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        Abstract



        
          Objective:


          This study aimed to compare the prevalence of bone loss in lower permanent premolars and canines, which can serve as abutments for future prostheses, among diabetic and non-diabetic patients.

        


        
          Materials and Methods:


          In this retrospective case-control study, records of patients who visited the dental clinics of Imam Abdulrahman Bin Faisal University were used. Inclusion criteria were the presence of a complete periodontal chart, full mouth radiographs, and past medical history (presence of DM, hypertension, and/or coronary heart disease). The criteria for exclusion were the reporting of malignancy, pregnancy, breastfeeding, or taking of the medications that affect bone turnover, periodontal surgery within the past year, absence of radiographs with good quality, and antibiotic use within 3 months prior to the dental visit. Demographical data, including gender and age, past medical history (diabetic state), and periodontal diagnosis, were collected. The severity of periodontal disease, radiographic bone loss (RBL), and its pattern were also assessed.

        


        
          Results:


          Out of 400 records, 363 patient files were included. Of those, almost 36% were males and 64% were females. The patients’ age was ranging from 16 to 82 years. About 34% of the patients were diagnosed with generalized periodontitis while 22% had localized periodontitis. With regards to the severity of the cases, the prevalence was equally distributed between mild (37%) and moderate periodontitis (38%), while 25% were diagnosed with severe periodontitis. A total of 22% of the patients were diabetic, which showed an increase in the severity of bone loss by an average of 31% across the selected teeth (mandibular canines and premolars). The pattern of bone loss was higher in the mandibular incisors, followed by the canines and the premolars. Multiple regression models showed that non-diabetics were significantly less likely to have bone loss in all the selected teeth and the male patients had 2 times the likelihood of having bone loss. Although the mandibular canines have the highest root length in the mandible, they were the most affected by bone loss in diabetic patients with periodontitis.

        


        
          Conclusion:


          Results of this study suggested that mandibular premolars were the teeth least affected by bone loss in both, diabetic and non-diabetic groups. Therefore, they can be considered the most suitable teeth to be used as abutments for the future prosthesis.

        

      



      
        Keywords: Bone loss, Diabetes mellitus, Abutment teeth, Periodontal disease, Mandibular premolars, Periodontitis.

      

    

    


    
      Article Information



      
        Identifiers and Pagination:
Year: 2022

        Volume: 16

        E-location ID: e187421062202280

        Publisher Id: e187421062202280

        DOI: 10.2174/18742106-v16-e2202280

      


      
        Article History:
Received Date: 8/8/2021

        Revision Received Date: 28/12/2021

        Acceptance Date: 12/1/2022

        Electronic publication date: 28/03/2022

        Collection year: 2022

      

    


    
      

      open-access license: This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

      

    
* Address correspondence to this author at the Department of Preventive Dental Sciences, College of Dentistry, Imam Abdulrahman Bin Faisal University, Dammam 31411/P.O. Box1982, Kingdom of Saudi Arabia; E-mail: mimadi@iau.edu.sa
    

  


  
    
      

      1. INTRODUCTION


      Diabetes mellitus (DM) is a chronic metabolic disease characterized by hyperglycemia which results either from a defect in insulin secretion by pancreatic β cells, reduction of insulin sensitivity, or both [1]. In 2010, the number of affected adults with diabetes mellitus (type 1 and type 2) was estimated at 285 million worldwide and the numbers are expected to rise to 438 million by 2030 [2]. Overall, it has been anticipated that the Middle East and North Africa account for having the highest prevalence of DM. However, the Kingdom of Saudi Arabia (KSA) is not excluded from this global epidemic, since diabetes is the most challenging health problem faced by the country. The KSA Ministry of Health reported that in less than two decades, the incidence rate of diabetes had increased by 2.7 times. In 1992 and 2010, 0.9 million and 2.5 million people were affected by diabetes, respectively [1].


      Systemic health has an influence on oral health. Among systemic diseases, DM is considered one of the most commonly encountered chronic diseases in dental practice [3]. Recently, alongside the five identified complications of DM (retinopathy, nephropathy, neuropathy, macrovascular disease, and poor wound healing), chronic periodontitis has become its sixth complication [1]. Periodontal disease (PD) is a chronic microbially induced inflammatory disease that affects teeth’ supporting tissues. PD is characterized by inflammation of the gingiva, formation of periodontal pockets, loss of connective tissue attachment, and alveolar bone resorption, ultimately resulting in tooth loss [4].


      Since 1960, several reports have been demonstrated an association between DM and PD [5]. This relation was found to be bidirectional. Patients with diabetes have an altered immune cell function, causing an increase in the production of proinflammatory cytokines and promoting periodontal tissue destruction and weaker elimination of periopathogens [3]. On the other hand, PD can adversely contribute to insulin resistance, thus negatively affecting glycemic control [3]. Even though DM is considered a well-known risk factor for developing PD, the exact mechanisms are not fully understood [6].


