

  inventions-07-00097




inventions-07-00097







Inventions 2022, 7(4), 97; doi:10.3390/inventions7040097




Article



Treatment of Medication-Related Osteonecrosis of the Jaw (MRONJ) with Er:YaG Laser and Ozone Therapy: A Case Series



Gianluca Porcaro, Paolo Caccianiga *[image: Orcid], Ayt Alla Bader[image: Orcid] and Gianluigi Caccianiga[image: Orcid]





School of Medicine and Surgery, University of Milano-Bicocca, 20900 Monza, Italy









*



Correspondence: p.caccianiga@campus.unimib.it







Academic Editor: Shoou-Jinn Chang



Received: 30 September 2022 / Accepted: 17 October 2022 / Published: 20 October 2022



Abstract

:

The purpose of this study is to evaluate the efficacy of the combination of ozone gel and Er:YAG laser treatment in respect of medication-related osteonecrosis of the jaw (MRONJ) for normal procedures. Consequently, the following techniques are compared in the study: medical therapy (MT); MT + conservative surgery with rotary/piezoelectric instruments; MT + ozone therapy; MT + surgical treatment + laser Er:YAG; and MT + ozone therapy + surgical treatment + laser Er:YAG. Fifty-seven patients with MRONJ stages I, II, and III were treated. The protocol was different for each group of patients and included MT, the application of an ozone gel, an Er:YAG laser surgery session, conservative surgery with rotary/piezoelectric instruments, or surgical treatment, and then the monitoring of healing for at least 12 months. The protocols were performed once a week until complete recovery. Patients were reassessed weekly for the first month after treatment, monthly for the following quarter, and then every 3 months until the end of one year. The radiographic surveys were carried out 6 and 12 months after the last treatment. All of the patients in Group 4 (treated with medical therapy + ozone therapy + surgical treatment + laser Er:YAG) achieved complete clinical and radiographic recovery (100%) with complete remission of osteonecrosis. The proposed combined treatment of ozone therapy using laser Er:YAG and the MT + surgical treatment allowed us to obtain excellent results in the resolution of MRONJ. This success was explained by a series of characteristics specific to laser technology; in fact, thanks to its photoacoustic, photochemical, photothermal, and photomechanical properties, the laser made it possible to reduce the bacterial load at the intervention site.
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1. Introduction


Medication-related osteonecrosis of the jaw (MRONJ) represents a pathological condition that affects the maxillary bones and it is disabling and highly degenerative. The three elements that allow the diagnosis of this condition [1] are an anti-angiogenetic or anti-absorption treatment that is in progress or occurred prior; exposed bone or probable bone by one or more intra- or extra-oral fistulas in the maxillofacial region for more than 8 weeks; and no radiotherapy in the head–neck region in the medical history [1].



In accordance with the 2014 American Association of Oral and Maxillofacial Surgeons (AAOMS) position paper, the main objectives of the treatment of patients at risk or with MRONJ are the following: priority of anticancer therapy with anti-resorption/anti-angiogenic drugs for the resolution of MRONJ, preservation of quality of life through patient education and reassurance, training in dedicated oral hygiene, being invited to frequent follow-up visits to prevent a recurrence, pain control with pharmacotherapy, and the prevention of lesion extensions and development of new osteonecrotic lesions [1].



At this time, medical or surgical therapies are proposed. Conservative or medical therapy consists of eliminating infectious foci through professional and domestic hygiene, the resolution of oral pathogenic foci, and the administration of local or systemic antibiotics. In addition, conservative therapies of recent clinical use are indicated.



For example, ozone therapy increases erythrocyte concentration and hemoglobin levels, stimulates diapedesis and phagocytosis, and has germicidal and analgesic effects. Ozone therapy can be combined with pre and intraoperative therapies [2].



Another conservative therapy is photobiomodulation (PBM), which has a biostimulating action, promotes the healing process in the peri-lesional tissues, and has antibacterial action [3]. PBM can be associated with pre- or intraoperative surgery [4]. Surgical therapy consists of removing the necrotic bone parts, which frequently show secondary infections.



