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Abstract: The aim of the study was to analyze the oral etiology of patients with odontogenic sinusitis (ODS) and to compare the
differences in demographic data, clinical symptoms, extent of sinus involvement, bone penetration of the maxillary sinus floor
(MSF) between different etiologies. A retrospective investigation was conducted on 103 patients with ODS recruited from Beijing
Tongren Hospital. All enrolled patients underwent sinus CT, nasal endoscopy, and oral examination. A comparison of the patients'
clinical symptoms, extent of involvement of the sinuses, and bone resorption of the MSF according to odontogenic etiologies was
conducted. Follow-up was based on symptoms, clinical examination. The most common odontogenic etiologies were endo-peri-
odontal lesions (EPL. 49.5%), apical periodontitis (AP, 32.0%) and periodontitis (PE, 8.7%). There were statistically sig-
nificant differences in age (P=0.002), sex (P=0.036), inflammation involving the ethmoid sinus (P=0.037), and bone penetration of the
MSF (P<0.001) between the AP, EPL, and PE groups. There were no significant differences in sinusitis symptoms (P>0.005) among
patients with different odontogenic etiologies. In conclusion, EPL is a neglected oral etiology with a destructive effect on the bone
of the MSF, and Should receive more attention in diagnosis and treatment.
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1. Introduction

Odontogenic sinusitis (ODS) is a bacterial sinusitis, an infection of dental origin that starts in the lower wall of the
maxillary sinus and can be caused by periodontitis (PE), apical periodontitis (AP), oral maxillary sinus fistula and max-
illary cysts, or secondary to complications of dental treatment[1]. In recent years, the number of papers on ODS has
increased, although there is a lack of common diagnostic names and criteria. Most of them use "odontogenic sinusitis,"
some use "odontogenic maxillary sinusitis,” and a few use the newer classification “sinonasal complications of dental
disease and treatment” [2]. It is now clear that ODS is distinct from non-odontogenic sinusitis, which is classified as
unilateral secondary chronic sinusitis due to localized odontogenic lesions, according to the European Position Paper
on Rhinosinusitis and Nasal Polyps 2020 (EPOS)[3]. Misdiagnosis of the cause of sinusitis could lead to incorrect treat-
ment, and if the sinus and odontogenic pathological irritation is not treated simultaneously, it may lead to treatment
failure[4]. Currently, there are no clear definitions and ideal treatments for ODS. Some scholars believe that diagnosis
of ODS does not require symptoms of sinusitis, emphasizing that nasal endoscopy is more effective in confirming bac-
terial sinusitis[5].However, given that both the EPOS and American Academy of Otolaryngology-Head and Neck Sur-
gery guidelines require specific symptoms for the diagnosis of chronic sinusitis, the adjunctive support of endoscopy
and computed tomography (CT) imaging may not be fully representative of the ODS population[6].In addition, in the
early stage of ODS, oral lesions cause inflammation of the sinus mucosa, and in the absence of obstruction of the max-
illary sinus orifice, the majority of patients do not have obvious symptoms of sinusitis, and founded to have thickening
of the mucosa of the maxillary sinus on Cone-beam computed tomography (CBCT) examination, which should be called
odontogenic maxillary sinusitis to be more precise, which has been reported extensively by oral surgeons and radiolo-
gists[7-12]. The severity of mucosal thickening is directly proportional to the oral lesion, and by treating the oral lesion,
the sinus mucosal thickening can be controlled or even normalized. In our study, all patients underwent multidiscipli-
nary evaluation, where otorhinolaryngologists specified the clinical signs of sinusitis and completed nasal endoscopy
and sinus CT, and dentists performed oral examinations and diagnosis of oral lesions. Previous studies have compared
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sinus symptoms and imaging findings in ODS with those in non-ODS, and they found that foul smell, ipsilateral facial
pressure, and middle meatal pus on endoscopy correlated higher with ODS than non-ODS[13,14]. However, the effects
of different odontogenic etiologies on the symptoms of sinusitis have rarely been reported. Therefore, this study aimed
to analyze the effects of different odontogenic etiologies on the clinical symptoms, extent of sinus involvement, and
bone resorption and penetration in the maxillary sinus floor (MSF) among patients with ODS.

