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Introduction: The maxillary sinuses are the largest paranasal sinuses adjacent to the teeth. Due to
anatomical variations in different people, knowledge of these variations is essential for rhinoplasty and
sinusitis .The aim of the present study was to determine the relationship between maxillary sinus volume
with nasal septal deviation, concha bullosa and infundibulum size using cone-beam computed tomography (CBCT).
Materials & Methods: In this descriptive -analytical study, CBCT images of 135 patients who underwent
maxillofacial imaging were evaluated. In order to measure the volume of maxillary sinuses, CBCT images
of axial sections were used with a thickness of 2 mm and Digimizer image analysis software. In the
coronary section of nasal septum deviation, types of concha bullosa and infundibulum size were
determined. Data were analyzed using one-way ANOVA, paired t-test, Pearson correlation test and
regression. A value of P<0.05 was considered significant.

Results: There was a significant inverse relationship between the mean of volume of the right sinus
(p=0.012, r=-0.216) and left sinus (p<0.001, r=-0.303) with the deviation of the nasal septum. A
significant inverse relationship was found between the mean volume of right maxillary sinus (p<0.012,
r=-0.357) and left maxillary sinus (p=0.006, r=-0.357) with infundibulum size. The mean volume of right
sinuses and left sinues from coronal view was not significantly different in the presence or absence of
concha bullosa. There was no significant difference between male and female in the mean volume of the
right and left sinuses.

Conclusion: The present findings suggest that maxillary sinus volume is smaller the deviation in moderate
and severe septal deviation cases and that the maxillary and with increasing size of infandibulum, the
volume of maxillary sinus was larger.
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Introduction

Maxillary sinuses are the largest paranasal sinuses adjacent to the teeth. Some paranasal sinuses develop in the late
embryonic period, such as the maxillary sinus, and some develop after birth. Although many developmental changes
occur during the embryonic and fetal periods, and often during the third to eighth week of development, some important
changes occur in the postpartum period, and most evolutionary changes are completed by the age of 25. [ The average
volume of an adult maxillary sinus is approximately 15 ml, but the sinuses change continuously throughout life.
According to the studies, some factors can affect the volume of the maxillary sinus. The maxillary sinus has a special
place in dentistry due to its proximity to the tooth and the surrounding structures.

The nasal septum is an essential component in the development of the nose and paranasal sinuses, and nasal septal
deviation is one of the most common disorders in humans ™! in which the nasal septum deviates to the right or left. 3
The prevalence of nasal deviation is determined by genetics as well as environmental and cultural factors ¥ and its
causes are trauma, nasal polyps, neoplasia, infection and genetics. ] Deviation of the nasal septum increases the
likelihood of nasal obstruction and can affect vocal pronunciation, beauty and respiration. Moreover, it can cause
sinusitis as well as upper airway and middle ear infections. [7- 8]

Concha is present all around the nasal cavity. Trauma, nasal septal deviation and oral respiration are known to
predispose to concha bullosa and are possible etiologic factors in recurrent chronic sinusitis. ! The infundibulum is
the junction between the bony canal and lumen connecting the maxillary sinus ostium and hiatus semilunaris. [0 11

Al-Rawi et al. % evaluated the effects of concha bullosa and nasal septal deviation on maxillary sinus volume and
found that although nasal deviation and concha bullosa were present in more than two-thirds and more than one-third
of the samples, respectively, only concha bullosa had a significant effect on maxillary sinus volume. In the study of
Kucybala et al. %1, the effects of nasopharyngeal deviation and concha bullosa on maxillary sinus volume and the
prevalence of maxillary sinusitis were investigated, and they concluded that there was a relationship between the
presence of concha bullosa and the direction of nasal septal deviation, but only concha bullosa affected maxillary sinus
volume.

Sugono et al. ' suggested that the increase in infundibulum size was significantly associated with the increase in
maxillary sinusitis.

Given the anatomical variations and the possibility of involvement of this structure in fractures and pathologies,
considering the development of the use of CBCT in diagnostic dentistry and the differentiation and management of the
observed findings for maxillofacial radiologists and considering the fact that these anatomical variations occur in
different forms, the aim of the present study was to determine the relationship between maxillary sinus volume with
nasal septal deviation, concha bullosa and infundibulum size using CBCT scans.

Materials & Methods

This study was approved by the Ethics Committee of Islamic Azad University, Isfahan (Khorasgan) Branch
(IR.IAU.KHUISF.REC.1400.037). In this descriptive-analytical study, CBCT images of 135 patients who underwent
maxillofacial imaging for an implant (65 males and 70 females) aged 18 years and older, referred to the department of
radiology, Islamic Azad University, Isfahan (Khorasgan) Branch in 2020-2021 were evaluated, and all patients had
posterior teeth. The sample size was determined based on the following formula

2
(fesst) 43 = 128

2 9 0.75

Zy =196
Zp = 0.84
y =025
In the images, the radiation field in the upper jaw, which includes the maxillary sinus and nasal cavities, was used.
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CBCT images of the patients were obtained using a Galileos device (Sirona, Germany, Bensheim) with exposure
conditions of 85 kV and 2.5 to 7 mA (depending on the age and size of the patient). In the preparation of the images,
a radiation field was used in maxilla, which includes the areas of maxillary sinus and nasal cavity.

