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Introduction: Paranasal sinuses are four air-filled spaces in face. The maxillary sinuses are important for dentist
because of their location. The volume of them can be affected by various factors and make them prone to sinusitis.
Objectives: This retrospective study examined maxillary sinus volume in relationship with nasal septum deviation
(NSD) by using cone-beam computed tomography (CBCT).

Materials and Methods: From our CBCT archives, we retrospectively selected 210 CBCT images and 420 healthy
maxillary sinuses. The maxillary sinuses were calculated using the NNT Viewer software by importing CBCT
images. In this study, NSDs were classified into three levels of severity: mild, moderate, and severe. In patients
with NSD, bilateral sinus volumes were compared and allowed us to determine the difference in maxillary sinus
volume. Statistical analysis was conducted using SPSS (P<0.05).

Results: The average volume of the right and left maxillary sinuses is 13.04 + 3.37 ¢cm® and 13.59 + 3.33 cnm?’,
respectively. The prevalence of NSD in population of this study was 89.5%. Both sides of the maxillary sinuses
were significantly larger in male patients than female patients (P<0.05). The negative correlation between age and
maxillary sinus volume (P<0.05) showed that maxillary sinus volume decreased with age. For cases of moderate
and severe NSDs in the same direction as the deviation, the maxillary sinus volume is significantly smaller than
that on the opposite side (P<0.05), while there was no significant difference in mild cases of deviation (P>0.05).
Conclusion: In moderate and severe groups, maxillary sinus volume was smaller on the same side compared with
the opposite side of deviation, and maxillary sinus volume is greater in male patients than female patients, and it
decreases with age.

Introduction

Within the bones of the face are the paranasal
sinuses, which are empty spaces filled with
air. Human paranasal sinuses include maxilla,
ethmoid, frontal and sphenoid. In a healthy
person, each of them fills with air and an
ostium connects the nasal lumen to the
sinuses. Their final growth and form show
many variations, and everyone can have
different sinus formation (1). Dentists pay
attention to the maxillary sinus because it is

Key point

Maxillary sinus volume can change its size due to
various factors. Deviation of the nasal septum can be
one of these factors and can cause sinus disorders.

may differ substantially; its clinical effects
are assessed among observers, including its
precise location, quantification of deviations,
and clinical assessment of its effects (3).
Patients can experience complications

adjacent to teeth and relevant structures (2).
Maxillary sinuses have an average volume of
6-8 cm? at birth. At five months after birth, it
can be diagnosed by radiography in a standard
anterior-posterior view. Lateral and inferior
sinus pneumatization continues in
periods and rapidly grows from birth to third
year, then again between 7 and 12 years (1).
Nasal septum deviation (NSD) is a
common finding that is diagnosed by an
otorhinolaryngology, but it is usually not
specified on the basis of visual measurement.
Due to this finding, diagnosing the disease

two

following surgery as a result of this objectivity
(4). Most nasal deformities are caused by
congenital or acquired NSDs. A recent study
analyzing NSD in infants found that the rate
of NSD was 22% in children with vaginal
delivery, while only 4% NSD was observed
in children with cesarean delivery (4). Adults
with NSD can experience nasal peeling,
epistaxis (nosebleeds), and sinusitis, which
depends on disease severity and position.
Suffocation caused by trapped food in the
respiratory tract can occur in infants with
severe and bilateral NSD studies of patients
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with NSD-induced nasal obstruction reported retraction
of the maxilla and mandible with a larger overjet and
a deficiency of the maxillary transverse (5). Septal
displacement increases the likelihood of stuffy nose and
can affect pronunciation, beauty, and voice breathing. In
addition, it can cause sinusitis, upper respiratory tract and
middle ear infections (3).

Furthermore, the lack of airflow causes low-oxygen
pressure, thereby interrupting the growth of the paranasal
sinus, decreasing cilia motility, and finally facilitating
the growth of bacteria. Despite the general belief that
volume differences are associated with sinusitis, few
studies have pointed that septum deviation and maxillary
sinus volume are involved in pathogenesis of sinusitis
(6). Many antibiotics are prescribed annually for treating
chronic sinusitis, and many patients are clinically
refractory and surgically relapse. However, it is unclear
what role microorganisms actually play in many of these
patients. Many immunocompetent patients with chronic
sinusitis have the underlying anatomical etiology of their
disease, such as obstruction of osteomeatal unit or NSD, a
significant proportion of these patients. Despite surgical
and antibiotic treatment, patients continue to suffer from
chronic sinusitis (7).

