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ABSTRACT

Objective: This study aims to evaluate maxillary sinus pneumatizations
with Cone-beam Computed Tomography (CBCT) and correlate sinus
pneumatizations with pathology.

Material and Method: Maxillary sinus pneumatization can be listed as
frontal process pneumatization (FPP), zygomatic process pneumatization
(ZPP), nasal cavity pneumatizations (NCP), palatal process pneumatizations
(PPP), orbital process pneumatization (OPP), palatal pneumatization to
sphenomaxillary plate (SPP), pneumatization caused by tooth loss, and
alveolar bone pneumatization (ABP).

Istanbul University Faculty of Dentistry Department of Oral and
Maxillofacial Radiology Volumetric Tomography images of patients
entering the image region of the maxillary sinus were examined between
December 2015 and December 2017 in this study.

The images were examined with the software called OnDemand 3D™
(Cybermed, California, USA). CBCT device is Scanora 3Dx brand CBCT
(Scanora® 3Dx, Soredex, Tuusula, Finland). It was subjected to appropriate
statistical analysis retrospectively using CBCT images.

Results: Our study has revealed that some pathologies such as mucosal
thickening, polypoidal mucosal thickening, partial opacification, total
opacification, and effusion are due to maxillary sinus pneumatization.
Statistically significant differences were found between ABP, PPP, and ZPP
with mucosal thickenings (p<0.05).

Mucosal thickening is the most common which is seen with alveolar bone
pneumatization statistically (36.5% on the right, 38% on the left).

In addition, a significant correlation was found between ABP and total
opacification on the left side (p=0.001).

Conclusion: CBCT is the most appropriate imaging method for imaging the
pneumatization of the maxillary sinus. Knowing maxillary sinus
pneumatizations is of great importance in terms of dentistry in order to
prevent complications that may occur during and after surgical operations.
Our study will make an important contribution to the dentistry literature
in order to define rare maxillary sinus pneumatizations and to explain the
relationship of these pneumatizations with pathology.

Key words: Pneumatization, CBCT, maxillary sinus

0z

Amag: Bu galismanin amaci, Konik Isinli Bilgisayarli Tomografi (KIBT) ile
maksiller sinlis pénomatizasyonlarinin degerlendirilmesi ve pnomatizas-
yonlarinin sinls patolojileri ile iliskilendirilmesidir.

Gereg¢ ve Yontem: Maksiller sintis pnomatizasyonlarini; frontal proses
pnomatizasyonlari, zigomatik proses pndmatizasyonlari, palatal proses
pnématizasyonlari, orbital proses pnématizasyonlari, palatinalden sfeno-
maksiller plakaya pnématizasyonlar dis kaybinin neden oldugu pnomati-
zasyonlar ve alveolar kemige pnomatizasyon olarak siralayabiliriz. Bu
calismada istanbul Universitesi Dis Hekimligi Fakiiltesi Agiz Dis Cene
Radyolojisi Anabilim Dalinda 2015-2017 yillari arasinda alinan, maksiller
sintistin gorunttleme alanina girdigi KIBT gorintileri incelenmistir.
Scanora 3Dx marka KIBT cihazi (Scanora® 3Dx, Soredex, Tuusula, Finland)
ile alinan gorintiler, OnDemand 3D™ (Cybermed, California, USA) adli
yazihm ile incelenmistir. Retrospektif olarak degerlendirilen gorintiler
uygun istatistiksel analize tabi tutulmustur.

Bulgular: Calismamiz, mukozal kalinlagsma, polipoidal mukozal kalinlagma,
parsiyel opasifikasyon, total opasifikasyon ve eflizyon gibi bazi patolojile-
rin maksiller sinis pnématizasyonlarina bagh oldugunu ortaya gikarmistir.
istatiksel olarak en ¢ok karsilasilan alveolar kemik pnématizasyonlarinda
mukozal kalinlagsmadir (%36,5 sagda ve %38 solda).

Alveolar kemik pnématizasyonu, palatal proses pndématizasyonu ve zigo-
matik kemik pnématizasyonu’nun mukozal kalinlagmalar ile arasinda ista-
tiksel olarak anlamli farkhliklar bulunmustur (p<0,05). Ayrica sol tarafta
alveolar kemik pndmatizasyonu ile total opasifikasyon arasinda anlamli
iliski bulunmustur (p=0,001).

Sonug: Maksiller sints ile ilgili pnématizasyonlarini gériintiilemede en
uygun goérintileme yontemi KIBT’ tir. Cerrahi operasyonlar sirasinda ve
sonrasinda olusabilecek komplikasyonlari 6nlemek amaciyla maksiller
sinlis pnématizasyonlarinin bilinmesi dis hekimligi agisindan biyik 6nem
arz etmektedir.

