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Abstract: Odontogenic sinusitis is a common maxillary sinus disease. It develops due to the violation
of the Schneiderian membrane due to pathological, iatrogenic, or traumatic causes from dental and
dentoalveolar structures. The aim of this cohort study was to investigate local and systemic factors
associated with Schneiderian mucosal thickening (MT) in patients referred for evaluation of apical
periodontitis (AP) and examine their relationship with chronic sinonasal symptoms. Cone-beam
computed tomography (CBCT) scans of 197 patients referred for evaluation of endodontic diseases
were reviewed. Mucosal thickening in relation to the affected tooth was measured in the coronal
section in millimeters at the maximum area perpendicular to the bone. Based on this measurement,
the sinus floor was categorized for MT as present (>1 mm) or absent (<1 mm). The sociodemographic
and clinical characteristics of the study participants were assessed and compared according to the
presence or absence of MT. Furthermore, the relationship between odontogenic sinusitis and chronic
sinonasal symptoms was assessed using a chronic sinusitis survey. Male patients had a higher MT
than female patients. The presence of periapical lesions and inadequate endodontic treatment were
significantly associated with MT. The multivariate logistic regression model showed that the presence
of AP increased the odds of MT by approximately 2.5 times (p = 0.028), and nasal obstruction was
significantly higher in patients diagnosed with mucosal thickness at different times of their follow-up
period (p = 0.018). MT was 2.5 times more likely in the presence of apical periodontitis, and nasal
obstruction was the most significant factor associated with the presence of MT.

Keywords: odontogenic sinusitis; Schneiderian membrane; sinonasal symptoms; cone-beam computed
tomography

1. Introduction

Maxillary sinus pathology is one of the most prevalent illnesses and significantly
impacts health [1]. The disease may be caused by different etiological factors, including
rhinogenic, odontogenic, traumatic, allergic, and neoplastic factors [2]. Chronic maxillary
sinusitis (MS) is episodes of sinus membrane inflammation that covers the paranasal cavity,
persisting for at least 8–12 weeks, with signs and symptoms such as nasal obstruction, nasal
discharge, facial pain or pressure, and/or loss of smell [3]. The appearance of a normal
sinus membrane may not be observed by radiographs; however, when infection or allergy
occurs, leading to the thickening of the membrane, it becomes visible on images [4].

A significant proportion of MS is associated with odontogenic infection from posterior
maxillary teeth as a result of close anatomic proximity to the sinuses [5,6]. Many clinical
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studies have documented varying rates of odontogenic maxillary sinusitis, ranging from
10% to 86% [7–9]. One of the significant factors associated with the risk of maxillary
sinusitis is apical periodontitis (AP) [10]. The progression of periapical lesions (PA) from
the posterior maxillary teeth can lead to inflammatory changes in the mucosal lining of
the maxillary sinus, subsequently leading to sinusitis [5]. Most of the cases with changes
in the maxillary sinus floor were of odontogenic origin [11]. These changes are related
to the anatomical relationship between the maxillary posterior teeth and the maxillary
sinus, leading to structural changes in the Schneiderian mucosal sinus membrane and
possibly the entire sinus. These changes present radiographically as partial or complete
sinus opacification [12]. Such thickening indicates pathological alteration and carries the
risk of developing MS at the clinical level [13]. Generally, the maxillary sinus is considered
normal when a uniform thickening of the membrane measuring about 1 mm [12,14] or
2 mm is observed [15,16].

Understanding the relationship between sinus disease and odontogenic infections
is necessary for proper diagnosis and management. The use of cone-beam computed
tomography (CBCT) for clinical diagnosis in different dental disciplines is clinically valuable
for the detection of disease. This is particularly important in revealing sinus diseases
affected by AP [17]. Although many other pathological conditions can be associated with
the thickening of the mucosal membrane, which is difficult to distinguish radiographically,
many otolaryngologists and rhinologists recognize that odontogenic sinusitis should always
be considered first in the presence of chronic sinusitis; however, such evaluations are rarely
described in routine clinical practice [18,19]. This may result in persistent chronic sinusitis
even after local treatment, resulting in significant long-term symptoms and the need for
medication [20,21]. Main symptoms including facial pain or pressure, nasal congestions,
rhinorrhea, and smell disorder were related to odontogenic sinusitis [22]. The majority
of patients with odontogenic sinusitis complained of rhinorrhea and smell disorder [23].
However, these symptoms do not always distinguish sinusitis of odontogenic origin from
other sinusitis [22]. The imaging modality, especially the CBCT, is considered the gold
standard for the determination of AP and the thickening of the membrane. It offers
high-resolution images in multiple planes and allows for the detailed examination of the
maxillary sinus and the detection of any sinonasal inflammation [24].

Despite the tremendous evidence linking odontogenic infections and dental or surgical
procedures with sinusitis, still physicians overlook it [13]. Most cases frequently remain
unrecognized by radiologists, dentists, and ear, nose, and throat (E.N.T) specialists [25].
Therefore, more information describing the potential clinical factors associated with Schnei-
derian mucosal thickening (MT) is warranted. In addition, no reports have looked at the
status of chronic sinusitis in the presence or absence of MT.

This study aimed first to identify local and systemic factors associated with MT in
patients referred for endodontic evaluation and second to examine the relationship between
odontogenic sinusitis and chronic sinonasal symptoms.

2. Materials and Methods
2.1. Study Design and Population

The present study, designed as an observational cross-sectional cohort study, included
two phases:

- Review of dental records and CBCT scans of patients who presented with endodontic
evaluation at the University Hospital between January 2017 and December 2020.

- Follow-up survey of the chronic sinusitis status using the chronic sinusitis survey (CSS).