      Tooth loss is a multifactorial process and molars are found to be at a higher risk for developing periodontal destruction, resulting in their loss compared to single-rooted teeth [7, 8]. Results of the multiple studies explained that the reason for the increased risk of tooth loss in molars is due to the involvement of furcation and poor response of molars to periodontal therapy [9, 10]. Among molars, maxillary molars are found to be at a higher risk of mobility and tooth loss compared to mandibular molars [11]. Thus, single-rooted mandibular teeth, mainly premolars and canines, have been used as abutments for removable partial dentures as well as for overdenture prosthesis [12-14].


      The study aimed to compare the prevalence of bone loss in mandibular permanent premolars and canines, which can serve as abutments for future prosthesis, among diabetic and non-diabetic patients.

    


    
      

      2. MATERIALS AND METHODS


      This retrospective case-control study was conducted based on medical records of patients who visited the dental clinics of Imam Abdulrahman Bin Faisal University from September 2018 to September 2021. The study protocol was approved by the Imam Abdulrahman Bin Faisal University, the Institutional Review Board, IAU (IRB-2021-02-034). Written informed consent was obtained from all participants.


      The current study was conducted in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines. Inclusion criteria were the presence of a complete periodontal chart, full mouth radiographs, and past medical history (presence of DM, hypertension, and/or coronary heart disease). The criteria for exclusion were the reporting of malignancy, pregnancy, breastfeeding, or taking of the medications that affect bone turnover, periodontal surgery within the past year, absence of radiographs with good quality, and antibiotic use within 3 months prior to the dental visit.


      Sample size calculation was estimated for the regression model prior to the start of the study. The following assumptions were used: an estimated effect size of 0.2%, with three predictors in the regression model, 5% of alpha error, and 80% power (https://www.statskingdom.com/sample_size_regression.html). The study had to have a minimum of 277 records to obtain sufficient statistical power.


      Demographical data, including gender and age, were collected. Smoking habits were also recorded; current smokers were defined as subjects who smoked or stopped smoking less than 12 months prior to being enrolled in the study. Former smokers were subjects who quit smoking more than 12 months ago.


      The collected periodontal parameters were periodontal pocket depth (PPD), clinical attachment loss (CAL) on six sites per tooth excluding third molars, and the number of missing teeth due to periodontal disease.


      The severity of periodontal disease (localized or generalized) was defined based on Caton et al.'s 2018 classification [15].


      PD was defined as having more than 2 detectable interproximal CAL. It was further defined as follows:


      Initial PD (Stage I): the greatest interproximal CAL=1-2 mm, and radiographic bone loss/RBL <15%,


      Moderate periodontitis (Stage II): CAL=3-4 mm and RBL=15-33%, and


      Severe periodontitis (Stage III and IV): CAL≥5 mm and RBL ≥30%- 50%.


      A pattern of RBL (vertical or horizontal) and the amount of RBL were measured on standardized radiographs taken at the time of dental examination.


      A digital software (MiPACS Dental Enterprise Viewer 3.1.1404) was used to measure the radiographic bone loss for the mandibular, such as:


      Second left premolar (#20), first left premolar (#21), left canine (#22), left lateral incisor (#23), left central incisor (#24), right central incisor (#25), right lateral incisor (#26),


      right canine (#27), first right premolar (#28), and second right premolar (#29).


      To set the scale for the measurements, a radiograph of an implant with known width was used. All the measurements were calibrated with the same reference radiograph. A straight line was delineated on the mesial as well as the distal side of the tooth parallel to the long axis of each tooth from the most apical part of CEJ to the most coronal part of the alveolar crest to measure the RBL.


      The amount of RBL was calculated as the distance between the cementoenamel junction (CEJ) and the alveolar bone crest subtracted by 2 mm. The mesial and distal bone levels were calculated for all mandibular incisors, canines, and premolars. The mean mesial and distal bone loss was considered the mean bone loss for every tooth. The mean bone loss of 1-2 mm was considered mild, > 2 - 4 mm was considered moderate, and ≥ 5mm was considered severe.


      
        

        2.1. Statistical Analysis


        IBM SPSS Statistics for Windows, Version 20.0 (Armonk, NY: IBM Corp.) was used to analyse the data. Frequencies (N) and percentages (%) were calculated for all study variables. A Chi-square test was performed to detect the difference in bone loss by diabetes status in lower incisors, canines, and premolars. Multiple (adjusted) logistic regression was performed to assess the effect of diabetes on the bone in lower incisors, canines, and premolars after adjusting for other variables. All analyses were performed at a 5% significance level.

