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Abstract

:

Medication-related osteonecrosis of the jaw (MRONJ) is a drug-related side effect linked but not limited to antiresorptive and antiangiogenic molecules. It recognizes several triggers in dental procedures, such as surgery, endodontic treatments, and root planing, but also prosthesis decubitus or with a spontaneous onset. Although there are many reports about the onset of this pathology, oral hygiene status is mainly described as a consequence of MRONJ. Not so much is known about the oral hygiene situation as a concurrent factor in the pathogenesis of severe stages and about non-surgical periodontal therapy in patients affected by MRONJ. Actually, clear instructions for non-surgical periodontal therapy are poor in the literature. The primary outcome of the present study is to evaluate the oral hygiene status in MRONJ patients. In addition, a secondary outcome is to review the factor of poor oral hygiene as a cause or worsening aspect for MRONJ. A total of 45 subjects (19 males and 26 females) with a mean age of 59 ± 12 were enrolled. The Pearson correlation coefficient showed no significant results for the variable of the Simplified Oral Hygiene Index (OHI-S) and the American Association of Oral and Maxillofacial Surgeons (AAOMS) stage, although the majority of patients showed poor oral hygiene with an OHI-S average of 3.39 ± 1.83. As stated by the last AAOMS position paper, poor plaque control is related to a worsened MRONJ stage. The relation between the lack of oral hygiene and MRONJ onset is still unclear.






Keywords:


MRONJ; osteonecrosis; oral hygiene; non-surgical periodontal therapy












1. Introduction


Bone impairment is a direct consequence of several conditions (osteoporosis, secondary localization of tumors, osteogenesis imperfecta, and Paget’s disease), causing fractures and bone or articular pain, and subsequently playing a relevant role in lowering Quality of Life (QoL). Many efforts have been made in the past to prevent the aforementioned disabling complication and pharmacological treatments have been proposed to minimize the impact of these pathologies in reducing bone loss. Medications active toward bone resorption and secondary lesions treatment were proposed to enhance QoL, although the risk to develop medication-related osteonecrosis of the jaw (MRONJ). MRONJ is a drug-related side effect that recognizes a trigger in dental procedures. The first definition of this pathology was related to bisphosphonates (BPs) use in 2007 and called bisphosphonates-related osteonecrosis of the jaw (BRONJ) [1]. Due to the evidence that it could also be related to other drugs, it has been changed during the years with the more comprehensive MRONJ, described by the American Association Of Oral and Maxillofacial Surgeons (AAOMFS) as “current or previous treatment with antiresorptive or antiangiogenic agents; (1) exposed bone or bone that can be probed through an intraoral or extraoral fistula(e) in the maxillofacial region that has persisted for more than 8 weeks; and (2) no history of radiation therapy to the jaws or obvious metastatic disease to the jaws” [2,3,4,5].



