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ABSTRACT 

Introduction: Medication-related osteonecrosis of the jaw (MRONJ) presents a significant clinical challenge due to 

the increasing use of anti-resorptive drugs. Characterized by exposed necrotic bone, pain, and infection, MRONJ requires 

a multidisciplinary approach. This review aims to synthesize current evidence and emerging innovations in the surgical 

and medical management of MRONJ. Materials and Methods: A critical review of the existing scientific literature on 

MRONJ was conducted, using electronic databases such as PubMed, Scopus, and Google Scholar. Extracted information 

was organized by thematic categories, synthesized, and critically analyzed for a comprehensive overview. Discussion: 

The surgical protocol involves careful preoperative evaluation, professional oral hygiene, and the use of antiseptic 

mouthwashes. Surgical techniques range from debridement and curettage to aggressive resection, with the aim of 

completely removing necrotic tissue. New protocols integrate laser photobiomodulation, platelet-rich plasma, and 

deferoxamine to promote tissue regeneration. Suspension of anti-resorptive therapy, in agreement with the attending 

physician, is crucial. Treatment can be surgical and non-surgical. Conclusions: Optimal management of MRONJ requires 

a personalized, multidisciplinary approach. Implementing preventive protocols, early diagnosis, and adopting updated 

treatments, combining conservative and surgical strategies, are key to reducing the incidence of MRONJ and improving 

the quality of life for affected patients. 
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INTRODUCTION 

The management of medication-related osteonecrosis of the jaw (MRONJ) has become an increasingly important 

focus within oral and maxillofacial surgery and related medical fields, due to the widespread use of antiresorptive agents 

such as bisphosphonates and denosumab, as well as other targeted therapies (1). Characterized by exposed necrotic bone 

in the maxillofacial region that persists for more than eight weeks and is often associated with pain, infection, and impaired 

healing, MRONJ represents a significant clinical challenge that affects patients' quality of life and complicates various 

dental and surgical procedures (2). Over the years, our understanding of MRONJ has evolved from viewing it primarily 

as a surgical problem to recognizing its multifactorial pathogenesis involving impaired bone remodeling, vascular 
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damage, and inflammatory processes, which necessitates a multidisciplinary approach to treatment (3). Several studies 

have highlighted the fundamental role of cells (4) and cytokines (5) in the pathogenesis of oral and intestinal inflammation 

(6) and in cancer development for diagnosis (7-9). Traditional conservative therapies, focused on antimicrobial 

management and symptom control, have been integrated and, in many cases, replaced by increasingly sophisticated 

surgical interventions aimed at removing necrotic tissue and promoting regeneration. Advances in imaging, digital 

workflow planning, and minimally invasive surgical techniques have paved the way for more precise and effective 

treatments (10). In addition to conventional surgical and pharmacological methods, recent developments have introduced 

innovative additional therapies that utilize regenerative medicine, laser biostimulation, and bioengineering strategies. 

Techniques such as laser photobiomodulation, platelet-rich plasma, deferoxamine, hyperbaric oxygen therapy, and the 

application of growth factors like BMP-2 are increasingly integrated into treatment protocols to stimulate tissue 

regeneration, reduce inflammation, and improve healing outcomes (11). Additionally, emerging approaches involving 

biomaterials such as human amniotic membranes and nanoscale drug delivery systems offer promising future directions 

in the fight against MRONJ (12). This review aims to synthesize current evidence and emerging innovations in the surgical 

and medical management of MRONJ, highlighting protocols for preoperative planning, surgical techniques, and adjuvant 

therapies. By understanding these evolving strategies, clinicians can better adapt treatment plans, reduce morbidity, and 

improve the prognosis for patients affected by this debilitating condition. 