      

    


    
      

      3. RESULTS


      
        

        3.1. Characteristics of the Study Sample and Periodontal Disease Severity


        Of 400 records, 363 files of patients were included in the final analysis. Out of them, 36.1% were males and 63.9% were females. The patients’ age ranged from 16 to 82 years (mean age: 39.9±14.0 years). The distribution of the patients’ demographical diagnostic variables is presented in Table 1. Most of the subjects were females (63.9%), non-diabetics (88%), and non-smokers (78%). About 34% of the patients were diagnosed with generalized periodontitis while 22% had localized periodontitis. With regards to the severity of the cases, the prevalence was equally distributed between mild (37%) and moderate (38%), while only 25% were diagnosed with severe periodontitis.


        Bone loss (vertical or horizontal) was recorded for each individual abutment tooth (mandibular premolars, canines, and incisors) and was compared between diabetic and non-diabetic patients, as shown in Table 2. In general, the pattern of bone loss was higher in the mandibular incisors, followed by the canines and then the premolars. This pattern was seen in diabetic and non-diabetic patients alike. However, the prevalence of bone loss in mandibular incisors, canines, and premolars was found to vary greatly in diabetic versus non-diabetic patients, with a higher prevalence in diabetic patients across all teeth. The difference in bone loss between diabetic and non-diabetic patients for the same teeth was statistically significant among all the tested teeth used as abutments.


        Table 3 shows the distribution of vertical and horizontal bone loss of different severities in the lower incisors, canines, and premolars. The highest prevalence of bone loss was noticed in the lower incisors followed by the premolars, while canines had the least recorded bone loss. The majority of the bone loss reported was horizontal among all teeth and it was mostly mild.

      


      
        

        3.2. Results of Logistic Regression Analysis


        Table 4 shows multiple regression models predicting bone loss in lower incisors, canines, and premolars with respect to patients’ gender, diabetes, and smoking statuses. In comparison to diabetic patients, non-diabetics were significantly less likely to have bone loss in all the selected teeth used in the models. However, for tooth #28, this relationship was not statistically significant. Being a male patient increased the likelihood of having bone loss in all the tested teeth included in the models. These relationships were statistically significant for all the teeth except #21, which showed a non-significant relationship. Although non-smokers were less likely to have bone loss in any of the teeth, the relationship was found to be non-significant. However, the relationship between smoking and bone loss was reversed for teeth #23 and #29, where non-smoking increased the likelihood of having bone loss. The severity of periodontitis was excluded from the final models due to an insignificant effect on the overall fit of the models.


        
          Table 1 Distribution of study variables.


          
            
              
                	Demographics

                	Frequency

                	%
              

            

            
              
                	Gender(n=363)

                	

                	
              


              
                	Male

                	131

                	36.10%
              


              
                	Female

                	232

                	63.90%
              


              
                	Diabetes (n=362)

                	

                	
              


              
                	Non-Diabetic

                	320

                	88.40%
              


              
                	Diabetic

                	42

                	11.60%
              


              
                	Smoking (n=287)

                	

                	
              


              
                	Non-smoker

                	223

                	77.70%
              


              
                	Smoker

                	64

                	22.30%
              


              
                	Diagnosis (n=363)

                	

                	
              


              
                	Gingivitis

                	159

                	43.80%
              


              
                	Localized periodontitis

                	79

                	21.80%
              


              
                	Generalized periodontitis

                	125

                	34.40%
              


              
                	Severity (n=204)

                	

                	
              


              
                	Stage I (mild)

                	79

                	37.50%
              


              
                	Stage II (moderate)

                	80

                	37.90%
              


              
                	Stage III and IV(severe)

                	52

                	24.60%
              

            
          


        


        
          Table 2 Distribution of bone loss in mandibular incisors, canines, and premolars in diabetic versus non-diabetic patients.


          
            
              
                	Bone Loss n (%)
              


              
                	Tooth number#

                	#20

                	#21

                	#22

                	#23

                	#24

                	#25

                	#26

                	#27

                	#28

                	#29
              

            

            
              
                	Diabetic (N=42)

                	19

                (45.2%)

                	23

                (54.8%)

                	26

                (61.9%)

                	30

                (71.4%)

                	33

                (78.6%)

                	33

                (78.6%)

                	33

                (78.6%)

                	31

                (73.8%)

                	17

                (40.5%)

                	20

                (47.6%)
              


              
                	Non-Diabetic (N=320)

                	50

                (15.6%)

                	49

                (15.3%)

                	64

                (20.0%)

                	91

                (28.4%)

                	95

                (29.7%)

                	96

                (30.0%)

                	93

                (29.1%)

                	66

                (20.6%)

                	57

                (17.8%)

                	63

                (19.7%)
              


              
                	p-value

                	0.000 *

                	0.000*

                	0.000*

                	0.000*

                	0.000*

                	0.000*

                	0.000*

                	0.000*

                	0.001*

                	0.000*
              

            
          


          
            The number of teeth (their percentage) having bone loss in diabetic and non-diabetic patients.