Anatomical variations and pathologies associated with
the paranasal sinuses can be diagnosed by a variety of
imaging techniques. Cone-beam computed tomography
(CBCT) is an image processing technique in the field of
oral and maxillofacial radiology used to visualize three-
dimensional structures. Otolaryngologists, —general
dentists, and dental radiologists have taken advantage of
CBCT for the diagnosis of paranasal sinusitis and aligned
the sinuses (8).

Compared to multislice computed tomography, CBCT has
several advantages on nasal cavity and paranasal sinuses,
such as easier image capture, higher bone resolution,
multiplanar correction, lower radiation doses, faster scans,
and lower cost. Depending on the individual, paranasal
sinuses grow differently (1). Maxillary sinuses can even
vary in a single person. Numerous events and injuries are
effective on maxillary sinus size following rapid growth.
Maxillary sinus development is directly related to the
alveolar bone and palate. Anatomical characteristics of the
skull and face can be affected by a significant change in
maxillary sinus volume, because of its large volume. The
maxillary sinus hypoplasia can additionally result in facial
asymmetry (9).

Objectives
Accordingly, this study tends to determine the relationship
between NSD and maxillary sinus volume using CBCT.

Materials and Methods

Study design

For the study, 257 samples were collected with all
the information available in the archives of a private

macxillofacial radiology clinic in Ahvaz from October
2020 to June 2021 for analysis; of them, 47 samples were
excluded due to the presence of sinusitis, lack of full
coverage of maxillary sinus and crista galli in the images
and incomplete information. Finally, this study involved
210 samples (420 maxillary sinuses) and CBCT images
acquired in three different sections consists of axial,
coronal, and sagittal. We obtained all images with the
CBCT device (NewTom Giana, QR, Verona, Italy) with 11
x 13 FOV and saved in NNT Viewer (QR, Verona, Italy,
version 10.1); these images are available in the archive.
Images were taken with 90 KVP and exposure conditions
depending on the selected voxel size and FOV.

Observations were performed in a semi-dark room
using a 14-inch screen (LED flat screen, ASUS) with a
resolution of 1920x10x1080. To calculate maxillary sinus
volume, Medical mode of NNT Viewer (QR, Verona,
Italy, version 10.1) was used and the desired range was
determined. In order to evaluate CBCT scans of patients,
images were exported in the form of DICOM images, and
then imported into the NNT Viewer software (QR, Verona,
Italy, version 10.1). All CBCT images were provided and
analyzed by an observer.

Inclusion criteria included acceptable image quality,
information on gender and age of the patient, age over
12 years and full coverage of maxillary sinus and nasal
septum and crista galli area. Aside from artifacts in
images, there were several exclusion criteria consisted of
previous surgeries on the maxillary sinuses, pathologies
of the maxillary sinus such as cysts and tumors, chronic
and acute sinusitis, polyposis of the sinuses or nose,
and abnormalities of the craniofacial structure, such as
cleft lip and palate. To measure maxillary sinus volume,
patient images were examined in axial, coronal and sagittal
views. First, the area in the axial image was selected in a
section where the maxillary sinus and nasal cavity were
distinguished separately, and then corrections were made
in other views (coronal, sagittal). For this purpose, we
measured the sinus height from the sinus floor to the
maxillary sinus roof using coronal view. The maxillary
sinus width is determined by measuring the distance
between its inner wall and its outermost point on the
coronal images. Sagittal view also indicated the length
of the anterior-posterior dimension of the sinus as the
distance between the anterior and posterior points of the
sinus. Similarly, both maxillary sinuses of each patient
were evaluated. Finally, the maxillary sinus volume was
compared on both sides (Figure 1).