MATERIALS AND METHODS 

This review article was created through a critical search and analysis of the existing scientific literature on drug-

induced osteonecrosis of the jaw (MRONJ). Electronic databases such as PubMed, Scopus, and Google Scholar were 

consulted to identify relevant published articles, using specific keywords such as mandibular osteonecrosis, drug-induced 

mandibular osteonecrosis, pharmacological treatment of mandibular osteonecrosis, and surgical treatment of mandibular 

osteonecrosis. Clinical studies, reviews, and case reports relevant to the aetiology, risk factors, diagnosis, prevention, and 

treatment of MRONJ were included, excluding irrelevant articles. The extracted information was organized into thematic 

categories (definition, mechanisms, drugs, risk factors, clinical aspects, prevention, biomarkers), synthesized, and 

critically analysed for a comprehensive overview, with attention to gaps and controversies and an assessment of 

methodological quality. 

DISCUSSION 

Surgical protocol 

After conducting a thorough clinical evaluation and analyzing the patient's medical history, if it is decided to proceed 

with surgery to remove an infectious focus, it is essential to follow a strict protocol. In cases of MRONJ requiring 

extensive resections, preoperative planning is essential to guide reconstruction and prosthetic rehabilitation. To this end, 

advanced digital workflows can be employed. The use of digital facebows has demonstrated high precision in vitro, 

facilitating the creation of accurate diagnostic models and surgical guides (13,14). Before the intervention, it is necessary 

to undergo a thorough professional oral hygiene session, preferably two or three weeks before the operation, to eliminate 

any infectious foci that could complicate the postoperative period. It is also important to use a 0.2% alcohol-free 

chlorhexidine mouthwash, which should be used a few weeks before the procedure and also one minute before the 

procedure, to reduce the bacterial load. Surgically, it is necessary to close with first intention sutures, and during the 

procedure, one should try to keep the intervention as minimally invasive as possible, avoiding trauma and attempting to 

remove granulation tissue with minimal invasiveness. Immediately afterwards, the area is washed with antibacterial 

solutions for about two minutes to further reduce the presence of bacteria (15). Regarding antibiotic prophylaxis, specific 

regimens are generally recommended, although there is no single uniform protocol; Commonly, penicillins such as 

amoxicillin (1 gramme three times a day), with or without clavulanic acid, are used in combination with metronidazole 

(500 mg three times a day) to cover a wide range of bacteria. In case of penicillin allergy, alternatives such as 

erythromycin, clindamycin, or ciprofloxacin can be used, with dosages and administration times adjusted based on the 

presence or absence of suppuration at the treatment site. If there are no infections or pus formation, the antibiotic can be 

started the day before the procedure and continued for about 7-10 days; If there are signs of suppuration, it should be 

started about a week before extraction and continued for 7-10 days. 
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New Protocols to Reduce Risk 

Recently, thanks to significant advancements in medical technology, new surgical protocols have emerged that utilize 

laser photobiomodulation (Nd:YAG, diode laser), the use of non-transfusional blood components (such as PRP), and the 

use of deferoxamine. 

Platelet-rich plasma (PRP) is an autologous concentration of platelets obtained by centrifuging the patient's blood, 

also containing inflammatory cells such as monocytes and neutrophils, and rich in proteins with growth factors like PDGF, 

TGF-β, VEGF, and EGF. These elements promote recruitment, cell proliferation, and the formation of new blood vessels, 

contributing to tissue regeneration and healing processes (16,17). 

Laser Photobiomodulation in oral surgery helps reduce pain and inflammation and promotes wound healing by 

improving cellular activity and altering the permeability of cell membranes. It works by increasing the hyperpolarization 

state of nerve endings, thus inhibiting pain transmission to the central nervous system and reducing the activity of 

mediators such as prostaglandins, interleukins, tumour necrosis factor, and cyclooxygenase (18). 

Deferoxamine (DFO) is a medication used in iron poisoning and to accelerate the healing of pathological fractures 

after radiotherapy, as it inhibits the enzyme prolyl hydroxylase, promoting the formation of new blood vessels through 

the stimulation of VEGF. Experimental studies, including those on rodents, suggest that local application of DFO via 

gelatin sponges can improve bone regeneration, promote neovascularization, and offer protection against MRONJ, 

accelerating healing after tooth extraction (19). 

