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ABSTRACT

Aim: The purpose of this study was to investigate the factors influencing the volume of healthy maxillary sinuses by cone beam
computed tomography (CBCT).

Material and Methods: The maxillary sinus volumes of healthy and entirely visible on the CBCT scan of patients over 18 years
of age were evaluated bilaterally using NNT Viewer volumetric software (CeflaGroup, Verona, Italy). The images with pathologic
changes in one or both maxillary sinuses were excluded. The study included 200 healthy maxillary sinuses of 100 patients (65
female and 35 male) aged between 19 to 85 years with a mean age of 44.13+£16.36 years. The status of the dentition in the
posterior maxilla in regards to the maxillary sinus was classified as dentate, partially dentate and edentulous. Differences in
volume based on gender, age, sinus side, and dental status were analyzed statistically.

Results: There were 104 (52%) dentate sinuses and 76 (38%) partially dentate and 20 (10%) edentulous sinuses. Males had
significantly larger maxillary sinus volumes compared to females (p<0.05). There was an inverse and rather weak (15%) but
statistically significant relationship between age and sinus volume (p<0.05). There was no difference in volume between the
right and left sinuses and dental status showed no differences in sinus volume (p<0.05).

Conclusion: Gender and age influence healthy maxillary sinus volume, while sinus side and dental status do not. Although it
has been reported that the maxillary sinus volume increases throughout life after removal of the posterior teeth in the upper
jaw, we found in our study that tooth loss was not associated with the ongoing pneumatization of the maxillary sinus. To
validate this finding, there is a need for prospective studies comparing sinus volumes using standard time intervals before and
after tooth extraction in the posterior maxilla.
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Amag: Bu calismanin amaci konik isinl biligisayarli tomografi (KIBT) ile saglikh maksiller siniislerin hacmini etkileyen faktorleri
arastirmaktir.

Gereg ve yontem: 18 yasin (zerindeki hastalara ait KIBT taramasinda saglikli ve tamamen gériilebilen maksiller sinlslerin
hacimleri, NNT Viewer programi (CeflaGroup, Verona, Italya) kullanilarak bilateral olarak degerlendirildi. Maksiller siniislerin
birinde veya her ikisinde patolojik degisiklik olan goriintiiler calismaya dahil ediimedi. Calismaya yas ortalamasi 44.13 + 16.36
olan 19-85 yaslari arasindaki 100 hastaya ait (65 kadin ve 35 erkek) 200 saglikli maksiller sinlis dahil edildi. Maksiller sinis ile
iliskili posterior maksilladaki dislerin durumu digli, parsiyel digli ve dissiz olarak siniflandirildi. Cinsiyete, yasa, sag-sol maksiller
siniise ve dental duruma gore hacim farkliliklar istatistiksel olarak analiz edildi.

Bulgular: Dislerin durumuna gore siniflandirmada 104G (%52) disli, 76’s1 (%38) parsiyel disli ve 20'si (%10) digsizdir.
Erkeklerde kadinlara gére maksiller siniis hacimleri anlamli olarak daha yiiksek olarak bulunmustur (p<0.05). Yas ve siniis hacmi
arasinda ters ve oldukga zayif (%15) ancak istatistiksel olarak anlamli bir iliski vardir (p<0.05). Sag-sol maksiller sinlis hacmi ve
dental duruma gore maksiller sinlis hacmi arasinda istatistiksel olarak anlaml farklilik gézlenmemistir (p>0.05).

Sonug: Cinsiyet ve yas saglikli maksiller siniis hacmini etkilerken, sag-sol siniis tarafi ve dis durumu etkilememistir. Ust cenede
posterior diglerin gekiminden sonra maksiller sinlis hacminin yasam boyunca arttigi bildirilmis olsa da calismamizda dis kaybinin
maksiller siniisiin pndmatizasyonu ile iliskili olmadigi bulundu. Bu bulguyu dogrulamak igin posterior maksillada dis gekimi 6ncesi
ve sonrasl standart zaman araliklarinda sinls hacimlerini karsilagtiran prospektif galismalara ihtiyag vardir.

Anahtar kelimeler: konik i1ginli bilgisayarli tomografi; maksiller siniis; paranazal siniis; hacim
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INTRODUCTION

Paranasal sinuses are the air-filled cavities of
the maxillofacial complex including the maxillary,
frontal, sphenoid and ethmoid sinuses. These sinuses
have many functions such as increasing resonance of
the voice, heating and humidifying the inhaled air,
absorption of traumas to the head and face, lightening
the weight of the skull and facial bones, mucus
secretion, adjusting the internal and external
atmospheric pressure, and enlarging the face.!

The maxillary sinus is the largest of the
paranasal sinuses and has a pyramidal shape. It is of
great importance for dentists as it is close to related
anatomical structures.?