2. Materials and Methods
2.1. Clinical data and sample collection

A total of 103 patients with ODS recruited from the Department of Otolaryngology and Stomatology of Beijing
Tongren Hospital between 2019 and 2021 were included in this study. All patients underwent endoscopic sinus surgery
(ESS), and 76 of 103 patients completed ESS and stomatological surgery simultaneously (including oral lesion tooth
extraction, as well as implant removal and oral maxillary sinus fistula repair). Sinus CT, nasal endoscopy, and oral
examination were conducted for all the patients, and CBCT was performed for some patients with odontogenic lesions
that could not be assessed on sinus CT images. The oral examinations included assessment of tooth condition or resto-
ration, endodontic electrical vitality measurement, periodontal pocket depth (PPD), clinical attachment loss (CAL), and
bone resorption of the MSF (based on CT images).The regular ENT examination include the patient's pre-operation and
post-operation sinusitis symptoms and nasal endoscopy, which was evaluated on the basis of the modified Lund-Ken-
nedy endoscopic scoring system, retaining the subscores of polyps, edema and discharge but excluding the subscores
of scarring and crusting[15].

2.2. Inclusion and exclusion criteria

Clinical symptoms of chronic rhinosinusitis (obstruction, nasal discharge, facial pain/pressure, and reduction or
loss of smell) and imaging findings (CT scans showing hypodense occupancy in the maxillary sinus and bony discon-
tinuity of the MSF) were the inclusion criteria. In addition, the included patients also had an oral lesion corresponding
to the maxillary sinus lesion.

Patients with maxillary sinus lesions without symptoms of sinusitis, those with only partial mucosal thickening of
the maxillary sinus, those with fungal bulb sinusitis on imaging, and those with benign or malignant tumors of the
maxillary sinus were excluded.

2.3. Diagnostic criteria for odontogenic lesions
The following findings characterize the diagnostic criteria for odontogenic lesions:

1. Endo-periodontal lesions (EPLs): Vitality of dental pulp (-); CAL (+); PPD (>3 mm); and radiological  bone
loss (+) [16,17].

2. Apical periodontitis (AP): Vitality of dental pulp (-); CAL (-); PPD (<3 mm); and radiological bone loss (-)[18].

3. Periodontitis (PE): Vitality of dental pulp (+); interdental CAL detectable at 22 nonadjacent teeth; buccal or oral

CAL 23 mm with pocketing >3 mm detectable at >2 teeth, although the observed CAL cannot be ascribed  to

non-PE-related causes, such as 1) gingival recession of traumatic origin, 2) dental caries extending in the cer-
vical area of the tooth, 3) CAL on the distal aspect of a second molar associated with malposition or extraction of a
third molar, 4) endodontic lesion draining through the marginal periodontium, and 5) vertical root fracture[17].

4. Temporary oroantral communications: Oral maxillary sinus communication after tooth extraction, mucosal healing
of the oral fistula, and bone loss at the base of the maxillary sinus[19].

5. Permanent oroantral fistulas: Oral maxillary sinus communication after tooth extraction, unhealed intraoral fistula,
and oral and maxillary sinus communication[19].