Depending on the invasiveness, it is possible to distinguish between:




	
Surgery using a conservative approach: surgical debridement with bone cutting, piezoelectric surgery, and laser-assisted surgery;



	
Resective and reconstructive surgery: Allows a wide bone resection with healthy margins with reeducation by flaps with their own vascularization.








A systematic review and meta-analysis by Momesso et al. [5], whose aim was to evaluate the efficacy of laser therapy in MRONJ treatment, reported that qualitative data showed that treatment with laser surgery (Er:YAG) was the most effective regarding complete healing of the lesion (90%) compared with other treatments. Meta-analysis data showed that low-level laser therapy (LLLT) was more effective than medical treatment (p = 0.006), and surgical treatment was more effective than LLLT (p = 0.008). It appears that laser surgical therapy is a great management strategy for stage II MRONJ treatment.



The AAOMS in 2022 [6] stated that medical treatment is for stages I and II and surgical therapy is reserved for stage III or for those patients for whom medical therapy has not led to an effective improvement in symptoms (stage II) [1]. Holzinger D. [7] considered surgical protocols for stages I and II osteonecrotic lesions with excellent results. The surgical approach allowed for the ablation of necrotic tissues that do not allow wound healing [8].



The search for a minimally invasive surgical approach has increased in recent years. Among the minimally invasive surgical protocols, the use of laser surgery, as studied by Vescovi et al. [9] and by Stübinger et al. [10], is widely recognized in the international literature.




2. Materials and Methods


In this study, 52 patients were chosen among the patients of the dental oncology department treated between January 2019 and July 2020 at the Dental Clinic of Milan-Bicocca University. These patients were then retrospectively divided randomly into 5 groups based on a series of treatments known to cure MRONJ: 11 were treated with medical therapy only; 9 with medical therapy and conservative surgery with rotary instruments/piezosurgery; 14 with medical therapy and ozone therapy; 11 with medical therapy and Er:YAG laser therapy; 7 with medical therapy, ozone therapy, and Er:YAG laser (Table 1). The latter group is of the greatest interest to this study. The decision to opt for one therapy or another was arbitrary, depending on the operator.



In reference to the 7 patients in Group 5 with MRONJ (range 44–85 years, mean 69 years, Table 2) stages I, II, and III, remote and current medical and dental anamnesis were collected for each patient, and each lesion was staged by clinical and radiographic investigation according to the classification of Ruggiero and the American Association of Oral and Maxillofacial Surgeons (AAOMS) [1].



Inclusion criteria:




	
Presence of MRONJ








Exclusion criteria:




	
Osteonecrosis of the jaw not exclusively linked to drugs (radiotherapy of the head–neck ORN region);



	
Uncompensated systemic pathologies;



	
Cancer pathology contraindicating the intervention.








The protocol provided for a specific organization chart; initially, MT was performed, followed by 8 applications of ozone and an Er:YAG laser surgery session, and finally, the monitoring of healing for at least 12 months.



MT included the dressing of the osteonecrotic lesions every 7 days in hospital, which consisted of irrigation with a physiological solution and the application of a 0.8% hydrogen peroxide (H2O2) gel for 15 min and homemade dressings, where each patient irrigated the wound with saline every 12 h at the end of each meal. Patients or family members were then asked to dress the wound, where a 0.8% hydrogen peroxide gel was applied for 15 min once a day after cleansing the bone exposure with a physiological solution. Antibiotics were administered intermittently or continuously in the cases of peri-lesional soft tissue superinfection with suppuration and pain symptoms (MRONJ stages II, III). Adequate and prolonged perioperative pharmacological treatment was of fundamental importance in order to minimize the risk of superinfection. The recommended antibiotic therapy was amoxicillin clavulanate in tablets of 1 g every 12 h + metronidazole in tablets of 250 mg every 8 h in order to acquire complete antibiotic coverage against anaerobic bacteria. The duration of administration was 7 days in the case of exclusive medical treatment and 14 in the case of combined treatment, with surgery on the seventh day.



