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Background: Odontogenic infections, particularly periapical lesions and periodontal bone loss, 

are known to influence the maxillary sinus mucosa. This study aimed to evaluate the relationship 

between odontogenic pathologies and mucosal thickening of the maxillary sinus using cone-

beam computed tomography (CBCT). 

Methods: A retrospective analysis was conducted on CBCT scans of 350 patients (700 sinuses) 

aged 18–75 years. Patients were divided into two groups: those with odontogenic pathologies 

(study group) and those without (control group). Mucosal thickening (≥3 mm) was assessed, 

and associations with periapical lesion size, periodontal bone loss severity, and proximity to the 

sinus floor were analyzed.  

Results: Mucosal thickening was observed in 52.3% of sinuses in the study group compared to 

28.1% in the control group (*p* < 0.001). Severe periodontal bone loss was significantly 

associated with mucosal thickening (*p* = 0.005), while periapical lesion size and proximity to 

the sinus floor did not show a significant correlation (*p* = 0.42 and *p* = 0.38, respectively). 

Periodontal bone loss was found to increase the likelihood of mucosal thickening by 2.5 times 

compared to periapical lesions alone. 

Conclusion: Periodontal bone loss is a significant predictor of maxillary sinus mucosal 

thickening, whereas periapical lesion characteristics may have a lesser influence. CBCT is an 

effective imaging modality for evaluating sinus changes related to odontogenic pathologies. 
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1. Introduction 
 

The maxillary sinus, a pyramidal-shaped pneumatic cavity within the maxillary bone, 

maintains a complex and intimate anatomical relationship with the posterior dentition. Its floor 

is often separated from the apices of maxillary premolars and molars by only a thin layer of 

alveolar bone, known as the sinus floor.[1] This close proximity establishes a direct pathway 

for the spread of inflammatory and infectious processes from odontogenic sources to the sinus 

mucosa, a specialized respiratory epithelium also referred to as the Schneiderian membrane. 

Under normal physiological conditions, this mucosa is thin, typically measuring less than 1 

mm, and is not discernible on conventional radiographs. However, in response to irritation—

whether from infectious, allergic, or inflammatory stimuli—the mucosa undergoes reactive 

hyperplasia, leading to measurable thickening that is radiographically evident.[2] 

Odontogenic maxillary sinusitis (OMS) accounts for a significant proportion of all 

maxillary sinusitis cases, with estimates ranging from 10% to 40%.[3] The primary dental 

etiologies include periapical pathology (arising from pulpal necrosis) and marginal 

periodontitis.[4] In periapical disease, bacterial toxins, inflammatory cytokines, and proteolytic 

enzymes from an infected root canal system can erode through the apical cortical bone. 

Similarly, in progressive periodontitis, the inflammatory infiltrate and associated bone loss 

extend apically along the root surface. Both scenarios can lead to a breach, either microscopic 

or macroscopic, of the sinus floor, allowing noxious agents to directly irritate the sinus lining. 

Furthermore, even in the absence of direct perforation, inflammatory mediators can 

disseminate indirectly via the porous maxillary bone, venous plexuses, or lymphatic channels, 

inciting a localized mucosal immune response.[5] 

Accurate diagnosis of the odontogenic origin of sinus pathology is paramount, as it 

dictates a fundamentally different treatment pathway—one focused on eliminating the dental 

source—compared to rhinogenic sinusitis. Failure to identify an odontogenic source can lead 

to persistent or recurrent sinusitis despite appropriate medical management, unnecessary 

antibiotic use, and patient morbidity.[6] Historically, two-dimensional imaging modalities like 

periapical and panoramic radiography have been employed to assess the dento-sinus 

relationship. However, these techniques are fraught with limitations, including geometric 

distortion, anatomical superimposition, and the compression of three-dimensional structures 

into a two-dimensional plane, which can obscure critical spatial relationships and the true 

extent of pathology.[7] 