The multiplanar reconstructed images (axial, sagittal and coronal sections) were examined using OnDemand3d
Dental software (cybermed, Seoul, Korea). First, the sagittal plane was vertically adjusted and the position of the
patient's head was corrected in a computer program, then the necessary measurements were performed.

Measurements were performed on both the right and left sides of the patient, and all measurements were done under
the supervision of an oral and maxillofacial radiologist.

To measure the maxillary sinus volume, axial CBCT sections with 2mm slice thickness and 2mm intervals were
used. The CBCT sections were subjected to Digimizer software version 5.4.7 (MedCalc software Ltd., Brussels,
Belgium) and the surface area of the sinus was automatically measured and stored in Excel format. The surface area
of all sections of the sinus (about 20 to 25 sections) in both sides was calculated for each patient. Then, to calculate
the volume of the sinus in cubic centimeters, the following formula was used: Sum of the surface area of the sinus in
each sectionx thickness of each section (Figure 1). 23]

C UsersiarmaniDeskloplazadehiagha baiapor png ¥ X Measurements kst

Measu.. Area Peri.. Llen.. Angle Radi. U.
Unit 30,0 pi.
Unit 27.0, pi.
Area 3411 265.. 4432 c
Unit 304 pi
Area 1331 6241 1792
5 Unit 295, pi
Perimeter: 7.302 on
Area: 1,61 L an? Area 1427 7653 2119 c
Area 1399 8553 1.809
Unit 324, pi.
Area 0902 6.642 1.608 [
Area 1148 5974 1619 <
Area 1.611 7302 2184 G
Length 1.088 ¢
Unit 283.. pi..
Area 1603 6739 1838
Area 245.. 663.. 247 <
I
Statisbes
Tool Measure n Mean SD  Min  Max
Length  Length 1 1.08.. 1088 1.088

Area Area 9 286.. 81.1. 0902 245
Perime. 9 157.. 200.. 5974 663
Length 9 467.. 756. 1608 247

Figurel. Measuring the area of maxillary sinus sections by Digimizer software
For measuring the angle of deviation of the nasal septum in the coronal plane from the ethmoid bone crystallinity,
a line was drawn to ANS and another line from the crystal to the highest deviation of the nasal septum was drawn, and
the angle between them was determined. The categories were divided into a low angle (>9 first group), medium angle
(9-15 second group) and severe angle (15<third group) (Figure 2).

@ (b) (©)
Figure 2. CBCT coronal view of the deviation of the nose using angle measurements a: low angle b:
medium angle c: extreme angle
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Different types of concha bullosa were divided into three groups: lamellar (local pneumatization in the vertical
lamella in concha), bullosa (local pneumatization in the concha bullosa section) and severe (severe pneumatization in
the whole middle turbine section) 181 (Figure 3).

(a) (b) ©

Figure3.CBCT coronal view of different types of concha bullosa a: Concha bullosa lamellar b: Concha
bullosa c: Progressive concha bullosa

For measuring the size of the infundibulum, the diameter of the infundibulum was determined in the coronal plane
at a distance of 1 mm from the maxillary sinus ostium (Figure 4).

Figure4. Measuring the infundibulum in CBCT coronal view (white line on both sides indicates measured length)

Data were analyzed using one-way ANOVA, paired t-test, Pearson correlation and regression tests through SPSS
22. Pvalue <0.05 is statistically significant.

Results

In CBCT images, most patients were in the age group of 31-40 years (27.4%) and the mean age of patients was
37.85 + 12.08. When comparing the volume of the maxillary sinus from a coronal view in the presence of the nasal
septum, the mean volume of the right maxillary sinus was not significantly different in mild, moderate and severe nasal
deviation (p = 0.073). The mean volume of the right maxillary sinus was less in people with severe nasal deviation
than in those with mild and moderate nasal deviation. The mean left sinus volume was significantly different in the
presence of mild, moderate and severe nasal deviation (p<0.001) and it was significantly less in people with severe
deviation than in those with low and moderate nasal deviation (Table 1). Based on the Pearson correlation coefficient,
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there was a significant inverse relationship between right sinus volume and nasal septal deviation (p = 0.012, r=-0.216).
As the amount of nasal deviation increased, the volume of the right sinus was lower. Moreover, there was a significant
inverse relationship between left sinus volume and nasal septal deviation (p=0.001, r=-0.303). As the amount of nasal
deviation increased, the volume of the left sinus was lower.
Tablel.Comparing the volume of maxillary sinus from coronal view in the presence of nasal septum
Variable nasal septum No MeantSD Pvalue*

mild 80 11.39+2.82

moderate 33  11.09+3.18

severe 22 9.77+2.84

By comparison of maxillary sinus volume from coronal view in the presence and absence of concha bullosa, mean
right sinus volume (p = 0.449) and left sinus volume (p = 0.748) in the presence of lamellar, bulbous and progressive
concha bullosa and absence of concha bullosa was not significantly different (Table 2).