The sinus is full of fluid until birth and its
volume at birth is 6-8 cm3.3 The volume of maxillary
sinus reaches its adult size around the ages of 14-18.
The mean volume of the maxillary sinus is
approximately 15 cm3 in an adult.*

Pneumatization of the maxillary sinus is a
continuous physiological process. The paranasal
sinuses increase in volume and fill with air during
growth, and extraction of the maxillary posterior teeth
and associated alveolar crest resorption are important
factors affecting pneumatization. While the maxillary
sinus is affected by an infection caused by the
maxillary posterior teeth, the pathological formation in
the maxillary sinus also affects the teeth.>

It is important to have accurate knowledge
about the maxillary sinus anatomy in preventing the
possibility of the complications of the makxillofacial
surgeries, in the evaluation of the this area before
implant threapy, in determining the amount of graft to
be used before sinus lifting operation, and in
orthodontic mini implant threapy.2 Morphometric
analysis of the maxillary sinus is required to determine
which surgical technique will be used during the
operations at maxil- lofacial region and to avoid injury
to the structures in this area. In addition, maxillary
sinuses can be evaluated in determining gender in
cases where the whole skeleton is not available in
forensic medicine.®

Panoramic and lateral cephalometric
radiography, computed tomography (CT), cone beam
computed tomography (CBCT) and magnetic
resonance imaging (MRI) techniques have been used
for measuring maxillary sinus volume in the
literature.!,” Since the diagnostic values of two-
dimensional imaging methods are limited and
insufficient in terms of imaging pathological
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formations and anatomical variations in the sinuses, in
recent years, CBCT has become useful three-
dimensional diagnostic and scientific tool. The data
acquired by CBCT presents coronal, sagittal, and axial
sections and provides multiplanar images with uniform
low magnification. Although CT is a widely used three-
dimensional imaging technique, CBCT is preferred
because of its low cost, high resolution, lower
radiation dose and better image quality. These
advantages of CBCT help the clinician to evaluate the
maxillary sinuses accurately.®

Since the literatures on the morphometry of
maxillary sinus volume used by CBCT are limited, we
aimed to examine the effects of gender, age, sinus
side and dental status on the volume of healthy
maxillary sinuses by CBCT in this study retrospectively.

MATERIALS AND METHODS

This study was approved by the Clinical
Research Ethical Committee of Altinbas University
(approval number: 2020/24). In this retrospective
study, the study group consisted of the records of the
patients who had x-rays with various indications in the
CBCT archive of Altunbas University Faculty of
Dentistry, Department of Dentomaxillofacial Radiology.
Written consent forms are routinely obtained from
patients before CBCT examinations.

In this study, inclusion criteria was CBCT records
of patients over 18 years of age with healthy maxillary
sinuses. Poor quality images and pathological changes
such as mucosal thickening, polypoid lesion, complete
opacification of the sinus, cyst, foreign body, bone
destruction, developmental anomalies in one or both
maxillary sinuses were excluded. The study was
consisted of a CBCT scan of 200 healthy maxillary
sinuses of 100 patients (65 females and 35 males)
between the ages of 19 to 85 years with a mean age
of 44.13 + 16.36.

CBCT images of all patients were acquired with
NewTom Vgi evo (CeflaGroup, Verona, Italy). The
device was set for 1-32 mA and 110 kV with a single
360 degree rotation created images with a voxel size
of 0.3 mm. Volumes of healthy and fully visible
maxillary sinuses in CBCT scan were performed
bilaterally with the "high speed" mode of the
volumetric software feature of the NNT Viewer
(CeflaGroup, Verona, Italy) program. In the
measurement of the maxillary sinus volume, the
center of the maxillary sinus in the axial plane was
determined first, and then the maxillary sinus was
selected with the "rectangular frame" feature of the
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volumetric software program. The threshold value was
set at 400 in order to contain the largest number of
voxels within the maxillary sinus air cavity and to
exclude as much of the voxels within the air cavities of
surrounding structures, including the nasal cavity. The
default threshold was a simulated Hounsfield unit (HU)
of 400, and all voxels below this threshold were
included in the volume calculation. The sinus volume
was created in 3D and the sinus volume was
calculated and recorded as cm3 (Figure 1).
Radiological images were evaluated on a 22" high
image quality Barco medical monitor in order to
provide an effective evaluation by Oral and
Maxillofacial Radiology specialists (0. O and Z. Z. Y.).
The left and right maxillary sinus volumes of the 20 %
of the individuals were measured separately by two
observers to evaluate inter-observer compliance.

Intra-class correlation coefficient was achieved as
0.99.

Figure 1. Measurement of maxillary sinus volume on axial
and coronal sections of CBCT scan.

To assess the factors affecting the healthy
maxillary sinuses volume, the dental status at the
posterior maxilla was classified as dentate (in the
presence of first, second premolar and molar teeth),
partially dentate (tooth loss >1), and edentulous. The
third molars were excluded from the study.

