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ORIGINAL ARTICLE

Anatomical proximity of maxillary teeth

and local factors associated with

the thickness of the makxillary sinus mucosa:

a retrospective study

ABSTRACT

Aim: This cross-sectional study aimed to assess the proximity of root apexes to the
maxillary sinus and to verify the correlation between sinus mucosal thickening with
the distance from the root apex to the sinus floor, endodontic treatment, age, tooth,
sex, and presence of periapical lesion.

Methodology: 169 cone-beam computed tomography images were selected, and
696 teeth were assessed, 600 without endodontic treatment, and 96 endodontical-
ly treated. The images were initially classified according to the study conducted by
Kwak et al. (2004) to assess the proximity of the tooth roots to the maxillary sinus,
and multiple logistic regression was subsequently applied to identify probable factors
influencing the thickening of the sinus mucosa.

Results: The vertical relationships between tooth roots and the sinus floor among
the second premolars indicated a predominance of classification | (57.7%); whereas,
in the first and second molars there was a predominance of types Il (48.4%) and Il
(34.2%), respectively. The logistic regression did not indicate significant relationships
between sinus mucosal thickening and the distance from the root apexes to the
sinus floor, presence of endodontic treatment, and type of tooth (p>0.05). Age,
presence of periapical lesions, and sex were associated with the presence of sinus
thickening (p<0.05; odds ratio=1.03, 2.99, and 5.11, respectively).

Conclusions: The presence of thickening in maxillary sinuses was correlated with
the following factors: age, sex, and presence of periapical lesions.
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Introduction

he desired outcome for any
endodontic treatment involves
preventing or eradicating pulp
and periradicular infections and
complete sealing of the root ca-
nal system, providing comfort and a better
quality of life for patients subject to this type
of therapy (1). Currently, it is possible to
observe with greater clarity the proximity
of the root apexes of posterior upper teeth to
the maxillary sinus. Cone-beam computed
tomography (CBCT) is currently considered
one of the most accurate image resources in
the visualization of structures - such as the
maxillary sinus - and possible changes in
the sinus mucosa. Also, CBCT avoids incon-
veniences during the analyses, such as
overlapping images, distortions, or vertical
and horizontal enlargements (7, 10), becom-
ing valuable and effective for determining
the clinical relationship between the max-
illary sinus floor and the root apexes of
posterior upper teeth (11-13), increasing the
number of cases diagnosed due to image
accuracy (10).
Changes in the maxillary sinus mucosa
generated by odontogenic infections are the
result of the anatomical relationship between
teeth and sinus. The roots of the posterior
upper teeth are usually in close opposition
to the maxillary sinus, with their apexes
being projected towards the floor of this
structure. This fact causes elevations or
prominences in the thin layer of bone that
separates them, which is considered a fusion
of the lamina dura and the floor of the max-
illary sinus (2). It is known that the upper
first and second molars are usually pointed
out as the teeth with greater proximity to the
maxillary sinus (3-5). In addition, these two
types of teeth have a higher prevalence of
periapical lesions, when compared with the
other teeth of the oral cavity (even when
already endodontically treated), due to the
high probability of having an extra canal (6).
These lesions generate the risk of dissipating
bacterial infections, thus damaging the
maxillary sinus floor due to the extent of
periradicular lesions when present (7).
Odontogenic sinusitis is characterized by
chronic inflammation of the paranasal si-
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nuses. It occurs when the Schneiderian
membrane is irritated or perforated, as a result
of dental infections, maxillary trauma, a
foreign body within the maxillary sinus,
supernumerary teeth, or periapical granuloma
(8). The deposition of foreign substances - in-
cluding those used in endodontics - when
inside the maxillary sinus, can also give rise
to various pathophysiological responses, and
induce chronic inflammation. These foreign
bodies can promote sinus pain and pressure,
acute and chronic sinusitis resulting from
irritation and thickening of the mucous mem-
branes of the sinus, pain during chewing, and
tenderness on palpation (9). Based on the
above, the goals of this retrospective study
were to assess the proximity of root apexes to
the maxillary sinus and to verify the correla-
tion between sinus membrane thickening
with the distance from the root apex to the
sinus floor, endodontic treatment, age, tooth,
sex, and presence of periapical lesion.