Ethical approval was obtained from the Institutional Review Board (project no. E-21-
5974). STROBE guidelines were followed to ensure the proper reporting of this observa-
tional study [26].

Inclusion and exclusion criteria:
Inclusion criteria were as follows:
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1. Patients must have endodontic disease including symptomatic apical periodonti-
tis, asymptomatic apical periodontitis, acute apical periodontitis, or chronic apical
periodontitis in the maxillary posterior teeth.

2. The radiographic appearance of the teeth must be presented in high-quality technical
images with appropriate sharpness, density, and contrast to visibly show the maxillary
posterior tooth apices and sinus floor.

Exclusion criteria were as follows:

1. Completely edentulous maxilla.
2. Presence of motion or beam-hardening artifacts in the maxillary periapical areas.
3. Teeth without complete data in the records.

Data collection:

For all posterior maxillary teeth included in the study, the following clinical elements
from patients and dental records were collected:

1. Patient age and sex
2. Tooth type and number (molar, premolar)
3. Extent (single or multiple teeth)
4. Periodontal status (healthy periodontium with < 4 mm pocket depth or periodontal

disease with > or =4 mm periodontal pockets)
5. Endodontic status, including the presence/absence of periapical lesions (PA) and

adequacy of endodontic treatment
6. Self-reported medical history

Radiographic assessment:

The maxillary sinuses were evaluated by an oral and maxillofacial radiologist for
sinus variables on CBCT scans. The scans were obtained using a Planmeca ProMax 3D
Plus (Planmeca Co., Ltd., Helsinki, Finland). The field of view ranged from small to large
according to the original area of interest and the parameters used were 90 kVp, 11 mA,
12.146 s, and 200 µm voxel size. Each scan was reviewed in all sections, including coronal,
axial, and sagittal views, to assess individual areas. The MT was measured in coronal
sections by measuring the mucosal thickness of the sinus floor in relation to the involved
teeth in millimeters at the maximum area perpendicular to the bone.

Based on this measurement, the sinus floor was categorized for MT as present (>1 mm)
or absent (<1 mm). Furthermore, the presence of MT was classified as localized or general-
ized as described previously [12] (Figure 1A,B).

Apical lesions and endodontic treatments were evaluated by endodontists using the
Planmeca Romexis® software 4.6.0 R (Planmeca, Finland) on periapical digital radiographs.
The following information was recorded:

1. Presence/absence of periapical lesions based on the periapical index [27]: PAI score
categorized as absence (representing a PAI score of 1 or 2) or presence (representing a
PAI score of 3, 4, or 5).

2. The quality of endodontic treatment was categorized as adequate (representing ade-
quate density of root canal filling and length of 0–2 mm from the radiographic apex
with adequate coronal coverage) or inadequate (presence of voids, missed canal or
short filling, and no coronal coverage).
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Figure 1. Cone-beam CT images showing mucosal thickening in maxillary sinus. (A) Sagittal view
showing generalized mucosal thickening of the left maxillary sinus that extends beyond the maxillary
molar area. Yellow arrows pointing to the area. (B) Sagittal view of localized mucosal thickening.
Yellow arrows showing mucosal thickening of the left maxillary sinus localized to the maxillary
molar area.
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2.2. Follow-Up Survey

This survey was used to assess the clinical symptoms of persistent chronic sinusitis.
Patients who met the inclusion criteria were contacted by phone and asked about their
status of chronic sinusitis using the chronic sinusitis survey (CSS). This survey is a valid,
disease-specific questionnaire to assess the health status of chronic rhinosinusitis [28]. The
questionnaire was translated into Arabic and validated, and open access was provided to
researchers [29]. The survey consisted of two parts as follows: symptom- and medication-
based sections. The symptoms assessed were sinus headache or facial pain, nasal drainage,
and nasal obstruction. The medication-based section included the use of antibiotics, nasal
spray, and sinus medications. This section asks questions based on the duration of symp-
toms over 8 weeks. Patients were asked about the time of symptoms, if they evolved during
the time of their endodontic evaluation, and if they were asymptomatic for long periods.

Statistical Analysis

The variables analyzed were mucosal thickness, periapical lesions of the teeth and
roots, tooth type, patient sex and age, systemic factors, and CSS scores. Data were de-
scriptively analyzed (frequencies, means, and standard deviations) to summarize the
sociodemographic and clinical characteristics of the study subjects. The associated vari-
ables among age, sex, systemic factors, periapical lesions, periodontal health, quality of
endodontic treatment, and tooth type in relation to the absence or presence of MT were
assessed using the chi-square test. Mean CSS scores were compared between sub-groups
(presence or absence of MT) using a one-way ANOVA. Logistic regression was used to cal-
culate the odds ratio (OR) and assess the relative risk concerning local and systemic factors.
All variables were dichotomized for binary and logistic regression analyses. All analyses
were performed using IBM SPSS Statistics software (version 28) (SPSS, Armonk, NY, USA).
The level of significance was set at p < 0.05 and was considered statistically significant.

3. Results

Of the 595 CBCT scans, 197 were included; 112 (56.9%) were male and 85 (43.1%) were
female, with a mean age of 43 ± 11.6 years. Around 60.9% of the patients were more than
40 years old while the rest were less than 40 years. Table 1 shows the distribution of the
sociodemographic and clinical characteristics of the study participants and their association
with the presence of MT. MT was present in 162 (82%) of the samples, with a mean of
(6.1 ± 5.8) mm. Most patients presented with generalized MT rather than localized MT
(57.4% vs. 24.9%, respectively). The second molar was the tooth most associated with the
presence of MT compared to the other teeth. PA lesions were detected in 132 (67%) samples.
The quality of endodontic treatment was adequate in 113 (57.4%) samples. The presence
of PA lesions and inadequate endodontic treatment was significantly associated with MT.
Men had a significantly higher incidence of MT compared to women.