Khan et al. (2015) found that the incidence in the osteoporotic population is very low, ranging from 0.001% to 0.15% person–years of exposures, barely higher than in the general population. On the other hand, in the oncologic population the incidence seemed to be related to many factors, including the time and type of therapy adopted [4]. In the last years, many dental conditions and procedures were advocated as triggers of this complication, most of them related to tooth extraction and oral surgery procedures, endodontic treatment, and periodontal therapies [6,7,8,9,10,11]. A paper by Ruggiero et al. noted that the majority of ONJ cases in oncologic patients treated with BP had previous dental procedures, although the mechanisms of this association were unclear. In this paper, endodontic treatment was suggested as a low-risk procedure eligible for residual roots to avoid extractions [6]. Endodontic treatment, however, has been pointed out as a trigger in ONJ developing, both for primary treatments and endodontic failures. This second hypothesis seems to be supported by the presence of residual local inflammatory conditions established by endodontic treatment failure or mishandling such as root perforation, root canal overfilling/underfilling, and root fracture [7]. Some authors recently concluded that periodontal disease seems to be advocated as a low-grade inflammatory local disease, representing a possible trigger for MRONJ; however, further studies should be performed to clearly state this hypothesis [8,12]. Dental extraction and other surgical procedures have been related to the development of such an invalidating condition [9,10]. Although there are many reports about the onset of this pathology, oral hygiene status is mainly linked as a consequence of MRONJ; not so much is known on the oral hygiene situation as a concurrent factor in the pathogenesis of severe stages and on non-surgical periodontal therapy in patients affected by MRONJ. The last AAOMS position paper (2022) clearly states that systemic inflammation is implicated in pathogenesis and dental hygiene procedures seem to be neglected in MRONJ patients, while highly recommended [13]. In the first Position Paper, AAOMS stated that “Maintaining good oral hygiene and dental care is of paramount importance in preventing dental disease that may require dentoalveolar surgery” [1]. Periodontopathogenic bacteria, such as Fusobacterium nucleatum, associated with pamidronate may play a crucial role in delaying the gingival mucosa healing and subsequently produce a BRONJ-like lesion [14]. Although bacteria and infections seem to contribute, their role is not clearly defined in the literature; in other words, there is no evidence if infection follows or precedes bone necrosis [4]. In this light, oral hygiene is a key point in prevention, but the same value is not assessed for treatments [15]. Poxleitner et al. underline that the number of patients exposed to antiresorptive and antiangiogenetic treatments will increase in the future, and prevention will be a core question in QoL assessments [16]. Clear instructions for non-surgical periodontal therapy are poor in the literature; Khan et al. in 2015 referred to this, but without an accurate protocol [4]. Pittman et al. underline that careful oral hygiene should be established in association with other therapies, both conservative and surgical treatments [17]. According to Nicolatou-Galitis et al., dental hygiene procedures are part of the best dental practices in low- and high-risk patients and should be carefully executed [5]. Vandone et al. in 2012 observed that after establishing preventive oral care measures, a lower number of cases of ONJ were observed [18], and Krimmel et al. observed that drugs were not the only cause, but oral and dental health were crucial elements in the onset of this pathology [19,20]. Dental evaluation is evidently essential to avoid MRONJ, especially because the drugs involved in this disease are often the first therapeutical option for metabolic and oncologic patients, mostly keeping in mind the moderate incidence of this side effect [21]. At the same time, a paper by Al Abdullateef et al. suggested that careful information about this kind of complication should be given both to dentists and patients, to avoid or delay the onset of complications [22]. The primary outcome of the present study is to evaluate the oral hygiene status in MRONJ patients. In addition, a secondary outcome is to propose a protocol for non-surgical periodontal treatment in MRONJ patients.




2. Materials and Methods


2.1. Study Design


An observational study was conducted between July 2015 and October 2022 to investigate the potential association between poor oral hygiene and MRONJ. Forty-five outpatients presenting clinical or radiographic evidence for MRONJ were identified according to the criteria defined by the American Association of Oral and Maxillofacial Surgeons 2014 (AAOMS) [3] and were consecutively enrolled. The data were collected through personal interviews and clinical examinations. The demographic data collection included age and gender. On the same day of enrolment, a detailed oral hygiene test was assessed by employing the Simplified Oral Hygiene Index (OHI-S) [23]. The OHI-S is a quantitative expression of oral cleanliness, composed of the combined “Debris Index” and “Calculus Index-Simplified.” The indices are based on 12 numerical recordings of three segments of each dental arch: (1) the segment distal to the right cuspid, (2) the segment distal to the left cuspid, and (3) the segment mesial to the right and left first bicuspids. Each determination indicates the amounts of debris or calculus on the buccal and lingual surface [24] (Figure 1).



Both indices are calculated separately and are added to obtain the OHI-S score for an individual. OHI-S scores may be interpreted as: good (0–1.2), fair (1.3–3.0), and poor (3.1–6.0). The patients were examined employing sterile mouth mirrors and a probing depth probe (UNC 15 periodontal probe; Hu-Friedy Mfg. Co., Chicago, IL, USA) in accordance with the recommendations of the World Health Organization [25]. All clinical examinations were performed by the same two operators. This research complies with the principles of the Helsinki Declaration. Written informed consent was obtained from patients and healthy subjects before enrolling in the trial. The protocol was approved by the local ethics committee of the researchers’ universities.




