary sinus that did not cause bone

1. Cystic lesions of homogeneous density, clearly separated
from neighboring structures.

2. No destruction of the adjacent bone.

No contact between the tooth roots and the cyst.

4. The contour of the cysts should be smooth and spherical.

b

destruction. b In multiplane remodeling imaging and 3D volumetric
post-process analysis, yellow was coded for air density and red was
coded for cyst density

Volumetric analysis

Coronal plane PNsCT images of the patients were trans-
ferred to the MIMICS (MIMICS® version 10.01; Materi-
alize NV, Leuven, Belgium) program in DICOM format.
A radiologist and a biomedical engineer analyzed images
together. First, patients were divided into two groups
according to the presence of MMC. Density threshold
values were determined for air (Minimum: — 1024 HU;
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Maximum: — 207HU) and MMC (Minimum: — 207 HU;
Maximum: 206 HU) (Fig. 1b). Total cyst volume (TCV)
and residual air volume were calculated in the sinuses with
cysts. The total sinus volume (TSV) sinus was calculated

from the sum of these two volumes. In the non-cyst sinus,
only the air volume and the TSV were calculated.

D1: 1.31mm

D2: 10.27mm
0.99

Perimeter: 21.03mm
Area: 10.56mm2

DP: 6.70mm
DA: 3.67mm

Right maxillary sinus volume= 14559.16 mm3

Fig.2 a, b Sagittal plane images showed measurements of SODs on
the side with and without MMC (FB: Frontal bone; MB: Maxillary
bone). a SOD measurements on the MMC side (mean=2.033 mm).
b SOD measurements on the Non-MMC side (mean=3.83 mm). ¢ In
3D volumetric analysis, the cross-sectional surface area of both sinus
ostium was measured as an ellipse and shown by magnification. 2D
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Left maxillary sinus volume= 16301.71mm3
- Cyst volume: 6121.30 mm3
- Residual air volume: 10180.41 mm3

area of the sinus ostium (SOA) on the non-cyst side (Right): 10.56
mm? On the cyst side (Left) SOA: 7.50 mm?. Left maxillary sinus
volume (cyst volume: 6121.30 mm? +residual air volume: 10,180.41
mm?)=16,301.71 mm?®; Right maxillary sinus volume=14,559.16

mm3
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Evaluation of the area and diameter of the maxillary
sinus ostium

First, SODs of both MMC and control sinuses were meas-
ured 3 times craniocaudal in the anterior—posterior direc-
tion from the sagittal plane images of the patients, and the
averages of these 3 measurements were recorded (Fig. 2a,
b). Then, MSOs were detected from the 3D images of the
patients, and a cross-sectional image was obtained in the
2D plane. The ellipse was placed to include as much of
the MSO as possible in this section plane. The area of the
ellipse was calculated. The 2D cross-sectional area (SOA)
of the maxillary sinus ostium was defined by the ellipse
area in three-dimensional images (Fig. 2c¢).

Statistical analysis

Statistical analysis was performed using IBM SPSS Sta-
tistics for Windows, Version 22.0 (IBM Corp. Released
2017. Armonk, NY). Kolmogorov—Smirnov test was used
to evaluate the normal distribution of variables. In com-
paring continuous variables according to MMC groups,
Student's 7 test [mean and standard deviation (SD)] was
used for those with normal distribution. Chi-square was
used instead of comparing categorical variables accord-
ing to MMC groups. Pearson test was used for correlation
analysis between variables. A multiple linear regression
model was used to identify continuous variables affecting
SOA value.

Y =fy+ BiXy + BXy + B3 X5 + BuXy,

Y: Dependent variable (Sinus ostium area), f,: Inter-
cept, B B, B3, By Regression coefficients, X; X, X3 X,:
Predictors.

The model fit was assessed using the appropriate resid-
ual and goodness-of-fit statistics. R-square is the value of
what percentage of the variation in the dependent variable
is explained by the independent variable and was used to
calculate the power of the model. p < 0.05 was considered
statistically significant.

Results
Demographic and anatomic features

A total of 60 samples of 30 patients with unilateral MMC
were included (mean age of 42.30 + 17.62 years). A total
of 15/30 (50%) were male. There was no statistically sig-
nificant relationship between the presence of MMC, and

Table 1 Comparison of the categorical variables by MMC presence

MMC
Absent Present
n % n % p value
Gender
Female 15 50 15 50 0.99
Male 15 50 15 50
Total 30 30
Nasal septum deviation side
Left 13 48.1 13 48.1  0.99
Right 14 519 14 51.9
Total 27 27
Anatomical relationship
between sinus floor and
tooth
Type 1 9 30 9 30 0.99
Type 2 21 70 21 70
Total 30 30

MMC Maxillary sinus mucosal cyst

age and gender (p =0.099; p=0.99) (Table 1). The mean
SOA (8.91 +1.10 mm?) in patients with MMC was lower
than in patients without MMC (12.94 +1.35 mm?), which
was statistically significant (p <0.001). The mean SOD
in patients with MMC (2.12 +0.71 mm) was higher than
in patients without MMC (1.91 +0.82 mm), which was
statistically insignificant (p =0.295). The mean TSV in
patients with MMC (15,249.90 +4511.96 mm?®) was higher
than in patients without MMC (13,783.06 +4276.02 mm°),
which was statistically insignificant (p =0.201) (Table 2).

