Does the quality of residual alveolar bone apical to a periodontal lesion beneath the maxillary sinus play a vital role in preventing the extension of periodontal disease to maxillary sinus? - A CBCT assisted retrospective study.
ABSTRACT: 
Background: The Mucous membrane of the maxillary sinus is sensitivis susceptible to infection or inflammation adjacent to it, which may contribute to mucous membrane thickening (MMT). Residual alveolar bone quality (RABQ) is the nature of the remaining bone apical to periodontal defect adjoining to the floor of the maxillary sinus. The current study aimed to analyze the minimum RABQ to prevent the extension of periodontal pathology from reaching maxillary sinus using Cone-beam computed tomography (CBCT).
Materials and Methods:   In this retrospective observational study, 240 sinus exposure CBCT records of 134 patients were evaluated. Patients with at least one sinus exposure were included. RABQ and MMT were calculated using CBCT inbuilt tools. RABQ was divided into four groups based on Gray scale values (GSV). Statistical analysis was performed using One way ANOVA and independent sample t-tests. Correlation was completed applying Pearson’s correlation coefficient.
Results: Significant difference (p<0.05) was observed between the MMT values of the four RABQ groups. Inverse correlation was observed between mean MMT and GSV values. Mean MMT is higher than pathological MMT range (>2mm), with significant differences in groups A and B, where mean GSV values are less than 500. Mean GSV greater than 500 in groups C and D show non-pathological MMT. Prevalence of MMT is 91.4% if GSV is <500 and 7.5% if GSV is >500. 
Conclusions: Our study suggests that MMT is present if RABQ has GSV values < 500. Maxillary sinusitis and its etiology from periodontal pathology can be excluded based on RABQ adjoining periodontal lesion. Early detection and prompt treatment, along with appropriate regenerative protocols can be performed to increase the RABQ. Further microbiological investigation is required to support the present results.
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INTRODUCTION:
The maxillary sinus is one of the pneumatic paranasal sinuses involved in maintaining the airway, temperature, and balance of the skull. Its inner wall is lined by a thin pseudostratified columnar ciliated epithelial membrane, the Schneiderian membrane. Any infection or inflammation adjacent to sinus may evoke an inflammatory reaction in the sinus, causing mucous membrane thickening (MMT) (1,2). Nathaniel Highmore firstly highlighted the relation between odontogenic and maxillary sinus infections (3). Later, several pieces of research have attempted to evaluate the association between the two (4). The floor of the maxillary sinus comprises dense cortical bone and acts as a limitation for odontogenic infections transmitting to the maxillary sinus (2,5). 
The thickness of the mucous membrane varies from 1 to 2 mm and may not be visible in radiographs in healthy subjects.  However, an MMT >2mm is deemed pathological and requires treatment. This is a frequent finding, with prevalence ranging from 8 to 55% (6).  A localized or generalized MMT of 4-5mm is most of the times asymptomatic and may go unnoticed. However, if left untreated,  it leads to maxillary sinusitis and mucus retention cysts (1). In rare cases, MMT escalates up to 10-15 times higher than the normal thickness (3).

Among common odontogenic infections sources, the MMT, periapical and periodontal infections are frequent, and prevalence was observed to be between 10 to 12% (6). Maxillary posterior teeth are anatomically proximal to the maxillary sinus, also contained with a common blood supply, which might be the reason for the transmission of inflammation to the sinus. Hence, bacterial, fungal, and viral colonies of periodontal infections may spread to the sinus (2,3,7). Some authors had observed an extension of plasma cells and lymphocytes in the bottom of the pocket to sinus mucosa in advanced “pyorrhea” cases. This was reported to happen only when the periodontal bone loss is severe and extended till or beyond the apex of the root in human autopsy models (5). Mora et al. first propose the chances of extension of periodontal infection to the maxillary sinus in their works. Later, Moskow et al. confirmed this mode of inflammation and infection spread using human microscopic autopsy specimens (7). After that, many authors have attempted to identify the link between periodontitis and maxillary sinusitis, but few authors have proposed a decline in MMT after successful periodontal therapy (8,9).