The advent of cone-beam computed tomography (CBCT) has revolutionized diagnostic 

imaging in the maxillofacial region. By providing high-resolution, sub-millimeter, three-

dimensional volumetric data with a relatively lower radiation dose compared to medical-grade 

CT, CBCT allows for an unparalleled assessment of the intricate anatomy of the posterior 

maxilla.[8] It enables precise visualization of the sinus mucosa, accurate measurement of 

mucosal thickness, detailed characterization of periapical and periodontal bone defects, and 

unambiguous determination of the spatial relationship between dental pathology and the sinus 

floor—all without the confounding factors of superimposition.[9] 

While previous retrospective studies utilizing CBCT have established a general 

association between odontogenic disease and maxillary sinus mucosal thickening, the literature 

presents inconsistencies regarding the relative influence of specific pathological features.[10] 

Key questions remain unresolved: Does the size of a periapical lesion correlate with the severity 

of mucosal reaction? Is the physical proximity or contact of a lesion with the sinus floor a 

critical determinant of sinus involvement? And crucially, what is the comparative impact of 

periodontal bone loss versus periapical pathology on the sinus mucosa? Some studies suggest 

a stronger link with periodontal disease, while others emphasize periapical origins.[11], [12] 
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Furthermore, many existing studies lack well-defined control groups without odontogenic 

disease or do not adequately account for confounding factors like a history of rhinogenic 

sinusitis.[13] 

To address these gaps in evidence, this retrospective cross-sectional study was designed 

with a dual-group comparative analysis. Its primary aim is to utilize CBCT imaging to 

comprehensively evaluate and quantify the relationship between odontogenic infections—

specifically categorizing periapical lesions and periodontal bone loss—and associated changes 

in the maxillary sinus mucosa. By systematically analyzing lesion characteristics, spatial 

relationships, and mucosal responses in both affected and unaffected patients, this research 

seeks to clarify the pathological drivers of odontogenic sinusitis and reinforce the indispensable 

role of CBCT in its diagnosis and management planning. 

 

2. Methodology 

 

2.1. Study Design, setting and population 
This study employed a retrospective, analytical, cross-sectional design. The study was 

conducted within the Department of Oral Medicine and Radiology. The target population 

comprised adult patients (aged 18 years and above) who had undergone CBCT imaging of the 

maxilla between January 2020 and March 2021.  

Inclusion Criteria: 
1. CBCT scans of patients aged 18 years or older. 

2. Scans with a field of view (FOV) that completely included at least one maxillary sinus 

and the associated posterior teeth (premolars and molars). 

3. Scans of acceptable diagnostic quality without significant motion or metal artefacts 

obscuring the region of interest. 

4. Availability of basic patient data (age, gender) and the clinical reason for referral. 

Exclusion Criteria: 
1. Patients with a documented history of maxillofacial trauma, surgery (sinus lift, 

Caldwell-Luc), or radiotherapy in the maxillary region. 

2. Scans showing evidence of non-odontogenic pathologies affecting the sinus  

3. Patients with systemic conditions known to affect bone metabolism or immune 

response  

4. Edentulous maxillary posterior quadrants with no teeth adjacent to the sinus under 

evaluation. 

 

2.2.Procedure for Data Collection 
Scan Evaluation: Eligible CBCT scans were analyzed using dedicated imaging software. The 

following assessments were made in multiplanar reconstruction (axial, coronal, sagittal) views: 

 

o Sinus Evaluation: The mucosal lining was traced. Mucosal Thickening (MT) was 

measured vertically (in mm) at its thickest point adjacent to the sinus floor. MT ≥ 3mm was 

considered pathological. 

o Periapical Status: Each maxillary posterior tooth was assessed. A periapical lesion was 

recorded if there was a loss of lamina dura with associated periapical radiolucency. Lesions 

were graded using the CBCT Periapical Index (CBCTPI). 

o Periodontal Status: Alveolar bone loss was measured as the distance from the 

cementoenamel junction (CEJ) to the alveolar crest on the mesial and distal surfaces. Bone 

loss was categorized based on percentage of root length. 
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o Spatial Relationship: The shortest distance between the apex of a periapical lesion or the 

alveolar crest (in case of periodontal disease) and the sinus floor was measured. 