2.4. Statistical analysis

Age and disease duration were compared as continuous data using analysis of variance. Sex, sinusitis symptoms,
extent of sinus inflammation, and condition of bone penetration were compared using the Chi-squared test. The conti-
nuity-corrected Chi-squared test was used for theoretical frequencies T>1 and <5. Fisher’s exact probability method for
theoretical frequency was utilized when T<1. The abovementioned tests were two-sided tests with a test level of a=0.05,
i.e.,, P<0.05, which was considered statistically significant. Statistical analyses were conducted using SPSS 23.0 (IBM
Corporation, Armonk, NY, USA).
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3. Results

3.1. Demographic and clinical characteristics of the ODS patients

doi:10.20944/preprints202309.1915.v1

The mean age of the 103 patients was 45.87+12.79 years. Sixty-three patients (61.2%) were male, and the mean
duration of disease was 9.87+10.57 months.

Foul nasal odor (81.6%) and nasal discharge (anterior/posterior nasal drip) (84.5%) were the two most prominent
symptoms in patients with ODS. According to CT analysis, there were 80 (77.7%), 41 (39.8%) and 7 (6.8%) cases that
involved the ethmoid, frontal and sphenoid sinuses, respectively. The most common odontogenic etiologies were EPL
(49.5%) and AP (32.0%) (Table 1).

There were significant differences in age (P=0.002), sex (P=0.036), inflammation involving the ethmoid sinus
(P=0.037), and bone penetration in the MSF (P<0.001) among the AP, EPL, and PE groups. However, no statistically
significant differences (P>0.005) were found in the sinusitis symptoms among patients with different odontogenic eti-
ologies (Table 2).

Table 1. Demographics and clinical variables in patients with ODS.

Symptomatic Patients with ODS

Variables (n=103)

Age (mean=SD, years) 45.87+12.79
Male sex (n, %) 63 (61.2%)
Disease duration (mean+SD, months) 9.87+10.57

Symptoms (n, %)
Foul nasal odor
Nasal obstruction
Nasal discharge (anterior/posterior nasal
drip)
Facial pain/pressure
Reduction or loss of smell
Sinuses involved (n, %)
Maxillary sinus
Ethmoid sinus
Frontal sinus
Sphenoid sinus
Odontogenic causes (1, %)
AP
EPL
PE
Oroantral communications and fistulas
(temporary)
Oroantral communications and fistulas
(persistent)
Postoperative dental implants

84 (81.6%)
60 (58.3%)

87 (84.5%)
63 (61.2%)
14 (13.6%)

103 (100.0%)
80 (77.7%)
41 (39.8%)

7 (6.8%)

33 (32.0%)
51 (49.5%)
9 (8.7%)

5 (4.8%)

4 (3.9%)
1 (1.0%)

SD, standard deviation; AP, apical periodontitis; EPLs, endoperiodontal lesions; PE, periodontitis.

Table 2. Comparison of the characteristics between the apical periodontitis (AP), endoperiodontal lesion (EPL), and peri-
odontitis (PE) groups.

Variables AP (n=33) EPL (n=51) PE (n=9) P Value
Age (mean+SD, years) 40.00+12.16 48.92+12.08 50.78+6.82 0.002 2
Male sex (n, %) 14 (42.4%) 36 (70.6%) 5 (55.6%) 0.036
Course of disease (mear:£5D, 10.42£11.35 10.23+11.14 11.1129.21 0.975 »
months)

Symptoms (n, %)

Foul nasal odor 27 (81.8%) 40 (78.4%) 9 (100.0%) 0.304°
Nasal obstruction 20 (60.6%) 30 (58.8%) 6 (66.7%) 0.905"
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nasal drip 28 (84.8%) 46 (90.2%) 7 (77.8%) 0.427 ¢
Facial pain/pressure 21 (63.6%) 30 (58.8%) 7 (77.8%) 0.547®
Reduction or loss of smell 5 (15.2%) 8 (15.7%) 1(11.1%) 1.000 ©
Involving sinuses (n, %)

Maxillary sinus 33 (100.0%) 51 (100.0%) 9 (100.0%) -
Ethmoid sinus 30 (90.9%) 37 (72.5%) 5 (55.6%) 0.037®
Frontal sinus 17 (51.5%) 19 (37.3%) 1(11.1%) 0.077v
Sphenoid sinus 2 (6.1%) 3 (5.9%) 1(11.1%) 0.678 <
Bone penetration of MSF 15 (45.5%) 44 (86.3%) 5 (55.6%) <0.001>

a ANOVA,; P x2test; °Fisher’s exact test ; SD, standard deviation; MSF, maxillary sinus floor.

