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ABSTRACT

INTRODUCTION: Medication-related osteonecrosis of the jaw (MRONJ) is a rare but serious condition, 
caused by several classes of pharmaceutical agents, the most common of which are antiresorptive and anti-
angiogenic drugs. It is characterized by exposed necrotic bone, most commonly associated with antiangio-
genic or antiresorptive therapy, and without a history of radiation exposure to the head and neck.

AIM: This review aims to compare, and summarize the current knowledge on the etiology, pathophysiology, 
clinical and radiological characteristics, and staging of MRONJ, to identify the research gaps in the scientific 
literature, and to give recommendations for further research.

MATERIALS AND METHODS: An advanced electronic search was performed in PubMed, Scopus, and Web 
of Science, using selected keywords. Results were extracted to an MS Excel spreadsheet and assessed for eli-
gibility after duplicate removal. After analysis of the obtained data, 35 articles were included in this study.

RESULTS AND DISCUSSION: The most common medications that cause MRONJ are antiresorptive and an-
tiangiogenic drugs. Other possible agents are immunomodulators, monoclonal antibodies, corticoids, cyto-
static drugs, etc. Numerous hypotheses for the pathophysiology of MRONJ have been suggested, including 
bone remodeling inhibition, impaired angiogenesis, specific infections, etc. Further research is necessary 
to confirm the role of different drugs in the pathogenesis of MRONJ.

CONCLUSION: Despite the strong association between MRONJ and antiresorptive and antiangiogenic 
drugs, the exact pathophysiology of the disease is not fully understood. Future studies should investigate 
their mechanisms of action and correlation to MRONJ. Understanding its etiopathogenesis is essential for 
all medical practitioners in order to reduce MRONJ incidence and avoid its misdiagnosis.
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INTRODUCTION
Historically, osteonecrosis of the jaw (ONJ) was 

first described at the end of the 19th century by the 
term phossy jaw in association with phosphorous 
intoxication (1). In 2003, ONJ was associated with 
bisphosphonate therapy, leading to the term bisphos-
phonate-related osteonecrosis of the jaw (BRONJ) (2). 
In 2010, the monoclonal antibody denosumab was 
reported as a cause of ONJ (3), which subsequently 
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AND (“osteonecrosis”[MeSH Terms] 
OR “osteonecrosis”[All Fields] OR 
“osteonecroses”[All Fields]) AND 
(“jaw”[MeSH Terms] OR “jaw”[All 
Fields])) OR “MRONJ”[All Fields]) AND 
(“stage”[All Fields] OR “staged”[All Fields] 
OR “stages”[All Fields] OR “staging”[All 
Fields] OR “stagings”[All Fields]) AND 
(“aetiologie”[All Fields] OR “aetiologies”[All 
Fields] OR “aetiology”[All Fields] OR 
“etiologies”[All Fields] OR “etiology”[MeSH 
Subheading] OR “etiology”[All Fields] OR 
“causality”[MeSH Terms] OR “causality”[All 
Fields]) AND (“pathophysiologies”[All 
Fields] OR “physiopathology”[MeSH Sub-
heading] OR “physiopathology”[All Fields] 
OR “pathophysiology”[All Fields]) 

3.	The keywords that were used in the Scopus 
database were: ( ( ( medication-related ) AND 
( osteonecrosis ) AND ( jaw ) ) OR ( MRONJ 
) ) AND ( ( staging ) OR ( stages ) ) AND ( 
etiology ) AND ( pathophysiology ) AND ( 
LIMIT-TO ( LANGUAGE , “English” ) )
The inclusion criteria were as follows: 1. studies 

that evaluated MRONJ etiology and/or pathophysi-
ology and/or staging; 2. original articles, review ar-
ticles, or case reports (case series); 3. articles written 
in English.

The exclusion criteria were as follows: 1. books, 
book chapters, and abstracts; 2. studies irrelevant to 
the topic; 3. articles in languages other than English.

The research titles, abstracts, and author names 
were exported to an MS Excel Spreadsheet. Follow-
ing duplicate removal, the titles and abstracts were 
assessed for eligibility by three independent review-
ers (R.Y. and T.G)Then the articles were subjected 
to the selected inclusion and exclusion criteria. Dis-
crepancies among the three reviewers were resolved 
through discussion and consensus.

After analysis of the obtained data, 35 articles 
were included in this study.

RESULTS AND DISCUSSION
Medication-related osteonecrosis of the jaw 

is an adverse drug reaction leading to bone necro-
sis and progressive destruction of the jaw in patients 
with a history of medication therapy, which is the 
cause of such complications (9). 

led to the replacement of the term BRONJ with med-
ication-related osteonecrosis of the jaw (MRONJ). It is 
a rare but serious condition, caused by several class-
es of pharmaceutical agents, the most common of 
which are antiresorptive and antiangiogenic drugs. 
They can affect both jaws, but predominantly the 
mandible. 

Recently, some new medications (bevacizumab, 
sunitinib, mTOR inhibitors) have been reported as 
potential etiological agents for MRONJ, and reports 
have suggested an increasing number of these phar-
maceutical agents (4,5). Medication-related osteone-
crosis of the jaw is characterized by exposed necrotic 
bone, associated with antiangiogenic or antiresorp-
tive therapy, and without a history of radiation expo-
sure to the head and neck (6,7). The most frequent-
ly used diagnostic criteria are those of the Ameri-
can Association of Oral and Maxillofacial Surgeons 
(AAOMS).