For ozone therapy, after the dressing, an ozone gel of 15% (Ozoral gel, Innovares srl, Reggio Emilia, Italy) was applied to the wound for 10 min every 7 days. At the same time as the first treatment, an impression was taken for each patient to create a support for subsequent ozone gel applications. Not all patients consented to the support being made so sterile gauze covering the gel was used to prevent evaporation. Each session lasted 8 to 10 min under continuous suction to avoid gas inhalation.



Er:YAG laser surgery used the same medical preparation protocol, but the debridement in this case was treated with an Er:YAG laser set with an energy of 400 mJ; frequency of 13 Hz; VSP mode; fluence of 50 J/cm2 above 300 mJ; irrigation with distilled water. The treatment sessions were repeated for up to one year of follow-up.



The protocol (Figure 1, Figure 2, Figure 3, Figure 4, Figure 5 and Figure 6) was performed once a week until complete recovery.



The results from the group of 7 patients treated with the protocol described above were compared with the results obtained from the other 4 groups with different therapies by colleagues in our department. Statistical analyses were performed with the Wilcoxon signed-rank test and the Chi-square test.




3. Results


All seven patients treated with MT + ozone therapy + Er:YAG laser surgery were reassessed weekly for the first month after treatment, monthly for the following quarter, and then every 3 months until the end of one year. Subsequently, half-yearly follow-ups were set up for the maintenance of oral hygiene. The radiographic surveys were carried out 6 and 12 months after the last treatment.



The healing was divided into:




	
Complete healing of the wound, without any more bone exposure (if maintained for at least 12 months);



	
Incomplete healing with or without stage reduction.








All treated patients achieved complete clinical and radiographic recovery (100%).



Table 3, Table 4 and Table 5 show the differences between the proposed treatment and those described in the Section 2.




4. Discussion


Several protocols have been proposed in the literature because to date, there has been no common consensus. According to statements by the AAOMS in 2009, 2014, and 2022 [6], medical treatment is considered the first choice for stages I and II; surgical therapy, on the other hand, is reserved for stage III patients or for patients for whom medical therapy has not led to an effective improvement in symptoms (stage II) [1]. Despite this, surgical protocols have also been considered in the literature for stages I and II osteonecrotic lesions, with excellent results and higher percentages of partial and complete cures [7]. The surgical approach indeed allows for the ablation of necrotic tissues which, having no regenerative and restorative capacity, interfere with the healing of wounds [8]. A recent systematic review of the literature by Fliefel et al. [6] showed that the use of superficial surgical protocols such as debridement is the most applied therapeutic choice. The search for a minimally invasive surgical approach allows for the better preservation of healthy bone tissue, avoiding excessive weakening of the jaw bones and allowing subsequent mobile prosthetic rehabilitation.



Among the minimally invasive surgical protocols, the use of laser surgery provides interesting results. As was shown in this study, patients treated with laser surgery had a 100% complete cure rate; these data confirm what was reported in the international literature [9,10]. This success is explained by a series of characteristics specific to laser technology; in fact, thanks to its photoacoustic, photochemical, photothermal, and photomechanical properties, the laser makes it possible to reduce the bacterial load at the intervention site. In addition, with laser surgery, a “smear layer” is not produced on the bone surface, which is a typical situation with rotary instruments; the vaporization of water promotes a cleaning effect on the surgical site that allows for the rapid removal of the treated tissue. The result is an extremely clean operating field. Another important feature is the biostimulatory property of the laser; at the bone level, it promotes the healing process in the post-surgical period [11]. There are several works in the literature about the efficacy of lasers and LEDs, not only in oral surgery but also in other fields of dentistry, especially in the management of periodontitis and peri-implantitis, and in orthodontics [12,13,14,15,16,17,18,19,20,21].