Materials and Methods

After approval by the local Research Ethics
Committee (approval number 773.236), 169
CBCT images obtained from a private clinic
of oral and maxillofacial radiology were
assessed. Each tomographic image was an-
alyzed in parasagittal sections of the upper
premolar and molar regions, both on the left
and right sides.

To compose the sample for the study, the
images were selected based on the following
inclusion criteria: images of patients who had
at least 20 years of age; and that provided a
complete view of the maxillary sinus and the
roots of the posterior upper teeth. Since this
study was done using CBCT images and there
was no way to confirm periodontal diseases
based only on the images, teeth with peri-
odontal diseases were not excluded.

The sample calculation was performed using
the GPower 3.1.9.4 software (Hein-
rich-Heine-Universitét Diisseldorf , Germany)
(14) and the incidence of root protrusion
within the maxillary sinus of upper second
premolars and upper first and second molars,
with the maxillary sinus as the primary
outcome. Based on the study conducted by
Jang et al (15) a power of 0.80 and an o level
of 0.05 were used to detect a difference in
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A

Figure 1

CBCT images exemplifying
the different anatomic
relationship between
maxillary sinuses and
molars.

A) Type I=maxillary sinus
floor located above the
buccal and palatal root
apexes; B) Type ll=maxillary
sinus floor in contact with
buccal and palatal root
apexes; C) Type lll=apical
projection of one or two
buccal roots into the sinus
floor; D) Type IV=apical
projection of palatal roots
into the sinus floor; E) Type
V=apical projection of the
buccal and palatal roots into
the sinus floor.

proportions of 0.0714 between groups. To
that end, 660 teeth were needed. In the
present study, 696 teeth were scanned, 600
had had no endodontic treatments, and 96
had been endodontically treated.

In the first analysis, we classified the imag-

es according to the tooth roots’ proximity to
the maxillary sinuses. Thus, patients’ molars
and premolars of the right and left hemi-fac-
es were classified according to the study
conducted by Kwak et al. (16). The molars
were classified as: type I=maxillary sinus

Table 1
Vertical relationships between the sinus floor and the roots of the upper teeth
Second premolars First molars | Second molars
.. Type | (%);
’ 112 (57.7)
63 (28) 92 (33.2)
Typell (%)} Type Il (%)
71 (36.5)
109 (48.4) 73 (26.3)
Type lll (%); Typelli (%)
4 11 (5.6) >
28 (12.4) 95 (34.2)
Type IV (%)
N R 19 (8.4) 9(3.2)
) 6 (2.6) 8(2.8)
Total 194 (100%) 225 (100%) | 277 (100%)
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Figure 2

CBCT images exemplifying
the different anatomic
relationship between
maxillary sinuses and
Second premolars. A) Type
I=maxillary sinus floor
located above the root
apexes; B) Type ll=maxillary
sinus floor in contact with the
root apexes; C) Type
lll=apical projection of the
root into the sinus floor.

floor located above the buccal and palatal
root apexes; type [I=maxillary sinus floor in
contact with buccal and palatal root apexes,
but without projection of the roots into the
floor of the sinus (laterally projected to the
maxillary sinus); type III=apical projection
of one or two buccal roots into the sinus floor;
type IV=apical projection of palatal roots
into the sinus floor, and type V=apical pro-
jection of the buccal and palatal roots into
the sinus floor (Table 1, Figure 1).

For the second premolars, the classification
was adapted as follows: type I=maxillary
sinus floor located above the root apexes;

type II=maxillary sinus floor
in contact with the root apex-
es, but without apical projec-
tion into the sinus floor (roots
laterally projected into the
sinus); type Ill=apical projec-
tion of the root into the sinus
floor (Table 1, Figure 2). For
the evaluator’s calibration, an
intra-observer reliability
analysis was performed using
Weighted Cohen’s Kappa co-
efficient of agreement until
indexes above 0.9 were obtained.