            #The universal tooth numbering system for the mandibular:

            Second left premolar (#20), first left premolar (#21), left canine (#22), left lateral incisor (#23),

            left central incisor (#24), right central incisor (#25), right lateral incisor (#26),

            right canine (#27), first right premolar (#28), and second right premolar (#29).

            *Statistically significant p≤0.05
          


        


        
          Table 3 Distribution of the prevalence of bone loss in lower incisors, canines, and premolars.


          
            
              
                	Tooth #

                	No bone loss n (%)

                	Vertical bone loss n (%)

                	Horizontal bone loss n (%)
              


              
                	Mild

                	Moderate

                	Severe

                	Mild

                	Moderate

                	Severe
              

            

            
              
                	#20 (N=156)

                	122 (78.2)

                	3 (1.9)

                	3 (1.9)

                	1 (0.6)

                	15 (9.6)

                	10 (6.4)

                	2 (1.3)
              


              
                	#21 (N=161)

                	128 (79.5)

                	3 (1.9)

                	5 (1.9)

                	1 (0.6)

                	11 (6.8)

                	11 (6.8)

                	4 (2.5)
              


              
                	#22 (N=167)

                	135 (80.8)

                	0

                	3 (0)

                	0

                	14 (8.4)

                	10 (6)

                	5 (3)
              


              
                	#23 (N=166)

                	119 (71.7)

                	0

                	1 (0.6)

                	2 (1.2)

                	20 (12)

                	13 (7.8)

                	11 (6.6)
              


              
                	#24 (N=166)

                	116 (69.9)

                	2 (1.2)

                	1 (0.6)

                	2 (1.2)

                	19 (11.4)

                	14 (8.4)

                	12 (7.2)
              


              
                	#25 (N=166)

                	115 (69.3)

                	0

                	1 (0.6)

                	4 (2.4)

                	21 (12.7)

                	14 (8.4)

                	11 (6.6)
              


              
                	#26 (N=168)

                	117 (69.6)

                	0

                	0

                	2 (1.2)

                	20 (11.9)

                	16 (9.5)

                	13 (7.7)
              


              
                	#27 (N=169)

                	129 (76.3)

                	0

                	1 (0.6)

                	1 (0.6)

                	20 (11.8)

                	12 (7.1)

                	6 (3.6)
              


              
                	#28 (N=162)

                	125 (77.2)

                	3 (1.9)

                	2 (1.2)

                	0

                	17 (10.5)

                	11 (6.8)

                	4 (2.5)
              


              
                	#29 (N=163)

                	123 (75.5)

                	5 (3.1)

                	2 (1.2)

                	2 (1.2)

                	18 (11)

                	11 (6.7)

                	2 (1.2)
              

            
          


          
            *Statistically significant p≤0.05.
          


        


        
          Table 4 Multiple regression models predicting bone loss in mandibular incisors, canines, and premolars in diabetic versus non-diabetic patients after adjusting for gender and smoking status (N=362).


          
            
              
                	Variables

                	OR (95% CI)
              


              
                	#20

                	#21

                	#22

                	#23

                	#24

                	#25

                	#26

                	#27

                	#28

                	#29
              


              
                	Gender

                	

                	

                	

                	

                	

                	

                	

                	

                	

                	
              


              
                	Males

                	2.41(1.26-4.60)*

                	2.07(1.09-3.96)

                	1.92(1.06-3.47)*

                	2.16(1.24-3.75)*

                	2.23(1.28-3.89)*

                	2.26(1.3-3.94)*

                	2.09(1.2-3.65)*

                	1.96(1.08-3.55)*

                	2.18(1.18-4.05)*

                	2.93(1.61-5.33)*
              


              
                	Females (ref)

                	-

                	-

                	-

                	-

                	-

                	-

                	-

                	-

                	-

                	-
              


              
                	Diabetes

                	

                	

                	

                	

                	

                	

                	

                	

                	

                	
              


              
                	Non diabetics

                	0.39(0.19-0.80)*

                	0.25(0.12-0.5)*

                	0.26(0.13-0.52)*

                	0.27(0.13-0.57)*

                	0.2(0.09-0.44)*

                	0.2(0.09-0.44)*

                	0.19(0.09-0.42)*

                	0.15(0.07-0.32)*

                	0.51(0.25-1.05)

                	0.43(0.21-0.86)*
              


              
                	Diabetic (ref)

                	-

                	-

                	-

                	-

                	-

                	-

                	-

                	-

                	-

                	-
              


              
                	Smoking

                	