Data from the literature suggest excellent efficiency of the application of ozonated gel both when performed individually and in combination with surgical therapy. Ozone therapy was also performed in this study. The various properties of ozone therapy include an antimicrobial effect against anaerobic and aerobic bacteria, fungi, and viruses [22]; the stimulation of hemoglobin and red blood cell production with a relative increase in blood oxygenation; the regulation of cytokines involved in the immune response; increased phagocytosis and diapedesis; and the stimulation of angiogenesis and fibroblasts. Clinically, ozone therapy induces the formation of a bone seizure, stimulates the vascularity of the underlying bone, and stimulates the formation of granulation tissue. Therefore, the removal of these lesions exposes the underlying bone tissue in the regeneration phase to the oral environment, which is not necessary for surgical treatment [23]. Agrillo et al. [24] used topical ozone therapy in the treatment of MRONJ, achieving the remission of symptoms in 90% of cases, and Ripamonti et al. [25] also applied this combined method to medical therapy for the only conservative treatment of osteonecrotic lesions of less than 2.5 cm, achieving resolution with complete healing of all lesions analyzed. The results obtained in this study confirm that, if combined with laser surgery, 100% complete cures can be achieved. Therefore, ozone therapy can be combined with medical therapy in the initial management of MRONJ and can be used in the preparation of surgical treatment in the intraoperative phase, after having performed the complete ablation of the lesion, and in the post-surgical healing phase. Thanks to the properties listed above, ozone therapy can also be used in patients with stages II and III MRONJ, where, due to oncological problems, a surgical approach is not allowed.



It is important to consider other treatments; in fact, Paulo et al. [26] reproduced in vivo a model of MRONJ in Wistar rats. After tooth extraction, biphasic calcium phosphate (BCP) granules were placed in the alveolus. After every evaluation (through nuclear medicine, radiology, macroscopic observation, and histologic analysis), the authors observed that calcium phosphate ceramics were able to limit zoledronate toxicity in vivo and favor healing, which was evidenced by medical imaging (nuclear medicine and radiology), macroscopically, and through histology. The studied therapeutic option presented itself as a potential solution to prevent the development of maxillary osteonecrosis.



Ye, P. et al. [27] conducted a meta-analysis involving a systematic search of PubMed, EMBASE, Wiley Online Library, and the Cochrane Library for eligible studies from their inception to November 2019 in accordance with preselected criteria. Thirteen studies that investigated APCs in the treatment of MRONJ were eligible for inclusion in the meta-analysis of 223 patients and 33 lesions. The results suggested that the use of APCs is a promising therapeutic regimen, as it provides additional benefits to surgery in the treatment of MRONJ. To achieve the benefits, a tension-free primary closure of the soft tissue is also recommended. Randomized studies with large sample sizes are warranted to confirm our findings.



This study has many limitations, as we did not have the opportunity to assess other treatments such as autologous platelet concentrates, calcium phosphate ceramics such as hyperbaric oxygen, auto/tetracycline fluorescence-guided bone surgery, medical drugs such as teriparatide, or a combination of pentoxifylline and tocopherol, which are all important and should be assessed further to see which method is the best option for a patient.




5. Conclusions


Considering what has been highlighted by this study, it can be said that conservative surgical treatment is also a valid choice in stages I and II lesions and that laser surgery combined with ozonated gel is extremely effective in the treatment of MRONJ.



These statements are consistent with the international literature, where numerous articles affirm the success of a surgically conservative approach in association with supportive therapy (laser therapy or ozone) to improve surgical management.







Author Contributions


Conceptualization, G.P.; Data curation, P.C.; Formal analysis, G.P.; Investigation, G.P.; Methodology, G.C.; Project administration, G.C.; Resources, G.C.; Software, A.A.B.; Supervision, P.C.; Validation, G.C.; Visualization, A.A.B.; Writing—original draft, G.P.; Writing—review and editing, P.C. and A.A.B. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



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

	



Vescovi, P. Osteonecrosi dei mascellari e bifosfonati. In Terapia Odontoiatrica e Prevenzione; Tecniche Nuove: Lombardia, Italy, 2008. [Google Scholar]

	



Maggioni, M.; Attanasio, T.; Scarpelli, F. I Laser in Odontoiatria; Piccin: Padova, Italy, 2009. [Google Scholar]

	