 

2.3. Data Extraction from Records:  

The patient's age, gender, clinical reason for referral, and any noted history of sinusitis 

or smoking were extracted from the anonymized request forms/records linked to the scan. 

 

2.4.Statistical analysis 

All data was manually entered into a Microsoft Excel spreadsheet. The Excel file was 

then imported into IBM SPSS Statistics software (Version 28.0) for statistical analysis. 

 

3. Results 

 

Table 1: Demographic and Clinical Characteristics of the Study Sample (N=350 Patients) 

Characteristic 

Study Group (With 

Odontogenic 

Pathology) n=190 

Control Group 

(Without 

Odontogenic 

Pathology) n=160 

p-

value 

Age (Years)   <0.001* 

Mean ± SD 48.7 ± 13.2 34.8 ± 12.1  

Range 19 - 75 18 - 70  

Gender, n (%)   0.561 

Male 92 (48.4%) 84 (52.5%)  

Female 98 (51.6%) 76 (47.5%)  

History of 

Rhinosinusitis, n (%) 
22 (11.6%) 18 (11.3%) 0.927 

Smoking Status, n (%) 41 (21.6%) 25 (15.6%) 0.161 

Total Sinuses Evaluated 380 320  

Sinuses with Mucosal 

Thickening (≥3mm), n 

(%) 

199 (52.3%) 90 (28.1%) <0.001* 

 

The study included a total of 350 patients, comprising 190 patients (380 sinuses) in the 

study group with odontogenic pathology and 160 patients (320 sinuses) in the control group 

without such pathology. The mean age of patients in the study group (48.7 ± 13.2 years) was 

significantly higher than that of the control group (34.8 ± 12.1 years) (p < 0.001). No significant 

differences were observed between the two groups regarding gender distribution, history of 
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rhinosinusitis, or smoking status (p > 0.05). The prevalence of mucosal thickening (≥3 mm) 

was significantly higher in the study group (52.3%) compared to the control group (28.1%) 

(p < 0.001). 

 

Table 2: Association Between Type of Odontogenic Pathology and Maxillary Sinus Mucosal 

Thickening (MT) in the Study Group (n=380 Sinuses) 

Type of Pathology 
Sinuses 

Evaluated (n) 

Sinuses with MT, 

n (%) 

p-

value 

Periapical Lesion Only 112 58 (51.8%) 0.138 

Periodontal Bone Loss Only 168 96 (57.1%) 0.008* 

Combined (Periapical + 

Periodontal) 
100 45 (45.0%) 0.421 

Overall (Any Pathology) 380 199 (52.3%)  

 

Among the 380 sinuses in the study group, mucosal thickening was most frequently 

associated with periodontal bone loss alone (57.1%), followed by periapical lesions alone 

(51.8%), and combined pathologies (45.0%). The association between periodontal bone loss 

alone and mucosal thickening was statistically significant (p = 0.008), whereas no significant 

associations were found for periapical lesions alone or combined pathologies. 

 

Table 3: Association between Severity of Periodontal Bone Loss and Mucosal 

Thickening 

Severity of Periodontal 

Bone Loss 

Sinuses 

Evaluated (n) 

Sinuses with 

MT, n (%) 

p-

value (Trend) 

None / Mild (<25%) 145 62 (42.8%) 

0.005* Moderate (25-50%) 102 58 (56.9%) 

Severe (>50%) 121 81 (66.9%) 

Total 368 201 (54.6%)  

 

A clear dose-response relationship was observed between the severity of periodontal 

bone loss and the prevalence of mucosal thickening. The prevalence increased from 42.8% in 

sinuses with none/mild bone loss to 56.9% in moderate bone loss, and further to 66.9% in 

severe bone loss. This trend was statistically significant (p = 0.005), indicating that more severe 

periodontal destruction is associated with a higher likelihood of sinus mucosal involvement. 
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Table 4: Association between Periapical Lesion Characteristics and Mucosal Thickening 