                	

                	

                	

                	

                	

                	

                	

                	

                	
              


              
                	Non smoker

                	0.71

                	0.6

                	0.71

                	1.05

                	0.87

                	0.98

                	0.89

                	0.71

                	0.73

                	1.07
              


              
                	

                	(0.36-1.43)

                	(0.30-1.21)

                	(0.36-1.39)

                	(0.54-2.01)

                	(0.45-1.68)

                	(0.51-1.9)

                	(0.46-1.71)

                	(0.36-1.40)

                	(0.37-1.43)

                	(0.55-2.1)
              


              
                	Smokers (ref)

                	-

                	-

                	-

                	-

                	-

                	-

                	-

                	-

                	-

                	-
              

            
          


        

      

    


    
      

      4. DISCUSSION


      Periodontal disease is considered a part of the global burden of chronic diseases, especially among adults over their forties [16]. PD is considered the main contributing factor leading to tooth loss, due to the destruction of the attachment of periodontal ligaments and alveolar bone loss [17].


      Restoring the lost teeth by either removable or fixed partial dentures will express more stress and occlusal load on the remaining natural teeth. In the current study, we evaluated the amount of RBL in mandibular teeth that are considered abutment teeth in future prosthetic rehabilitation in PD patients with and without DM. The results showed that bone loss was lower in premolars followed by canines and incisors. Being diabetic increased the amount of bone loss compared to non-diabetics in all examined teeth.


      Bidirectional relation between periodontal disease and diabetes has been observed [18]. Periodontitis is a chronic inflammatory disease characterised by the destruction of the teeth supporting tissues that has several negative impacts on quality of life. Epidemiological results validated that diabetes is a major risk factor for periodontitis, and susceptibility to periodontitis is increased by approximately threefold in people with diabetes [19, 20].


      Metabolic Syndrome (MetS) includes a set of risk factors for cardiovascular disease and type 2 diabetes mellitus [21]. Previous studies have shown that MetS (such as obesity, impaired glucose tolerance, and hyperinsulinemia) increases with age, leading to an increased risk of periodontitis [22]. Diabetes increases inflammation in the periodontal tissues as well as the presence of periodontal pathogens that have a major role in the establishment of pathological processes affecting periodontal tissue [18, 23, 24].


      A two-fold higher odds for an increased number of missing teeth for type 1 DM subjects was revealed compared to non-diabetic subjects after adjustment for confounders. Kaur et al. [25] observed in their population-based study that after adjustment for confounders, diabetic patients have double the risk for tooth loss than non-diabetic patients. The relationship between type 2 DM and tooth loss is also complicated by the fact that disease onset generally occurs in middle and late age, coinciding with the time point when the periodontal disease becomes more prevalent.


      Previous studies [25-27] have reported significant tooth loss in subjects with DM compared to non-diabetic subjects, especially in younger age groups. In contrast, Oliver and Tervonen [28] reported that tooth loss was similar in Minnesota diabetic subjects and the United States employed adults. In this study, the effect of gender on bone loss demonstrated that male patient has an increased likelihood of having bone loss in all the tested teeth.


      The aetiopathogenesis of periodontal disease is complex. Several factors are probably responsible for the increased risk of periodontal disease in diabetic subjects. Systemic inflammation and hyperglycaemia are believed to play an important role in the pathogenesis of periodontal disease in diabetic subjects [29]. This agrees with previous studies that showed increased attachment loss and periodontal destruction among males rather than females [30, 31]. However, other studies did not observe this association [32, 33].


      The results showed that almost 44% of the examined samples were suffering from gingivitis, while periodontitis severity showed almost similar to 30% in the periodontitis patients.


      Furthermore, its prevalence varies across different regions, developed and developing countries. Globally, about 20–50% of the population has periodontal diseases [34]. In Saudi Arabia, the prevalence of gingivitis is demonstrated to be 58.4%, whereas PD is present in 23.4% of the patients [35]. Furthermore, according to AlQahtani et al. [36], localized and generalized chronic periodontitis ranges from 4.2% to 12% and 3.1% to 14.7%, respectively. Chen et al. [37] observed that periodontitis correlated with increased levels of glycated haemoglobin (HbA1c) and CRP in diabetic patients.


      In patients with periodontitis, the risk of teeth loss is high, especially in molars [11]. Hirschfeld et al. [38] showed after 22 years of follow-up that molars were at a 6-time higher risk compared to single-rooted teeth, while Helal et al. [7] observed a 4-time higher risk. In a study on a population aged between 55-64 years old, molars were lost in 82% compared to 49% teeth lost in anterior teeth [11]. In a longitudinal study that spanned 17 years, the teeth that had a higher incidence of bone loss were upper molars and lower incisors [39].