* by ANOVA

Table2. Comparing the maxillary sinus volume from coronal view in the presence and absence of concha bullosa

Variable Conchabullosa No MeantSD  Pvaluex

no 63  11.49+3.09
lamellar 33 10.74+2.86
bulbous 23 10.63+3.03

progressive 16  10.58 £2.47

+ by ANOVA

In the study of maxillary sinus volume from coronal view and infundibulum size, based on Pearson correlation
coefficient, there was a direct and significant relationship between right sinus volume and right infundibulum size
(p<0.001, r = -0.307). As the volume of the right sinus increased, the size of the right infundibulum was higher and
there was a direct and significant relationship between the volume of the left sinus and the size of the left infundibulum
(p=0.006, r = -0.237). As the size of the left sinus increased, the size of the left infundibulum was larger (Table 3).

Table 3. Correlation coefficient of maxillary sinus volume from coronal view and infundibulum size

left right
r Pvalue* r Pvalue
left sinus volume 135 -0.237  0.006 0.046  0.599

There was no significant difference between the gender and presence and absence of concha bullosa (p=0.352)
(Table 4). There was no significant relationship between gender and severity of nasal septal deviation (p=0.193) (Table 5).

Variable No
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Table 4. Relationship between the presence and absence of concha bullosa and gender
Sex male women Total
Concha bullosa no Percent no Percent no Percent

Pvalue

Table 5. Relationship between nasal septal deviation severity and gender
Sex male women Total

Pvalue
nasal septum no Percent no Percent no Percent

Discussion

In the present study, the results showed that there was a significant inverse relationship between the volume of the
right and left maxillary sinuses among people with severe nasal septal deviation compared to people with mild and
moderate nasal deviation. Besides, a direct and significant relationship was observed between right and left maxillary
sinus volume and infundibulum size so that with increasing infundibulum size, maxillary sinus volume was higher, but
there was no relationship between the mean sinus volume and gender in the presence or absence of concha bullosa.

Sogono et al. M studied the prevalence of nasal septal deviation, concha bullosa and infundibulum size and its
relationship with maxillary sinusitis by CT scan and concluded that the prevalence of sinusitis was higher in men and
the relationship between nasal septal deviation, concha bullosa and maxillary sinusitis was not found. In the current
study, there was no significant difference between the maxillary sinus and concha bullosa, but as the extent of nasal
deviation increased, the volume of the maxillary sinus was lower, and the mean volume of maxillary sinus was lower
in people with severe and moderate nasal deviation, which may be helpful to understand the sinus problems of patients.
In contrast to the study by Sogono et al., 4l the reason for this difference could be the differences in sinus anatomy in
different geographical areas between different races.

In the study by Kalabalik et al. 171 on the relationship between maxillary sinus volume and nasal septal deviation,
concha bullosa and impacted and missing teeth using CBCT, the mean maxillary sinus volume was significantly higher
in males than in females, which contradicts the present study. Therefore, maxillary sinus volume cannot be a good
determinant of gender and in the direction of moderate to the severe deviation of the nasal septum, the maxillary sinus
was smaller, and maxillary sinus volume decreased with age. There was no significant relationship between maxillary
sinus volume and concha bullosa and latent and missing teeth, which is consistent with the findings of the present
study.

Kapusuz Gencer et al. ¥ in the study on the effects of nasal septum deviation on maxillary sinus volume and
spread of sinusitis in the maxillary sinus found that maxillary sinus volume was greater on the side of severe nasal
septum deviation and probability, developing sinusitis was significantly increased in the present study, the mean
volume of the maxillary sinus was less in people with severe deviated nasal septum than in those with mild and
moderate deviated nasal septum, which may be due to easier drainage on the opposite side of the deviated nasal septum.

In the study by Smith et al. ! on the prevalence of concha bullosa and nasal septal deviation and their association
with maxillary sinusitis using three-dimensional tomography, no relationship was found between the presence of
concha bullosa or nasal septum deviation and progression of maxillary sinusitis. According to the results of the current
study, but in contrast to the above study, the mean volume of the maxillary sinus in severe deviation of the nasal septum
was much less than in moderate and mild deviations, perhaps because severe nasal septal deviation may cause
discharge from the sinuses and predispose the patient to sinusitis.
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Bahemmat et al. % investigated the frequency of nasal septal deviation and concha bullosa and their association
with maxillary sinusitis using CBCT and concluded that the presence of concha bullosa as a natural finding may be a
risk factor for nasal deviation as well as maxillary sinusitis. Therefore, nasal deviation due to factors such as trauma
may cause maxillary sinusitis. However, some risk factors for maxillary sinusitis including concha bullosa may be
related to the patient's age. In general, maxillary sinusitis is not significantly related to age and gender, which is
consistent with the ongoing study.

The limitations of the current study included difficulties in obtaining CBCT images of patients with complete dental
systems and healthy maxillary sinus.

Conclusion

The present findings suggest that mean volume of the maxillary sinus was smaller in people with severe nasal
deviation than that in people with mild and moderate nasal deviation. As the size of the infundibulum increased, the
volume of the maxillary sinus was higher.
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