Statistical analysis

Statistical differences in maxillary sinus volume
were analyzed according to gender, age, sinus side
and dental status.

SPSS Statistics 22 (SPSS IBM, Turkey) software
program was used for all statistical analyzes. The
conformity of the parameters to the normal distribu-
tion was analyzed using the Shapiro Wilks test and the
parameters were found to conform for the normal
distribution. Besides the descriptive statistical methods
(mean, standard deviation, frequency), the one-way
analysis of variance (ANOVA) test was used to
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compare the quantitative data and the parameters
according to the dental status; Student t test was
used to compare age group, gender and right-left
maxillary sinus. Pearson's correlation analysis was
used to assess the relationship between sinus volume
and age. P values <0.05 were considered as
significant statistically.

RESULTS

This study was carried out on 200 maxillary
sinuses of 100 cases, 35 (35%) male and 65 (65%)
female between 19 and 85 years old and the mean
age of all individuals was 44.13 £ 16.36.

When the relationship between maxillary sinus
volume and gender was investigated, the mean
maxillary sinus volume of men (61.46 + 20.73) was
found to be higher than women (49.96+19.66)
significantly (p:0.000; p<0.05). The median age of the
patients included in the study was 40 years old, and
there was no statistically significant difference
between the mean maxillary sinus volume of the cases
below 40 and over 40 years old (p> 0.05). There was
no statistically significant difference between the mean
right and left maxillary sinuse volume (p> 0.05).
Difference between the mean maxillary sinus volume
in terms of dental status was not statistically
significant (p> 0.05) (Table 1).

When the correlation between age and the
maxillary sinus volume were evaluated, there was an
inverse, very weak (15.1%) but statistically significant
relationship between them (p: 0.033; p <0.05) (Table

2).
Table 1. Evaluation of parameters affecting maxillary sinus
volume

n (%) Sinus volume
Mean+SD

Gender Male 70 (%35) 61.46+20.73
Female 130 (%65) 49.96+19.66

p 0.000*
Age <40 100 (%50) 55.44+20.91
>40 100 (%50) 52.52+20.55

p 0.320
Side Right 100 (%50) 53.51+20.58
Left 100 (%50) 54.46+20.98

p 0.745

Dental Status

Dentate 104 (%52) 54.01+£20.35
Edentulous 20 (%10) 58.27+21.08
Partially dentate 76 (%38) 52.82+21.28

p 0.581

! Student t test 2One-way ANOVA Test #p<0.05

Table 2. Maxillary sinus volume correlation with age

Age-Sinus Volume

R -0.151
P 0.033*

Pearson'’s correlation analysis *p<0.05
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DISCUSSION

The maxillary sinuses are the largest of the
paranasal sinuses in volume and are of great
importance due to their anatomical proximity to dental
structures, and they can vary in volume, shape and
size. A good knowledge of the normal volumes and
anatomy of the maxillary sinuses is extremely
important for dentistry in dental implant applications
in the posterior region of the maxilla, and the spread
of infection.! In this study, the maxillary sinus volumes
of male and female groups of different ages were
measured bilaterally, and the differences between
individuals were evaluated by assessing the tooth loss
in the right-left maxilla posterior region.

In the literature, different imaging methods
(CT, MRI and CBCT), various software programs,
cadaver studies and volume measurements on the
image sections have been used to evaluate the
pneumatization in the paranasal sinuses, and
accordingly different results have been obtained.>

Although the difference between the left and
right maxillary sinus volumes of the same individuals
in most studies is not significant statistically,>*!! this
was not valid for individuals with nasal septum
deviation.'? In this study, the mean right maxillary
sinus volume was 53.51 +20.58 cm3, the mean left
maxillary sinus volume was 54.46 + 20.98 cm3, and
there was no significant difference between them.

In some studies, there were differences in the
volume of maxillary sinus between genders, and the
volume of the maxillary sinus was higher in men,11:13,14
Similarly, Rani et al.!> conducted a study with MRI and
evaluated the correlation between age, gender and
maxillary sinus volume by morphometric analysis of
the maxillary sinus. They stated that the maxillary
sinus volume was higher in men than women
statistically. However, in some studies, there was no
significant difference between gender and maxillary
sinus volume.?16-18 The different results may be due to
the differences in female-male ratio, race, and in sinus
volume calculation methods. In this study, the mean
maxillary sinus volume was 61.46 + 20.73 cm3 in men
and 49.96 + 19.66 cm3 in women, and the difference
between them was statistically significant. However, in
our study, the sinus volumes were higher than the
literature findings. The reason of this result might be
due to the "high speed" mode used in our study for
volume calculation.