2.2. Statistical Analysis


The collected data were analyzed using Statistical Package for Social Statistics version 20.0 (IBM SPSS Statistics 20, Chicago, IL, USA). Descriptive statistics such as mean ± SD were used to describe the results as continuous variables. In addition, the frequency and percentage of the categorical variables were reported. To evaluate the association between the stage of MRONJ and oral hygiene, a Pearson’s correlation analysis was conducted between AAOMS Stage and OHI-S. Cohen’s standard was used to evaluate the strength of the relationship, where coefficients between 0.10 and 0.29 represent a small effect size, coefficients between 0.30 and 0.49 represent a moderate effect size, and coefficients above 0.50 indicate a large effect size. A value of p of ≤ 0.05 was considered to be statistically significant.





3. Results


Assumptions


Linearity. A Pearson’s correlation requires that the relationship between each pair of variables is linear. Figure 1 presents the scatterplot of the correlation. A regression line has been added to percentages which were calculated for each nominal and ordinal variable (Figure 2).



Descriptive analysis was showed in Table 1.



A total of 45 subjects (19 males and 26 females) between the ages of 48 to 76 with a mean age of 59 ± 12 were enrolled. As shown in Table 1, the most frequently observed category of Localization of lesions was Upper jaw (n = 21, 46.67%). The most frequently observed category of AAOMS_Stage_1 was (1, 2] (n = 31, 68.89%) (Figure 2). The most frequently observed category of Drug was zoledronic acid (n = 32, 71.11%). The most frequently observed category of Sex was F (n = 26, 57.78%). The frequencies and percentages are presented in Table 1. The majority of patients showed poor oral hygiene: the observations for OHI-S had an average of 3.39 (SD = 1.83, SEM = 0.27, Min = 1.10, Max = 6.00, Skewness = 0.27, and Kurtosis = −1.48). The observations for AAOMS Stage had an average of 2.13 (SD = 0.55, SEM = 0.11, Min = 1.00, Max = 3.00, Skewness = 0.10, and Kurtosis = 0.23). The summary statistics can be found in Table 2. Examples of patients included are shown in Figure 3.



The result of the correlation was examined based on an alpha value of 0.05. There were no significant correlations between any pairs of variables. Table 3 presents the results of the correlation.





4. Discussion


Extensive efforts have been dedicated to identifying a potential cause for the development of MRONJ, and the association between local factors and this severe debilitating condition has been extensively studied. Inadequate oral hygiene is one of the elements that affect the occurrence of MRONJ, although it has not been found to be a key driver. In this study, we aimed to examine the correlation of oral hygiene status and osteonecrosis of the jaws investigating a cohort of patients with diagnosed ONJ. The predictors of the occurrence and severity of MRONJ have been the subject of previous research, with a higher risk of MRONJ in patients with specific comorbidities and/or local factors in-volving tooth extraction, periapical, and periodontal infections both with and without tooth extraction, poor oral hygiene, and inadequate prostheses. Renal dialysis, erythropoietin therapy, diabetes, and hypothyroidism have been found to be associated with an increased risk for promoting MRONJ. One factor that links these groups and is consistently observed is lower bone mineral density (BMD) and the impaired vascular system, resulting in a reduced blood supply to the bone structures, particularly the cortical structures such as the lower jaw. The relative importance of oral hygiene on the risk of developing this complication is often cited as a fundamental aspect for the prevention of infections in patients undergoing drug treatments with risk of osteonecrosis. Poor oral hygiene conditions would result in several opportunistic infections. It has been demonstrated that patients with scarce oral hygiene are a subset of people with an increased likelihood of developing this complication. The Marx et al. [26] study evaluated the relation between bacterial plaque amount and MRONJ and demonstrated that it was linked with the occurrence of osteonecrosis. In addition, the authors revealed a linear pattern regarding the manifestation of periodontal disease, strictly related to bacterial plaque accumulation, in relation to the diagnosis of MRONJ in 84% of patients. Walter et al. [27] also reported that BRONJ patients had a higher prevalence of calculus and visible plaque (87.5%) compared with patients undergoing BPs administration and no signs of osteonecrosis (68%). The present study found no strong statistical evidence to support the existing literature claiming an association between oral hygiene status and MRONJ. Differently, but in line with the findings of the present study, Carmagnola et al. [28] reported that oral hygiene had no role in ONJ occurrence. In this study, although the estimates for poor oral hygiene on the risk of MRONJ were not entirely consistent, it is likely that scarce oral conditions increased the risk of oral infection, with more possible convincing estimates for periodontal patients. Our analysis did not reveal a significant correlation between oral hygiene status and MRONJ, presumably because of the small sample size and un-representative population; nevertheless, the causes are consistent across populations. If more cases had been included in the study, the likelihood of identifying a demonstrable association could have been increased. In addition, the presence of poor oral hygiene could not entirely explain the onset of the pathological condition. However, maintaining good oral hygiene has a higher effect on reducing the risk of infection, directly related with the occurrence of MRONJ. Contrary, Kuchur et al. [29] demonstrated that patients in a treatment with BPs and manifesting BRONJ had a poor standard of oral health compared to patients under BPs without BRONJ (had poorer oral hygiene, more complications of caries, and a worse periodontal status). All of the studies agreed about the importance of good oral hygiene to prevent complications due to dental plaque and periodontal disease, without suggesting a clear and univocal non-surgical periodontal treatment protocol applied to every stage of the disease. MRONJ is a complex disease with features that complicate the detection of the disease’s contributing factors, and the effect of oral hygiene status may be obscured or confounded by other contributing factors.