Suspension of therapy 

The therapy suspension strategy aims to reduce the accumulation of anti-resorptive drugs at the surgical site, 

promoting an improvement in healing conditions. In the case of bisphosphonates, their long half-life can prolong their 

effects on bone even after a single administration, particularly in cancer patients with bone metastases or multiple 

myeloma. For this reason, it is recommended to discontinue them at least one week before surgery and to stop therapy for 

at least three months, depending on clinical conditions, in close consultation with the treating physician (15). For 

denosumab, which has a short and dose-dependent half-life, discontinuation should occur at least 21 days before invasive 

procedures, with therapy able to be resumed after 4-6 weeks (20). If the treatment is aimed at osteometabolic disorders, 

such as Prolia, it is recommended to perform the procedures at least 3 weeks after the last administration and to resume 

the medication at least one month after the surgery, preferably after the fifth month from the last dose if not urgent. Anti-

angiogenic drugs, such as Bevacizumab, also benefit from preoperative suspensions (21). It is advisable to discontinue 

them at least 5-8 weeks before surgery to allow for complete elimination from the body and reduce the antiangiogenic 

effect, minimizing the risk of complications and improving the chances of optimal healing. The drug should be resumed 

at least 28 days after the surgery. For tyrosine kinase or m-TOR inhibitors, which have a known half-life, it is suggested 

that invasive procedures be performed at least one week after the last administration (22). 

Treatment 

When we talk about the treatment of medication-related osteonecrosis of the jaw, we are faced with two possible 

therapeutic options: surgical therapy and non-surgical therapy. 

 

Non-surgical therapy 

Non-surgical therapy primarily focusses on the use of medications to control the infectious process and alleviate 

pain, with the aim of slowing the progression of the disease and stabilizing its symptoms. This approach proves 

particularly effective in the early stages of the disease, while it is less useful in the advanced stages. This class of 

therapy includes a subset of treatments. Pharmacological pain management is a fundamental component, as the pain 

can be intense and persistent, significantly limiting the patient's quality of life. In such cases, the use of non-steroidal 

anti-inflammatory drugs (NSAIDs), opioids, or ketamine is recommended, to be administered under the supervision 

of specialists to avoid the risk of toxicity (23). At the same time, antiseptic therapy is used with mouthwashes 

containing chlorhexidine digluconate, available in 0.12% alcohol-free concentrations or 0.20% containing alcohol. It 

is recommended to use these mouthwashes for a maximum of two weeks, preferably one week before and one week 

after any surgical procedure, to reduce bacterial load and prevent complications. In patients for whom surgical 

treatment is not possible, or in cases of refractory MRONJ, maintenance therapy with chlorhexidine twice daily for 

one month can be used. Alternatively, to chlorhexidine, other disinfectants such as hydrogen peroxide or baking soda 

solution can be used (24). Antibiotic therapy plays a key role in managing the infection that characterizes this 

condition. However, the exclusive use of antibiotics is not sufficient to completely resolve the problem, but it proves 

useful in controlling infectious exacerbations or in patients with complications that prevent more invasive treatments. 
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The typical therapeutic strategy involves a combination of penicillins and metronidazole, administered for 7-14 days. 

In case of allergy to these molecules, alternatives such as erythromycin, clindamycin, or ciprofloxacin are chosen. 

 

Surgical therapy 

Therapeutic strategies for drug-induced osteonecrosis of the jaw have changed over time due to the accumulation 

of new knowledge and clinical experience, leading to an increasing recognition of the importance of surgical therapy. 

For many years, this method was considered a second-line option, reserved primarily for the most severe forms or 

those unresponsive to conservative treatments. However, in recent years, numerous experts have suggested 

considering surgery even in the early stages of the disease, with the aim of stopping its progression as soon as possible. 