A second analysis was performed using
multiple logistic regression to determine the
relationships between the thickening of the
sinus mucosa and the distance from the root
apex to the sinus floor, endodontic treatment,
age, tooth, sex, and presence of periapical
lesions. To that end, 96 teeth endodontically
treated were assessed, and 52 untreated teeth
from the initial sample of 600 teeth were
selected at random. This way, the sample
was composed of 139 molar roots endodon-
tically treated, and 117 without previous
endodontic treatments. The presence of

Table 2

Vertical relationships between the sinus floor, presence/absence of thickening, treatment,

and roots of the upper teeth

Type | Type 1l Type Il Type IV Type V Total
Second premolars (194)
Treated (n) 24 16 4 - - 44
Thickening (%) 13 (54.1) 4 (66.6) 1 (25) - - 18 (40.9)
Untreated (n) 88 55 7 - - 150
Thickening (%) 20 (22.7) 13 (23.6) 1(14.2) - - 34 (22.6)
First molars (225)
Treated (n) 14 6 3 2 2 27
Thickening (%) 6 (42.8) 5(83.3) 0 (0) 0 (0) 0 (0) 11 (40.7)
Untreated (n) 49 103 25 17 4 198
Thickening (%) 12 (24.4) 30 (29.1) 7 (28) 7 (41.17) 1 (25) 57 (28.78)
Second molars (277)
Treated (n) 9 3 9 2 2 25
Thickening (%) 3(33.3) 3(100) 1(11.1) 1 (50) 1 (50) 9 (36)
Untreated (n) 83 70 86 7 6 252
Thickening (%) 25 (30.1) 17 (24.2) 20 (23.25) 5(71.42) 0(0) 67 (26.5)
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Table 3

Simple and multiple logistic regression of the association between the presence
of maxillary sinus thickening and the explanatory variables

Explanatory variables Non-adjusted p-value Adjusted odds p-value
odds ratio (95% CI) ratio (95% CI)
Age 1.0299 (1.00 to 1.06) 0.0222 1.0301 (1.00 to 1.06) 0.0442
Periapical Lesion
Present 3.0612 (1.48 to 6.35) 0.0026 2.9951 (1.29 to0 6.97) 0.0109
Absent 1 1
Endodontic Treatment
Present 1.7783 (0.85 t0 3.72) 0.1257
Absent 1
Teeth
Premolars 1.0417 (0.52 to 2.09) 0.9083
First molars 1.2231 (0.60 to 2.51) 0.5827
Second molars 0.7725 (0.37 to 1.63) 0.4984
Anatomical classification 0.7361 (0.52 to 1.05) 0.0901
Sex
Male 3.4848 (1.72 to 7.07) 0.0005 5.1109 (2.29 to 11.41) <0.0001
Female 1 1

apical lesions was observed in 63 roots of
teeth endodontically treated, and in one case
of untreated teeth. In the premolar group,
there were 43 roots with endodontic treat-
ment, and 12 without endodontic treatment,
with apical lesions in 27 and in one case,
respectively. No extrusion of filling material
was observed involving the root apexes.

The analyses of the present study’s images
were performed using the InVivoDental by
Anatomage (Copyright 2005© Anatomage,
USA, All Rights Reserved). The images were
interpreted initially by doing a comprehen-
sive observation of the area and selecting the
area of higher proximity of the tooth apex
with the maxillary sinus. Then three
parasagittal sections with 1-mm interval
difference between them were assessed for
the data obtaining. A standard sequence for
analysis was established, starting with the
second premolar, then the first molar, and,
finally, the second molar of one quadrant,
and thus successively to the other quadrant.

Results

The vertical relationships between the roots
of the posterior upper teeth and the sinus floor
exhibited a predominance of type I among
the second premolars, whereas, in the first
and second molars, there was a predominance
of type Il and III, respectively (Table 1).

The logistic regression indicated that there
were no significant relationships between
the thickening of the sinus mucosa and the
distance from the root apexes to the sinus
floors (p=0.0901), presence of endodontic
treatment (p=0.1257), and type of tooth (Pre-
molars p=0.9083; First Molars p=0.5827;
Second Molars p=0.4984).