Table 1. Association of sociodemographic and clinical characteristics of study subjects associated
with MT (n = 197).

Characteristics n (%)
Presence of MT

p-Value
Yes, n (%) No, n (%)

Age groups
<40 77 (39.1) 61 (79.2) 16 (20.8)
>40 120 (60.9) 101 (84.2) 19 (15.8) 0.242
Sex
Male 112 (55.9) 97 (86.6) 15 (13.4)
Female 85 (43.1) 65 (76.5) 20 (23.5) 0.049 *
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Table 1. Cont.

Characteristics n (%)
Presence of MT

p-Value
Yes, n (%) No, n (%)

Smoking status
Yes 23 (11.7) 19 (82.6) 4 (17.4)
No 174 (88.3) 143 (82.2 31 (17.8) 0.541
Diabetes mellitus
Yes 15 (7.6) 13 (86.7) 2 (13.3)
No 182 (92.4) 149 (81.9) 33 (18.1) 0.407
CVD
Yes 9 (4.6) 6 (66.7) 3 (33.3)
No 188 (95.4) 156 (83) 32 (17) 0.222
Extent
Single 159 (80.7) 129 (81.1) 30 (18.9)
Multiple 38 (19.3) 33 (86.8) 5 (13.2) 0.285
Periodontal status
PD < 4 162 (82.2) 133 (82.2) 29 (17.9)
PD ≥ 4 35 (17.8) 29 (82.9) 6 (17.1) 0.568
Presence of PA lesion
Yes 132 (67) 118 (89.4) 14 (10.6)
No 65 (33) 44 (67.7) 21.(32.3) <0.001*
Quality of endodontic
treatment
Adequate 113 (57.4) 86 (76.1) 27 (23.9)
Inadequate 58 (29.4) 53 (91.4) 5 (8.6) 0.011 *
No treatment 26 (13.2)

* Asterisks denote statistically significant differences (p < 0.05). n: overall sample; CVD: cardiovascular diseases;
PD: periodontal pocket.

We found that 89.4% of patients with PA lesions had MT, while (67.7%) of the patients
without PA lesions had MT, and the difference in the proportion was statistically significant
(p < 0.001; Table 1). The presence of MT was also found to be significantly associated with
the quality of endodontic treatment. We found that 91.4% of the patients with inadequate
quality of endodontic treatment had MT, while 76.1% of the patients with adequate quality
of endodontic treatment had MT (p = 0.011). Men were significantly higher in proportion
(86.6%) compared to women (76.5%) in terms of having MT (p = 0.049; Table 1).

Multivariate analysis of the logistic regression model performed with all variables
entered (type tooth, periodontal status, presence of PA lesion, quality of endodontic treat-
ment, age, sex, smoking, diabetes mellitus, CVD) revealed that only the presence of PA
lesions increased the odds of MT by approximately 2.5 times (p = 0.028). No other variables
were associated with MT (Table 2).

Table 2. Regression analysis to determine factors associated with the presence of mucosal thickening.

Variable OR (95% CI) p-Value

Age groups 0.569 (0.238–1.362) 0.205
Sex 2.254 (0.954–5.328) 0.064

Smoking status 1.139 (0.323–4.012) 0.840
Diabetes mellitus 1.234 (0.238–6.400) 0.802

CVD 0.303 (0.045–2.061) 0.222
Extent

(Single/Multiple) 2.254 (0.684–7.428) 0.182

Periodontal status 1.258 (0.408–3.880) 0.689
Presence of PA lesion 2.762 (1.115–6.845) 0.028 *

Quality of endodontic treatment 2.472 (0.800–7.635) 0.116
* Asterisks denote statistically significant differences (p < 0.05). OR: odds ratio; CI: confidence interval.



Diagnostics 2023, 13, 2710 7 of 13

Only 107 respondents (54%) responded to the CSS survey by phone; the majority (85%)
of them reported their symptoms at the time of their presentation with endodontic diseases.
Sixty-three patients (58.9%) had seasonal headaches and experienced pain for 7−8 weeks.
The number of patients who reported nasal drainage and breathing difficulties was 68 and
56 patients, respectively. A total of 38 patients with MT used antibiotics, nasal spray, and
sinus medication over 8 weeks (Table 3).

Table 3. Distribution of study subjects’ responses to chronic sinusitis survey (n = 107).

MT

Duration of Symptoms over 8 Weeks

p-Value0 Week 1–2 Weeks 3–4 Weeks 7–8 Weeks

n % n % n % n %

Headache, pain
No 6 25.0 3 60.0 8 53.3 15 23.8

0.058Yes 18 75.0 2 40.0 7 46.7 48 76.2

Total 24 22.4 5 4.7 15 14.0 63 58.9

Nasal drainage
No 4 26.7 8 42.1 2 40.0 18 26.5

0.562Yes 11 73.3 11 57.9 3 60.0 50 73.5

Total 15 14.0 19 17.8 5 4.7 68 34.5

Breathing difficulty, nasal
obstruction

No 12 54.5 1 16.7 3 13.0 16 28.6

0.018 *Yes 10 45.5 5 83.3 20 87.0 40 71.4

Total 22 20.6 6 5.6 23 21.5 56 52.3

Antibiotic

No 10 17.9 4 10.3 2 18.2 - -

0.726Yes 46 82.1 35 89.7 9 81.8 1 100.0

Total 56 52.3 39 36.4 11 10.3 1 0.9

Nasal sprays
No 8 14.3 4 20.0 2 11.8 2 14.3

0.905Yes 48 85.7 16 80.0 15 88.2 12 85.7

Total 56 52.3 20 18.7 17 15.9 14 13.1

Sinus medication
No 10 12.8 1 20.0 1 100.0 4 17.4

0.103Yes 68 87.2 4 80.0 - - 19 82.6
Total 78 72.9 5 4.7 1 0.9 23 21.5

* Asterisks denote statistically significant differences (p < 0.05).