Based on the last AAOMS position paper [13], five categories of patients may be identified.



Patient at-risk. Asymptomatic patients who have been treated with intravenous (IV) or oral antiresorptive therapy without apparent necrotic bone need to be assigned to accurate trimestral scaling. Eventual root planing (RP) has to be performed following detailed informed consent about the risk of ONJ in this procedure [30]. Photobiomodulation (PBM) with Low-Level Laser Therapy (LLLT) should be performed to improve the healing of soft tissues [31,32,33].



Stage 0. Nonspecific symptomatic patients with no clinical evidence of necrotic bone should be strictly supervised for their oral hygiene status, trimestral scaling is mandatory, and it may require closer recall sessions tailored to the patient’s skills to maintain good plaque control. RP should be scheduled only in stages III and IV of the New Periodontal Classification (NPC) [34] following detailed informed consent. PBM through LLLT should be performed to improve the recovery of the subgingival treated sites. Chlorhexidine (CHX) mouthwashes 0.12% and CHX gel 1% have been suggested by some authors [35].



Stage 1. Asymptomatic patients with exposed necrotic bone and/or fistula probing to the bone without inflammation/infection need to be assigned to individualized scaling sessions following their own aptitude to home oral hygiene procedures and general conditions. The dental practitioner should not fear to properly perform the scaling of teeth included in the necrotic area; otherwise, they would be considered as microbial reservoirs. An adequate RP of the vital element in stages III and IV NPC is recommended. LLLT of both necrotic and vital sites may be accomplished [36,37]. A CHX mouth rinse and gel as in the previous stage 0 are advised.



Stage 2 and 3. Symptomatic patients with exposed necrotic bone and/or fistula probing to the bone with inflammation/infection and/or extension of the necrosis to the basal bone or contiguous structures (maxillary sinus, extraoral fistula, and pathological fractures) need to be allocated to scaling sessions after antibiotic administration following their general condition. RP, LLLT, and CHX mouthwashes and gels may be carried out. In this case, the recall program needs to consider the future therapies the patients will face and the multidisciplinary approach is mandatory [38].



Limitations of the Study


The methodological issues need to be noted. This is an observational study with an improvable sample size; in order to gather more complete information about the oral hygiene status of MRONJ patients and in order to find out a possible correlation, the authors aim to amplify the sample size and enroll more patients. Finally, the observation period was too short to draw statistically significant conclusions; a longer follow-up is needed to obtain more information.





5. Conclusions


The oral biofilm control should be mandatory for MRONJ patients as it is a worsening factor in more severe AAOMS classification stages; pus and infection are elements accountable in stages 2 and 3. Professional dental hygiene is often indicated in the last position papers but without a clear and univocal operative protocol for practitioners who have to face these patients.







