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Evaluation of the Relationship

Between Maxillary Sinus Pathologies
and Odontogenic Factors by Cone Beam
Computed Tomography

Maksiller Siniis Patolojileri ile
Odontojenik Faktorler Arasindaki
[liskinin Konik Isinli Bilgisayarli
Tomografi ile Degerlendirilmesi

ABSTRACT
Objectives:
The aim of this study is to determine the odontogenic factors that can cause maxillary

sinus (MS) pathologies and to evaluate the usability of cone beam computed tomography
(CBCT) for this purpose.

Material and Methods:

In our study, CBCT images of 200 patients who applied to the Department of Oral and
Maxillofacial Radiology of Akdeniz University Faculty of Dentistry for various reasons
were retrospectively scanned to determine the relationship between the presence of MS
pathology and odontogenic factors. MS pathologies; mucosal thickening, mucus reten-
tion cyst, sinusitis, polyp and anthrolite. Cases with a sinus mucosa thickness of 2 mm or
more were considered pathological. Odontogenic factors; chronic apical lesion, marginal
bone loss, oro-antral fistula, restorative applications, root canal treatment, implant,
impacted tooth and residual root. SPSS was used in the analysis of the data and P < 0.05
was considered statistically significant.

Results:

The prevalence of MS pathology was 96% in 192 of 200 patients. The most common MS
pathology in both MSs was mucosal thickening. The most rare MS pathology was antrolite.
While right MS pathology differed according to gender (p = 0.02), there was no relationship
between left MS pathology and gender (p = 0.1). Odontogenic factors were present in 182
patients (91%). There were 175 patients (87.5%) with both odontogenic factors and MS
pathologies. There was a statistically significant correlation between mucosal thickening and
chronic periapical periodontitis (p = 0.004). A statistically significant correlation was found
between sinusitis and oroantral relationship (p = 0.0001). A statistically significant correlation
was found between anthrolite and residual root (p = 0.04).

Conclusion:

Periodontal diseases, chronic apical periodontitis, restorative procedures, residual roots
close to theMS region are associated with MS pathologies. With its low radiation dose
and high spatial resolution, CBCT can help determine the odontogenic etiology in maxil-
lary sinusitis pathologies.
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Amag:

Bu calismanin amaci maksiller siniis (MS) patolojilerine
neden olabilecek odontojenik faktorleri belirlemek ve bu
amagla konik 1sinli bilgisayarli tomografinin (KIBT)
kullanilabilirligini degerlendirmektir.

Gerec ve Yontemler:

Calismamizda Akdeniz Universitesi Dis Hekimligi Fakiilte-
si Agiz Dis ve Cene Radyolojisi Anabilim Dali'na gesitli
nedenlerle bagvuran 200 hastanin KIBT goriintiileri MS
patolojisi varligi ile odontojenik faktorler arasindaki iligkiyi
belirlemek amaciyla retrospektif olarak taranmistir. MS
patolojileri; mukozal kalinlasma, mukus retansiyon Kkisti,
sinlizit, polip ve antrolittir. Siniis mukoza kalinligi 2 mm
veya daha fazla olan vakalar patolojik olarak kabul edildi.
Odontojenik faktorler; kronik apikal lezyon, marjinal kemik
kaybi, oro-antral fistiil, restoratif uygulamalar, kanal tedavi-
si, implant, gémiilii dis ve rezidiiel kok olarak belirlendi.
Verilerin analizinde SPSS kullanildi ve P < 0.05 istatistiksel
olarak anlamli kabul edildi.

Bulgular:

MS patolojisi prevalansi 200 hastanin 192'sinde %96 idi.
Her 2 MS’te de en sik goriilen MS patolojisi mukozal kalin-
lagmaydi. En nadir MS patolojisi antrolit idi. Sag MS
patolojisi cinsiyete gore farklilik gosterirken (p = 0.02), sol
MS patolojisi ile cinsiyet arasinda iliski yoktu (p = 0.1).
Odontojenik faktorler 182 hastada (%91) mevcuttu. Hem
odontojenik faktorler hem de MS patolojileri olan 175 hasta
(%87.5) vardi. Mukozal kalinlagma ile kronik periapikal
periodontitis arasinda istatistiksel olarak anlamli bir korelas-
yon vardi (p = 0.004). Siniizit ile oroantral iligki arasinda
istatistiksel olarak anlamli bir korelasyon bulundu (p =
0.0001). Antrolit ile rezidiiel kok arasinda istatistiksel olarak
anlamli bir korelasyon bulundu (p = 0.04).