Numerous studies show that the surgical approach can achieve better results compared to conservative therapies, as it 

allows for the complete removal of necrotic tissue, promoting the formation of healthy tissue and thus accelerating 

bone healing. It is essential to completely and safely remove the necrotic tissue, precisely defining the margins of the 

lesion's extent through both intraoperative assessments and preoperative radiological examinations. During the 

procedure, observing bone bleeding is a common method for identifying viable bone, while a fluorescent lamp can 

also be used, which exploits the different fluorescence between viable bone and necrotic bone (25,26). Surgical 

treatment for MRONJ includes various techniques such as debridement, curettage, sequestrectomy, and resection, 

with or without microvascular reconstruction. According to the literature, bone curettage without extension and 

sequestrectomy are considered part of conservative surgical treatment, while a more extensive or complete resection 

of the necrotic lesion, with or without microvascular reconstruction, is classified as aggressive surgical treatment (27). 

 

i. Conservative surgical treatment: The main objective of conservative treatment is the complete removal of 

necrotic tissue, extending as far as possible towards the surrounding tissue which, macroscopically and 

radiographically, appears healthy and well-vascularized. It is essential to avoid interrupting the continuity of 

the mandibular body and extending into the paranasal sinuses. The treatment concludes with the repositioning 

and suturing of the mucosal flaps, closing by first intention to prevent bacterial entry and promote healing. 

ii. Bone curettage: This treatment involves the removal of necrotic bone tissue until a bleeding bone surface is 

reached, followed by the complete closure of the defect through the mobilization of a mucoperiosteal flap. 

This procedure is performed under local anesthesia and can be carried out using rotary burs or less invasive 

instruments like sonic instruments. It is important to emphasize that during curettage, the necrotic tissue 

should not yet be completely separated from the surrounding viable bone; Otherwise, it would be a 

sequestrectomy. To promote a good outcome, osteoplasty of the bone surface can also be performed to 

eliminate residual roughness and facilitate site closure (28). 

iii. Sequestrectomy: allows for the removal of the sequestrum, a necrotic portion that separates spontaneously 

from healthy bone and is expelled naturally or through surgery. The procedure involves the removal of 

necrotic tissue affecting the alveolar process, followed by osteoplasty and closure with a mucoperiosteal flap 

(29). 

iv. Aggressive surgical treatment: Resective surgery represents the most invasive and radical strategy. The goal 

is to remove all the diseased bone tissue until healthy and viable tissue is reached. It is essential to perform 

marginal osteoplasty, utilizing full-thickness flap mobilization to ensure primary intention closure of the 

defect. The difference between resection techniques lies in the fact that marginal resection preserves the 

continuity of the bone segment, removing only the block of necrotic tissue, while segmental resection involves 

the interruption of the bone segment. To preserve alveolar bone volume and support the implant site, various 

studies have described innovative surgical techniques for alveolar ridge preservation with immediate dental 

implant placement (30,31), while others have focused on the effectiveness of electrolytic cleaning and 

regenerative therapy in the treatment of peri-implantitis (32). Moreover, employing innovative graft 

biomaterials has been shown to positively influence implant survival rates in regenerated sites (33). The 

standard procedure for treating the mandible is mandibulectomy, which unfortunately always results in a loss 

of facial symmetry and occlusion. It is widely accepted that when a full-thickness defect is created in the 

mandible, it is important to immediately reconstruct the bone continuity to restore facial shape and ensure the 

best functional recovery. Following mandibulectomy, the reconstruction of mandibular integrity can be 

achieved through the use of a titanium plate to replace the removed bone, anatomical replicas of the mandible, 

or alternatively, through the use of vascularized bone flaps (34). 
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Additional therapies 

The evolution of therapeutic strategies for managing MRONJ has led to greater emphasis on the use of innovative and 

multimodal approaches.  

Among these, treatment with teriparatide has shown promise, thanks to the short-term benefits observed in clinical 

trials. This recombinant human protein, consisting of the 1-34 portion of parathyroid hormone (rhPTH 1-34), is the only 

FDA-approved anabolic therapy for the treatment of severe osteoporosis. Its action promotes osteoblastic activity, 

stimulating the formation of new bone tissue and improving radiographic signs of healing. Although the hormone can 

have both anabolic and catabolic effects on bone, intermittent exposure stimulates its formation, contributing to increased 

bone mass and offering a promising therapeutic context even in cases of MRONJ, with potential reparative effects on 

maxillary bone defects (35).  