Bizim ¢alismamiz; nadir gorilen maksiller siniis pnématizasyonlarini
tanimlamak ve bu pnématizayonlarin patoloji ile iliskisi agiklamak amaciy-
la dis hekimligi literatirtine 6nemli katki saglayacaktir.

Anahtar Kelimeler: Pnématizasyon, KIBT, maksiller sints
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INTRODUCTION

The maxillary sinus is the largest paranasal sinus, and the first
to form (1, 2). The maxillary sinus volume at birth is 6-8 ml (2).
Maxillary sinus size is approximately 34x33x23 mm in adults,
and its volume is 14.75 ml (3). The anterior/posterior part is the
maximum volume (2). The maxillary sinus volume decreases
after growth reaches its maximum (4). As the minerals in the
bone matrix of the body are lost, this also affects the volume
of the maxillary sinus. Maxillary sinus dimensions are affected
by anatomical variations. The volume of the maxillary sinus is
significant in the planning of surgical treatment (5).

The maxillary sinus resembles a pyramid in shape. The base of
this pyramid is formed by the lateral wall of the nasal cavity; the
apex is towards the zygomatic process and the anterior wall is
associated with the fossa canina. The maxillary sinus is adjacent
to the nasal cavity medially and the zygoma laterally (1, 3).

Maxillary sinus pneumatization is a physiological process.
Pneumatization begins in the ethmoid sinuses, then in the
maxillary sinus, sphenoid sinuses, and frontal sinuses. Although
the pneumatization of the paranasal sinuses is different on the
right and left, it can also vary from person to person (6).

The sinus with the most pneumatization is the frontal sinus,
followed by the ethmoid and sphenoid sinuses, respectively (7).
Maxillary sinus pneumatization is rare. Pneumatization causes
increased sinus volume (8). The maxillary sinus pneumatization
begins in the third week of pregnancy and continues to be
pneumatized after birth (4, 7). In the first three years, growth is
rapid, and change is slower between ages 3 and 7 (4). Between
7-12 years, growth accelerates again and slows further into
adulthood (4). Pneumatization of the maxillary sinus ends after
the third molars erupt at age 20 (8, 9).

The panoramic radiograph gives limited information about
maxillary sinus pneumatization. CBCT (cone beam computed
tomography) is a required imaging method in dentistry (10).
CBCT plays an essential role in diagnosing anatomical variations
(11). CBCT is a gold standard and significant imaging method.
(10). Sinus pneumatization is best evaluated with CBCT (8).

This study aims to evaluate maxillary sinus pneumatizations
with CBCT and to associate these pneumatizations with

Figure 1: Frontal process pneumatization

pathology. Rare pneumatizations will contribute to the dentistry
literature, and their relationship with pathology will enable
dentists to obtain information before surgical operations.

MATERIAL and METHODS

Approval for this study was obtained by the Istanbul University
Faculty of Dentistry Clinical Research Ethics Committee (Date/
File n0:28.08.2018/72). The study was carried out by the
Helsinki Declaration of Human Rights guidelines at every stage.
Patients admitted to the Department of Oral and Maxillofacial
Radiology at Istanbul University Faculty of Dentistry between
2015 and 2017 for any reason were examined, and 4158
patients who entered the field of imaging of the maxillary
sinus were included in the study. These Fields of View (FOV)
were 8x10,14x16,24x16 mm. Data were evaluated by using
technical properties of 60-90 kVp, 4-10mA, 18-34s, and 0.2
mm slice thickness in the coronal, axial, and sagittal planes.
Patients were excluded from the study in the presence of a
history of maxillofacial trauma or surgery, any syndrome, and
artifacts that reduce image quality. A total of 621 patients
(1242 maxillary sinuses), aged 18-51, over 51 years old were
evaluated retrospectively with CBCT images. Patient images
were obtained with a Scanora 3Dx brand CBCT device (Scanora®
3Dx, Soredex, Tuusula, Finland). Images were analyzed using
the device’s original program OnDemand 3D™ (Cybermed,
California, USA), and a medical monitor.

Radiological evaluation was performed by an oral and
maxillofacial radiologist and four investigators. CBCT images
were examined in axial, sagittal, and coronal sections, and
maxillary sinus pneumatization was detected. Maxillary
sinus pathologies, mucosal thickening, polypoidal mucosal
thickening, partial opacity, total opacity, and effusion were
examined in 5 categories.

Data were analyzed using the Statistical Package for and Social
Sciences (SPSS) program. Chi-square tests (Pearson Chi-square,
Yates Chi-square, and Fisher Exact Test) were used to compare
categorical variables. A p-value of <0.05 was considered
statistically significant in all analyses.