Figure 2 showed the different symptoms patients experienced over the 8 weeks in
relation to MT. A significant increase in breathing difficulty/nasal congestion over the time
duration was observed in relation to MT (p = 0.018).

The total scores of the patients for the CSS questions were not significantly different
between those with or without MT. The mean total score was 17.08 (±5.9) in patients with
MT and 15.59 (±6.1) in patients without MT (p > 0.05).
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4. Discussion

The use of CBCT imaging technology in endodontics has helped evaluate and diag-
nose pathological conditions in the posterior maxilla and interpret the relationship between
dental pathology and the involved sinus [30,31]. Persistent chronic apical periodontitis can
cause the thickening of the Schneiderian membrane and maxillary sinusitis [32,33]. This
radiographic study evaluated odontogenic sinusitis and its associated clinical factors using
CBCT scans. Our findings indicated a high prevalence of sinus MT in endodontic patients,
representing 82.2% of the samples selected. The most prevalent condition reported in this
study was generalized MT (57%), followed by localized MT (24%). We used the methodol-
ogy proposed by Nascimento [12] who considered the presence of MT when a thickness of
>1 mm was present. Our findings are consistent with those of other studies in which sinus
disease was reported in 85% of maxillary sinuses related to odontogenic origin, and most
of the cases were classified as generalized (62.6%) vs. localized (24%) [12]. Previous CBCT
studies have reported a prevalence of sinus MT between 38−82% using various thresholds
of 1−3 mm of thickening [7,16,34]. This variation was attributed to the population and
age of the participants, as well as various diagnostic techniques [35]. However, there is
still no consensus on the extent to which MT is considered pathological [12,31]. Various
studies measured the mean thickness of the Schneiderian membrane using fresh cadavers
that showed no sign of maxillary sinusitis and reported about 0.30 to 0.80 mm [36] or
0.02–0.35 mm [37]. Similarly, Aimetti et al. found a mean thickness value of 0.97–0.36 mm
in samples analyzed from healthy participants [38]. Because of this controversy, we have
reported both thicknesses in the present study. Our study observed a high prevalence of
sinus disease, which can be attributed to the sample selected, composed of CBCT images of
patients referred from the endodontic department to evaluate apical periodontitis.

In this study, there was a significant difference in the presence of MT in patients with
apical lesions compared to those without lesions. As a result of the very close relationship
between the root apices of maxillary posterior teeth and the sinus floor [39], various dental
conditions, such as apical pathology, extraction, placement of a dental implant, and trauma,
are well known to violate the integrity of the Schneiderian membrane and increase the risk
of maxillary sinusitis [40]. This persistent, underlying, long-standing microorganism of
odontogenic origin can spread to the maxillary sinus and manifest itself as symptoms and
thickening of the Schneiderian membrane. Endodontic infections mainly rely on primary
(bacterial invasion and colonization from necrotic pulp tissue) or secondary (persistent
microorganisms in the root canal system of endodontically treated teeth) infections [41].
The prolonged action of the causative factors of microgames can act directly and indirectly
to affect the sinus structure and induce inflammation without perforating the sinus cortical
bone [39]. In other cases in which the molars are in close proximity to the sinus and the
periapical bone is very thin, perforation of the maxillary sinus may also occur [42]. Bauer
described the extension of periapical inflammation to the maxillary sinus in 1943 [43] using
a cadaver model under microscopic evaluation. The inflammatory mediators induced by
infection can spread via the bone marrow, lymph nodes, and blood vessels of the maxil-
lary sinus [43]. Chronic periapical lesions in both primary [15,16,33] and secondary [39]
endodontics may lead to new periosteal bone formation and changes in the thickness of the
Schneiderian membrane [33]. Bivariate analysis also showed that the quality of endodontic
treatment had a significant effect on the presence of MT. A previous study also indicated
that the quality of root canal treatment shown by good length and good quality filling is
associated with the absence of sinus abnormalities [44]. In addition, the quality of root
canal filling is associated with apical pathology [45]. The percentage of cases reported in
our study with inadequate root canal treatment was approximately 30% and was associated
with the presence of PA lesions. This is in agreement with previous studies that showed the
importance of complete cleaning and disinfection followed by an adequate apical seal and
coronal restoration to control microorganisms [45–47]. It has been shown that the quality
of endodontic treatment is significantly correlated with the presence and absence of apical
pathology [45]
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Demographic factors were not significantly associated with MT, except for sex. In
this study, males presented more frequently with MT. However, multivariate regression
analysis did not show a significant effect. Previous studies have shown that odontogenic-
related sinusitis is more common in males than in females [48,49]. Demographic factors
vary among the different reports in the literature [7,16,50]. Shabahang et al. reported that
the prevalence of MT was associated with older age groups (>40 years) than with younger
age groups [15].

The second molar was the tooth that was most associated with MT. This can be
attributed to the proximity of the apices to the floor of the maxillary sinus. Estrela et al.
reported the shortest distance from the apex to the maxillary sinus found in the maxillary
second molar compared to the other maxillary teeth [51]. A similar study observed that
the mesiobuccal root of the maxillary second molar was closely related to the maxillary
sinus [52].