Sonug:

Periodontal hastaliklar, kronik apikal periodontitis, restora-
tif islemler, MS bolgesine yakin rezidiiel kokler MS patolo-
jileri ile iliskilidir. Diigiik radyasyon dozu ve yiiksek uzay-
sal ¢oziiniirliigh ile KIBT, maksiller siniizit patolojilerinde
odontojenik etiyolojinin belirlenmesine yardimci olabilir.

Anahtar Sozcukler:

Konik 1g1nl1 bilgisayarli tomografi, Maksiller sinds,
Patoloji, Odontojenik faktorler
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INTRODUCTION

The maxillary siniis (Highmore's space, antrum) (MS) is the
largest of the four paranasal sinuses and is in close anatomi-
cal relationship with the maxillary teeth (1). Disorders due
to inflammatory lesions in the MSs are among the most
common ailments in a dentist's daily practice. MS diseases
caused by odontogenic factors constitute a very diverse
group. Pulp disease, inflammatory lesions in periapical
tissues, periodontium disease, complications of endodontic
treatment and surgical treatment may cause MS pathologies
(2-4).

The proximity of the teeth and MSs is believed to facilitate
the spread of odontogenic infections through the bone of the
alveolar process or directly as a result of a discontinuity at
the sinus floor (5). Posterior maxillary premolars, molars,
and to a lesser extent canines are anatomically close to the
floor of the MS, and the roots of the maxillary posterior
teeth are mostly located within the sinus (2). It is important
to understand this close relationship in order to make the
differential diagnosis of MS pathologies and to apply the
correct treatment, odontogen-induced effects as the source
of the discomfort.

Radiographic evaluation is the main diagnostic method
used to reveal the relationship between periapical lesion and
maxillary sinusitis, in addition to the anamnesis and clinical
findings used to detect the pathological changes caused by
odontogenous pathogens at the base of the MS (6).
Multi-plane images obtained with cone-beam computed
tomography (CBCT) provide radiologists with the opportu-
nity to examine the entire volume of the image obtained and
the anatomical variations and abnormalities that may be
present in the image volume (7). MS pathologies, sinus
septums, exocytosis, periapical lesions expanding to the MS
can be diagnosed with CBCT. Also CBCT is a reliable
radiography method in the evaluation of the size and
borders of the sinus lesion, the condition of the sinus wall
and the ostium (8).

The aim of this study is to evaluate the relationship between
odontogenic factors and MS pathologies on the images of
the CBCT device in patients with radiographic findings of
MS pathology.

MATERIALS and METHODS

This study was conducted in accordance with the Principles
of the Declaration of Helsinki and ethical compliance was
obtained by the Akdeniz University Faculty of Medicine
Clinical Research Ethics Committee before starting the
study (Decision no: KAEK: 400).

Data collection

In the study, 400 MS CBCT images of 200 patients obtained
for various reasons at Akdeniz University Faculty of
Dentistry between January 2022 and January 2023 were
evaluated retrospectively. The specified exclusion criteria
were applied for the study: Images that do not allow optimal



evaluation of the sinuses; metal and movement artefacts;
trauma cases; bone diseases (Fibrous dysplasia, Paget's
Disease, Osteoporosis); hypoplastic sinuses; Patients under
16 years of age were excluded because of benign or malig-
nant neoplasms of bone and incomplete formation of the
MS. The anamnesis information of the patients was
obtained with the Metasoft Dentasist program (version
3.0.448 (Eskisehir, Turkey).

Acquisition and interpretation of images

CBCT images were acquired by the same X-ray technician
with the Veraview X800 CBCT device (J. Morita Mfg.
Corp., Kyoto, Tokyo, Japan) according to the manufactur-
er's instructions (image field: 15x 15x 14.1; 4.8 mA; 99 kvP
and 35.8 sec). Scans were analyzed using i-Dixel (Version
2.3.6.1 J Morita Mfg. Corp.) software. All CBCT images
were evaluated independently by 2 researchers who are
experts in dental radiology on the same LED monitor,
approximately 40-50 cm from the monitor, in a dimly lit
room and with appropriate tonal adjustments. Up to ten
CBCT images per day were evaluated by the investigators
to prevent investigator fatigue.

Age and gender information of 200 patients included in the
evaluation were entered. In the radiographic evaluation of
the MSs, 1 mm thick axial, coronal and sagittal sections;
MSs with air-filled, hypodense/radiolucent appearance,
completely clean borders, or sinuses with Schneider mem-
brane thickness <2 mm were recorded as healthy (9). Radio-
graphic changes were recorded in 5 groups as mucosal thick-
ening, mucus retention cyst, sinusitis, polyp and anthrolite.
Right and left were recorded separately for each MS.