To evaluate NSD, a line was drawn from the maxillary
spine to the Crista galli and from the crista galli to the
nasal septum with the greatest deviation. Then the angle
between these two lines was considered as deviated
nasal septum. Identifying the direction of deviation can
be determined by the convex deviation. Cases without
deviation were introduced as control group and cases
with septum deviation consisted of 3 groups based on the
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Figure 2. Measurement of nasal septum deviation.

degree of NSD, as Elahi et al noted (10); Group 1 included
NSD less than 9 degrees, group 2 included NSD from 9-14
degrees, group 3 included NSD equal to greater than 15
grade (Figure 2).

Statistical analysis

An analysis of 210 maxillary CBCT images was conducted
by census of all images held in the archives of a private
maxillofacial radiology clinic in Ahvaz. NNT Viewer
version 10.1 software was used to view the data (P<0.05).
SPSS (version 22) was used to analysis of variance and t
test, Excel and GraphPad Prism (version 8.0.2) software.

Results
The statistical population included 210 people (420 cases
of maxillary sinus) including 100 men (52.4%) and 110
women (47.6%). This study included male patients between
the ages of 18-58 (28.73 £ 9.16) years old and among the
female patients, the range of ages was 18-75 (30.61 + 9.84)
years old and the mean age of patients was 29.71 + 9.55
years old. There was no significant difference between
women and men in terms of age (P> 0.05). Regarding the
descriptive statistics related to two sides of the maxillary
sinus volume, as shown in Table 1, volume of the right
maxillary sinus was 4.83 cm® at minimum and 19.73 cm’
at maximum. Moreover, volume of the left maxillary sinus
was 4.68 cm’ at minimum and 21.20 cm’ at maximum. As
a result, maxillary sinus volume ranged from 4.68 cm® to
20.21 cm’. The maxillary sinus volumes were 13.04 + 3.37
cm’ in the left and 13.59 + 3.33 cm® in the right.

In general, the mean sinus volume was 13.315 + 3.35 cm’
and there was no significant difference between volumes

of the right and left maxillary sinuses (P> 0.05).

According to Table 2, there is a correlation between right
maxillary sinus volume and gender. Mean volume of the
right sinus was 14.45 + 3.32 cm® in men, whereas it was
11.75 + 2.88 cm’ in women. Moreover, the mean volume
of the left maxillary sinus was 14.75 + 3.20 cm’ in men and
12.54 + 3.10 cm’ in women; in general, the mean maxillary
sinus volume was 14.60 + 5.10 cm® in men and 12.15 +
4.60 cm’ in women. Men had considerably higher right
and left maxillary sinus volumes than women, according
to our findings (P <0.05).

As shown in Table 3, there is a negative linear relationship
between right, left, and total maxillary sinus volume (cm?)
and age, and generally maxillary sinus volume decreases

Table 1. An analysis of the volume of each maxillary sinus

N Minimum  Maximum Mean
Right MS volume (cm?) 210 4.83 19.73 13.04+3.37
Left MS volume (cm?) 210 4.68 21.20 13.59+3.33
Total MS volume (cm?) 420 4.68 21.20 13.315+3.35

MS, maxillary sinus.

Table 2. Comparing the size of women’s and men’s maxillary sinuses

Male (n=100) Female (n=110)

Mean + SD Mean + SD Pvalue
Right MS volume (cm?) 14.45+3.32 11.76+2.88 <0.05
Left MS volume (cm?) 14.75+3.20 12.54+3.10 <0.05
Total MS volume (cm?) 14.60+5.10 12.15+£4.60 <0.05

MS, maxillary sinus.
*P<0.05, Significant difference by student’s t test.
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Table 3. Investigation of the relationship between maxillary sinus volume and
age

Age
R P value
Right MS volume (cm?) -0.2812 <0.05
Left MS volume (cm?) -0.331¢ <0.05
Total MS volume (cm?) -0.379*° <0.05

MS, maxillary sinus.
b Pearson correlation coefficient.
* Correlation is significant at the 0.01 level (2-tailed).

with age.

Regarding the maxillary sinus volume based on NSD
in general, the septum deviation ranged from 0 to 19.4
degrees (mean of NSD was 8.44 + 4.85 degree angle). In our
study, 22 patients without septum deviation were assigned
to control group and the remaining groups included group
1 (mild, n = 80; 38.1%), group 2 (moderate, n = 79; 37.6%),
and group 3 (severe, n = 29; 13.8). Regarding the frequency
of septum deviation, right septum deviation was seen in
113 patients (53.8%) and left septum deviation was seen in
75 patients (35.7%) and no septum deviation was seen in
22 patients (10.5%). Analysis of the control group showed
no significant difference in the mean volumes of the right
and left maxillary sinuses (14.79 £+ 1.90 cm® and 14.93 +
2.00 cm’, respectively; P>0.05).