Figure 2: Zygomatic process pneumatization
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Figure 3: Zygomatic process pneumatization

Figure 4: Maxillary sinus pneumatization into the nasal cavity

Maxillary sinus pneumatization is classified as:

-Frontal process pneumatization: This type of pneumatization
is pneumatization towards the frontal recess (Figure 1). Itis an
extremely rare pneumatization (12). This is a pneumatization
to the superomedial side.

Zygomatic process pneumatization: This type of pneumatization
pneumatizes the malar bone, and this type of pneumatization
pneumatizes laterally (Figure 2,3) (7).

e Maxillary sinus pneumatization into the nasal cavity: The
most common anatomical variation is concha bullosa in the
middle turbinate. These are called concha bullosa or bullous
concha (13). Some variations can cause nasal congestion
or facial pain. Nasal turbinate variations can be easily
diagnosed with CBCT (14). This type of pneumatization is
rare, and the maxillary sinus is pneumatized into the nasal
cavity (Figure 4).

e Pneumatization to the orbit: This type of pneumatization
is of two types, wavy tapered and vertical (Figure 5) (12).

e Pneumatization from palatal to sphenomaxillary plate: This
type of pneumatization connects the maxillary sinus to the
sphenoid sinus via the septum (15). Sphenomaxillary plate
pneumatization is essential to avoid orbital complications
during maxillary sinus surgery (12).

e Palatal pneumatization: This type of pneumatization
pneumatizes the hard palate towards the midline (Figure
6) (12).

e Pneumatizations caused by tooth loss (inferior
pneumatization, alveolar): After tooth extraction, alveolar
bone size reduction is observed. This causes insufficient
bone volume, and dental implant placement becomes
difficult due to reduced bone volume. Bone resorption
is observed after tooth extraction due to maxillary sinus
pneumatization (16). Pneumatization with tooth loss may
require various clinical treatments (e.g., sinus lift, bone
graft applications, use of oral implants) (5, 15).

The rate and degree of alveolar pneumatization are affected
by some conditions. These situations are:

1. The cortical bone layer of the root may break during
tooth extraction, and the maxillary sinus may become
pneumatized.

2. Asignificant defect occurs in the alveolar bone, unlike other
teeth, after molar extraction (Figure 7) (7,8).

Rare pneumatizations will contribute to the dentistry literature,
and their relationship with pathology will enable dentists to
obtain information before surgical operations.

RESULTS

A total of 621 patients (1242 maxillary sinuses) aged 18-51, over
51 years old, were evaluated retrospectively with CBCT images.

Maxillary sinus pneumatization can be listed as frontal process
pneumatization (FPP), zygomatic process pneumatization
(ZPP), nasal cavity pneumatization (NCP), palatal process
pneumatizations (PPP), orbital process pneumatization
(OPP), palatal pneumatization to sphenomaxillary plate (SPP),
pneumatization caused by tooth loss, and alveolar bone
pneumatization (ABP).

It has been revealed that some pathologies such as mucosal
thickening, polypoidal mucosal thickening, partial opacification,
total opacification, and effusion are due to maxillary sinus
pneumatization.

Table 1 shows the pneumatizations and pneumatizations
associated with right and left mucosal thickening, polypoidal
mucosal thickening, partial opacification, total opacification,
and effusion.

As seen in Table 1, there is a significant relationship between
ABP and mucosal thickening (p=0.006) and polypoidal
thickening (p=0.008) on the right side (p<0.05), but there is
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Figure 6: Pneumatization in the palatal

Figure 7: Alveolar pneumatization

a substantial relationship between ABP and only mucosal
thickening (p=0.016) on the left side (p<0.05). This relationship
tells us that ABP affects maxillary sinus pathology in both
dimensions of thickening.

There is also a significant relationship between PPP and
polypoidal mucosal thickening (p=0.008) on the right side
(p<0.05). This relationship tells us that PPP affects maxillary
sinus pathology only at the extent of partial mucosal thickening.

There is also a significant relationship between ZPP and
mucosal thickening (p=0.032) on the right side (p<0.05). This
relationship shows that ZPP affects maxillary sinus pathology
in one dimension called mucosal thickening.

On the left side, ABP and total opacification have an important
relationship (p=0.001, p<0.05). This means that total
opacification affects maxillary sinus pathology. Also, there is a
significant relationship between ABP and mucosal thickening
(p=0.016) on the left side (p<0.05).

Table 2 shows the distribution of alveolar pneumatization by
age groups.

According to the chi-square test, right and left alveolar
pneumatizations show significant differences according to age
groups (p<0.05). From this analysis, it can be determined that
alveolar pneumatization increases with increasing age.

Kalavagunta and Reddy detected 8% of maxillary sinus
pneumatization in the UK population (3.5% male and 4,5
female) (8,12).