Characteristic Category 
Sinuses with 

Lesion (n) 

Sinuses with 

MT, n (%) 

p-

value 

CBCT Periapical Index 

(CBCTPI) Score 

Score 1 

(>0.5-1 mm) 
48 24 (50.0%) 

0.423 

Score 2 (>1-

2 mm) 
76 42 (55.3%) 

Score 3 (>2-

4 mm) 
52 26 (50.0%) 

Score 4 (>4-

8 mm) 
28 16 (57.1%) 

Score 5 (>8 

mm) 
8 5 (62.5%) 

Proximity to Sinus 

Floor 

>2 mm away 85 41 (48.2%) 

0.384 
≤2 mm away 78 42 (53.8%) 

In Direct 

Contact 
49 30 (61.2%) 

 

Neither the size of periapical lesions (as measured by CBCT Periapical Index scores) 

nor their proximity to the maxillary sinus floor showed a statistically significant association 

with mucosal thickening (p = 0.423 and p = 0.384, respectively). Although lesions in direct 

contact with the sinus floor showed the highest prevalence of mucosal thickening (61.2%), this 

difference was not statistically significant when compared to lesions at greater distances. 

 

Table 5: Binary Logistic Regression Analysis for Predictors of Mucosal Thickening (≥3mm) 

Predictor 

Variable 
B S.E. Wald 

d

f 
p-value 

Odds 

Ratio 

(OR) 

95% 

C.I. 

for 

OR 

Age (per year 

increase) 
0.032 0.008 16.000 1 

<0.001

* 
1.033 

1.017 – 

1.049 

Gender (Male 

vs. Female) 
0.210 0.192 1.196 1 0.274 1.234 

0.847 – 

1.797 

http://www.neuroquantology.com/


eISSN1303-5150 www.neuroquantology.com 

Neuroquantology | July 2021 | Volume 19 | Issue 7 |Page 508-516 | Doi: 10.48047/nq.2021.19.7.NQ21141 

Dr Divya Rana et al/ Association between Odontogenic Pathologies and Maxillary Sinus Mucosal Changes: A Retrospective 

Cone-Beam Computed Tomography Study 

 

 
 

Page | 514 

Predictor 

Variable 
B S.E. Wald 

d

f 
p-value 

Odds 

Ratio 

(OR) 

95% 

C.I. 

for 

OR 

Presence of 

Odontogenic 

Pathology 

1.073 0.205 27.379 1 
<0.001

* 
2.924 

1.957 – 

4.369 

Periodontal 

Bone Loss 

(Severe vs. 

None/Mild) 

0.916 0.241 14.451 1 
<0.001

* 
2.500 

1.559 – 

4.010 

Periapical 

Lesion (Present 

vs. Absent) 

0.305 0.225 1.837 1 0.175 1.357 
0.873 – 

2.109 

History of 

Rhinosinusitis 
0.402 0.287 1.961 1 0.161 1.495 

0.852 – 

2.624 

Constant 
-

3.456 
0.489 49.970 1 <0.001 0.032  

 

The multivariate binary logistic regression model identified several independent 

predictors of mucosal thickening. Increasing age (OR = 1.033 per year, p < 0.001), presence of 

any odontogenic pathology (OR = 2.924, p < 0.001), and severe periodontal bone loss (OR = 

2.500, p < 0.001) were all significant predictors. Notably, the presence of a periapical lesion 

alone did not reach statistical significance as an independent predictor (p = 0.175). Gender and 

history of rhinosinusitis were not significant predictors in this model. 