The prevalence of teeth treated with thick-
ening was 40.9% for second premolars,
40.7% for first molars, and 36% for second
molars. Among the untreated teeth, the
prevalence was 22.6% for second premolars,
28.7% for first molars, and 26.5% for second
molars (Table 2).
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The variables age (p=0.0442), presence of
periapical lesions (p=0.0109), and sex
(p<0.0001) were associated with the presence
of sinus thickening, with odds ratios of 1.03,
2.99, and 5.11, respectively (Table 3).

Discussion

The proximity of the posterior upper teeth
with the sinus floor was investigated in the
present study indicating a possible pattern
in which the more posterior the teeth are,
the greater the probability of intimate con-
tact of the roots with the maxillary sinus.
The variables correlated with maxillary
sinus thickening were analyzed, too, high-
lighting a predilection for male patients.
The CBCT was used to assess the proxim-
ity of the posterior teeth roots to the max-
illary sinus. This method provides dentists
with more accurate information about the
maxillary sinus than radiographic images,
which exhibit low accuracy and tend to
overestimate the roots’ protrusion into the
sinus (17-19). Our study’s root classification
was proposed by Kwak et al. (16) and cited
in several studies (7, 20, 21).

Pagin et al. (22) found that the prevalence
of root protrusion within the maxillary
sinuses was 2.8% for premolars, 11.9% for
first molars, and 23.2% for second molars,
corroborating the findings of the present
study, i.e., in second premolars, protrusion
(type III) was observed in 5.6% of cases, for
first molars in 12.4% (type III), and second
molars in 34.2% (type III) of cases. Like-
wise, Kang et al. (23) demonstrated that the
presence of protrusion of the roots into the
sinuses was greater when they went to-
wards the posterior region (first premo-
lars=1.5%; second premolars=14.48%; first
molars=40.5%; and second molars=44.77%).
In the present study, most second premolars
(57.7%) were classified as type I, most first
molars (48.4%) as type II, and most second
molars (34.2%) as type III. These results are
in line with those found in other studies
(21) that observed prevalence of type I in
second premolars (52.9%) and type II in
first and second molars (54.6 and 61.7%,
respectively). These results show the prox-
imity of the root apexes to the maxillary
sinus. Because of that, the endodontist
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needs to avoid over instrumentation of root
canals, extrusion of filling material and
debris (24), which can lead to consequent
communication with the maxillary sinus,
and sinus mucosa inflammation, which
can also occur in cases of inadvertent in-
jection or extrusion of irrigants (25).

As for the presence of sinus thickening,
we found a prevalence of 27.8%, which is
a low percentage compared to those of
other studies (26, 27). This fact can be
explained by the difference in ethnicity
and the methods used. Giirhan et al. (28)
have shown that mucosal thickening is
associated with periapical lesions in al-
most 50% of all mucosal thickening cases.
This factor demonstrates the importance
of collaboration among endodontists and
otolaryngologists to provide successful
treatment and prevent maxillary sinusitis’s
recurrence.

Nascimento et al. correlated the maxillary
sinus’s thickening with inadequate end-
odontic treatment, resulting in the vari-
able’s lack of significance (27). In our study,
the presence of endodontic treatment was
assessed in a general and independent way,
regardless of being appropriate or inappro-
priate. The variable was also non-signifi-
cant, which can be explained by the fact
that although the quality of the treatment
was not assessed, in this study, the major-
ity of root canal treatment (55.20%) did not
present the presence of periapical lesions
associated with them (confirmed by Chi-
Square test), demonstrating signs of suc-
cessful treatments.

The distance from the apex of the sinus
and the tooth type did not influence the
sinus’s thickening. Teeth with periapical
lesions were more likely to exhibit thick-
ening of the maxillary sinus, in line with
other studies’ results (2, 7, 29, 30). These
factors demonstrate that the presence of
thickening is not related to the proximity
of the sinus or the type of tooth but the
presence of infection.

These findings demonstrate the endodon-
tist’s need for attention in the treatment
and follow up of upper posterior teeth
since if they develop or have periapical
lesions, they can be a risk factor to the
development of maxillary thickening (31,
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32). Age was also a factor correlated with
thickening, showing that the older the
patients are, the greater the chance of
thickening, corroborating with previous
studies (33, 34).

This factor can be explained by the liter-
ature, which shows that older patients
are more susceptible to dental problems,
such as cavities, periodontitis, and miss-
ing teeth (11), increasing the maxillary
thickening probability.