In the present study, different factors were found to play a role in the prevalence of
MT. The odds of MT were higher with periodontal pockets > 4 mm, inadequate endodontic
treatment, the presence of PA lesions, age < 40 years, male sex, smoking, and diabetes
(regression table). Multivariate analysis showed that the only statistically significant factor
associated with MT was the presence of PA lesions in CBCT. More than 80% of cases with
MT were associated with PA lesions. The severity of MT increases with the prevalence of
AP, as shown in previous studies [32,35,44,52] Consistent with these findings, a systematic
review and meta-analysis reported a high OR of MT in the presence of PA lesions [31].

Chronic sinusitis is diagnosed by the presence of two of the following persistent
symptoms lasting a minimum of 8–12 weeks: nasal obstruction, nasal drainage, facial
pain, and olfactory dysfunction [10]. In conjunction with diagnostic aids, nasal endoscopy
and imaging are used to confirm mucosal changes within the sinus and/or osteomeatal
complex. In this study, we surveyed patients over the phone using the CSS symptoms scale
to evaluate sinusitis symptoms. Only half of the patients responded to the survey. Patients
with and without MT were compared using the CSS symptoms scale. In general, patients
with MT had a significantly higher percentage of nasal congestion. There was no significant
difference between the scores. Hoskison et al. reviewed the incidence of odontogenic
sinusitis and its clinical features and reported that out of 26 patients, rhinorrhea and
smell disorder were the most common presenting complaints in patients with odontogenic
sinusitis, found in 81 and 73 per cent, respectively. In addition, pain and nasal obstructions
were reported [23]. Our findings on the mean between the groups may be underestimated.
However, our explanation is that patients with mucosal thickness might have had resolved
symptoms as many of them underwent endodontic treatment after CBCT imaging. A recent
study by Park et al. evaluated the radiographic changes in sinus mucosal thickness in
patients with MT of odontogenic origin before extraction using CBCT. The treatment of the
extraction of compromised teeth and drainage during lateral sinus augmentation showed a
successful reduction in MT. In addition, sinonasal symptoms were improved significantly
postoperatively [13].

This study has several limitations that should be acknowledged. We attempted to
correlate the radiographic findings and clinical symptoms of patients with MT. Changes in
the Schneiderian membrane may be transient during active disease. As this study was a
retrospective study, it allowed us to link the association between endodontic diseases and
sinus abnormalities. It was unknown whether all patients had undergone dental treatment
after the diagnosis of the disease, and it was difficult to identify all patients included in
our sample. Future clinical studies should be performed using CBCT data from long-term
follow-up cases, and the maxillary sinus should be examined in otolaryngologic and clinical
dental practices.



Diagnostics 2023, 13, 2710 11 of 13

5. Conclusions

In conclusion, MT was prevalent and was 2.5 times more likely to present with AP.
The presence of nasal obstruction was the most significant factor associated with the
presence of MT. Proper diagnosis and management require the collaboration of dental and
E.N.T specialists.

Author Contributions: Conceptualization, M.A., R.I.A. and N.A.; methodology M.A., R.I.A. and
N.A.; software, M.A., R.I.A. and N.A.; validation, M.A.; formal analysis, M.A. and N.A.; investigation,
A.A., F.A. and L.A.; resources, A.A., F.A. and L.A.; data curation, M.A. and N.A.; writing—original
draft preparation, M.A.; writing—review and editing, M.A., R.I.A. and N.A.; visualization, M.A.;
supervision, M.A.; project administration, M.A.; funding acquisition, M.A. All authors have read and
agreed to the published version of the manuscript.

Funding: Researchers Supporting Project (number RSP2023R478), King Saud University, Riyadh,
Saudi Arabia.

Institutional Review Board Statement: Ethical approval was granted by the Institutional Review
Board (project no. E-21-5974).

Informed Consent Statement: Written informed consent has been obtained from the patient(s) to
publish this paper.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author.

Acknowledgments: The authors extend their appreciation to the Researchers Supporting Project
(number RSP2023R478), King Saud University, Riyadh, Saudi Arabia.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ahovuo-Saloranta, A.; Borisenko, O.V.; Kovanen, N.; Varonen, H.; Rautakorpi, U.M.; Williams, J.W., Jr.; Mäkelä, M. Antibiotics for

acute maxillary sinusitis. Cochrane Database Syst. Rev. 2008, 2, CD000243. [CrossRef]
2. Arias-Irimia, O.; Barona-Dorado, C.; Santos-Marino, J.A.; Martínez-Rodriguez, N.; Martínez-González, J.M. Meta-analysis of the

etiology of odontogenic maxillary sinusitis. Med. Oral Patol. Oral Cir. Bucal 2010, 15, e70–e73. [CrossRef]
3. Bachert, C.; Pawankar, R.; Zhang, L.; Bunnag, C.; Fokkens, W.J.; Hamilos, D.L.; Jirapongsananuruk, O.; Kern, R.; Meltzer, E.O.;

Mullol, J.; et al. ICON: Chronic rhinosinusitis. World Allergy Organ. J. 2014, 7, 25. [CrossRef] [PubMed]
4. Lee, L. Maxillary Inflammatory Lesions. Oral Radiology–Principles and Interpretation, 5th ed.; Mosby: St. Louis, MO, USA, 2007;

pp. 363–378.
5. Maloney, P.L.; Doku, H.C. Maxillary sinusitis of odontogenic origin. J. Can. Dent. Assoc. 1968, 34, 591–603.
6. Brook, I. Sinusitis of odontogenic origin. Otolaryngol. Head. Neck Surg. 2006, 135, 349–355. [CrossRef] [PubMed]
7. Ritter, L.; Lutz, J.; Neugebauer, J.; Scheer, M.; Dreiseidler, T.; Zinser, M.J.; Rothamel, D.; Mischkowski, R.A. Prevalence of

pathologic findings in the maxillary sinus in cone-beam computerized tomography. Oral Surg. Oral Med. Oral Pathol. Oral Radiol.
Endod. 2011, 111, 634–640. [CrossRef]