Correlation between SOA and TCV

There was a statistically significant, good level of negative lin-
ear correlation between SOA and TCV [correlation coefficient
(r)=-0.680, p<0.001]). There was a statistically significant,
moderately positive linear correlation between SOA and sinus
air volume (r=0.451, p=0.006) (Table 3).

Multivariable linear regression

The following formula was obtained to estimate the dependent
variable SOA in the model obtained as a result of the regres-
sion analysis (Table 4);
Sinus ostium area
= 7.358590 + Age x 0.019884 + Sinus air volume
% 0.000087 + Total cyst volume X (—0.000233).
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Table 2 Comparison of the
continuous variables by MMC

presence

MMC N  Mean SD Min. Max. p value
Age Absent 17 37.65 17.18 21.00 81.00 0.099
Present 13 48.38 16.92 20.00 70.00
Total 30 42.30 17.62 20.00 81.00
Sinus air volume (mm?®) Absent 30 13,783.06 4276.02 5990.42 21,258.57 0.682
Present 30 13,313.53 4539.93 5154.89 20,907.02
Total 60 13,548.29 4378.82 5154.89 21,258.57
Total sinus volume (mm?) Absent 30 13,783.06 4276.02 5990.42 21,258.57 0.201
Present 30 15,249.90 4511.96 7557.04 23,325.51
Total 60 14,516.48 4420.48 5990.42 23,325.51
Sinus ostium area (mm?) Absent 30 12.94 1.35 10.11 16.56 <0.001
Present 30 8.91 1.10 6.38 10.59
Total 60 10.93 2.37 6.38 16.56
Sinus ostium diameter (mm)  Absent 30 1.91 0.82 0.37 3.76 0.295
Present 30 2.12 0.71 0.77 3.19
Total 60 2.02 0.77 0.37 3.76
Nasal septum deviation angle ~ Absent 17 5.82 2.54 0.00 8.64 0.327
Present 13 6.74 2.45 0.00 8.95
Total 30 6.22 2.50 0.00 8.95

Bold indicates statistically significant results (p <0.05)

MMC maxillary sinus mucosal ¢
Student's ¢ test was used

Table 3 Pearson correlation

Sinus ostium area

Correlation coefficient ~ p value
Age 0.407 0.013
Sinus air volume 0.451 0.006
Total cyst volume -0.680 <0.001
NSD angle 0.211 0.132

Bold indicates statistically significant results (p <0.05)

When the multiple regression analysis model summary
given in Table 4 was examined, R,=0.627 was obtained.
According to this result, the 62.7% change in the output area

yst

is explained by the independent variables in the model. The
remaining 37.3% is the effect of other variables not included
in the model. As a result, the regression model consisting of
"Age, Sinus air volume, and TCV" variables is a good model
and has statistically significant relations with "Sinus ostium
area'.

Discussion

In this study, we investigated the relationship between
mucosal cysts of the maxillary sinus (MMC) and maxil-
lary sinus ostium 2D area (SOA). We also investigated
whether it is more accurate to measure the sinus ostium

Table 4 Linear regression
analysis model

Unstandardized Coef-

Standardized Coefficients 95% Confidence Interval for B

ficients

B Std. Error Beta t pvalue Lower Bound Upper Bound
Constant 7.358590 0.662329 11.110  <0.001 5.997152 8.720027
Age 0.019884 0.008011 0318 2482 0.020  0.003417 0.036352
Sinus air volume 0.000087 0.000031 0360  2.820 0.009  0.000024 0.000151
Total cyst volume —0.000233 0.000062 -0.494 -3.754 0.001 -0.000360 —0.000105

Bold indicates statistically significant results (p <0.05)

Dependent Variable: Sinus ostium area

R,=0.627
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as a diameter or as a 2D area. Our results showed a good,
statistically significant, negative correlation between MMC
and SOA (r=-0.680; p <0.001). Linear regression analysis
was applied to estimate SOA measurement on the side with
MMC. Age, sinus air volume, and TCV were statistically
significant independent variables in the estimation of SOA
value. The mean SOA in patients with MMC was lower than
in patients without MMC, which was statistically signifi-
cant (p <0.001). However, SOD was higher on the side with
MMC and it was not statistically significant (p =0.295).