There are many studies evaluating the age
related changes on the maxillary sinus volume.
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Emirzeoglu and Sahin'* reported a negative correlation
between age and volume in their study on 77 patients
over 18 years of age. Ariji et al.® examined the age
related changes on maxillary sinus volume of 115 CT
images. They reported that the maxillary sinus volume
enlarged until the age of 20 and then there was a
gradual decrease in maxillary sinus volume. Karakas
and Kavakli®® investigated age related changes on
mastoid cell pneumatization and paranasal sinus
volumes of 91 patients between the age of 5-55 years
old by CT and reported that maxillary sinus volume
increases with age significantly. Bornstein et al.l!
reported that the median age was 24.3, and the
maxillary sinus volume was significantly higher in
individuals below the median age compared to those
above the median age in a study on healthy maxillary
sinus by CBCT. Kalabalik and Tarim Ertas®® analyzed
the images of 252 patients between the ages of 12-85
with missing maxillary premolar and molar teeth by
CBCT and reported that there was a negative
correlation between age and maxillary sinus volume.
Sahlstrand-Johnson and Jannert'® did not observe a
correlation with age and sinus volume in a study of 60
patients over 18 years of age by using CT. In another
study of investigating age related changes on
paranasal sinus volumes of 60 patients aged 18 to 63
years, there was no correlation between age and sinus
volume.?! Glileg et al.® also reported that there was no
correlation between age and maxillary sinus volume
on 133 CBCT images of patients aged 8-51 years. In
the present study, the median age was 40 and there
was no difference between the mean maxillary sinus
volume of the cases below and over 40 vyears
significantly. When the relation between sinus volume
and age was examined, there was an inverse, very
weak (15.1%) but statistically significant relationship
between them. The differences between the results of
this study and other studies might be due to the
different age distributions of the study groups and the
dental status of the patients.

Different dental status of the patients should
also be examined in the right and left maxilla posterior
region. Bornstein et al.!! collected the partially dentate
and edentulous cases in the same group and
compared them with dentate groups in the study
evaluating the healthy maxillary sinus volume with
CBCT, and reported that there was no difference
between the groups in terms of maxillary sinus volume
significantly. Ariji et al.?? reported that tooth loss had
no effect on pneumatization in the study with CT.
Schriber et al.? reported that there was no difference

328



between maxillary sinus volumes on dentate and
edentulous patients in the study comparing maxillary
sinus volumes on dentate and edentulous patients by
CBCT. In our study, the dental status in the posterior
maxilla was classified as dentate, partially dentate and
edentulous and similar to the literature findings
mentioned above, there was no statistically significant
difference between the dental status and the mean
maxillary sinus volume.

In addition, studies on different races and
geographies have observed that racial and
geographical factors can change the maxillary sinus
volume.2*25 Tt was reported that the average maxillary
sinus volume of Japanese people was higher than
other races in a study with CT (the average volume of
the right maxillary sinus: 23.6 cm3, the average
volume of the left maxillary sinus: 20.9 cm3).%* In a
study on European and Zulu cadavers divided by race
and gender, it was reported that the mean maxillary
sinus volumes of the two races were different from
each other significantly (European race: the avarage
volume of right maxillary sinus: 16.39 cm3, the
avarage volume of left maxillary sinus: 16.42 cm3; for
Zulu race: the avarage volume of right maxillary sinus:
11.13 cm?, the avarage volume of left maxillary sinus:
10.99 cm3).%

In another study evaluating the maxillary sinus
volume in different craniofacial patterns, it was
reported that maxillary sinus volume is significantly
larger in skeletal class II than in skeletal class III
group and also the volume of the maxillary sinus was
higher in men.?® In a study evaluating maxillary sinus
changes after Le Fort I osteotomy, a decrease in
maxillary sinus volume and an increase in sinus
membrane thickness were observed. They concluded
that Le Fort I osteotomy affected the volume and
thickness of the maxillary sinuses.?’

CONCLUSION

The result of this retrospective study according to
the our findings:

« It is possible to view the maxillary sinus in 3D and
calculate the volume with CBCT which has the
advantage of low radiation dose.

» Average maxillary sinus volume of men was higher
than women significantly.

o Difference between the avarage volume of right and
left maxillary sinuses was not significant statistically.

e There was a statistically significant but reversed and
quite weak correlation between age and maxillary
sinus volume.

OKUMUS, YURDABAKAN

o Difference between dental status and maxillary sinus
volume was not significant statistically. Although it
has been stated that the maxillary sinus expanded
throughout life after missing of the posterior teeth in
the upper jaw, in our study, it was concluded that
tooth loss was not associated with pneumatization of
the maxillary sinus. In future, studies comparing
sinus volumes at standard time intervals before and
after tooth removal in the posterior maxilla are
required to support our findings.

Our results are higher than the literature
findings, and more comparative studies are needed
using the "high resolution" mode.
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