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Abstract 

Medication-related osteonecrosis of the jaw (MRONJ) is a rare but serious condition associated with antiresorptive and antiangiogenic drugs, commonly used 

in treating osteoporosis and various cancers. The pathogenesis is multifactorial, involving impaired bone remodelling, infection, reduced angiogenesis, and 

immune suppression. MRONJ is more prevalent among cancer patients than those treated for osteoporosis. Clinically, it presents with exposed necrotic bone, 

pain, swelling, and secondary infections, significantly affecting the quality of human life. Diagnosis is clinical, supported by imaging and patient history. 

Management includes conservative or surgical approaches, with prevention being the most effective strategy. A multidisciplinary approach involving dentists, 

oncologists, and oral surgeons is essential for early diagnosis and treatment planning to minimize complications and improve patient outcomes. The purpose 

of this review is to shed light on the road map for clinical and radiographic diagnosis, prevention, and management of medication-related osteonecrosis of the 

jaw (MRONJ). 
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1. Introduction 

The term "medication-related osteonecrosis of the jaw" 

(MRONJ) refers to osteonecrosis of the jaw caused by 

denosumab, bisphosphonates, and anti-resorptive 

medications.1 Medication-related osteonecrosis of the jaw is 

a rare but serious and disabling condition. Its etiology is 

unknown, however it can have multiple causes. MRONJ is 

characterised by exposed bone that does not heal in patients 

who have a history of radiation exposure to the head and neck 

but who are currently using anti-resorptive or antiangiogenic 

drugs.2  

In the early years of the twenty-first century, Marx 

documented the first instance of MRONJ in a study about 

nonhealing exposed bone in the craniofacial region of a 

patient receiving treatment with a bisphosphonate, an 

antiresorptive drug that influences the breakdown of the 

bone's mineral content.3-8 Dental professionals and 

academics are still interested in bisphosphonate-related 

osteonecrosis of the jaw (BRONJ), which was initially 

described in 2003. However, independent findings of bone 

necrosis linked to denosumab prompted the American 

Association of Oral and Maxillofacial Surgeons (AAOMS) 

to rename BRONJ to MRONJ in 2014.9 

Patients with medication-related osteonecrosis of the jaw 

(MRONJ), experience progressive bone loss in the 

craniofacial region. Two pharmacological agents, namely 

antiresorptive (such as bisphosphonates and receptor 

activator of nuclear factor kappa-B ligand inhibitors) and 

antiangiogenic, have the potential to cause osteonecrosis. The 

pathogenesis of MRONJ is not well understood. Its specific 

location in the jaws has been explained by a number of 

theories, including: infection or inflammation, micro trauma, 

altered bone remodelling or excessive suppression of bone 

resorption, inhibition of angiogenesis, toxicity of soft tissue 

blood products, unusual oral biofilm, terminal 
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vascularization of the mandible,  immune suppression, or a 

vitamin D deficiency. 

2. Discussion 

2.1. Epidemiology and incidence 

As highlighted by Robert S. Weinstein, osteonecrosis is 

known by various terms such as aseptic, avascular, or 

ischemic necrosis, which should be considered in 

epidemiological research. From 1989 to 2003, its incidence 

increased from 1.4 to 3 per 100,000 annually, likely due to 

greater use of MRI for diagnosis.10 Drescher et al. observed 

that glucocorticoid-induced osteonecrosis is dose and 

duration dependent, but may also occur after intra-articular 

injections or short-term high doses. Intra-articular steroids 

can worsen Charcot’s arthropathy by masking pain and 

promoting joint overuse.11 Edwards, B.J. et al, reported that 

in cancer patients, the incidence of MRONJ varies from 0.1% 

to 10%, in investigator-initiated academic research, 

significantly higher percentages were noted.12 

2.2. Pathophysiology 

The pathophysiology of MRONJ is multifactorial, involving 

the interplay of impaired bone remodelling, vascular 

compromise, local infection or inflammation, immune 

dysregulation, and genetic susceptibility. 