      The results showed that non-smokers were less likely to have bone loss in any of the teeth. One study reported an association between smoking and tooth loss and more extensive CAL. On the other hand, smoking cessation will improve oral condition. It was observed that after smoking cessation for short time, the periodontal condition improved [40]. The long-term comparison revealed that PPD and CAL between non-smokers and former smokers were similar but significantly lower than in active smokers [40].


      A limitation of the study was that missing teeth were counted as not having bone loss which might have introduced misclassification bias. The misclassification is non-differential among cases and controls which could cause a shift in the results towards the null. However, since the results strongly suggest a significant relationship between diabetic status and bone loss, this bias does not seem to affect the results greatly. Also, we did not differentiate between teeth with vertical and horizontal bone loss due to the small number of cases in each category. Future studies should investigate if the pattern of bone loss could have an influence on the relationship between bone loss in diabetic and non-diabetic patients in a larger sample size.

    


    
      

      CONCLUSION


      Based on the prevalence of bone loss in diabetic patients, mandibular premolars might be the most suitable teeth used as abutments for overdentures. However, bone loss severity needs to be initially assessed to further confirm their suitability.


      Large, multi-center clinical studies are needed to further validate these findings as well as include the maxillary teeth in the assessment.

    

  


  
    
      ETHICS APPROVAL AND CONSENT TO PARTICIPATE


      This study was approved by the Institutional Review Board of IAU, Saudi Arabia (IRB-2021-02-034).

    


    
      HUMAN AND ANIMAL RIGHTS


      No animals were used in this research. All human research procedures followed were in accordance with the ethical standards of the committee responsible for human experimentation (institutional and national), and with the Helsinki Declaration of 1975, as revised in 2013.

    


    
      CONSENT FOR PUBLICATION


      All participants received written and verbal information regarding the nature of the study and written consent was obtained from all subjects, prior to examination.

    


    
      STANDARDS OF REPORTING


      STROBE guidelines and methodologies were followed.

    


    
      AVAILABILITY OF DATA AND MATERIALS


      All data supporting the findings of this study will be available from the corresponding author [M.M] upon request.

    


    
      FUNDING


      This study was supported by the deputyship of research and innovation, Ministry of Education, Kingdom of Saudi Arabi, by funding through the project number IF-2020-006-Dent, at the Imam Abdulrahman Bin Faisal University, College of Dentistry.

    


    
      CONFLICT OF INTEREST


      The authors declare no conflict of interest, financial or otherwise.

    


    ACKNOWLEDGEMENTS


    The authors would like to extend their appreciation to the deputyship of research and innovation, Ministry of Education, Kingdom of Saudi Arabia.


    REFERENCES


    
      
        	

        	
      


      
        	[1]

        	Alotaibi A., Perry L., Gholizadeh L., Al-Ganmi A.. Incidence and prevalence rates of diabetes mellitus in Saudi Arabia: An overview., J. Epidemiol. Glob. Health. 2017; 7(4): 211-218.

        [CrossRef] [PubMed]
      


      
        	[2]

        	Lalla E., Papapanou P.N.. Diabetes mellitus and periodontitis: A tale of two common interrelated diseases., Nat. Rev. Endocrinol.. 2011; 7(12): 738-748.

        [CrossRef] [PubMed]
      


      
        	[3]

        	Kudiyirickal M.G., Pappachan J.M.. Diabetes mellitus and oral health., Endocrine. 2015; 49(1): 27-34.

        [CrossRef] [PubMed]
      


      
        	[4]

        	Stanko P, Izakovicova Holla L.. Bidirectional association between diabetes mellitus and inflammatory periodontal disease. A review., Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2014; 1;158(1): 35-8.

      


      
        	[5]

        	Liccardo D., Cannavo A., Spagnuolo G., Ferrara N., Cittadini A., Rengo C., Rengo G.. Periodontal disease: A risk factor for diabetes and cardiovascular disease., Int. J. Mol. Sci.. 2019; 20(6): 1414.

        [CrossRef] [PubMed]
      


      
        	[6]

        	Joaquim C.R., Miranda T.S., Marins L.M., Silva H.D.P., Feres M., Figueiredo L.C., Duarte P.M.. The combined and individual impact of diabetes and smoking on key subgingival periodontal pathogens in patients with chronic periodontitis., J. Periodontal Res.. 2018; 53(3): 315-323.

        [CrossRef] [PubMed]
      


      
        	[7]

        	Helal O., Göstemeyer G., Krois J., Fawzy El Sayed K., Graetz C., Schwendicke F.. Predictors for tooth loss in periodontitis patients: Systematic review and meta-analysis., J. Clin. Periodontol.. 2019; 46(7): 699-712.