Author Contributions


Conceptualization, S.D. and M.D.; methodology, S.D. and E.F.; software, E.F.; validation, E.F., G.V. and M.D.; formal analysis, E.F.; investigation, M.D.; resources, E.F.; data curation, E.F.; writing—original draft preparation, G.V., E.F. and M.D.; writing—review and editing, S.D.; visualization, S.D.; supervision, S.D. and E.F.; project administration, M.D. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the authors’ local ethics committee.




Informed Consent Statement


Informed consent was obtained from all the subjects involved in the study. Written informed consent has been obtained from the patient(s) to publish this paper.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Advisory Task Force on Bisphosphonate-Related Ostenonecrosis of the Jaws, American Association of Oral and Maxillofacial Surgeons. American Association of Oral and Maxillofacial Surgeons position paper on bisphosphonate-related osteonecrosis of the jaws. J. Oral Maxillofac. Surg. 2007, 65, 369–376. [Google Scholar] [CrossRef] [PubMed]

	



Ruggiero, S.L.; Carlson, E.R.; Assael, L.A. Comprehensive review of bisphosphonate therapy: Implications for the oral and maxillofacial surgery patient. J. Oral Maxillofac. Surg. 2009, 67 (Suppl. 5), 1. [Google Scholar] [CrossRef]

	



Ruggiero, S.L.; Dodson, T.B.; Fantasia, J.; Goodday, R.; Aghaloo, T.; Mehrotra, B.; O’Ryan, F.; American Association of Oral and Maxillofacial Surgeons. American Association of Oral and Maxillofacial Surgeons position paper on medication-related oste-onecrosis of the jaw—2014 update. J. Oral Maxillofac. Surg. 2014, 72, 1938–1956, Erratum in J. Oral Maxillofac. Surg. 2015, 73, 1440; Erratum in J. Oral Maxillofac. Surg. 2015, 73, 1879. [Google Scholar] [CrossRef]

	



Khan, A.A.; Morrison, A.; Hanley, D.A.; Felsenberg, D.; McCauley, L.K.; O’Ryan, F.; Reid, I.R.; Ruggiero, S.L.; Taguchi, A.; Tetradis, S.; et al. Diagnosis and management of osteonecrosis of the jaw: A systematic review and international consensus. J. Bone Miner. Res. 2015, 30, 3–23. [Google Scholar] [CrossRef]

	



Nicolatou-Galitis, O.; Schiødt, M.; Mendes, R.A.; Ripamonti, C.; Hope, S.; Drudge-Coates, L.; Niepel, D.; Van den Wyngaert, T. Medication-related osteonecrosis of the jaw: Definition and best practice for prevention, diagnosis, and treatment. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2019, 127, 117–135. [Google Scholar] [CrossRef]

	



Ruggiero, S.; Gralow, J.; Marx, R.E.; Hoff, A.O.; Schubert, M.M.; Huryn, J.M.; Toth, B.; Damato, K.; Valero, V. Practical guidelines for the prevention, diagnosis, and treatment of osteonecrosis of the jaw in patients with cancer. J. Oncol. Pract. 2006, 2, 7–14. [Google Scholar] [CrossRef]

	



Tempesta, A.; Capodiferro, S.; Di Nanna, S.; D’Agostino, S.; Dolci, M.; Scarano, A.; Gambarini, G.; Maiorano, E.; Favia, G.; Limongelli, L. Medication-related osteonecrosis of the jaw triggered by endodontic failure in oncologic patients. Oral Dis. 2022, 20. Online ahead of print. [Google Scholar] [CrossRef]

	



Lorenzo-Pouso, A.I.; Pérez-Sayáns, M.; Chamorro-Petronacci, C.; Gándara-Vila, P.; López-Jornet, P.; Carballo, J.; Gar-cía-García, A. Association between periodontitis and medication-related osteonecrosis of the jaw: A systematic review and meta-analysis. J. Oral Pathol. Med. 2020, 49, 190–200. [Google Scholar] [CrossRef] [PubMed]

	



Shah, N.P.; Katsarelis, H.; Pazianas, M.; Dhariwal, D.K. Periodontal Disease, Dental Implants, Extractions and Medications Related to Osteonecrosis of the Jaws. Dent. Update 2015, 42, 878–880, 883–884, 887–889. [Google Scholar] [CrossRef]