1. Inhibition of bone remodelling: Antiresorptive agents 

such as bisphosphonates (BPs) and denosumab 

(DMB) suppress osteoclast function, reducing bone 

turnover. This leads to the accumulation of 

microdamage and necrotic bone, particularly in high-

turnover areas like the jaw.14,15 

2. Glucocorticoid effects: Glucocorticoids induce 

apoptosis in osteoblasts and osteocytes and disrupt the 

lacunar–canalicular network, impairing 

mechanosensing and vascular exchange. This weakens 

bone quality and contributes to necrosis.16,17 

3. Infection and inflammation: Dental procedures such as 

extraction often occur at sites of existing periodontal 

or periapical infection. Inflammatory cytokines further 

drive bone necrosis. Animal models confirm that 

inflammation significantly contributes to MRONJ 

development.19,20 

4. Angiogenesis inhibition: Both BPs and antiangiogenic 

drugs reduce local vascularity, delay healing, and 

contribute to ischemic bone changes, mimicking 

avascular necrosis. 

5. Immune dysfunction: Conditions like diabetes, cancer, 

or autoimmune diseases impair host defenses, 

increasing MRONJ risk, especially in patients on 

immunosuppressive therapies.18 

6. Genetic factors: Single-nucleotide polymorphisms 

(SNPs) in genes such as SIRT1, PPARγ, and CYP2C8 

affect bone turnover, angiogenesis, and immune 

response, potentially increasing susceptibility to 

MRONJ.13 

2.3. Clinical manifestations and staging 

Italian Society of Maxillofacial Surgery (SICMF)/Italian 

Society of Oral Pathology and Medicine (SIPMO) and the 

American Association of Oral and Maxillofacial Surgeons 

(AAOMS) given different classification system for the 

MRONJ which are as follows: 

 

Table 1: Different bisphosphonate related osteonecrosis of the jaw staging systems13 

Stage Marx 2007 AAOMS 2009 SICMF-SIPMO 2012 

At risk 

category 

 No evidence of exposed or 

necrotic bone in patients 

who have been treated 

with bisphosphonates. 

 

Stage 0 Subclinical damage, 

microscopically 

represented by beginner 

hypocellularity osteoclast 

apoptosis and decrease of 

endosteal osteoblast. 

Nonspecific clinical 

findings and symptoms 

such as jaw pain or 

osteosclerosis but no 

clinical evidence of 

exposed bone. 

 

Stage 1 A: Painless exposed bone 

of 1 cm. 

B: Painless exposed bone 

>1 cm. 

Exposed/necrotic bone in 

patients who are 

asymptomatic and who 

have no evidence of 

infection. 

Focal BRONJ clinical signs and symptoms: Bone exposure, 

sudden dental mobility, nonhealing postextraction socket, 

mucosal fistula, swelling, abscess formation, trismus, gross 

mandibular deformity, and/or hypoesthesia/ paraesthesia of the 

lips. 

CT findings: The following symptoms may or may not 

accompany increased bone density restricted to the alveolar 

bone region (trabecular thickening and/or focal osteosclerosis). 

Persistent alveolar socket, cortical rupture, and/or noticeably 

enlarged and sclerotic lamina dura. 

 1a: Asymptomatic  

 1b: Symptomatic (pain and purulent discharge). 
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Table 1 Continued…. 

Stage 2 A: Painful and infected 

single exposed bone of 2 

cm. 

B: Painful and infected 

single exposed bone >2 

cm. 

Exposed/necrotic bone 

associated with infection 

as evidenced by pain and 

erythema in the region of 

the exposed bone with or 

without purulent drainage. 

Diffuse BRONJ Clinical signs and symptoms: The same as 

Stage 1 

CT findings:  Diffuse osteosclerosis is characterised by 

increased bone density that extends to the basal bone, with or 

without the following symptoms: oroantral fistula, sinusitis, 

periosteal reaction, sequestra development, and/or prominence 

of the inferior alveolar nerve canal. 