CBCT sections matching the posterior maxillary region in
sagittal and coronal planes were scanned, follow-up
findings of teeth (premolar and molar) were investigated,
and the numbers of etiological teeth were recorded. The
variables determined as odontogenic factors were collected
under 8 groups: chronic apical lesion, marginal bone loss,
oro-antral fistula, restorative applications, root canal
treatment, implant, impacted tooth and residual root.

Statistical analysis

Statistical analysis of the data was performed with the IBM
SPSS Statistics (Version 22.0. Armonk, NY: IBM Corp,
USA) program. The assumption of normality of the data
was evaluated by Shapiro Wilk. Data were expressed as
mean+standard deviation, number, and percentage. Pearson
chi-square test was used in the analysis of possible differ-
ences between groups and P < 0.05 was considered signifi-
cant.

RESULTS

In our study, 103 (51.5%) of the patients were female, 97
(48.5%) were male, and the mean age was 43.53 = 19.18
years. The prevalence of MS pathology was 96% in 192 of
200 patients. There was a correlation between right and left
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MS pathologies (p = 0.001). Table 1 shows the distribution
and lateralization of maxillary sinus pathologies according
to the type of pathology.

Table 1. Type and lateralization of MS pathology.

Left side

Type of maxillary siniis pathology

Mucosal thickening 124 (62%) 126 (63%)
Mucosal thickening with polypoid structure 4(2%) 4 (2%)
Mucosal thickening with anthrolit 52,5%) 8 (4%)

Mucous retention cyst 3(1,5%) 4 (2%)

Sinusitis 27(13,5%) 21 (10,5%)

Sinusitis with anthrolit 2(1%) 0
Polypoid structure 14 (7%) 11 (5,5%)
Anthrolit 1(0,5%) 3(1,5%)
None 20 (10%) 23 (11,5%)
Total 200

The most common MS pathology in both MSs was mucosal
thickening. The most rare MS pathology was antrolite. In
both MSs, 4 patients had both mucosal thickening and
polypoid structure. While both mucosal thickening and
anthrolite were observed in 5 patients in the right MS, it was
observed at a higher rate (8 patients) in the left MS. Both
mucosal thickening and antrolite were observed in the right
MS at a rate of 1% (2 patients).

The most common pathology of the right maxillary sinus in
both men and women was mucosal thickening and sinusitis,
while antrolith was the most rare pathology (Table 2a).

Table 2a. Distribution of MS pathology on the right side by gender according to
Pearson correlation significance tests.

Type Male Female
Mucosal thickening 55 69
Mucosal thickening with polypoid structure 2 2
Mucosal thickening with anthrolit 2 3
Mucous retention cyst 1 2
Sinusitis

18 9
Sinusitis with anthrolit 2 0
Polypoid structure 9 5
Anthrolit 0 1
None 8 12

While mucosal thickening in the right MS was more
common in women, sinusitis and polypoid structure were
more common in men.
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The most common pathology of the left MS in both men and
women was mucosal thickening and sinusitis (Figure 1).

Figure 1. CBCT sagittal image view of mucosal thickening in the MS (white
arrow)

While the most rare pathology in men was anthrolite, the
least amount of mucus retention cyst was seen in women
(Figure 2).

Figure 2. Various MS pathologies on CBCT images. A. Mucus retention cyst
(white Arrow) B. Anthrolite (white Arrow)

Looking at Tables 2a and 2b, while right MS pathology differed
according to gender (p = 0.02), there was no significant relation-
ship between left MS pathology and gender (p = 0.1).
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Table 2b. Distribution of MS pathology on the left side by gender according to
Pearson correlation significance tests.

ype Male Female

Mucosal thickening 58 68
Mucosal thickening with polypoid structure 2 2
Mucosal thickening with anthrolit 2 6
Mucous retention cyst 3 1
Sinusitis

14 7
Sinusitis with anthrolit 0 0
Polypoid structure 8 3
Anthrolit 0 3
None 10 13

Odontogenic factors were present in 182 patients (91%).
Odontogenic factors were observed in 92 male and 90
female patients. Table 3 shows the distribution of odonto-
genic factors by lateralization.

Table 3. Distribution of odontogenic factors and their lateralization.

Odontogenic factors Right Left
Chronic periapical periodontitis 20 (10%) 45 (22,5%)
Marginal bone lost 74(37%) 52 (26%)
Oroantral relationship 3 (1,5%) 1 (0,5%)
Restorative procedure 89 (44,5%) 89 (44,5%)
Endodontic procedure 33 (17%) 34 (17,5%)
Implant 14 (7%) 11 (5,5%)
Residual root 5(2,5%) 7 (3,5%)
Impacted teeth 40 (20%) 40 (20%)

Restorative treatments and marginal bone loss were the
most common odontogenic factors on both sides. While
chronic apical periodontitis was observed at a higher rate
(22.5%) on the left side, marginal bone loss was more on the
right side. Oroantral relationship and residual root were the
rarest odontogenic factors on both sides.