Male patients were more likely to exhib-
it thickening of the maxillary sinus when
compared to female patients, a fact also
observed by later studies (27, 35, 36).
Although the study did not collect habits
data and is not the study’s objective, based
on previous studies, smoking rates among
men vary between can 43.3% to 65.3%
against 9.3% to 15.5% between women
(37) since there is a positive association
between sinusitis and cigarette smoking
(38, 39) and this study have not excluded
smokers patients, the authors of this study
believe it can be an explanation to the
results found in this research. Another
possible explanation is that men have
more dental disease that irritates the
maxillary sinus membrane (28).

Conclusions

It is important to emphasize that only one
observer analyzed the slices by only one
reading which can be a limitation of our
study. The second molars, followed by
the first molars and then the second pre-
molars, are the teeth that have shown the
higher proximity with the maxillary sinus.
A correlation between age, sex, and pres-
ence of periradicular lesions with thicken-
ing of the sinus mucosa was found.

Clinical Relevance

Identifying the proximity of the root apex-
es of posterior maxillary teeth to the max-
illary sinus is clinically important before
endodontic treatments. Recognizing the
factors that can increase the chance of
thickening of the maxillary sinus mucosa
can potentially lead to more successful
treatments.

Conflict of Interest
None.
Acknowledgments

Funding: ].D.M.M received a scholarship
from Amazon Foundation for Studies and
Research Support (FAPESPA), Belém, State
of Pard, Brazil. The translation of this arti-
cle was performed with the support pro-
vided by the Dean of Research and Gradu-
ate Programs, Federal University of Para
(PROPESP/UFPA), State of Paréd, Brazil.

References

1 Neelakantan Prasanna, Liu Pei, Dummer Paul M.H.,
McGrath Colman. Oral health-related quality of life
(OHRQoL) before and after endodontic treatment: a
systematic review. Clin Oral Investig 2020;24:25-36.

2 Penarrocha-Oltra Sonia, Soto-Pefaloza David, Bagan-
Debén Leticia, Bagan-Sebastian José V., Penarrocha-Ol-
tra David. Association between maxillary sinus pathol-
ogy and odontogenic lesions in patients evaluated by
cone beam computed tomography. A systematic re-
view and meta-analysis. Med Oral Patol Oral y Cir
Bucal. 2020;25: 34-48.

3 Fry RameshRam, Patidar DineshChand, Goyal Samta,
Malhotra Aayush. Proximity of maxillary posterior
teeth roots to maxillary sinus and adjacent structures
using Denta scan®. Indian J Dent. 2016;7:126.

4 Tian Xiao Mei, Qian Liang, Xin Xian Zhen, Wei Bin,
Gong Yao. An analysis of the proximity of maxillary
posterior teeth to the maxillary sinus using cone-beam
computed tomography. J Endod. 2016;42:371-7.

5  Wolf Marius Karl, Rostetter Claudio, Stadlinger Bernd,
Locher Michael, Damerau Georg. Preoperative 3D imag-
ing in maxillary sinus: Brief review of the literature and
case report. Quintessence Int (Berl). 2015;46:627-31.

6 Costa F. EN.R, Pacheco-Yanes J., Siqueira J. F, et al.
Association between missed canals and apical peri-
odontitis. Int Endod J. 2019;52:400-6.

7 Sakir Merve, Ercalik Yalcinkaya Sebnem. Associations
between Periapical Health of Maxillary Molars and
Mucosal Thickening of Maxillary Sinuses in Cone-beam
Computed Tomographic Images: A Retrospective
Study. J Endod. 2020;46:397-403.

8 Workman Alan D., Granquist Eric J., Adappa Nithin D.
Odontogenic sinusitis: Developments in diagnosis,
microbiology, and treatment. Curr Opin Otolaryngol
Head Neck Surg. 2018;26:27-33.

9 Lechien Jerome R., Filleul Olivier, Costa de Araujo
Pedro, Hsieh Julien W., Chantrain Gilbert, Saussez
Sven. Chronic Maxillary Rhinosinusitis of Dental Origin:
A Systematic Review of 674 Patient Cases. Int J Oto-
laryngol. 2014.