3.2. Review of surgical data

We reviewed 76 cases of simultaneous oral treatment with ESS; 71 cases were diseased tooth extractions and sim-
ultaneous wound repairs, 4 were permanent oral maxillary sinus fistula repairs, and 1 was an implant removal and
wound repair. The remaining patients underwent root canal treatment (RCT) or second-stage extraction of the diseased
tooth after ESS for some of the affected teeth. Among the 71 patients who underwent simultaneous extractions, there
were 25 cases requiring rotating mucosal flaps on the palatal side, 21 cases requiring gliding flaps on the buccal side,
and 25 who required direct wound closure after filling with hemostatic sponges.

There were significant differences in preoperative and postoperative nasal symptoms and modified-LKS scores,
and No patients developed an oral maxillary sinus fistula after the surgery. Furthermore, the sinus openings were clear,
and the mucosa was not swollen at the 3-month review by nasal endoscopy (Table 3).

Table 3. Patients’ pre-operation and post-operation sinusitis symptoms and nasal endoscopic findings.

Symptoms and Nasal Pre-Operation Post-Operation P Value*

Endoscope Finding (n=103)

Symptoms

Foul nasal odor 84 (81.6%) 0 (0%) <0.001
Nasal obstruction 60 (58.3%) 3 (2.9%) <0.001
Nasal discharge 87 (84.5%) 6 (5.8%) <0.001
Facial pain/pressure 63 (61.2%) 0 (0%) <0.001
Nasal endoscopy finding

Edema

0: absent 11 (10.7%) 86 (83.5%) <0.001
1: mild 43 (41.7%) 12 (11.6%) <0.001
2: severe 49 (47.6%) 5 (4.9%) <0.001
Polyps

0: no polyps 69 (67.0%) 103 (100%) <0.001
1: polyps in middle meatus only 19 (18.4%) 0 (0%) <0.001
2: beyond middle meatus 15 (14.6%) 0 (0%) <0.001
Discharge

0: no discharge 9 (8.7%) 92 (89.3%) <0.001
1: clear, thin discharge 5 (4.9%) 8 (7.8%) 0.39
2: thick, purulent discharge 89 (86.4%) 3 (2.9%) <0.001

4. Discussion

ODS involves both sinusitis and odontogenic lesions, and the lack of knowledge about sinusitis among dentists
and about oral health among otorhinolaryngologists makes the diagnosis and treatment of ODS difficult. In essence, an
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imbalance in the bacterial microecology leads to dysfunction in the normal clearance mechanism and drainage system
of the sinuses and the symptoms of sinusitis. In a recent study, we used 165 rRNA sequencing to compare the microbi-
ological differences between ODS patients and normal sinus secretions: The 3 most abundant genera were Fusobacte-
rium, Porphyromonas, Prevotella in ODS patients and Staphylococcus, Corynebacterium, Cutibacterium in normal si-
nus secretions [20]. The presence of anaerobic bacteria in the nasal microbiome of ODS patients indicate potential tissue
hypoxia or indicate that the discrete microenvironment within the mucus or bacterial biofilm in ODS patients may also
be oxygen-limited, allowing anaerobic bacteria to survive. Therefore, the key to the treatment of ODS is to restore the
microecological environment of the sinuses. There are two things that can be done: first, improve the drainage and
anaerobic environment of the sinus cavities by medication or ESS surgery; second, completely remove the odontogenic
lesions, reduce the microbial burden of the sinuses, and ultimately restore them to a stable state. In a recently published
consensus, experts agreed that a multidisciplinary approach was optimal [21], However, concerning the optimal se-
quence of surgical interventions, the majority of contemporary otorhinolaryngologic literature recommends primarily
addressing the odontogenic infection source. Other authors suggest a combined approach of oral removal of dental
infection and simultaneously maxillary sinus drainage via ESS [22-24]. ESS can be undertaken to rapidly open the si-
nuses and improve the patient's symptoms, but some patients may be able to avoid surgery through dental treatment;
therefore, to develop an optimal treatment plan, the etiology of odontogenic pathology should be clarified before pro-
ceeding with surgery.