Odontogenic factors were found in 182 (91%) patients, while

MS pathology was observed in 192 patients (96%). 175 patients

(87.5%) with both odontogenic factors and MS pathologies

were detected. 400 hemimaxillae were analyzed in this study.

There was a statistically significant correlation between muco-

sal thickening and chronic periapical periodontitis (p = 0.004).

A statistically significant correlation was found between sinus-

itis and oroantral relationship (p = 0.0001). A statistically signif-

icant correlation was found between anthrolite and residual root
(p =0.040) (Tables 4a, 4c, and 4e).



Table 4a Relationship betwen mucous thickening and odontogenic factors.

Mucous thickening None present p

Chronic periapical periodontitis 11 54 0,004
Marginal bone loss 36 90 0,201
Oroantral relationship 3 1 0,061
Restorative procedure 61 116 0,401
Endodontic procedure 17 50 0,101
Implant 8 17 0,901
Residuel root 5 7 0,401
Impacted teeth 30 50 0,201

171 385 (69.2%)

Table 4b Relationship betwen mucous retantion cyst and odontogenic factors.

Mucous retantion cyst None present p
Chronic periapical periodontitis 65 0 0,201
Marginal bone loss 122 4 0,101
Oroantral relationship 4 0 0,701
Restorative procedure 176 1 0,101
Endodontic procedure 66 1 0,801
Implant 25 0 0,401
Residuel root 12 0 0,601
Impacted teeth 79 1 0,7

7(1,25%)

Table 4¢ Relationship betwen sinusitis and odontogenic factors.

Sinusitis None present \

Chronic periapical periodontitis 57 8 0,901
Marginal bone lost 106 20 0,101
Oroantral relationship 1 3 0,0001
Restorative procedure 156 21 0,701
Endodontic procedure 59 8 0,801
Implant 21 4 0,501
Residuel root 12 0 0,101
Impacted teeth 71 9 0,701

13,1%

Mucosal thickening in the MS was most common in restor-
ative procedures (29%) and in patients with marginal bone
loss (22.5%), while the lowest rate was observed in patients
with oronantral relationship (0.25%).

The highest rate of mucus retention cyst was found in
patients with marginal bone loss, but no significant relation-
ship was found between mucus retention cyst and any odon-
togenic factor (P> 0.05).

Looking at Tables 4c and 4d, sinusitis and polypoid struc-
ture were mostly found in patients who underwent restor-
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ative intervention and marginal bone lost. While there was a
statistically significant correlation between sinusitis and
oroantral relationship (»p = 0.0001), no relationship was
observed between polypoid structure and odontogenic
factors.

Table 4d Relationship betwen polypoid structure and odontogenic factors.

Polypoid structure None present p

Chronic periapical periodontitis ~ 61 4 0,501
Marginal bone lost 116 10 0,801
Oroantral relationship 4 0 0,501
Restorative procedure 159 18 0,201
Endodontic procedure 63 4 0,401
Implant 23 2 0,901
Residuel root 10 2 0,201
Impacted teeth 74 6 0,701

8,2%

Table 4e shows the relationship between anthelmintic and
odontogenic factors. Anthrolite was present at the highest
rate in patients undergoing restorative procedures. There
was a statistically significant correlation between anthrolite
and residual root (p = 0.04).

Table 4e Relationship betwen anthrolit and odontogenic factors.

Anthrolit None present p
Chronic periapical periodontitis 64 1 0,101
Marginal bone lost 123 3 0,101
Oroantral relationship 4 0 0,601
Restorative procedure 171 6 0,201
Endodontic procedure 65 2 0,401
Implant 25 0 0,201
Residuel root 10 2 0,04
Impacted teeth 79 1 0,101
2,7%

DISCUSSION

This study set out to investigate the effects of various odon-
togenic factors on MS pathologies. In the literature, the
relationship between odontogenic factors and sinus pathol-
ogies has been described in detail, and it has been empha-
sized that pathogens of odontogenic origin may cause
deterioration in Schneider membrane integrity (10,11). We
evaluated the possible effects of dental factors such as the
presence of periapical lesions, periodontal bone loss, restor-
ative procedures, root canal treatment, missing and impact-
ed teeth, oroantral relationship, presence of implants and
residual roots on the MSs and their relationship with pathol-
ogies. Both odontogenic factors and (13-15) pathology are
present in 87.5% of the patients. This finding was consistent
with a computed tomography study showing that approxi-
mately 71-86% of sinus infections have an odontogenic
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cause (12). According to previous studies (13-15) MS
pathologies had a definite odontogenic cause, with apical
periodontitis accounting for 83% of all cases. Moreover, the
prevalence of other sinus disorders such as mucosal thick-
ening, mucus retention cyst, and odontogenic maxillary
sinusitis ranges from 8% to 29%, 2-36%, and 10-86%,
respectively.