	



Avishai, G.; Muchnik, D.; Masri, D.; Zlotogorski-Hurvitz, A.; Chaushu, L. Minimizing MRONJ after Tooth Extraction in Cancer Patients Receiving Bone-Modifying Agents. J. Clin. Med. 2022, 11, 1807. [Google Scholar] [CrossRef] [PubMed]

	



Marx, R.E.; Sawatari, Y.; Fortin, M.; Broumand, V. Bisphosphonate-induced exposed bone (osteonecrosis/osteopetrosis) of the jaws: Risk factors, recognition, prevention, and treatment. J. Oral Maxillofac. Surg. 2005, 63, 1567–1575. [Google Scholar] [CrossRef]

	



Kos, M. Association of dental and periodontal status with bisphosphonate-related osteonecrosis of the jaws. A retrospective case controlled study. Arch. Med. Sci. 2014, 10, 117–123. [Google Scholar] [CrossRef]

	



Ruggiero, S.L.; Dodson, T.B.; Aghaloo, T.; Carlson, E.R.; Ward, B.B.; Kademani, D. American Association of Oral and Maxil-lofacial Surgeons’ Position Paper on Medication-Related Osteonecrosis of the Jaws-2022 Update. J. Oral Maxillofac. Surg. 2022, 80, 920–943. [Google Scholar] [CrossRef]

	



Mawardi, H.; Giro, G.; Kajiya, M.; Ohta, K.; Almazrooa, S.; Alshwaimi, E.; Woo, S.B.; Nishimura, I.; Kawai, T. A role of oral bacteria in bisphosphonate-induced osteonecrosis of the jaw. J. Dent. Res. 2011, 90, 1339–1345. [Google Scholar] [CrossRef] [PubMed]

	



Mücke, T.; Krestan, C.R.; Mitchell, D.A.; Kirschke, J.S.; Wutzl, A. Bisphosphonate and Medication-Related Osteonecrosis of the Jaw: A Review. Semin. Musculoskelet. Radiol. 2016, 20, 305–314. [Google Scholar] [CrossRef] [PubMed]

	



Poxleitner, P.; Engelhardt, M.; Schmelzeisen, R.; Voss, P. The Prevention of Medication-related Osteonecrosis of the Jaw. Dtsch Arztebl. Int. 2017, 114, 63–69. [Google Scholar] [CrossRef] [PubMed]

	



Pittman, K.; Antill, Y.C.; Goldrick, A.; Goh, J.; de Boer, R.H. Denosumab: Prevention and management of hypocalcemia, os-teonecrosis of the jaw and atypical fractures. Asia Pac. J. Clin. Oncol. 2017, 13, 266–276. [Google Scholar] [CrossRef]

	



Vandone, A.M.; Donadio, M.; Mozzati, M.; Ardine, M.; Polimeni, M.A.; Beatrice, S.; Ciuffreda, L.; Scoletta, M. Impact of dental care in the prevention of bisphosphonate-associated osteonecrosis of the jaw: A single-center clinical experience. Ann. Oncol. 2012, 23, 193–200. [Google Scholar] [CrossRef] [PubMed]

	



Krimmel, M.; Ripperger, J.; Hairass, M.; Hoefert, S.; Kluba, S.; Reinert, S. Does dental and oral health influence the development and course of bisphosphonate-related osteonecrosis of the jaws (BRONJ)? Oral Maxillofac. Surg. 2014, 18, 213–218. [Google Scholar] [CrossRef]

	



Bonacina, R.; Mariani, U.; Villa, F.; Villa, A. Preventive strategies and clinical implications for bisphosphonate-related osteonecrosis of the jaw: A review of 282 patients. J. Can. Dent. Assoc. 2011, 77, b147. [Google Scholar]

	



Yamamoto, N.; Sukegawa, S.; Sukegawa-Takahashi, Y.; Honda, T.; Furuki, Y.; Kawasaki, K.; Ozaki, T. Relationship between oral condition and risk factors for jaw osteonecrosis in patients with hip fractures. J. Med. Investig. 2020, 67, 328–331. [Google Scholar] [CrossRef] [PubMed]