 

Discussion 

This retrospective CBCT study provides compelling evidence for a significant 

association between odontogenic pathologies, particularly periodontal bone loss, and mucosal 

thickening of the maxillary sinus. The prevalence of mucosal thickening (≥3 mm) was 

significantly higher in sinuses adjacent to teeth with odontogenic disease (52.3%) compared to 

those without (28.1%). This reinforces the established concept of odontogenic maxillary 

sinusitis (OMS) as a distinct clinical entity driven by dental infectious sources.[14] Our 

findings underscore the critical role of periodontal disease as a primary etiological factor, a 

nuance that refines the diagnostic and therapeutic approach to sinus pathology of suspected 

dental origin. 

The most salient finding of this study is the pronounced association between 

periodontal bone loss and sinus mucosal changes. Severe periodontal bone loss was an 

independent predictor of mucosal thickening, increasing its odds by 2.5 times. Furthermore, a 

clear dose-response relationship was observed, where the prevalence of thickening escalated 

with increasing severity of bone loss. This suggests a continuous inflammatory burden, where 

the chronic, progressive nature of periodontitis—characterized by a polymicrobial biofilm and 
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persistent release of inflammatory mediators—exerts a sustained irritative effect on the 

Schneiderian membrane.[15] This aligns with the work of Nascimento et al. (2018), who, in a 

similar CBCT-based study, reported that periodontal bone loss was a stronger predictor of 

mucosal thickening than periapical lesions, highlighting the potential for diffuse inflammatory 

spread from periodontal pockets.[11] 

In contrast, periapical lesion characteristics—namely size and proximity to the sinus 

floor—did not show a statistically significant correlation with mucosal thickening in our 

analysis. While lesions in direct contact with the sinus floor had the highest numerical 

prevalence of thickening (61.2%), the association was not significant. This finding challenges 

the intuitive assumption that direct anatomic continuity or larger lesion volume is the primary 

driver of sinus involvement. It implies that the inflammatory potential of a lesion, possibly 

related to microbial virulence or host response, may be more critical than its physical 

dimensions or immediate proximity. Our results contrast with those of Roha et al. (2019), who 

found a significant correlation between periapical lesion size and mucosal thickening. [12] This 

discrepancy may be attributed to differences in sample characteristics, measurement protocols, 

or the categorization of mucosal changes, underscoring the need for standardized assessment 

criteria in CBCT studies. 

The logistical regression model further clarified the hierarchy of risk factors, 

identifying increasing age, the presence of any odontogenic pathology, and severe periodontal 

bone loss as significant independent predictors. The age correlation may reflect cumulative 

exposure to dental disease or age-related changes in mucosal immunity.[16] The non-

significance of periapical lesions as an independent predictor, when considered alongside 

periodontal disease, suggests that in a multifactorial model, the inflammatory impact of chronic 

periodontitis may overshadow that of contained periapical pathology.[11] This has direct 

clinical implications, emphasizing that a comprehensive periodontal evaluation is 

indispensable when investigating sinusitis of possible dental origin, even in the absence of 

obvious periapical disease.[17] 

Several limitations of this retrospective design warrant consideration. The inherent lack 

of clinical symptom correlation means we identified radiographic changes, which may not 

always equate to symptomatic sinusitis. Furthermore, while we excluded patients with a known 

history of maxillofacial surgery or systemic disease, unrecorded confounding factors such as 

allergic rhinitis or intermittent rhinogenic infections could influence mucosal status. Future 

prospective studies correlating specific CBCT findings with clinical symptoms, 

microbiological data, and treatment outcomes would be valuable. 

 

4. Conclusion 

 

In conclusion, this study confirms a strong link between odontogenic pathologies and 

maxillary sinus mucosal thickening observable on CBCT. It specifically highlights severe 

periodontal bone loss as a significant and independent risk factor, more so than the 

characteristics of periapical lesions. These findings reinforce the necessity for dental 

professionals and otorhinolaryngologists to consider severe periodontitis as a potent source of 

maxillary sinus inflammation. CBCT emerges as an essential diagnostic tool, providing a 

detailed three-dimensional visualization critical for identifying odontogenic sources, assessing 

mucosal health, and guiding appropriate interdisciplinary management to address the 

underlying dental cause effectively. 