In MMC histology, there is a dense fluid between the thin
membrane structures consisting of connective tissue cells
[2]. MMC occurs due to edema in the subepithelial connec-
tive tissue. Less common, retention cysts are formed due to
obstruction of the mucosal secretory glands and are most
commonly detected in the maxillary sinus. It may be due
to an inflammatory exudate developing in the submucosal
connective tissue or a rupture of the mucous glands [2, 3, 13,
14]. Allergy, chronic rhinosinusitis, and barotrauma-causing
inflammatory processes have been suggested in the etiol-
ogy of MMC [2, 3, 15]. Especially in studies investigating
the physiopathology of allergy, they suggested that cysts
may develop as a result of mucosal damage due to allergic
edema, and they strengthened their theses due to inflam-
matory markers, such as immunoglobulin and complement
detected in cyst aspirate [2, 3, 13, 14, 16]. However, the lack
of increase in immunoglobulin E and eosinophil blood con-
tradicted their thesis [16—18]. In another study, they thought
that due to the high protein content and high density of the
cyst aspirate, it was not due to an allergic reaction but could
be caused by infection [16, 17, 19].

The secretion accumulated in the maxillary sinus is mobi-
lized from the sinus floor to the ostium in the medial supe-
rior, due to mucociliary clearance [7, 20, 21]. Mucociliary
clearance is the primary defense mechanism of the respira-
tory tract against inhaled pathogens [22, 23]. As a result of
impaired mucociliary activity and narrowing or obliteration
of the sinus ostium, the secretion will not be able to reach
the nasal cavity and will accumulate in the sinus. Chronic
rhinosinusitis may develop as a result of inflammation in
the mucosal tissue and occlusion of the mucosal channels
[3, 5, 17-21]. As a result, the mucosal glands are unable
to secrete, become cystic, and MMCs may develop [2, 3,
13, 14, 16-19]. Also, another study reported that impaired
mucociliary clearance led to the development of MMC, and
the size of MMC increased too much, reducing mucociliary
clearance, and creating a stalemate [20, 21, 24]. Arslan et al.
reported that MSO occlusion increases the risk of develop-
ing MMC by 3.64 times [4]. There are also studies in the lit-
erature reporting that there is no relationship between MMC
and allergy, dental problems, or blocked OMU [1, 3, 5, 25].
Unlike Harar et al. suggested that the first event in the devel-
opment of MMC was OMU obstruction and then became

patent as the cyst persisted [3]. Bhattacharyya et al. reported
that the mean MSO size was smaller on the sinus with MMC
than on the sinus without MMC, but it was not statistically
significant [1]. Unlike our study, other studies may be insig-
nificant because they evaluate MSO with diameter measure-
ment instead of area measurement. We measured the 2D area
of the MSO and this measurement technique was our main
difference. The important differences of our study from other
studies are that while other studies did not exclude many
factors that play a role in the etiology of MMC develop-
ment, our study had a large number of exclusion criteria.
The good and statistically significant negative correlation
between total MMC volume and SOA in our study may be
related to these physiopathological processes.

The MSO is oval-shaped from posterior to anterior and
from outside to inside on the inner wall of the maxillary
sinus [10]. In the literature, measurements were taken in a
single section on coronal plane PNsCT images. However,
we thought that this was not an accurate measurement
method due to the oval shape of the MSO and we made
two different measurements. First, we measured the diam-
eter from 3 consecutive sections with the sinus ostium on
the coronal plane PNsCT images and used the average in
the analysis. Second, we calculated the output 2D area of
the sinus ostium in the 3D images. Mean SOA was signifi-
cantly lower on the side with MMC and it was statistically
very significant (p <0.001). On the contrary, we found that
the mean SOD was higher on the side with MMC and it
was not statistically significant (p =0.295). The difference
in the two different measurement methods showed us that
the area measurement could be more accurate.

There were some important advantages in our study.
In our study, our most important advantage was to spe-
cifically investigate the effect of the size of MSO on the
development of MMC using a large number of exclusion
criteria. Another advantage of our study is the different
results we obtained because we measured the areas of the
MSOs due to the oval shape of the MSO, instead of meas-
uring the diameter in a single section.

There were some limitations in our study. First, our
study was a single-center, retrospective analysis. Sec-
ond, immunodeficiency, a history of allergy, and systemic
diseases that may impair mucociliary clearance were not
investigated. Third, there was no correlation with endo-
scopic examination in patients.

Conclusion
In conclusion, small SOAs contribute to the development

of MMC. There was a negative correlation between SOA
and TCV. In addition, according to our results, we think
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that 2D area measurement may be a more accurate method
instead of diameter measurement due to the oval shape of
the MSO. We think that new studies with larger sample
numbers will be beneficial.
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