Conventional two-dimensional radiographs (periapical, panoramic imaging, and water’s projection) had shown limited reliability and reproducibility (10,11). Cone-beam computed tomography (CBCT) has advantages as minimal radiation burden, cost-effectiveness, non-invasiveness, and it also allows multiplanar reconstruction. Furthermore, CBCT avail diagnostic accuracy of the periodontal lesion (particularly, intra-bony defects and craters), bone quality, and mucous membrane morphology without superimposition of any anatomical structures (1,2). Hence, CBCT is an effective non-invasive diagnostic imaging for both periodontal lesion and maxillary sinus pathology (1,4). 
Although a handful of evidence is available regarding the relationship between periapical lesions and MMT (2,12), and periodontal lesions and MMT (4,11), fewer studies evaluate the residual alveolar bone quality (RABQ). Evaluation of the residual alveolar bone quality (RABQ) that is apical to periodontal lesion beneath the maxillary sinus is relevant due to its association with MMT. Hence, in this study, we focused on identifying the missing link between the two using CBCT. We hypothesized that the MMT and RABQ are interdependent, and the decrease in RABQ may lead to an increase in MMT. 

MATERIALS AND METHODS: This was a single centered retrospective study, conducted in the Department of dental technology, college of applied medical sciences, King Khalid university, Abha, KSA, from April 2019 to November 2019. CBCT image records of the patients were collected retrospectively. All patients gave written informed consent for the use of their CBCT imaging and case study files for the research. The study was approved by the ethical committee and institutional review board. Data collected for the study included CBCT investigations from patients attending the dental clinic and needing CBCT for different diagnostic and treatment planning reasons.  A total of 240 defect sites with 134 patient’s records were included. CBCT findings were connected with the patent’s previous records to confirm any previous periodontal surgeries.
Inclusion criteria: CBCT projections of patients with an age range of 35-70 years were included. High-quality images were taken at the region of the posterior alveolar ridge of the maxilla, which included the mucosa and floor of the maxillary sinus, no less than single maxillary posterior tooth containing the periodontal defect, and available residual alveolar bone apical to the defect were considered to include in the study. 
Exclusion criteria: Based on Abraham JJ guidelines (1966)(13), after evaluation of patient records and CBCT investigations, MMT of odontogenic origin and non-odontogenic origin was separated. Non-odontogenic maxillary sinusitis cases were excluded from the study. The records of patients with lactation, pregnancy, dental caries and peri-apical pathology, history of using antibiotics in the past two months, periodontal treatment in the past six months prior to CBCT imaging, previous history of trauma or chronic maxillary sinusitis were not considered for the study. Images with edentulous areas or dental implants were excluded. 
Evaluation of the images:

All CBCT images were taken using  a single equipment (Carestream, CS 8100 SC 3D,NY, USA) with same settings (Voxel size: 150, exposure: 90KV, 2.5mA, 15 seconds and dose: 1179mGy.cm2). Two investigators were trained under oral and maxillofacial radiologists with a minimum of two-year experience in CBCT evaluation. These investigators analyzed the images with the help of dedicated software (CS 3D imaging, v3.3, NY, USA). Discussion between the image investigator and the radiologist was implemented if any disagreement in calibration. Thirty percent of the images were re-calibrated to eliminate the bias between the investigators. Inter-rater reliability for both researchers was tested with Cohen’s kappa test.   
Measuring residual alveolar bone quality (RABQ):
RABQs of images were measured based on grayscale values (GSV) using in-built measuring tools of CBCT. The measurements were done in both panoramic and cross-sectional views, apical to the periodontal defect, and at thinnest residual alveolar bone beneath the maxillary sinus. (Figure 1) Three linear standard equidistant points (a,b, and c) from the apex of the periodontal defect and floor of the maxillary sinus were selected to measure the bone quality. (Figure 2) Average values of all standard points of each view and average of panoramic and cross-sectional views were noted. RABQ was divided into four groups based on average GSV values. a) Group A (GSV: <250); b) Group B (GSV: 251-500); c) Group C (GSV: 501-750); Group D (GSV: >751).  
Measuring Mucus membrane thickening (MMT):
MMT was measured at the perpendicular direction from the thinnest area of the residual alveolar bone apical to periodontal defect. The measurements were done in both panoramic and crossectional views, and the average value was noted. (Figure 3) MMT ≤ 2 mm was taken as normal and > 2 mm as pathological. 
Sample size calculation: A pilot study was conducted, and the results were substituted in the sample size calculation formula to attain the approximate sample size. A sample size of 51 or more appeared to be appropriated to get 95% power to the study. Hence, for the current study, we selected the sample size for each RABQ group was 60.
Statistical analysis: Results were analyzed using SPSS 20.1 software. Intra-group comparisons were performed using a one-way ANOVA test. Intergroup comparisons carried out using an independent sample t-test. Correlation analysis between the groups was completed using Pearson’s correlation coefficient. A p-value <0.05 was taken as statistically significant. 
RESULTS:  A total of 240 image samples were collected from sinus exposures of 134 patients (74 male and 60 female). Among them, bilateral exposure images collected from 94 patients and unilateral exposures from 52 patients. Mean GSV and MMT values can be seen in Table 1 for all four groups. There is a decrease in mean MMT values observed with an increased mean RABQ (inverse relation). However, mean MMT values are observed within the non-pathological range (<2mm) in both Group C and D, and in pathological range (> 2mm) in Group A and B. This data suggests, RABQ with GSV values above 500 could effectively prevent pathological MMT. 
Overall statistical analysis using one-way ANOVA showed a significant difference (p<0.001) in mean MMT values among the four groups (Table 2). Furthermore, Intergroup comparisons using mean MMT values between any two different groups using Independent sample t test also show a significant difference. However, lack of significant difference (p=0.836) was observed between Group C and Group D (Table 3).  These results suggests that after a threshold RABQ (i.e. GSV equal or greater than 500), an increase in quality may not give additive advantage for preventing the pathological spread of periodontal infections. 
Correlation analysis between mean GSV and MMT values among the groups was done using Person’s correlation test, as shown in Table 4. There is no correlation between GSV and MMT in the four different groups. Possibly, an approximate MMT can be calculated based on the GSV values using an equation obtained from regression analysis, as seen in Table 5. The Scatter plot in Figure 4 shows a moderately strong, linear, inverse relationship between GSV and MMT values. Furthermore, it can be observed that there are greater number of MMT cases (>2mm thick) scattered in the plot when GSV is less than 500. 
Discussion: 
According to the results of the current study, it is apparent that there is a significant inverse correlation noticed between RBAQ and MMT of the maxillary sinus. However, MMT is observed to be significant when GSV values of RABQ are less than 500. 
Evaluation of RABQ with computed tomography (CT) and Hounsfield units (HU) was deemed a gold standard (14). However, the drawbacks of computing CT imaging, such as high radiation burden and cost of the procedure, an alternative to CT is necessary to evaluate the RABQ (15,16). Despite contradictory opinions of few authors (17), the majority of the studies(18–23) established that the CBCT could be utilized to replace CT to evaluate the quality of bone because of a positive link observed between GSV values of CBCT and HU values of CT. Nomura et al. created a water phantom to simulate the human head and evaluated the correlation between the voxel values of CBCT and CT numbers. They noticed a strong positive correlation, although it is non-linear, suggesting that there is a likelihood to use voxel values of CBCT to determine bone quality (23). This positive correlation was observed between CT and CBCT groups when evaluating the insertion torque of dental implants (24,25). Besides, Gonzalez and his co-workers confirmed the reliability of CBCT in calculating the alveolar bone density values and microarchitecture in non-atrophic and atrophic posterior maxillae (21,22). Nevertheless, several studies proved that this correlation is possible when a specific CBCT device is used in the entire study with standard settings (dose, duration, exposure, and field of view) (18–20,23,26). 
Previously, in an epidemiological study conducted in a large scale epidemiological study by Valo et al., the prevalence rate of MMT was 10-12%. However, the overall prevalence rate in this study is 55.41%. The low prevalence rate in Valo et al. study might be due to the usage of two-dimensional radiographs to evaluate MMT. Overlapping of the anatomical structures is commonly observed with the two-dimensional radiographs (10). In some previous studies by Phothikhun et al., 2012 and Apparaju et al., 2019, the prevalence rate observed was 42% and 67.8%, respectively (27). This might be due to the usage of three-dimensional CBCT in the above studies. CBCT is also proposed to be four times more accurate compared to the OPG for measuring anatomical structures quantitatively (28). Based on the aforementioned evidence, there are significant chances and potential risk of underestimation of MMT and its prevalence using two-dimensional imaging like OPG. Hence, we used CBCT for evaluating both MMT and RABQ.
According to the knowledge of the authors, this is the first study evaluating and comparing the alveolar bone quality (RABQ) apical to periodontal lesion extending till the floor of maxillary sinus and MMT using CBCT. Quantity of bone apical to periodontal lesion was evaluated in a previous study by Apparaju et al., 2019, proposing a high chance of MMT when the residual alveolar bone thickness is less than 4mm (11). In a recent study by Nascimento and co-workers, generalized MT of the sinus was observed in association with periodontal bone loss (4). However, in this study, only horizontal bone loss is evaluated, vertical bone loss, and its effect is not evaluated. Also, Nascimento and co-workers observed mucus retention cysts and maxillary sinusitis associated with periodontal infections. Some studies had also proved that adequate periodontal therapy at the maxillary posterior region had reduced the sinus pathology (9,29,30).  However, none of the aforementioned studies had weighed up the bone quality apical to the periodontal lesion. On Buer WH’s notion, the alveolar bone apical to periodontal lesion acts as a barrier for the spread of infections and inflammatory mediators to the maxillary sinus (31). Hence, in this study, we concentrated on evaluating the quality of bone apical to periodontal lesion below the maxillary sinus and its role in preventing the spread of infection or inflammatory mediators to the maxillary sinus. 
Conclusion: RABQ plays a vital role in increasing the probability of MMT.  Predominantly, pathological MMT is observed when RABQ is <500. Early detection and addressing of periodontal lesions are decisive to preclude the MMT and maxillary sinusitis. Supplementary microbiological studies are necessary to corroborate the current study results.   