Odontogenic lesions may be caused by dental disease or surgery, implant surgery, or maxillary sinus lift surgery
and thus include issues whose etiologies go beyond the etymological definition of "odontogenic." Although dental im-
plant surgery has caused an increasing number of odontogenic diseases, the vast majority of odontogenic lesions in
patients are still caused by typical dental diseases and complications of dental treatment. Among the 103 patients with
ODS included in this study, the top three odontogenic etiologies were EPL (49.50%), AP (32.0%), and PE (8.70%); nearly
half of the patients presented with both apical and periodontal lesions, a share that differed from that reported in pre-
vious studies[25]. This discrepancy may be due to some patients having nonobvious periodontal lesions and being
diagnosed with AP or no odontogenic etiology. Both pulpal and periodontal tissue lesions are involved in EPL. In pa-
tients affected by PE, EPLs usually progress slowly and without important symptoms. The most common signs and
symptoms of pulp-infected teeth in EPLs are narrow, deep periodontal pockets that reach or approach the root apex
and respond negatively to pulp vitality testing[26]. These symptoms are consistent with those in our patient diagnosed
with EPL (Figure 1). According to our analysis, there are two possibilities; the first is chronic necrosis of the pulp, which
occurs without considerable pain due to the chronic irritation of the pulp by the filling, resulting in apical lesions. The
other condition is pulpal necrosis due to chronic PE, which may also cause no obvious pain. Since some periapical
lesions are too small to be observed on sinus CT, CBCT should be performed to look more closely at dental lesions in
patients with a high clinical suspicion of ODS.

Figure 1. A patient with odontogenic sinusitis due to EPL with bone defects in the MSF.

A: Sinus CT shows resorption of alveolar bone on the palatal side of the left upper first molar, forming a narrow
and deep periodontal pocket. B: MRI shows diseased tissue in the periodontal pocket connected to swollen mucosa in
the maxillary sinus. C: Bone penetration of the palatal MSF in the extraction socket is observed during surgery. D:
Palatal rotating mucosal flap to repair oral maxillary sinus fistula.

In this study, we compared the EPL, AP and PE groups in terms of demographic characteristics, sinus symptoms,
and extent of sinus invasion. The three groups were found to have statistically significant differences in terms of sex
and age, with patients in the PE group being older. There were no statistically significant differences in sinusitis symp-
toms among ODS patients with different odontogenic etiologies. However, the proper treatment of odontogenic lesions
can affect the overall outcome for the patient, and different treatments are required for different odontogenic
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causes.Patients with ODS caused by AP tended to have a better prognosis, excluding those who had already had root
canal treatment (RCT), root fractures, and periodontal lesions. For those patients whose lesions are limited to the apices
of the teeth, infection from the pulp can be blocked by RCT, potentially avoiding the ESS procedure; therefore, it is
recommended that patients with ODS caused by periapical lesions undergo dental treatment first. The infection from
the pulp was controlled by RCT, and the patients’ sinus symptoms subsequently improved as early as during the RCT
procedure. (Figure 2). After RCT, the decision to perform ESS is based on sinusitis symptoms and radiological findings.
If the lesions are more extensive, involving root bifurcation, root fracture, or accompanied by periodontal inflammation,
extraction of the diseased tooth should be considered to completely remove the lesion (Figure 3). In some of our cases,
the diseased teeth were extracted before the ESS procedure, but the sinusitis symptoms did not improve even after the
mucosa in the oral cavity had healed. Although the pathological irritation from the oral cavity was resolved, the ob-
struction of the sinus openings resulted in the formation of an anaerobic environment in the maxillary sinuses, requiring
the ESS procedure to improve sinus ventilation and drainage (Figure 4).