 1a: Asymptomatic 

 1b: Symptomatic (pain and purulent discharge). 

Stage 3 A: Multiple exposed 

bone areas without 

clinical findings of 

osteolysis, orocutaneous 

fistula, or pathological 

fractures. 

B: Exposed bone >3 cm 

or with clinical findings 

of osteolysis, or 

orocutaneous fistula, or 

pathological fractures. 

Exposed/necrotic bone in 

patients with pain, 

infection, and one or more 

of the following: 

 Pathologic fracture, 

extraoral fistula, or 

osteolysis extending to the 

inferior border or sinus 

floor. 

Complicated BRONJ- The same as Stage 2, with one or more 

of the following. 

Clinical signs and symptoms: Extraoral fistula, displaced 

mandibular stumps, nasal leakage of fluids. 

CT findings: Pathologic mandibular fracture, osteolysis that 

extends to the sinus floor, and osteosclerosis of nearby bones 

(hard palate, zygoma). 

2.4. Radiographic finding 

2.4.1. Early radiographic changes 

These are often subtle and may precede clinical symptoms. 

1. Widened periodontal ligament (PDL) space – earliest 

change 

2. Thickening or sclerosis of the lamina dura 

3. Loss of trabecular detail 

4. Localized rarefaction of bone (early radiolucency) 

5. No clear border between normal and necrotic bone 

2.4.2. Intermediate/established stage 

This stage presents with classic features of necrotic bone and 

reactive bone changes. 

1. Mixed radiolucent and radiopaque areas 

a. Indicates necrotic bone (lucent) and sclerotic, non-

vital bone (opaque) 

2. Sequestrum formation 

a. Radiopaque dead bone fragment 

b. Surrounded by a radiolucent halo due to granulation 

or pus 

3. Cortical disruption or irregularity 

a. Especially in mandible 

b. Persistent alveolar sockets 

4. Non-healing extraction sites 

5. Periosteal reaction (rare; more in younger or 

immunocompromised) 

6. Loss of lamina dura and indistinct cortical bone 

margins 

2.4.3. Advanced/chronic stage 

Reflects extensive bone necrosis and secondary infections. 

1. Large areas of bone destruction (radiolucency) 

2. Diffuse sclerosis – “moth-eaten” or “cotton-wool” 

appearance 

3. Pathological fracture may be seen in mandible 

4. Sinus tract or oroantral fistula – radiolucent track 

extending to soft tissue 

5. Bone resorption without new bone formation 

6. Maxillary sinus involvement if maxilla is affected 

2.5. Risk factor 

There are two pharmacological substances that can cause 

osteonecrosis of the jaw (Table 2). Antiangiogenic and 

antiresorptive (including bisphosphonates (BPs) and 

inhibitors of the receptor activator of nuclear factor kappa B 

ligand [RANK L]).13 

2.6. Local factors 

1. Dentoalveolar operations 

2. Anatomic factors 

3. Concomitant oral diseases 

4. Demographic and systemic factors and other 

medications.
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Table 2: Medication-related osteonecrosis of the jaw-related medications13 

Molecule Category Indication 

Alendronate Bisphosphonate Osteoporosis 

Bevacizumab Humanized monoclonal antibody Metastatic colorectal carcinoma, non-squamous non-small cell lung 

carcinoma, glioblastoma, metastatic renal cell carcinoma 

Denosumab Receptor activator of nuclear factor 

kappa-B-ligand inhibitors 

Bone metastases osteoporosis 

Ibandronate Bisphosphonate Osteoporosis 

Neridronate Bisphosphonate Osteogenesis imperfecta, Paget’s disease 

Pamidronate Bisphosphonate Bone metastases 

Risedronate Bisphosphonate Osteoporosis 

Sirolimus Mammalian target of Rapamycin 

pathway 

Organ rejection in renal transplant 

Sorafetib Tyrosine kinase inhibitors Hepatocellular carcinoma, renal cell carcinoma 