In contrast, the maxillary sinus volume significantly
decreased on the same side as the deviated septum
(P<0.001), as shown in Table 4. Comparison of the
macxillary sinus volume on both sides among patients in
groups 1, 2 and 3 showed that the maxillary sinus volume
was significantly smaller on the side of deviation than the
opposite side in groups 2 and 3. However, there was no
significant difference in group 1 (Table 5).

A difference was found in maxillary sinus volume on the
opposite side of the deviated septum between the groups

Table 4. Maxillary sinuses volume based on direction of nasal septum
deviation

Deviation side

Right (n=113) Left (n=75)

Mean + SD Mean + SD

Right MS volume (cm?) 11.80+3.20 14.40+3.23

Left MS volume (cm?) 14.70+2.89 11.53+3.28
P value <0.05 <0.05

MS, maxillary sinus.
* P < 0.05, significant difference by the paired samples t test.

with septum deviation. This difference was significant
between the groups 1 and 2, the groups 1 and 3, as shown
in Tables 6 and 7; the values of the groups 2 and 3 were
significantly higher than group 1 (P<0.05).

Comparison of the maxillary sinus volumes between
the control group and the group 3 showed significant
differences (P<0.05); however, the left maxillary sinus
volume was not significantly different between the groups
(P>0.05) (Table 8).

Discussion

The maxillary sinus is very important in the maxillofacial
area because it is anatomically close to other structures and
it has the largest volume between the paranasal sinuses.
To maintain normal physiology, the paranasal sinuses
need adequate ventilation. Any obstruction that affects
the osteomeatal complex can alter the physiology of the
sinuses (11). According to the findings of this study, we
suggested that damage and situation of adjacent structures
can change the size of the maxillary sinus volume. NSD-
induced nasal obstruction can increase the resistance of
the nasal airway and cause cramped nose, nose drought
and scaling, recurrent nose bleeding, and recurrent
sinusitis (4). Previous studies have measured the volume
of paranasal sinuses on corpses, dry skulls and using
computed tomography (CT), magnetic resonance imaging
(MRI) and CBCT (1). These volume measurement
techniques on dry corpses and skulls cannot be used in
living subjects (12). In addition, a dry skull may have larger
volume than its true size due to a lack of soft tissues (1).

The new 3D technology, CBCT, was first applied in
1982 to angiograms and later to maxillofacial imaging. For
this reason, the present study used CBCT technology to
measure maxillary sinus volume.

A period of rapid growth occurred in the maxillary sinus
between birth and age 3 years old, and another between
ages of 7 and 12 years old. The maxillary sinus grows
approximately between the ages of 12 and 15 years old
following these two rapid growth stages (1). Several study
reported that maxillary sinus volume did not significantly
increase after the age of 12 years old (13). Thus, this study
tended to measure the maxillary sinus volume in adults
older than 12 years of age.

According to this study, maxillary sinus volume has a
negative correlation with age; thus, maxillary sinus volume
decreases with age. This finding is in consistent with
Kalabalik and Tarim Ertas (1), Cho et al (9) and Cohen et

Table 5. Maxillary sinus volume based on nasal septum deviation in subgroups with deviated nasal septum

Group 2 (n=79), Mean + SD Group 3 (n=29), Mean = SD

Side Group 1(n=80), Mean + SD
Deviation side volume (cm?) 13.02+3.38
Contralateral side volume (cm?) 13.26+3.35

P value >0.05

11.20+2.62 9.37+2.64
15.47+2.40 15.83+2.15
<0.05 <0.05

*P<0.05, Significant difference by student’s ¢ test.
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Table 6. The left maxillary sinus volume in patients with a right deviation of the nasal septum