Figure 2. Odontogenic sinusitis due to periapical inflammation. Symptoms disappeared after root canal treatment; no ESS
was performed.

Figure 4. Patient undergoes tooth extraction but no sinus ESS.

A, B: Before root canal treatment, the patient developed a purulent discharge with a foul odor and obstruction of
the maxillary sinus opening. C, D: After root canal treatment, infection of the dental pulp was controlled and the symp-
toms of sinusitis had disappeared, with the mucosa of the maxillary sinus returning to normal.

Figure 3: Recurrence of postoperative sinus symptoms after ESS for odontogenic sinusitis due to failure to treat the
apical lesion

A, B: Large shading of the apical area of the diseased tooth and bone penetration of the maxillary sinus floor. The
maxillary sinus opening was fully opened after ESS, and the maxillary sinus mucosa could not heal completely due to
the apical lesion not having been removed. C: The apical lesion persisted despite RCT of the diseased tooth. D: A large
amount of diseased granulation tissue adhered to the apical lesion.

In patients with severe periodontal infection, it is difficult to improve the resorbed alveolar bone through treat-
ment. Infection from the oral cavity will continue to irritate the maxillary sinus mucosa through resorbed and destroyed
alveolar bone. Five of the 103 patients had undergone ESS surgery, and although the sinus orifices were adequately
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opened, the inflammation of the sinus mucosa did not improve after surgery because the cause of the oral cavity was
not addressed during the first treatment. (Figure 5). During the second operation, we found no obvious purulent secre-
tions in the maxillary sinus but considerable mucosal swelling, which was associated with persistent irritation from the
oral lesion. Therefore, the oral lesion was removed during the surgery, and the symptoms completely disappeared.
Therefore, the best treatment plan for patients with EPLs and PE with severe periodontal pathology, especially those
with bone penetration in the MSF, should be sinus surgery combined with extraction of the affected teeth, removal of
the oral lesion, opening of the maxillary sinus for drainage, and closing of the oral maxillary sinus fistula as needed.

A: The patient was found to have sinusitis of the right maxillary sinus at the time of tooth extraction, and the
affected tooth was extracted without an oral maxillary sinus fistula. B: The sinus CT was repeated 1 month after tooth
extraction, which revealed ongoing sinus inflammation. C, D: One year after tooth extraction, there was already new
bone formation on the floor of the maxillary sinus, however, the sinus symptoms were still not relieved as the maxillary
sinus was not opened.

Figure 5: Patient with severe periodontal infection and no improvement in sinusitis symptoms after ESS

A, B: Sinus CT shows adequate maxillary sinus opening, alveolar bone resorption of the diseased tooth, and bone
defects in the MSF. C, D: MRI shows periodontal lesion tissue attached to the mucosa of the maxillary sinus, with sig-
nificant swelling of the maxillary sinus mucosa.

However, there were some limitations in the current study. First, the sample size was relatively small. Second, this
was a single-center study in China, where the distribution of the odontogenic etiologies of ODS might differ from that
in Europe and the United States, as such distribution is related to the local level of oral health knowledge. Further
studies investigating these aspects will thus be needed in the future.

5. Conclusions

The key to the treatment of ODS is restoration of the microecological environment of the sinuses. Accurate evalu-
ation and diagnosis of oral lesions are essential for the development of a treatment plan. EPL is a neglected oral etiology
with a destructive effect on the bone of the MSF, and sinus surgery should be performed concurrently with extraction
of the diseased teeth and debridement of the lesion.
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