10 Vestin Fredriksson Malin, Ohman Anders, Flygare
Lennart, Tano Krister. When Maxillary Sinusitis Does
Not Heal: Findings on CBCT Scans of the Sinuses
With a Particular Focus on the Occurrence of Odon-
togenic Causes of Maxillary Sinusitis. Laryngoscope
Investig Otolaryngol. 2017;2:442-6.

Giornale Italiano di Endodonzia (2021) 35



de Almeida Rodrigues R, Vilhena Pinheiro V, Mendon¢a de Moura JD*, Mesquita Tuji F

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Aksoy Umut, Orhan Kaan. Association between odon-
togenic conditions and maxillary sinus mucosal thick-
ening: a retrospective CBCT study. Clin Oral Investig.
2019;23:123-31.

Wuokko-Landén Annina, Blomgren Karin, Vélimaa
Hannamari. Acute rhinosinusitis-are we forgetting
the possibility of a dental origin? A retrospective study
of 385 patients. Acta Otolaryngol. 2019;139:783-7.
Gu Yechen, Sun Chao, Wu Daming, Zhu Qingping,
Leng Diya, Zhou Yang. Evaluation of the relationship
between maxillary posterior teeth and the maxillary
sinus floor using cone-beam computed tomography.
BMC Oral Health. 2018;18:1-7.

Faul Franz, Erdfelder Edgar, Lang Albert Georg, Buch-
ner Axel. G*Power 3: A flexible statistical power anal-
ysis program for the social, behavioral, and biomed-
ical sciences. Behav. Res. Methods. 2007;39:175-91.
Jang J. K., Kwak S. W,, Ha J. H., Kim H. C. Anatomical
relationship of maxillary posterior teeth with the
sinus floor and buccal cortex. J Oral Rehabil.
2017;44:617-625.

Kwak H. H., Park H. D., Yoon H. R., Kang M. K., Koh K.
S., Kim Hee Jin. Topographic anatomy of the inferior
wall of the maxillary sinus in Koreans. Int J Oral Max-
illofac Surg. 2004,;33:382-8.

Sun Wentian, Xia Kai, Tang Li, Liu Chenlu, Zou Ling,
Liu Jun. Accuracy of panoramic radiography in diag-
nosing maxillary sinus-root relationship: A systemat-
ic review and meta-analysis. Angle Orthod.
2018;88:819-29.

Niknami Mahdi, Mirmohammadi Mahdi, Pezeshki
Azade. Evaluation of the Prevalence of Mucous Re-
tention Pseudocyst and its Correlation with the Asso-
ciated Risk Factors Using Panoramic Radiography
and Cone-Beam Computed Tomography. J Dent (Teh-
ran). 2018;15:123-9.

Toraman M, Peker |, Degerli S, llker A. Comparison of
Cone-Beam Computed Tomography and Panoramic.
Rev Instanbul Univ Odontol. 2016;50:8-14.

Zhang Xi, Li Yan, Zhang Yi, et al. Investigating the
anatomical relationship between the maxillary molars
and the sinus floor in a Chinese population using
cone-beam computed tomography. BMIC Oral Health.
2019;19:1-8.

Razumova Svetlana, Brago Anzhela, Howijieh Ammar,
Manvelyan Ashot, Barakat Haydar, Baykulova Malina.
Evaluation of the relationship between the maxillary
sinus floor and the root apices of the maxillary pos-
terior teeth using cone-beam computed tomograph-
ic scanning. J Conserv Dent. 2019;22:139-143.
Pagin Otavio, Centurion Bruna Stuchi, Rubira-Bullen
Izabel Regina Fischer, Alvares Capelozza Ana Ldcia.
Maxillary sinus and posterior teeth: Accessing close
relationship by cone-beam computed tomographic
scanning in a Brazilian population. J Endod.
2013;39:748-51.

Kang Sung Hyun, Kim Bom Sahn, Kim Yemi. Prox-
imity of posterior teeth to the maxillary sinus and
buccal bone thickness: A biometric assessment
using cone-beam computed tomography. J Endod.
2015;41:1839-46.