Benefits of the study: Maxillary sinus infection could be treated effectively if the etiology and focus of infection are properly evaluated. Origin of maxillary sinus infection can be ruled out whether it is odontogenic or not, based on the quality of bone available. Improving the quantity of the bone with several bone grafting procedures further prevents the spread of the odontogenic infection to the maxillary sinus. 
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Table 1: Mean and Standard deviation (SD) observations of Gray scale values (GSV) and Mucus membrane thickening (MMT) according to quality of bone available.
	Quality of bone available
	GSV values
	MMT

	
	MEAN
	SD
	MEAN
	SD

	Group A
	183.37
	37.88
	6.86
	2.27

	Group B
	345.77
	76.12
	3.17
	0.65

	Group C
	644.78
	67.85
	1.81
	1.74

	Group D
	1042.87
	165.12
	1.89
	2.10

	Overall
	554.2
	342.18
	3.43
	2.73


SD: Standard deviation; GSV: Gray Scale values; MMT: Mucus membrane thickening.

Table 2: Overall comparison of mean MMT values among the groups
	Quality of bone available
	Sample size (n)
	MMT

	
	
	MEAN
	SD

	Group A
	60
	6.86
	2.27

	Group B
	60
	3.17
	0.65

	Group C
	60
	1.81
	1.74

	Group D
	60
	1.89
	2.10

	F value
	103.204

	P value
	<0.001 S


Statistical Analysis: ANOVA one way test; S: Statistically significant at 0.05 level; SD: Standard deviation; GSV: Gray Scale values; MMT: Mucus membrane thickening
Table 3: Individual comparison of mean MMT values between two different groups.
	Quality of bone available
	MMT
	t value
	P value

	
	Difference Mean±SD
	
	

	
	
	
	

	Group A Vs Group B
	3.69±1.62
	12.100
	<0.001 S

	Group A Vs Group C
	5.05±0.53
	13.650
	<0.001 S

	Group A Vs Group D
	4.97±0.17
	12.439
	<0.001 S

	Group B Vs Group C
	1.36±1.09
	5.642
	<0.001 S

	Group B Vs Group D
	1.28±1.45
	4.506
	<0.001 S

	Group C Vs Group D
	0.08±0.36
	0.208
	0.836 NS


Statistical Analysis: Independent sample t test;S: Statistically significant at 0.05 level; SD: Standard deviation; MMT: Mucus membrane thickening
Table 4: Correlation Analysis

	Quality of bone available
	Correlation coefficient
	P value

	
	
	

	Group A
	0.009
	0.944 NS

	Group B
	-0.053
	0.688 NS

	Group C
	-0.232
	0.074 NS

	Group D
	-0.098
	0.456 NS

	Overall
	-0.586
	<0.001 S


Statistical Analysis: Pearson’s correlation; S: Statistically significant at 0.05 level

Table 5: Regression analysis for all the samples.
	Regression Equation
	Correlation Coefficient (r)
	Coefficient of determination (r2)

	MMT = 6.021 - 0.004673 GSV values
	-0.586
	0.343