Sunitib Tyrosine kinase inhibitors Gastrointestinal stromal tumor, renal cell carcinoma, pancreatic 

neuroendocrine tumor 

Tiludronate Bisphosphonate Paget’s disease of bone 

Zoledronate Bisphosphonate Bone metastases osteoporosis 

  

 

Figure 1: Recommended treatments according to the grade or stage of MRONJ.4 

 

Treatment strategies for medication-related osteonecrosis of 

the jaws: 

The major goals of treatment for patients at risk of 

developing or who have established MRONJ are: 

1. Ensuring continuation of cancer therapy 

a. For oncology patients receiving antiresorptive 

drugs, either alone or combined with immune 

modulators or antiangiogenic agents, it is crucial to 

maintain their treatment. 

b. These medications help manage bone pain and 

reduce the risk of skeletal-related events (SREs), 

thereby enhancing treatment outcomes. 

2. Supporting bone health in non-cancer conditions 
a. Patients with conditions like osteoporosis, 

osteopenia, or other metabolic bone disorders gain 

significant benefits from antiresorptive therapy. 

b. These treatments lower the risk of fragility fractures 

and support long-term skeletal integrity. 

3. Enhancing quality of life 
a. Key supportive measures include: 

i. Educating patients about MRONJ and addressing 

their concerns 

ii. Effective pain management 

iii. Prompt control of infections 

iv. Preventing the spread of necrosis and avoiding the 

formation of new lesion. 
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Figure 2: The Spanish society of oral and maxillofacial surgery (SECOM) recommends the following protocol for the treatment 

of MRONJ.2 

Prevention method of medication-related osteonecrosis of the 

jaws: 

General advice: 

1. Perform dental screening before starting 

antiresorptive/antiangiogenic therapy. 

2. Throughout treatment, practice proper oral hygiene 

and refrain from invasive dental procedures. 

3. "Drug holidays" are controversial and not routinely 

recommended. 

Cancer patients starting IV therapy: 

1. Dental exam before treatment to eliminate infections 

or risky teeth. 

2. Delay therapy until surgical sites heal (2–3 weeks) if 

needed. 

3. Adjust/replace ill-fitting dentures. 
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Cancer patients on IV treatment: 

1. Dental check-ups every 4–6 months. 

2. OPG every 6–12 months to detect bone changes. 

3. Prefer splinting over extraction for mobile teeth 

(grades 1–2). 

4. Use antibiotic prophylaxis during surgery (penicillin 

or alternatives) 

Osteoporotic patients starting oral therapy: 

1. Inform about MRONJ risk, especially if treatment 

exceeds 4 years. 

2. Promote oral hygiene and regular dental follow-ups. 

3. Implants are possible, but only with informed consent. 

Osteoporotic patients on oral therapy: 

1. Risk increases with treatment >4 years or 

comorbidities. 

2. Elective dental surgery is usually safe. 

3. Monitor and maintain oral health. 

On oral bisphosphonates: 

1. <4 years, no risk factors: 

All procedures allowed. Emphasize hygiene and 

patient education. 

2. <4 years with Risk or >4 years: 

a. Regular exams and imaging. 

b. Splint grade 1–2 mobile teeth; extract grade ≥3 with 

minimal trauma. 

c. Modify dentures as needed. 

d. Prefer endodontic over extraction. 

e. Implants allowed with risk disclosure. 

3. Conclusion 

Glucocorticoids and antiresorptive drugs like 

bisphosphonates and denosumab increase the risk of 

osteonecrosis, especially after dental procedures. IV BPs and 

Denosumab pose a higher and earlier risk than oral forms. 

Preventive dental care before and during therapy is essential. 

Conservative treatments like antibiotics, chlorhexidine 

rinses, and PRF-L membranes show promise, but more 

research is needed to guide prevention and management 

strategies. 
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