        [CrossRef] [PubMed]
      


      
        	[8]

        	Chung Y.M., Jeong S.N.. Analysis of periodontal attachment loss in relation to root form abnormalities., J. Periodontal Implant Sci.. 2013; 43(6): 276-282.

        [CrossRef] [PubMed]
      


      
        	[9]

        	Loos B., Nylund K., Claffey N., Egelberg J.. Clinical effects of root debridement in molar and non-molar teeth. A 2-year follow-up., J. Clin. Periodontol.. 1989; 16(8): 498-504.

        [CrossRef] [PubMed]
      


      
        	[10]

        	Hirotomi T., Yoshihara A., Ogawa H., Miyazaki H.. Tooth-related risk factors for periodontal disease in community-dwelling elderly people., J. Clin. Periodontol.. 2010; 37(6): 494-500.

        [CrossRef] [PubMed]
      


      
        	[11]

        	Oliver R.C., Brown L.J.. Periodontal diseases and tooth loss., Periodontol. 2000. 1993; 2(1): 117-127.

        [CrossRef] [PubMed]
      


      
        	[12]

        	Crum R.J., Rooney G.E. Jr. Alveolar bone loss in overdentures: A 5-year study., J. Prosthet. Dent.. 1978; 40(6): 610-613.

        [CrossRef] [PubMed]
      


      
        	[13]

        	Preiskel H.W.. Overdentures made easy. A guide to implant and root supported prostheses... London: Quintessence; 1996
      


      
        	[14]

        	Verma R., Joda T., Brägger U., Wittneben J.G.. A systematic review of the clinical performance of tooth-retained and implant-retained double crown prostheses with a follow-up of ≥ 3 years., J. Prosthodont.. 2013; 22(1): 2-12.

        [CrossRef] [PubMed]
      


      
        	[15]

        	Caton JG, Armitage G, Berglundh T, Chapple IL, Jepsen S, Kornman KS, Mealey BL, Papapanou PN, Sanz M, Tonetti MS. A new classification scheme for periodontal and peri‐implant diseases and conditions–Introduction and key changes from the 1999 classification.. 1999
      


      
        	[16]

        	Kassebaum N.J., Bernabé E., Dahiya M., Bhandari B., Murray C.J., Marcenes W.. Global burden of severe periodontitis in 1990-2010: A systematic review and meta-regression., J. Dent. Res.. 2014; 93(11): 1045-1053.

        [CrossRef] [PubMed]
      


      
        	[17]

        	Armitage G.C.. Periodontal diagnoses and classification of periodontal diseases., Periodontol. 2000. 2004; 34(1): 9-21.

        [CrossRef] [PubMed]
      


      
        	[18]

        	Preshaw P.M., Alba A.L., Herrera D., Jepsen S., Konstantinidis A., Makrilakis K., Taylor R.. Periodontitis and diabetes: A two-way relationship., Diabetologia. 2012; 55(1): 21-31.

        [CrossRef] [PubMed]
      


      
        	[19]

        	O’Dowd L.K., Durham J., McCracken G.I., Preshaw P.M.. Patients’ experiences of the impact of periodontal disease., J. Clin. Periodontol.. 2010; 37(4): 334-339.

        [CrossRef] [PubMed]
      


      
        	[20]

        	Emrich L.J., Shlossman M., Genco R.J.. Periodontal disease in non-insulin-dependent diabetes mellitus., J. Periodontol.. 1991; 62(2): 123-131.

        [CrossRef] [PubMed]
      


      
        	[21]

        	Patini R., Gallenzi P., Spagnuolo G., Cordaro M., Cantiani M., Amalfitano A., Arcovito A., Callà C., Mingrone G., Nocca G.. Correlation between metabolic syndrome, periodontitis and reactive oxygen species production. A pilot study., Open Dent. J.. 2017; 11(1): 621-627.

        [CrossRef] [PubMed]
      


      
        	[22]

        	Patini R.. Oral microbiota: Discovering and facing the new associations with systemic diseases., Pathogens. 2020; 9(4): 313.

        [CrossRef] [PubMed]
      


      
        	[23]

        	Patini R.. Culturomics: A new approach for the diagnosis of the oral microbiota, Dental Hypoth. 2020; 1;11:72[CrossRef]
      


      
        	[24]

        	Martellacci L., Quaranta G., Fancello G., D’Addona A., Sanguinetti M., Patini R., Masucci L.. Characterizing peri-implant and sub-gingival microbiota through culturomics. First isolation of some species in the oral cavity. A pilot study., Pathogens. 2020; 9(5): 365.

        [CrossRef] [PubMed]
      


      
        	[25]

        	Kaur G., Holtfreter B., Rathmann W., Schwahn C., Wallaschofski H., Schipf S., Nauck M., Kocher T.. Association between type 1 and type 2 diabetes with periodontal disease and tooth loss., J. Clin. Periodontol.. 2009; 36(9): 765-774.