In both surgical and conservative settings, the use of low-intensity laser has been successfully recognized as an 

effective complementary treatment in both the medical and surgical management of MRONJ. Different laser wavelengths 

have demonstrated a biostimulating effect, improving repair processes and promoting bone growth, osteoblast mitotic 

activity, and the development of blood and lymphatic vessels. Studies have indicated that LLLT (Low-Level Laser 

Therapy) promotes bone healing in traumatic areas and increases mineralization during regeneration processes, 

stimulating the activity and differentiation of osteoblasts. Additionally, it has been observed that laser biostimulation 

could also be beneficial in the treatment of "early" forms of MRONJ, offering a safe, minimally invasive, and well-

tolerated therapeutic option. In conservative surgery, the laser can target necrotic bone, vaporizing it until healthy bone 

is reached. In these cases, the Er:YAG laser (2,940 nm) is used, a laser that gently penetrates only 0.1 mm, ensuring a 

highly conservative and precise treatment is performed (36,37). Instead, for adequate implant therapy, an innovative 

technique called the "Hybrid Funnel Technique" has recently been proposed, which aims to optimize implant site 

preparation by minimizing trauma and preserving local vascularization. A pilot study explored the effectiveness of this 

technique, suggesting potential benefits in terms of osseointegration and soft tissue healing (38). It is important to note 

that implant surface microtopography can play a crucial role in the success of osseointegration. Recent studies have 

demonstrated that laser microtopographies can promote osteoblast proliferation and bone deposition, potentially 

improving long-term implant outcomes (39).  

Another strategy to use is hyperbaric oxygen therapy and ozone therapy, which are two complementary therapies 

frequently employed as neoadjuvant or adjuvant interventions in the treatment of advanced mandibular osteonecrosis, 

particularly in cases where bone healing is compromised and invasive surgical procedures, such as maxillary resections 

or microvascular reconstructions, are not indicated or are contraindicated. Various scientific evidence suggests that these 

approaches could offer significant benefits, improving the chances of resolution and recovery in patients affected by this 

complex condition. Hyperbaric oxygen therapy involves inhaling pure oxygen in pressurized chambers where the air 

pressure exceeds atmospheric pressure (40,41). This non-invasive treatment causes an increase in reactive nitrogen and 

oxygen species, which promote the production of substrates necessary for the enzyme nitric oxide synthase. These 

mediators play a crucial role in bone metabolism by modulating the activity of osteoclasts and osteoblasts. Specifically, 

nitric oxide is produced constitutively by both the latter and the former, and its role in the bone process is characterized 

by dual effects depending on the concentrations. At moderate levels, nitric oxide promotes bone turnover, contributing to 

the replacement of old bone tissue with new and reducing bone resorption, thus facilitating the restoration of physiological 

balance. However, at higher concentrations, its role becomes more complex and can be detrimental, promoting 

inflammatory processes in bone tissue and contributing to the progression of conditions like osteoporosis. An excessive 

increase in this reactive species can also inhibit the formation of new bone tissue, interfering with the regeneration and 

repair of damaged tissues. Reactive oxygen species (ROS), produced during hyperbaric oxygen therapy, appear to 

positively influence bone homeostasis by modulating the expression of key factors such as RANKL (Receptor Activator 

of Nuclear Factor Kappa-B Ligand) and osteoprotegerin. This regulation promotes the controlled differentiation of 

osteoclasts, contributing to an optimal balance between bone formation and resorption and reducing the risk of 

pathological conditions such as osteopetrosis, which is often present in animal models of osteonecrosis. An emerging 

hypothesis suggests that ROS generated during hyperbaric oxygen (HBO) treatment may exert a beneficial effect by 

suppressing osteoclast activity and promoting bone healing processes, thanks to the modulation of the local environment 

and the stimulation of tissue regeneration. Several studies showed how inflammatory processes (42,43) around teeth 