Dobros Katarzyna, Zarzecka Joanna. Dental assess-
ment of odontogenic maxillary sinusitis, aided by Cone
Beam Computed Tomography. Folia Med Cracov.
2020;60:85-96.

Laverty Dominic Peter. A case report of accidental
extrusion of sodium hypochlorite into the maxillary

Giornale Italiano di Endodonzia (2021) 35

26

27

28

29

30

31

32

33

34

35

36

37

38

39

sinus during endodontic retreatment and review of
current prevention and management. J Restor Dent.
2014;2:96.

Lu Yu, Liu Zhongjun, Zhang Lan, et al. Associations
between maxillary sinus mucosal thickening and
apical periodontitis using cone-beam computed to-
mography scanning: A retrospective study. J Endod.
2012;38:1069-74.

Nascimento Eduarda Helena Leandro, Pontual Maria
Luiza A., Pontual Andrea A., Freitas Deborah Q., Perez
Danyel E.Cruz, Ramos-Perez Flavia M.M. Association
between Odontogenic Conditions and Maxillary Sinus
Disease: A Study Using Cone-beam Computed Tomog-
raphy. J Endod. 2016;42:1509-15.

Glrhan C., Sener E., Mert A., Sen G. B. Evaluation of
factors affecting the association between thickening
of sinus mucosa and the presence of periapical lesions
using cone beam CT. Int Endod J. 2020;53:133947.
Tassoker Melek. What are the risk factors for maxillary
sinus pathologies? A CBCT study. Oral Radiol.
2020;36:80-4.

Nunes Carla A.B.C.M., Guedes Orlando Aguirre, Alen-
car Ana Helena G., Peters Ove A., Estrela Cyntia R.A.,
Estrela Carlos. Evaluation of Periapical Lesions and
Their Association with Maxillary Sinus Abnormalities
on Cone-beam Computed Tomographic Images. J
Endod. 2016;42:42-6.

Eggmann Florin, Connert Thomas, Blhler Julia, Da-
gassan-Berndt Dorothea, Weiger Roland, Walter Clem-
ens. Do periapical and periodontal pathologies affect
Schneiderian membrane appearance? Systematic
review of studies using cone-beam computed tomog-
raphy. Clin Oral Investig. 2017,;21:1611-30.
Shanbhag Siddharth, Karnik Prabodh, Shirke
Prashant, Shanbhag Vivek. Association between peri-
apical lesions and maxillary sinus mucosal thickening:
A retrospective cone-beam computed tomographic
study. J Endod. 2013;39:853-7.

Huang Yen Ting, Hu Suh Woan, Huang Jing Yang,
Chang Yu Chao. Assessment of relationship between
maxillary sinus membrane thickening and the adja-
cent teeth health by cone-beam computed tomogra-
phy. J Dent Sci. 2021;16:275-9.

Zhang Bo, Wei Yiping, Cao Jie, et al. Association be-
tween the dimensions of the maxillary sinus mem-
brane and molar periodontal status: A retrospective
CBCT study. J Periodontol. 2020;91:1429-35.
Hirsch Annemarie G., Nordberg Cara, Bandeen-Roche
Karen, et al. Radiologic sinus inflammation and symp-
toms of chronic rhinosinusitis in a population-based
sample. Allergy.2020;75:911-920.

Ren Song, Zhao Haijiao, Liu Jingbo, Wang Qingxuan,
Pan Yaping. Significance of maxillary sinus mucosal
thickening in patients with periodontal disease. Int
Dent J. 2015;65:303-10.

Gilmore A, Pomerleau J, McKee M, Rose R, Haerpfer
CW, Rotman D, Tumanov S. Prevalence of smoking in
8 countries of the former Soviet Union: results from
the living conditions, lifestyles and health study. Am
J Public Health. 2004;,94:2177-87.

Douglas D. Reh, Thomas S. Higgins and Timothy L.
Smith. Impact of tabacco smoke on chronic rhinosi-
nusitis. Int Forum Allergy Rhinol. 2013;2:362-9.
Lieu Judith E.C., Feinstein Alvan R. Confirmations
and surprises in the association of tobacco use with
sinusitis. Arch Otolaryngol - Head Neck Surg.
2000;126:940-6.