8. Obayashi, N.; Ariji, Y.; Goto, M.; Izumi, M.; Naitoh, M.; Kurita, K.; Shimozato, K.; Ariji, E. Spread of odontogenic infection
originating in the maxillary teeth: Computerized tomographic assessment. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod.
2004, 98, 223–231. [CrossRef]

9. Bomeli, S.R.; Branstetter, B.F.; Ferguson, B.J. Frequency of a dental source for acute maxillary sinusitis. Laryngoscope 2009, 119,
580–584. [CrossRef]

10. Melén, I.; Lindahl, L.; Andréasson, L.; Rundcrantz, H. Chronic maxillary sinusitis. Definition, diagnosis and relation to dental
infections and nasal polyposis. Acta Otolaryngol. 1986, 101, 320–327. [CrossRef]

11. Maillet, M.; Bowles, W.R.; McClanahan, S.L.; John, M.T.; Ahmad, M. Cone-beam computed tomography evaluation of maxillary
sinusitis. J. Endod. 2011, 37, 753–757. [CrossRef]

12. Nascimento, E.H.; Pontual, M.L.; Pontual, A.A.; Freitas, D.Q.; Perez, D.E.; Ramos-Perez, F.M. Association between odontogenic
conditions and maxillary sinus disease: A study using cone-beam computed tomography. J. Endod. 2016, 42, 1509–1515. [CrossRef]

13. Park, W.B.; Kim, J.; Kim, Y.J.; Kang, P.; Lim, H.C.; Han, J.Y. Changes in sinus mucosal thickening in the course of tooth extraction
and lateral sinus augmentation with surgical drainage: A cone-beam computed tomographic study. Clin. Oral Implants Res. 2023,
34, 95–104. [CrossRef] [PubMed]

14. Abrahams, J.J.; Glassberg, R.M. Dental disease: A frequently unrecognized cause of maxillary sinus abnormalities? AJR Am. J.
Roentgenol. 1996, 166, 1219–1223. [CrossRef] [PubMed]

https://doi.org/10.1002/14651858.CD000243.pub2
https://doi.org/10.4317/medoral.15.e70
https://doi.org/10.1186/1939-4551-7-25
https://www.ncbi.nlm.nih.gov/pubmed/25379119
https://doi.org/10.1016/j.otohns.2005.10.059
https://www.ncbi.nlm.nih.gov/pubmed/16949963
https://doi.org/10.1016/j.tripleo.2010.12.007
https://doi.org/10.1016/j.tripleo.2004.05.014
https://doi.org/10.1002/lary.20095
https://doi.org/10.3109/00016488609132845
https://doi.org/10.1016/j.joen.2011.02.032
https://doi.org/10.1016/j.joen.2016.07.003
https://doi.org/10.1111/clr.14019
https://www.ncbi.nlm.nih.gov/pubmed/36336985
https://doi.org/10.2214/ajr.166.5.8615273
https://www.ncbi.nlm.nih.gov/pubmed/8615273


Diagnostics 2023, 13, 2710 12 of 13

15. Shanbhag, S.; Karnik, P.; Shirke, P.; Shanbhag, V. Association between periapical lesions and maxillary sinus mucosal thickening:
A retrospective cone-beam computed tomographic study. J. Endod. 2013, 39, 853–857. [CrossRef] [PubMed]

16. Lu, Y.; Liu, Z.; Zhang, L.; Zhou, X.; Zheng, Q.; Duan, X.; Zheng, G.; Wang, H.; Huang, D. Associations between maxillary sinus
mucosal thickening and apical periodontitis using cone-beam computed tomography scanning: A retrospective study. J. Endod.
2012, 38, 1069–1074. [CrossRef]

17. Al Abduwani, J.; ZilinSkiene, L.; Colley, S.; Ahmed, S. Cone beam CT paranasal sinuses versus standard multidetector and low
dose multidetector CT studies. Am. J. Otolaryngol. 2016, 37, 59–64. [CrossRef]

18. Longhini, A.B.; Branstetter, B.F.; Ferguson, B.J. Otolaryngologists’ perceptions of odontogenic maxillary sinusitis. Laryngoscope
2012, 122, 1910–1914. [CrossRef]

19. Shukairy, M.K.; Burmeister, C.; Ko, A.B.; Craig, J.R. Recognizing odontogenic sinusitis: A national survey of otolaryngology chief
residents. Am. J. Otolaryngol. 2020, 41, 102635. [CrossRef]

20. Daele, J.J. Chronic sinusitis in children. Acta Otorhinolaryngol. Belg. 1997, 51, 285–304.
21. Melén, I. Chronic sinusitis: Clinical and pathophysiological aspects. Acta Otolaryngol. Suppl. 1994, 515, 45–48. [CrossRef]
22. Psillas, G.; Papaioannou, D.; Petsali, S.; Dimas, G.G.; Constantinidis, J. Odontogenic maxillary sinusitis: A comprehensive review.