Vescovi, P.; Merigo, E.; Meleti, M.; Manfredi, M.; Fornaini, C.; Nammour, S.; Mergoni, G.; Sarraj, A.; Bagan, J.V. Conservative Surgical Management of Stage I 11 Bisphosphonate-Related Osteonecrosis of the Jaw. Int. J. Dent. 2014, 2014, 107690. [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 medication-related osteonecrosis of the jaws: A meta-analysis. Oral Maxillofac. Surg. 2020, 24, 133–144. [Google Scholar] [CrossRef] [PubMed]

	



Fliefel, R.; Tröltzsch, M.; Kühnisch, J.; Ehrenfeld, M.; Otto, S. Treatment strategies and outcomes of bisphosphonate-related osteonecrosis of the jaw (BRONJ) with characterization of patients: A systematic review. Int. J. Oral Maxillofac. Surg. 2015, 44, 568–585. [Google Scholar] [CrossRef] [PubMed]

	



Holzinger, D.; Seemann, R.; Klug, C.; Ewers, R.; Millesi, G.; Baumann, A.; Wutzl, A. Long-term success of surgery in bisphosphonate-related 242 osteonecrosis of the jaws (BRONJs). Oral Oncol. 2013, 49, 66–70. [Google Scholar] [CrossRef]

	



Mücke, T.; Haarmann, S.; Wolff, K.D.; Hölzle, F. Bisphosphonate related osteonecrosis of the jaws 17 treated by surgical resection 231 and immediate osseous microvascular reconstruction. J. Craniomaxillofac. Surg. 2009, 37, 291–297. [Google Scholar] [CrossRef]

	



Vescovi, P.; Merigo, E.; Meleti, M.; Manfredi, M.; Guidotti, R.; Nammour, S. Bisphosphonates related osteonecrosis of the jaws: A concise review of the literature and a report of a single-centre experience with 151 patients. J. Oral Pathol. Med. 2012, 41, 214–221. [Google Scholar] [CrossRef]

	



Stübinger, S.; Dissmann, J.P.; Pinho, N.C.; Saldamli, B.; Seitz, O.; Sader, R. A preliminary report 44 about treatment of bisphosphonate related osteonecrosis of the jaw with Er:YAG laser ablation. Lasers Surg. Med. 2009, 41, 26–30. [Google Scholar] [CrossRef]

	



Leucht, P.; Lam, K.; Kim, J.B.; Mackanos, M.A.; Simanovskii, D.M.; Longaker, M.T.; Contag, C.H.; Schwettman, H.A.; Helms, J.A. Accelerated bone repair after plasma laser corticotomies. Ann. Surg. 2007, 246, 140–150. [Google Scholar] [CrossRef]

	



Caccianiga, G.; Baldoni, M.; Ghisalberti, C.A.; Paiusco, A. A Preliminary In Vitro Study on the Efficacy of High-Power Photodynamic Therapy (HLLT): Comparison between Pulsed Diode Lasers and Superpulsed Diode Lasers and Impact of Hydrogen Peroxide with Controlled Stabilization. BioMed Res. Int. 2016, 2016, 1386158. [Google Scholar] [CrossRef]

	



Caccianiga, G.; Rey, G.; Baldoni, M.; Caccianiga, P.; Baldoni, A.; Ceraulo, S. Periodontal Decontamination Induced by Light and Not by Heat: Comparison between Oxygen High Level Laser Therapy (OHLLT) and LANAP. Appl. Sci. 2021, 11, 4629. [Google Scholar] [CrossRef]

	



Caccianiga, G.; Rey, G.; Caccianiga, P.; Leonida, A.; Baldoni, M.; Baldoni, A.; Ceraulo, S. Rough Dental Implant Surfaces and Peri-Implantitis: Role of Phase-Contrast Microscopy, Laser Protocols, and Modified Home Oral Hygiene in Maintenance. A 10-Year Retrospective Study. Appl. Sci. 2021, 11, 4985. [Google Scholar] [CrossRef]

	



Caccianiga, G.; Rey, G.; Caccianiga, P.; Leonida, A.; Baldoni, M.; Baldoni, A.; Ceraulo, S. Peri-Implantitis Management: Surgical versus Non-Surgical Approach Using Photodynamic Therapy Combined with Hydrogen Peroxide (OHLLT—Oxygen High Level Laser Therapy). A Retrospective Controlled Study. Appl. Sci. 2021, 11, 5073. [Google Scholar] [CrossRef]