	



Al Abdullateef, A.; Alhareky, M.S. Awareness among patient at risk of developing Medication Related Osteonecrosis of the Jaw (MRONJ)—A primary prevention strategy. Saudi Pharm. J. 2020, 28, 771–778. [Google Scholar] [CrossRef]

	



Greene, J.C.; Vermillion, J.R. The simplified oral hygiene index. J. Am. Dent. Assoc. 1964, 68, 7–13. [Google Scholar] [CrossRef]

	



Fregatto, L.F.; Costa, I.B.; De Bortoli Teixeira, D.; Duarte, J.C.M.; Mascarin, A.M.N.; da Silveira Junior, S.B.; Serva, B.E.B.M.; da Silva, R.G.; Junior, F.A.; Cola, P.C. Oral hygiene and oral microbiota in children and young people with neurological im-pairment and oropharyngeal dysphagia. Sci. Rep. 2021, 11, 18090. [Google Scholar] [CrossRef]

	



Preshaw, P.M. Detection and diagnosis of periodontal conditions amenable to prevention. BMC Oral Health 2015, 15 (Suppl. 1), S5. [Google Scholar] [CrossRef] [PubMed]

	



Marx, R.E. Pamidronate (Aredia) and zoledronate (Zometa) induced avascular necrosis of the jaws: A growing epidemic. J. Oral Maxillofac. Surg. 2003, 61, 1115–1117. [Google Scholar] [CrossRef] [PubMed]

	



Walter, C.; Al-Nawas, B.; Grötz, K.A.; Thomas, C.; Thüroff, J.W.; Zinser, V.; Gamm, H.; Beck, J.; Wagner, W. Prevalence and risk factors of bisphosphonate-associated osteonecrosis of the jaw in prostate cancer patients with advanced disease treated with zoledronate. Eur. Urol. 2008, 54, 1066–1072. [Google Scholar] [CrossRef]

	



Carmagnola, D.; Celestino, S.; Abati, S. Dental and periodontal history of oncologic patients on parenteral bisphosphonates with or without osteonecrosis of the jaws: A pilot study. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 2008, 106, e10–e15. [Google Scholar] [CrossRef]

	



Kunchur, R.; Goss, A.N. The oral health status of patients on oral bisphosphonates for osteoporosis. Aust. Dent. J. 2008, 53, 354–357; quiz 366. [Google Scholar] [CrossRef]

	



Diniz-Freitas, M.; Fernández-Feijoo, J.; Diz Dios, P.; Pousa, X.; Limeres, J. Denosumab-related osteonecrosis of the jaw following non-surgical periodontal therapy: A case report. J. Clin. Periodontol. 2018, 45, 570–577. [Google Scholar] [CrossRef]

	



Zheng, Y.; Dong, X.; Chen, S.; He, Y.; An, J.; Liu, M.; He, L.; Zhang, Y. Low-level laser therapy prevents medication-related osteonecrosis of the jaw-like lesions via IL-1RA-mediated primary gingival wound healing. BMC Oral Health 2023, 23, 14. [Google Scholar] [CrossRef]

	



Torres, A.A.; de Freitas, B.L.; Carneiro, P.P.; de Sousa, A.L.A.; Arêa Leão Ferraz, M.Â.; de Pinho Mendes, J.; Costa, A.L.F.; Pinto, A.S.B. Medication-Related Osteonecrosis of the Jaw and Low-Level Laser Therapy as Adjuvant Treatment: A Case Report. J. Lasers Med. Sci. 2020, 11, 497–499. [Google Scholar] [CrossRef] [PubMed]

	



Momesso, G.A.C.; Lemos, C.A.A.; Santiago-Júnior, J.F.; Faverani, L.P.; Pellizzer, E.P. Laser surgery in management of medi-cation-related osteonecrosis of the jaws: A meta-analysis. Oral Maxillofac. Surg. 2020, 24, 133–144. [Google Scholar] [CrossRef]

	