J. Dent. Sci. 2021, 16, 474–481. [CrossRef]
23. Hoskison, E.; Daniel, M.; Rowson, J.E.; Jones, N.S. Evidence of an increase in the incidence of odontogenic sinusitis over the last

decade in the UK. J. Laryngol. Otol. 2012, 126, 43–46. [CrossRef]
24. Little, R.E.; Long, C.M.; Loehrl, T.A.; Poetker, D.M. Odontogenic sinusitis: A review of the current literature. Laryngoscope Investig.

Otolaryngol. 2018, 3, 110–114. [CrossRef] [PubMed]
25. Patel, N.A.; Ferguson, B.J. Odontogenic sinusitis: An ancient but under-appreciated cause of maxillary sinusitis. Curr. Opin.

Otolaryngol. Head Neck Surg. 2012, 20, 24–28. [CrossRef]
26. Von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gøtzsche, P.C.; Vandenbroucke, J.P.; STROBE Initiative. The Strengthening the

Reporting of Observational Studies in Epidemiology (STROBE) Statement: Guidelines for reporting observational studies. Int. J.
Surg. 2014, 12, 1495–1499. [CrossRef]

27. Ørstavik, D.; Kerekes, K.; Eriksen, H.M. The periapical index: A scoring system for radiographic assessment of apical periodontitis.
Endod. Dent. Traumatol. 1986, 2, 20–34. [CrossRef] [PubMed]

28. Gliklich, R.E.; Metson, R. Techniques for outcomes research in chronic sinusitis. Laryngoscope 1995, 105, 387–390. [CrossRef]
29. Aldrees, T.; Almubarak, Z.; Hassouneh, B.; Albosaily, A.; Aloulah, M.; Almasoud, M.; Alsaleh, S. Translation, validation, and

cultural adaptation of the rhinosinusitis Disability Index and the Chronic Sinusitis Survey into Arabic. Ann. Saudi Med. 2018, 38,
159–166. [CrossRef]

30. Cymerman, J.J.; Cymerman, D.H.; O’Dwyer, R.S. Evaluation of odontogenic maxillary sinusitis using cone-beam computed
tomography: Three case reports. J. Endod. 2011, 37, 1465–1469. [CrossRef]

31. Peñarrocha-Oltra, S.; Soto-Peñaloza, D.; Bagán-Debón, L.; Bagan, J.V.; Peñarrocha-Oltra, D. Association between maxillary
sinus pathology and odontogenic lesions in patients evaluated by cone beam computed tomography. A systematic review and
meta-analysis. Med. Oral Patol. Oral Cir. Bucal 2020, 25, e34–e48. [CrossRef] [PubMed]

32. Nunes, C.A.; Guedes, O.A.; Alencar, A.H.; Peters, O.A.; Estrela, C.R.; Estrela, C. Evaluation of periapical lesions and their
association with maxillary sinus abnormalities on cone-beam computed tomographic images. J. Endod. 2016, 42, 42–46. [CrossRef]
[PubMed]

33. Garcia-Font, M.; Abella, F.; Patel, S.; Rodríguez, M.; González Sanchez, J.A.; Duran-Sindreu, F. Cone-beam computed tomographic
analysis to detect the association between primary and secondary endodontic infections and mucosal thickness of maxillary sinus.
J. Endod. 2020, 46, 1235–1240. [CrossRef] [PubMed]

34. Bolger, W.E.; Butzin, C.A.; Parsons, D.S. Paranasal sinus bony anatomic variations and mucosal abnormalities: CT analysis for
endoscopic sinus surgery. Laryngoscope 1991, 101, 56–64. [CrossRef]

35. Khorramdel, A.; Shirmohammadi, A.; Sadighi, A.; Faramarzi, M.; Babaloo, A.R.; Sadighi Shamami, M.; Mousavi, A.; Ebrahim
Adhami, Z. Association between demographic and radiographic characteristics of the schneiderian membrane and periapical and
periodontal diseases using cone-beam computed tomography scanning: A retrospective study. J. Dent. Res. Dent. Clin. Dent.
Prospects 2017, 11, 170–176. [CrossRef] [PubMed]

36. Tos, M.; Mogensen, C. Mucus production in the nasal sinuses. Acta Otolaryngol. Suppl. 1978, 360, 131–134. [CrossRef]
37. Pommer, B.; Unger, E.; Sütö, D.; Hack, N.; Watzek, G. Mechanical properties of the Schneiderian membrane in vitro. Clin. Oral

Implants Res. 2009, 20, 633–637. [CrossRef]
38. Aimetti, M.; Massei, G.; Morra, M.; Cardesi, E.; Romano, F. Correlation between gingival phenotype and Schneiderian membrane

thickness. Int. J. Oral Maxillofac. Implants 2008, 23, 1128–1132.
39. Bornstein, M.M.; Wasmer, J.; Sendi, P.; Janner, S.F.; Buser, D.; von Arx, T. Characteristics and dimensions of the Schneiderian

membrane and apical bone in maxillary molars referred for apical surgery: A comparative radiographic analysis using limited
cone beam computed tomography. J. Endod. 2012, 38, 51–57. [CrossRef]

40. Kretzschmar, D.P.; Kretzschmar, J.L. Rhinosinusitis: Review from a dental perspective. Oral Surg. Oral Med. Oral Pathol. Oral
Radiol. Endod. 2003, 96, 128–135. [CrossRef]