P value
Deviation angle Group 1 (0°-9°) Group 11 (9°-15°) Group I (15°+) Total o o o
N 47 46 20 113
0.002* 0.005* 0.862
Mean volume 13.49+3.22° 15.45+2.30° 15.83+2.30° 14.70+2.89°
*Mean + SD.
*P < 0.05, significant difference by one-way analysis of variance (ANOVA).
Table 7. Right maxillary sinus volume in cases with deviation of the nasal septum to the left
L P value
Deviation angle Group I (0°-9°) Group 11 (9°-15°) Group Il (15°+) Total o o o
N 33 33 9 75
0.003* 0.033* 0.952
Mean volume 12.93+£3.55* 15.49+2.58* 15.82+1.90* 14.40£3.232
* Mean + SD.
*P < 0.05, significant difference by one-way analysis of variance (ANOVA).
Table 8. Comparison of maxillary sinus volumes in different groups
L. Group | Group Il Group I
Deviation angle (O°-9"‘)) (9,_12,) a 5!:_ ) Group Control Total
N 80 79 29 22 210
Right maxillary sinus volumes 13.07+3.31° 13.11£3.31° 11.46+3.96° 14.79+1.90° 13.04+3.37°
Left maxillary sinus volumes 13.21£3.432 13.55+£3.28* 13.74+3.84* 14.93+2.00* 13.59+3.33*

* Mean + SD.

al (14) and Ekizoglu et al (15).

Inconsistent to our study, a number of other studies,
including Kim et al (16), Sahlstrand-Johnson et al (17)
and Orhan et al (8) reported of no significant relationship
between maxillary sinus volume and age in patients over
18 years of age. However, each study was conducted with
less number of samples than 80 patients, which may
explain why no correlation was found.

In addition, Karatas et al (19) examined the effect of
NSD on volume of the frontal and maxillary sinuses, and
studies carried out on patients aged 5-55 indicate that the
paranasal sinuses become larger with age.

However, as noted, maxillary sinus has two growth
peaks; hence, this positive correlation may be attributed to
inclusion of very young patients (younger than 12 years)
and fewer number of cases studied (19).

In the present study, male patients had significantly
higher volumes of right, left, and total maxillary sinuses
than female patients. In general, men are larger than
women, which may account for the difference in maxillary
sinus volume between men and women. This finding was
consistent with Kalabalik and Tarim Ertas (1) and Cohen
et al (14). However, Saccucci el al (20) found no statistical
difference in the maxillary sinus volume of patients based
on gender.

In the present study, moderate or severe NSD
significantly decreased the maxillary sinus volume, while
mild deviations had no effect, which is in accordance with
the study by Kalabalik and Tarim Ertas (1).

In our study, a comparison was made between subgroups
with septum deviation in terms of maxillary sinus volume

on the opposite side of NSD. We consequently found a
significant differences between groups 1 and 2, as well as
between groups 1 and 3. Likewise, Karatas et al found a
significant difference between groups 2 and 3 and between
groups 1 and 2. Due to small numbers of samples and
different numbers in different subgroups in these studies,
this could be the reason for the difference (19).

According to our study, NSDs, either mild or severe,
inhibit maxillary sinus growth on the side of the deviation.
If growth is insufficient on the deviation side of the
maxillary sinus, it is likely due to inadequate ventilation.
We recommend controlling nasal breathing in dental
patients, particularly adolescents. An ear, nose, and throat
(ENT) specialist should be consulted if nasal breathing is
impaired. Thus, treating conditions such as NSD, which
may lead to nasal breathing disorders, may prevent
cranial and facial disorder. In addition, considering the
greater accuracy of the image, dentists are recommended
to use CBCTs in order to assess NSD. When diagnosing
moderate to severe NSD by CBCT imaging, patients
are recommended to visit an ENT specialist for further
evaluation.

Conclusion

According to our study, severe and moderate deviations
of the nasal septum prevent sufficient development of
the maxillary sinuses on the same side of the deviation.
Additionally, the average volume of the maxillary sinus on
both sides is greater in men than women while a negative
relationship between age and the maxillary sinus volume
was detected.
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Limitations of the study

Due to the uncommonness of individuals without any
deviation of the nasal septum, the collection of samples
from the control group was limited. Besides, due to the
time constraints of this study, it was not possible to follow
patients and examine sinus disorders in the future, which
is suggested to be considered in future research.
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