	



Caccianiga, G.; Rey, G.; Caccianiga, P.; Leonida, A.; Baldoni, M.; Baldoni, A.; Ceraulo, S. Laser Management of Peri-Implantitis: A Comparison between Photodynamic Therapy Combined with Hydrogen Peroxide (OHLLT) and OHLLT + Er:YAG Laser. A Retrospective Controlled Study. Appl. Sci. 2021, 11, 6771. [Google Scholar] [CrossRef]

	



Caccianiga, G.; Rey, G.; Baldoni, M.; Caccianiga, P.; Porcaro, G.; Baldoni, A.; Ceraulo, S. Laser Decontamination and LED Photobiomodulation Promote Bone Regeneration and Wound Healing by Secondary Intention, in Alveolar Ridge Preservation-Clinical and Radiographic Evaluation: A Pilot Experience. Photobiomodul. Photomed. Laser Surg. 2022, 40, 343–354. [Google Scholar] [CrossRef] [PubMed]

	



Caccianiga, G.; Cambini, A.; Donzelli, E.; Baldoni, M.; Rey, G.; Paiusco, A. Effects of laser biostimulation on the epithelial tissue for keratinized layer differentiation: An in vitro study. J. Biol. Regul. Homeost. Agents 2016, 30 (Suppl. S1), 99–105. [Google Scholar] [PubMed]

	



Caccianiga, G.; Caccianiga, P.; Baldoni, M.; Lo Giudice, A.; Perillo, L.; Moretti, N.; Ceraulo, S. Pain Reduction during Rapid Palatal Expansion Due to LED Photobiomodulation Irradiation: A Randomized Clinical Trial. Life 2022, 12, 37. [Google Scholar] [CrossRef] [PubMed]

	



Lo Giudice, A.; Nucera, R.; Leonardi, R.; Paiusco, A.; Baldoni, M.; Caccianiga, G. A Comparative Assessment of the Efficiency of Orthodontic Treatment with and Without Photobiomodulation during Mandibular Decrowding in Young Subjects: A Single-Center, Single-Blind Randomized Controlled Trial. Photobiomodul. Photomed. Laser Surg. 2020, 38, 272–279. [Google Scholar] [CrossRef] [PubMed]

	



Caccianiga, G.; Lo Giudice, A.; Paiusco, A.; Portelli, M.; Militi, A.; Baldoni, M.; Nucera, R. Maxillary Orthodontic Expansion Assisted by Unilateral Alveolar Corticotomy and Low-Level Laser Therapy: A Novel Approach for Correction of a Posterior Unilateral Cross-Bite in Adults. J. Lasers Med. Sci. 2019, 10, 225–229. [Google Scholar] [CrossRef]

	



Muller, P.; Guggenheim, B.; Shmidlin, P. Efficacy of gasiform ozone and photodynamic therapy 47 on a multispecies oral biofilm in vitro. Eur. J. Oral Sci. 2007, 115, 77–80. [Google Scholar] [CrossRef]

	



Steinhart, H.; Schultz, S.; Mutters, R. Evaluation of ozonated oxygen in an experimental animal 48 model of osteomyelitis as a further treatment option for skull-base osteomyelitis. Eur. Arch. Otorhinolaryngol. 1999, 256, 153–157. [Google Scholar] [CrossRef] [PubMed]

	



Agrillo, A.; Ungari, C.; Filiaci, F.; Priore, P.; Iannetti, G. Ozone therapy in the treatment of avascular 49 bisphosphonate-related jaw osteonecrosis. J. Craniofac. Surg. 2007, 18, 1071–1075. [Google Scholar] [CrossRef] [PubMed]

	



Ripamonti, C.I.; Cislaghi, E.; Mariani, L.; Maniezzo, M. Efficacy and safety of medical ozone (O3) delivered in oil suspension 50 applications for the treatment of osteonecrosis of the jaw in patients with bone metastases treated with bisphosphonates: Preliminary results of a phase I–II study. Oral Oncol. 2011, 47, 185–189. [Google Scholar] [CrossRef] [PubMed]