41. Siqueira, J.F.; Rôças, I.N. Present status and future directions in endodontic microbiology. Endod. Topics 2014, 30, 3–22. [CrossRef]

https://doi.org/10.1016/j.joen.2013.04.010
https://www.ncbi.nlm.nih.gov/pubmed/23791251
https://doi.org/10.1016/j.joen.2012.04.027
https://doi.org/10.1016/j.amjoto.2015.08.002
https://doi.org/10.1002/lary.23427
https://doi.org/10.1016/j.amjoto.2020.102635
https://doi.org/10.3109/00016489409124323
https://doi.org/10.1016/j.jds.2020.08.001
https://doi.org/10.1017/S0022215111002568
https://doi.org/10.1002/lio2.147
https://www.ncbi.nlm.nih.gov/pubmed/29721543
https://doi.org/10.1097/MOO.0b013e32834e62ed
https://doi.org/10.1016/j.ijsu.2014.07.013
https://doi.org/10.1111/j.1600-9657.1986.tb00119.x
https://www.ncbi.nlm.nih.gov/pubmed/3457698
https://doi.org/10.1288/00005537-199504000-00010
https://doi.org/10.5144/0256-4947.2018.159
https://doi.org/10.1016/j.joen.2011.06.015
https://doi.org/10.4317/medoral.23172
https://www.ncbi.nlm.nih.gov/pubmed/31880293
https://doi.org/10.1016/j.joen.2015.09.014
https://www.ncbi.nlm.nih.gov/pubmed/26521148
https://doi.org/10.1016/j.joen.2020.05.015
https://www.ncbi.nlm.nih.gov/pubmed/32512066
https://doi.org/10.1288/00005537-199101000-00010
https://doi.org/10.15171/joddd.2017.031
https://www.ncbi.nlm.nih.gov/pubmed/29184633
https://doi.org/10.3109/00016487809123497
https://doi.org/10.1111/j.1600-0501.2008.01686.x
https://doi.org/10.1016/j.joen.2011.09.023
https://doi.org/10.1016/S1079-2104(03)00306-8
https://doi.org/10.1111/etp.12060


Diagnostics 2023, 13, 2710 13 of 13

42. 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. [CrossRef] [PubMed]

43. Bauer, W.H. Maxillary sinusitis of dental origin. Am. J. Orthod. Oral Surg. 1943, 29, B133–B151. [CrossRef]
44. Souza-Nunes, L.A.; Verner, F.S.; Rosado, L.P.L.; Aquino, S.N.; Carvalho, A.C.P.; Junqueira, R.B. Periapical and endodontic

status scale for endodontically treated teeth and their association with maxillary sinus abnormalities: A cone-beam computed
tomographic study. J. Endod. 2019, 45, 1479–1488. [CrossRef]

45. Gomes, A.C.; Nejaim, Y.; Silva, A.I.; Haiter-Neto, F.; Cohenca, N.; Zaia, A.A.; Silva, E.J. Influence of endodontic treatment and
coronal restoration on status of periapical tissues: A cone-beam computed tomographic study. J. Endod. 2015, 41, 1614–1618.
[CrossRef]

46. Siqueira, J.F., Jr.; Rôças, I.N.; Alves, F.R.; Campos, L.C. Periradicular status related to the quality of coronal restorations and root
canal fillings in a Brazilian population. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 2005, 100, 369–374. [CrossRef]

47. Sunay, H.; Tanalp, J.; Dikbas, I.; Bayirli, G. Cross-sectional evaluation of the periapical status and quality of root canal treatment
in a selected population of urban Turkish adults. Int. Endod. J. 2007, 40, 139–145. [CrossRef] [PubMed]

48. Bajoria, A.A.; Sarkar, S.; Sinha, P. Evaluation of odontogenic maxillary sinusitis with cone beam computed tomography: A
retrospective study with review of literature. J. Int. Soc. Prev. Community Dent. 2019, 9, 194–204. [CrossRef]

49. Vallo, J.; Suominen-Taipale, L.; Huumonen, S.; Soikkonen, K.; Norblad, A. Prevalence of mucosal abnormalities of the maxillary
sinus and their relationship to dental disease in panoramic radiography: Results from the Health 2000 Health Examination
Survey. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 2010, 109, e80–e87. [CrossRef] [PubMed]

50. Pazera, P.; Bornstein, M.M.; Pazera, A.; Sendi, P.; Katsaros, C. Incidental maxillary sinus findings in orthodontic patients: A
radiographic analysis using cone-beam computed tomography (CBCT). Orthod. Craniofac Res. 2011, 14, 17–24. [CrossRef]

51. Estrela, C.; Nunes, C.A.; Guedes, O.A.; Alencar, A.H.; Estrela, C.R.; Silva, R.G.; Pécora, J.D.; Sousa-Neto, M.D. Study of anatomical
relationship between posterior teeth and maxillary sinus floor in a subpopulation of the Brazilian Central Region using cone-beam
computed tomography—Part 2. Braz. Dent. J. 2016, 27, 9–15. [CrossRef]

52. Sakir, M.; Ercalik Yalcinkaya, S. 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. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/joor.12525
https://www.ncbi.nlm.nih.gov/pubmed/28547776
https://doi.org/10.1016/S0096-6347(43)90011-0
https://doi.org/10.1016/j.joen.2019.09.005
https://doi.org/10.1016/j.joen.2015.07.008
https://doi.org/10.1016/j.tripleo.2005.03.029
https://doi.org/10.1111/j.1365-2591.2007.01217.x
https://www.ncbi.nlm.nih.gov/pubmed/17229120
https://doi.org/10.4103/jispcd.JISPCD_435_18
https://doi.org/10.1016/j.tripleo.2009.10.031
https://www.ncbi.nlm.nih.gov/pubmed/20219592
https://doi.org/10.1111/j.1601-6343.2010.01502.x
https://doi.org/10.1590/0103-6440201600679
https://doi.org/10.1016/j.joen.2019.12.004
https://www.ncbi.nlm.nih.gov/pubmed/31983459

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Follow-Up Survey 

	Results 
	Discussion 
	Conclusions 
	References