Caton, J.G.; Armitage, G.; Berglundh, T.; Chapple, I.L.C.; Jepsen, S.; Kornman, K.S.; Mealey, B.L.; Papapanou, P.N.; Sanz, M.; Tonetti, M.S. A new classification scheme for periodontal and peri-implant diseases and conditions—Introduction and key changes from the 1999 classification. J. Clin. Periodontol. 2018, 45 (Suppl. 20), S1–S8. [Google Scholar] [CrossRef]

	



Bodem, J.P.; Kargus, S.; Engel, M.; Hoffmann, J.; Freudlsperger, C. Value of nonsurgical therapeutic management of stage I bisphosphonate-related osteonecrosis of the jaw. J. Craniomaxillofac. Surg. 2015, 43, 1139–1143. [Google Scholar] [CrossRef]

	



Momesso, G.A.C.; de Souza Batista, F.R.; de Sousa, C.A.; de Lima, V.N.; Polo, T.O.B.; Hassumi, J.S.; Garcia Júnior, I.R.; Fa-verani, L.P. Successful Use of Lower-Level Laser Therapy in the Treatment of Medication-Related Osteonecrosis of the Jaw. J. Lasers Med. Sci. 2017, 8, 201–203. [Google Scholar] [CrossRef] [PubMed]

	



Franco, S.; Miccoli, S.; Limongelli, L.; Tempesta, A.; Favia, G.; Maiorano, E.; Favia, G. New dimensional staging of bisphos-phonate-related osteonecrosis of the jaw allowing a guided surgical treatment protocol: Long-term follow-up of 266 lesions in neoplastic and osteoporotic patients from the university of bari. Int. J. Dent. 2014, 2014, 935657. [Google Scholar] [CrossRef] [PubMed]

	



He, L.; Sun, X.; Liu, Z.; Qiu, Y.; Niu, Y. Pathogenesis and multidisciplinary management of medication-related osteonecrosis of the jaw. Int. J. Oral Sci. 2020, 12, 30. [Google Scholar] [CrossRef]








[image: Ijerph 20 05402 g001 550] 





Figure 1. OHI-S scheme. Fregatto LF et al. 2021 (modified). 






Figure 1. OHI-S scheme. Fregatto LF et al. 2021 (modified).



[image: Ijerph 20 05402 g001]







[image: Ijerph 20 05402 g002 550] 





Figure 2. Scatterplots with the regression line added for AAOMS Stage and OHI-S. 
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Figure 3. Clinical and radiological examinations. (A) Female patient 89 years old Stage 1 AAOMS. Necrotic exposed bone in the upper left jaw with poor oral hygiene status. (B) Orthopantomogram of the same patient. (C) Male patient 80 years old. Stage 1 AAOMS. (D) Orthopantomogram of the same patient. (E) Orthopantomogram after surgical ablation. D, right. S, left. (F) Post-surgical plaque control remained unsatisfactory. 
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Table 1. Frequency Table for Nominal and Ordinal Variables.
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Variable

	
n

	
%






	
Localization




	
Upper jaw + lower jaw

	
10

	
22.22




	
Upper jaw

	
21

	
46.67




	
Lower jaw

	
14

	
31.11




	
AAOMS_Stage_1




	
(−Inf, 1]

	
3

	
6.67




	
(1, 2]

	
31

	
68.89




	
(2, 3]

	
11

	
24.44




	
(3, Inf]

	
0

	
0.00




	
Drug




	
Zoledronic acid

	
32

	
71.11




	
+Alendronic acid

	
1

	
2.22




	
Alendronic acid

	
6

	
13.33




	
Monoclonal antibodies

	
6

	
12.11
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Table 2. Summary statistics.
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	Variable
	M
	SD
	SEM
	Min
	Max
	Skewness
	Kurtosis





	OHI-S
	3.39
	1.83
	0.27
	1.10
	6.00
	0.27
	−1.48



	AAOMS_Stage
	2.13
	0.55
	0.11
	1.00
	3.00
	0.10
	0.23
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Table 3. Pearson’s correlation results between AAOMS Stage and OHI-S.






Table 3. Pearson’s correlation results between AAOMS Stage and OHI-S.





	Combination
	r
	95.00% CI
	p





	AAOMS_Stage-OHI-S
	−0.01
	[−0.42, 0.40]
	0.948
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