	



Paulo, S.; Laranjo, M.; Paula, A.; Abrantes, A.M.; Martins, J.; Marto, C.M.; Coelho, A.; Casalta-Lopes, J.; Carvalho, L.; Carrilho, E.; et al. Calcium Phosphate Ceramics Can Prevent Bisphosphonate-Related Osteonecrosis of the Jaw. Materials 2020, 13, 1955. [Google Scholar] [CrossRef]

	



Ye, P.; Wei, T.; Lu, Z.Y.; Cai, Y.J. The Role of Autologous Platelet Concentrates in the Treatment of Medication-Related Osteonecrosis of the Jaw. J. Craniofac. Surg. 2021, 32, 621–625. [Google Scholar] [CrossRef]








[image: Inventions 07 00097 g001 550] 





Figure 1. Radiographic image (orthopantomography) of the patient’s initial situation; the osteonecrosis area is circled in red. 






Figure 1. Radiographic image (orthopantomography) of the patient’s initial situation; the osteonecrosis area is circled in red.
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Figure 2. Intraoral image of the original situation of an osteonectotic lesion of the IV quadrant. 
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Figure 3. Intraoral intraoperative image of the elevation of the flap to full thickness. 
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Figure 4. Intraoral intraoperative image of ablative surgery with ER:YAG laser. 






Figure 4. Intraoral intraoperative image of ablative surgery with ER:YAG laser.



[image: Inventions 07 00097 g004]







[image: Inventions 07 00097 g005 550] 





Figure 5. Intraoral intraoperative image of topical application of ozonated gel in the peri-operative phase. 
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Figure 6. Complete healing of the lesion. 
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Table 1. Group distribution of the patients, the number of patients treated in each group, and their therapies.
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	Group
	No. of Patients
	Therapy





	Group 1
	11
	Medical therapy (MT)



	Group 2
	9
	MT + conservative surgery with rotary instruments/piezo-electric



	Group 3
	14
	MT + ozone therapy



	Group 4
	11
	MT + surgical treatment + laser Er:YAG



	Group 5
	7
	MT + ozone therapy + surgical treatment + laser Er:YAG.
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Table 2. Group 5 patients’ demographic and clinical details.
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	Patient
	Age
	MRONJ Stage





	Patient 1
	44
	I



	Patient 2
	79
	II



	Patient 3
	61
	II



	Patient 4
	69
	I



	Patient 5
	85
	III



	Patient 6
	77
	I



	Patient 7
	65
	I
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Table 3. Complete and incomplete healings for each group.
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	Group
	No.
	Incomplete Healings
	% Incomplete Healings
	Complete Healings
	% Complete Healings





	Group 1
	11
	5
	45%
	0
	0%



	Group 2
	13
	3
	15%
	5
	38.5%



	Group 3
	9
	1
	11%
	7
	78%



	Group 4
	11
	2
	18%
	9
	82%



	Group 5
	7
	0
	0%
	7
	100%
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Table 4. Wilcoxon test results applied to each group.
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	Group
	Wilcoxon Signed-Rank Test





	Group 1
	significant treatment (≤0.05)



	Group 2
	significant treatment (≤0.05)



	Group 3
	significant treatment (≤0.05)



	Group 4
	significant treatment (≤0.05)



	Group 5
	significant treatment (≤0.05)
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Table 5. Comparison of groups with the Chi-squared test. Values for which there were no statistically significant differences are highlighted in red.






Table 5. Comparison of groups with the Chi-squared test. Values for which there were no statistically significant differences are highlighted in red.












	
	Group 2
	Group 3
	Group 4
	Group 5





	Group 1
	0.030613
	0.00094
	<0.000001
	0.000123



	Group 2
	-
	0.055086
	0.019369
	0.027605



	Group 3
	-
	-
	0.5657
	0.8415



	Group 4
	-
	-
	-
	0.8065



	Group 5
	-
	-
	-
	-
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