200 CBCT were detected, and 16 patients had pneumatizations
in their study.

DISCUSSION

Pneumatization begins in the ethmoid sinuses, then in the
makxillary sinus, sphenoid sinuses, and frontal sinuses. Although
the pneumatization of the paranasal sinuses is different on the
right and left, it can also vary from person to person (6).

The cause of pneumatization is not fully understood. Possible
causes are heredity, craniofacial configuration, growth
hormones, bone density, sinus surgery, sinus air pressure, and
age-related process. (7, 17). Another theory is trauma that
precedes maxillary sinus pneumatization (18).

If the patient is asymptomatic and the pneumatization does
not affect other structures, it is called hypersinus (5). If the
patient has symptomatic and local pressure symptoms and
the pneumatization occurs to other structures, it is called
pneumosinus (4). The general appearance of the patient is
a facial deformity. Other possible manifestations are cheek
pain with pressure, nasal congestion, and sinusitis (18). These
deformities require surgical operation.

The aim is to evaluate maxillary sinus pneumatizations with
CBCT and to correlate the pneumatizations with any associated
pathology. The pneumatizations examined will contribute
to the dentistry literature and enable dentists to obtain
information about their relationship with pathology before
surgical operations.
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Table 2: Distribution of alveolar pneumatization according
to age

Alveolar right Alveolar
Total p left  total p
- + -+
18-30 180 31 211 176 35 211
éfsu 1950 182 35 217 180 37 217
p 0.012* 0.044*
51+ 144 49 193 144 49 193
Total 506 115 621 500 121 621

*Chi-square test

Preoperative evaluation is critical in evaluating maxillary sinus
variations and detecting pathological problems (10).

This study provides information about different
pneumatizations. CBCT is a gold standard that contributes
to different pneumatizations. In this study, CBCT was used to
identify pneumatizations. These pneumatizations are frontal
process pneumatizations, zygomatic process pneumatizations,
orbital pneumatizations, pneumatizations from palatal to
sphenomaxillary plate, and pneumatizations caused by tooth
loss (pneumatizations to alveolar bone). The present research
made the following contributions:

- broadened our knowledge between pneumatizations and
pathologies.

- provided data on rare pneumatizations
The prevalence of pneumatization in Turkey is 27.7%.

In the literature, the overall pneumatization in the world is
8% to 83.2%.

Schuh et al. reported the rate of alveolar pneumatization as
50% and as 100% by Lana et al. Shaidi et al. found alveolar
pneumatization at a rate of 57.5% (10). With CBCT, it is possible
to detect anatomical variations and perform more successful
surgical applications.

Ketenci et al. found 244 alveolar pneumatizations in 300
patients in the CBCT evaluation in their study (8). In their
assessment, mucosal thickening was stated as 63%. In this
research, it was determined as 42% on the right and 46% on
the left. Ketenci et al. achieved a higher result than this study.

Lana et al. 83.2% reported alveolar pneumatization in the
Brazilian population (19). In 2003, Kalavagunta and Reddy
detected 8% of maxillary sinus pneumatization in the UK
population (8, 12). In 2015, Go¢men et al. reported that
maxillary sinus pneumatization was 27.7% in the Marmara

171

region of Turkey (9). Alveolar pneumatization increases with
age (8). The results of the authors’ study are similar to this
finding.

The rate of mucosal thickening was stated as 48.8% and
reported the rate of mucosal thickening as 27.5% (8). In this
study, the incidence of mucosal thickening was 36.5%. The
results of this study are similar to these two studies.

Yang et al. reported 8 cases of maxillary sinus pneumatization
into the nasal cavity (20). Timurlenk et al. reported the ninth
case (21). In this study, maxillary sinus pneumatization occurred
in 4 nasal cavities.

Kalavagunta et al. reported sphenomaxillary plaque
pneumatization as 3%, frontal process pneumatization 0.5%,
and pneumatization to the orbit as 6% (12). This study found
1 pneumatization to the orbit and 9 pneumatizations to the
frontal process.

CONCLUSION

CBCT best detects pneumatizations of the maxillary sinus.
Maxillary sinus pneumatizations and pathologies should be
diagnosed and understood to prevent complications that may
occur during and after surgical operations. Rare maxillary
sinus pneumatizations will make a significant contribution to
the dentistry literature. Maxillary sinus pneumatizations are
observed due to some pathologies such as mucosal thickening,
polypoidal mucosal thickening, partial opacification, total
opacification, and effusion. The most common is mucosal
thickening with alveolar bone pneumatizations.

To prevent complications that may occur during and after
surgical operations, it is necessary to know the pneumatizations
of the maxillary sinus. Pathologies with maxillary sinus
pneumatizations will contribute to the dentistry literature.
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