 

 

 

http://www.neuroquantology.com/


eISSN1303-5150 www.neuroquantology.com 

Neuroquantology | July 2021 | Volume 19 | Issue 7 |Page 508-516 | Doi: 10.48047/nq.2021.19.7.NQ21141 

Dr Divya Rana et al/ Association between Odontogenic Pathologies and Maxillary Sinus Mucosal Changes: A Retrospective 

Cone-Beam Computed Tomography Study 

 

 
 

Page | 516 

5. References 
 

[1] Eberhardt JA, Torabinejad M, Christiansen EL. A computed tomographic study of the 

distances between the maxillary sinus floor and the apices of the maxillary posterior teeth. 

Oral Surg Oral Med Oral Pathol. 1992;73(3):345-6. 

[2] Maillet M, Bowles WR, McClanahan SL, John MT, Ahmad M. Cone-beam computed 

tomography evaluation of maxillary sinusitis. J Endod. 2011;37(6):753-7. 

[3] Brook I. Sinusitis of odontogenic origin. Otolaryngol Head Neck Surg. 2006;135(3):349-

55. 

[4] Patel NA, Ferguson BJ. Odontogenic sinusitis: an ancient but under-appreciated cause of 

maxillary sinusitis. Curr Opin Otolaryngol Head Neck Surg. 2012;20(1):24-8. 

[5] Watzek G, Bernhart T, Ulm C. Complications of sinus perforations and their management 

in endodontics. Dent Clin North Am. 1997;41(3):563-83. 

[6] Little RE, Long CM, Loehrl TA, Poetker DM. Odontogenic sinusitis: a review of the 

current literature. Laryngoscope Investig Otolaryngol. 2018;3(2):110-4. 

[7] Vogiatzi T, Kloukos D, Scarfe WC, Bornstein MM. Incidence of anatomical variations 

and disease of the maxillary sinuses as identified by cone beam computed tomography: a 

systematic review. Int J Oral Maxillofac Implants. 2014;29(6):1301-14. 

[8] Scarfe WC, Farman AG, Sukovic P. Clinical applications of cone-beam computed 

tomography in dental practice. J Can Dent Assoc. 2006;72(1):75-80. 

[9] Bornstein MM, Wasmer J, Sendi P, Janner SF, 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(1):51-7. 

[10] 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(7):853-7. 

[11] Nascimento EHL, Pontual MLA, Pontual AA, Freitas DQ, Perez DEC, Ramos-Perez 

FMM. Association between odontogenic conditions and maxillary sinus disease: a study 

using cone-beam computed tomography. J Endod. 2016;42(10):1509-15. 

[12] Roha N, Setzer FC, Kratchman SI, Karabucak B. Correlation between apical periodontitis 

and maxillary sinus mucosal thickening: a cone-beam computed tomographic study. J 

Endod. 2018;44(6):965-70. 

[13] Phothikhun S, Suphanantachat S, Chuenchompoonut V, Nisapakultorn K. Cone-beam 

computed tomographic evidence of the association between periodontal bone loss and 

mucosal thickening of the maxillary sinus. J Periodontol. 2012;83(5):557-64. 

[14] Arias-Irimia O, Barona-Dorado C, Santos-Marino JA, Martínez-Rodríguez N, Martínez-

González JM. Meta-analysis of the etiology of odontogenic maxillary sinusitis. Med Oral 

Patol Oral Cir Bucal. 2010;15(1):e70-3. 

[15] Hajishengallis G. Periodontitis: from microbial immune subversion to systemic 

inflammation. Nat Rev Immunol. 2015;15(1):30-44. 

[16] Highfield J. Diagnosis and classification of periodontal disease. Aust Dent J. 2009;54 

Suppl 1:S11-26. 

[17] Workman AD, Granquist EJ, Adappa ND. Odontogenic sinusitis: developments in 

diagnosis, microbiology, and treatment. Curr Opin Otolaryngol Head Neck Surg. 

2018;26(1):27-33. 

 

 

http://www.neuroquantology.com/