The most common (13-15) pathology in our study was mucosal
thickening with a prevalence of 62/63% (right/left side). A
number of studies (16-18) have reported prevalence rates of
sinus mucosal thickening ranging from 37% to 62%.

This inconsistency between studies can be attributed to the use
of different diagnostic criteria (> 1,>2,> 3 mm) in the literature
in the evaluation of pathological radiographic mucosal thicken-
ing. Other explanations are likely due to the difference in
indications for the CBCT scans included in the study and ethnic
differences between the populations studied (19).

In the study of Bozdemir et al. (20) 6.5% sinusitis, 22/20.6%
(right/left) mucus retention cyst and polypoid structure,
0.3/1.3% (right/left) anthrolite were observed. Our results are
compatible with this study only in terms of anthrolite ratio. In
this study, the prevalence of sinusitis was higher (13.5/10.5%)
and the polypoid structure was found to be less (7/5.5%). In the
same study, there was a significant difference between the sexes
(p = 0.02), and men (53.5%) had more sinus pathology than
women (46.5%). Bajoria et al. (21) and Turfe et al. (22) found
higher rates of maxillary sinus pathology in men, while Saibene
et al. (23) and Arias-Irimia et al. (24) observed that women had
more pathology. In our study, we found that right MS pathology
differed according to gender (p = 0.02), and there was no
relationship between left MS pathology and gender (p =0.1).
In our study, the percentage of patients with sinus findings
(96%) in CBCT examinations was determined by Ritter et al.
(25) and Panzera et al. f(26) ound higher.

The main reasons for the differences in our study may be due to
the patient population or the different sensitivity of CBCT
devices for soft tissues. Various CBCT devices have flat panel
detectors of various sizes, and the geometry of large area detec-
tors is more likely to be hit by scattered photons. Therefore, the
extent of the distorting effect of scattered radiation differs
between CBCT device. It is well known that dispersion reduces
soft tissue contrast (27). Therefore, the inclusion and exclusion
criteria should be reviewed and patients with very large metallic
restorations may need to be excluded (28).

Maillet et al. (29) in their study, they found a 75% prevalence of
maxillary sinusitis associated with dental conditions. We found
this rate much lower (13.1%). In the study of Bajoria et al. (21)
sinusitis was found at a rate of 5.1% in patients with periodonti-
tis, while this rate was found to be 3.5% in our study. In another
study (21) 1.4% of patients with chronic periapical periodontitis
were seen, which is consistent with our results.

The majority of previous studies (30-32) reported a positive
relationship between periapical lesions and mucosal thickening,
despite some adverse results (17,33). Our study shows that
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there is a positive correlation between the prevalence of muco-
sal thickening in the MS and the presence of periapical lesions
(p =0.004). There are limited studies investigating periodontal
bone loss and mucosal thickening, and they have shown that
there is no relationship between mucosal thickening and
periodontal bone loss (34,35).

In our literature review, we came across a study investigating
the relationship between restorative procedures and maxillary
sinusitis. Connor et al. (36) evaluated the relationship between
dental restorations and MS diseases in their computed tomogra-
phy (CT) study on 330 MSs in 165 patients with inflammatory
sinus disease. As a result, they found that dental restorations
were not associated with MS pathologies, but were associated
with mucosal thickening. In our study, although we found the
incidence of restorative procedures to be high in patients, we
did not find any association with MS pathologies. Finding
different results with ours, Connor et al. (36) While they evalu-
ated only dental restorations as an odontogenic factor in their
CT study on patients with sinusitis, the evaluation of many
odontogenic factors in our study may be the reason for the
difference between the 2 studies.

CONCLUSION

The findings of our study have proven that the evaluation of
maxillary posterior region pathologies in the diagnosis of MS
pathology is important in terms of the course of the disease and
treatment planning. Since there may be a relationship between
odontogenous MS pathology, 3D imaging methods are needed
in order to diagnose the cases correctly and not be overlooked.
CBCTs with high spatial resolution can be used as an imaging
method in illuminating cases of MS pathology of odontogenic
origin.
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