        [CrossRef] [PubMed]
      


      
        	[26]

        	Bridges R.B., Anderson J.W., Saxe S.R., Gregory K., Bridges S.R.. Periodontal status of diabetic and non-diabetic men: Effects of smoking, glycemic control, and socioeconomic factors., J. Periodontol.. 1996; 67(11): 1185-1192.

        [CrossRef] [PubMed]
      


      
        	[27]

        	Kapp J.M., Boren S.A., Yun S., LeMaster J.. Diabetes and tooth loss in a national sample of dentate adults reporting annual dental visits., Prev. Chronic Dis.. 2007; 4(3): A59.

        [PubMed]
      


      
        	[28]

        	Oliver R.C., Tervonen T.. Diabetes–a risk factor for periodontitis in adults?, J. Periodontol.. 1994; 65(5s): 530-538.

        [CrossRef]
      


      
        	[29]

        	Haas A.N., Gaio E.J., Oppermann R.V., Rösing C.K., Albandar J.M., Susin C.. Pattern and rate of progression of periodontal attachment loss in an urban population of South Brazil: A 5-years population-based prospective study., J. Clin. Periodontol.. 2012; 39(1): 1-9.

        [CrossRef] [PubMed]
      


      
        	[30]

        	Craig R.G., Yip J.K., Mijares D.Q., LeGeros R.Z., Socransky S.S., Haffajee A.D.. Progression of destructive periodontal diseases in three urban minority populations: Role of clinical and demographic factors., J. Clin. Periodontol.. 2003; 30(12): 1075-1083.

        [CrossRef] [PubMed]
      


      
        	[31]

        	Chrysanthakopoulos N.A.. Risk factors for the progression of periodontal disease in a Greek adult population., J. Investig. Clin. Dent.. 2017; 8(2): e12199.

        [CrossRef] [PubMed]
      


      
        	[32]

        	Ogawa H., Yoshihara A., Hirotomi T., Ando Y., Miyazaki H.. Risk factors for periodontal disease progression among elderly people., J. Clin. Periodontol.. 2002; 29(7): 592-597.

        [CrossRef] [PubMed]
      


      
        	[33]

        	Haas A.N., Wagner M.C., Oppermann R.V., Rösing C.K., Albandar J.M., Susin C.. Risk factors for the progression of periodontal attachment loss: A 5-year population-based study in South Brazil., J. Clin. Periodontol.. 2014; 41(3): 215-223.

        [CrossRef] [PubMed]
      


      
        	[34]

        	Nazir M.A.. Prevalence of periodontal disease, its association with systemic diseases and prevention., Int. J. Health Sci. (Qassim). 2017; 11(2): 72-80.

        [PubMed]
      


      
        	[35]

        	Mugeiren O.M.. Assessment of periodontal status among the outpatients attending private university dental clinics in Riyadh city, Saudi Arabia., J. Int. Oral Health. 2018; 10(4): 192-197.

        [CrossRef]
      


      
        	[36]

        	Al Qahtani N.A., Joseph B., Deepthi A., Vijayakumari B.K.. Prevalence of chronic periodontitis and its risk determinants among female patients in the Aseer Region of KSA., J. Taibah Univ. Med. Sci.. 2017; 12(3): 241-248.

        [CrossRef] [PubMed]
      


      
        	[37]

        	Chen L., Wei B., Li J., Liu F., Xuan D., Xie B., Zhang J.. Association of periodontal parameters with metabolic level and systemic inflammatory markers in patients with type 2 diabetes., J. Periodontol.. 2010; 81(3): 364-371.

        [CrossRef] [PubMed]
      


      
        	[38]

        	Hirschfeld L., Wasserman B.. A long-term survey of tooth loss in 600 treated periodontal patients., J. Periodontol.. 1978; 49(5): 225-237.

        [CrossRef] [PubMed]
      


      
        	[39]

        	Laurell L., Romao C., Hugoson A.. Longitudinal study on the distribution of proximal sites showing significant bone loss., J. Clin. Periodontol.. 2003; 30(4): 346-352.

        [CrossRef] [PubMed]
      


      
        	[40]

        	Alexandridi F., Tsantila S., Pepelassi E.. Smoking cessation and response to periodontal treatment., Aust. Dent. J.. 2018; 63(2): 140-149.

        [CrossRef] [PubMed]
      

    

  


  

OEBPS/Images/todentj.jpg
ISSN: 1874-2106

The
Open Dentistry
Journal

Prevalence of Bone Loss in Mandibular Future
Abutment Teeth among Diabetic and Non-Diabetic

Patients: A Retrospective Case-Control Study

TR

o

BENTHAM OPEN