(44,45), novel dental implant, regenerated maxillary sites with biomaterials (46), derived from biofilm adhesion and 

bacterial colonization (42), promote hard and soft tissues pathogenesis (43) as bone loss, gingivitis, periodontitis, 

carcinogenesis, (47,48)  mucositis and peri-implantitis related to the immune-cells genetic and cytokines cascade 

activation. (42,43,49) These effects, although still under investigation, open up interesting therapeutic prospects for the 

use of this technology in complex cases of osteonecrosis, where the primary goal is to promote bone repair and recovery 
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through a biochemical action that enhances the natural tissue response (50). Ozone therapy has shown promising results 

in the treatment of MRONJ, acting as an effective biostimulation method to enhance the repair processes in the affected 

area. This therapy is known for its ability to hinder the growth of microorganisms (bacteria, fungi, and viruses), stimulate 

blood circulation, and increase the amount of oxygen in tissues. Additionally, ozone can help reduce pain and improve 

local immune activity. Ozone application can be done through two main methods: insufflations obtained with special 

equipment or through the use of ozonated oil. Studies in the literature suggest that this therapy promotes neoangiogenesis 

and stimulates the immune system, facilitating the formation of granulation tissue that demarcates the area of bone 

necrosis and contributes to the healing of the tissues involved (15). The use of BMP-2 (bone morphogenetic protein-2) 

represents a promising therapeutic option in the treatment of MRONJ. Originally approved by the Food and Drug 

Administration (FDA) for applications such as maxillary sinus augmentation and alveolar preservation, the recombinant 

form of human BMP-2 (rhBMP-2) has been shown to possess broader osteoinductive properties. Given the excessive 

suppression of bone remodeling typical of MRONJ, it is hypothesized that BMPs can stimulate the formation of new bone 

tissue and promote the healing process. Studies on post-sequestrectomy sites treated with rhBMP-2/ACS have 

demonstrated a significant increase in bone regeneration, suggesting effective potential in treating the condition, although 

official FDA approval is still lacking at this time. This therapy is expected to play a significant role in the future as well 

(51).  

A final innovative strategy involves the use of human amniotic membrane, rich in epithelial and mesenchymal stromal 

cells, along with various growth factors such as EGF, FGF, and TGF. This membrane is distinguished by its 

biocompatibility, permeability, stability, elasticity, and reabsorbability. It has antimicrobial, anti-inflammatory, 

antifibrotic, and analgesic effects, and has been shown to promote neovascularization, encouraging the formation of new 

blood vessels and supporting epithelial regrowth and wound healing. The presence of metalloproteinase inhibitors and 

reduced immunogenicity, due to low expression of human leukocyte antigens (HLAs), make it a material of great interest 

as a support in the prevention and treatment of bisphosphonate-associated osteonecrosis of the jaw (52). Finally, research 

is focusing on controlled-release systems for anti-inflammatory drugs, such as those based on nanoscale polymeric 

hybrids, which could offer advantages in local inflammation control. These systems aim to release the drug in a targeted 

manner, minimizing systemic side effects (53). 

CONCLUSIONS 

Drug-induced osteonecrosis of the jaw (MRONJ) requires a thorough understanding of the causes, risk factors, and 

available treatment options. Conservative therapies, such as pharmacological management of pain and infection, are 

useful in the initial stages, but are often insufficient to resolve the pathology. Surgical intervention, ranging from curettage 

to aggressive resection, has proven effective in removing necrotic tissue and promoting bone healing. Innovative protocols 

that integrate laser photobiomodulation, the use of PRP, and deferoxamine administration show promising results in 

improving vascularization and tissue regeneration. Targeted suspension of pharmacological therapy, in agreement with 

the attending physician, is crucial to reduce the accumulation of anti-resorptive drugs at the surgical site. Ultimately, 

optimal management of MRONJ requires a personalized multidisciplinary approach that takes into account the patient's 

individual risk assessment, the specific characteristics of the lesion, and the response to therapies. Implementing 

preventive protocols, early diagnosis, and adopting updated treatments, combining conservative and surgical strategies, 

are key to reducing the incidence of MRONJ and improving the quality of life for affected patients. 
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