The pathogenesis of MRONJ is still disputable 
and not confirmed. The most popular hypotheses in-
clude suppressed bone remodeling, deficient angio-
genesis, microtrauma, local infection, and chronic 
inflammation (4,8). Various classifications and stag-
ing systems have been adopted in order to clarify the 
diagnosis, differentiate MRONJ from ONJ with oth-
er etiology, such as osteoradionecrosis, and navigate 
the treatment protocol.

AIM 
This review aims to compare and summarize 

the current knowledge on the etiology, pathogenesis, 
clinical and radiological characteristics, and staging 
of MRONJ, and to give recommendations for further 
research. 

MATERIALS AND METHODS
An advanced electronic search was performed 

in PubMed, Scopus, and Web of Science databas-
es on 4 September 2024, using the following search 
strategies:

1.	For the Web of Science database: 
ALL=(((medication-related osteonecrosis) 
OR (MRONJ)) AND ((staging) OR (stages)) 
AND (etiology) AND (pathophysiology))

2.	In PubMed a combination of key-
word and MeSH terms were used: 
((“medication-related”[All Fields] 
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Etiology
The most common medications that are known 

to cause the condition are antiresorptive drugs 
(bisphosphonates (BPs), denosumab) and antiangio-

genics (axitinib, bevacizumab, desatinib, erlotinib). 
However, the possible causative agents include im-
munomodulators, cytostatic drugs, vascular endo-
thelial growth factor (VEGF) inhibitors (antiangio-
genics), tyrosine kinase (TK) inhibitors (antiangio-

Drug Class Representatives Use

Bisphosphonates

Alendronate
Clodronate
Etidronate

Ibandronate
Pamidronate
Risedronate
Tiludronate
Zoledronate

Osteoporosis
Osseous metastatic disease 

Multiple myeloma
Hypercalcemia

Skeletal dysplasia

RANKL antibody Denosumab
Osteoporosis

Osseous metastatic disease 
Pathological fractures Hypercalcemia

Immunomodulators and 
immunosuppressants

Corticosteroids
Methotrexate
Thalidomide

Malignancy
Auto-immune diseases (rheumatoid 

arthritis, psoriasis, pemphigus 
vulgaris, etc.)

Anti-TNF alpha Adalimumab
Infliximab Autoimmune diseases

Anti-VEGF

Aflibercept
Bevacizumab
Cabozantinib

Pazopanib

Malignancy
Diabetic retinopathy

TKInhibitors

Axitinib
Dasatinib
Erlotinib
Imatinib
Sorafenib

Sutinib

Malignancy
Pulmonary fibrosis

Anti-CD20 Rituximab Malignancy

mTOR inhibitors Everolimus
Temsirolimus

Malignancy
Transplant rejection

BRAF inhibitor Dabrafenib
Trametinib Malignancy

Chemotherapeutic agents

5-azacitinid
Cyclophosphamide

Cytarabine
Daunorubicin
Doxorubicin 
Gemcitabine

Idarubicin
Metotrexate
Vinorelbine

Malignancy

Table 1. Drugs related to osteonecrosis of the jaw and their therapeutic application (8,10).
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genics), tumor necrosis factor alpha (TNFα) inhibi-
tors, etc. (Table 1) (8,10).

Bisphosphonates are pyrophosphate analogs, 
which inhibit bone metabolism and remodeling by 
binding to the bone matrix and inducing osteoclast 
apoptosis (11,12). Since the osteoblast function re-
mains unchanged, the bone mass increases (13). They 
are indicated for patients with bone metastases, mul-
tiple myeloma, osteoporosis, osteopenia, osteogene-
sis imperfecta, Paget’s disease, and kidney transplan-
tation (5,12,14,15). Bisphosphonates are generally di-
vided into nitrogen-containing (alendronate, iban-
dronate, pamidronate, risedronate, and zoledronic 
acid) and non-nitrogen-containing (clodronate, eti-
dronate, tiludronate) (5,16). 

Bisphosphonates can be administrated intra-
venously or orally. The first route is usually used in 
patients with bone metastases, while oral adminis-
tration is more common for osteoporosis treatment 
(5). Bisphosphonates bind to the bone matrix for a 
prolonged time and the effect can last more than 10 
years after therapy discontinuation (17,18). The risk 
of MRONJ in patients on BP therapy depends on 
their dose, period of treatment, and administration 
route. In addition, simultaneous corticoid therapy, 
comorbidity, and smoking can increase the risk (5). 

Non-nitrogenated BPs pose a lower risk of 
MRONJ. Nitrogenated BPs are 10–1000 times more 
potent and demonstrate a 0.1–6.7% prevalence of 
MRONJ (5,17,19). The risk is the highest with pami-
dronate and zoledronate, which are administrated 
intravenously, usually in cases of malignancy. The 
zoledronate therapy increases the risk of MRONJ by 
up to 400 times compared to patients, who are not on 
antiresorptive treatment (20,21).

Denosumab is a human monoclonal antibody, 
an antiresorptive drug, which targets the receptor 
activator of nuclear factor kappa-B (RANKL) and, 
thus, inhibits osteoclasts (22). Denosumab inhibits 
bone resorption and increases bone density. It is ad-
ministrated subcutaneously and is usually used to 
treat osteoporosis and bone metastases, to prevent 
hypercalcemia and bone fractures. Since it does not 
accumulate, his effect is reversible—between 6 and 
24 months (5,9,17). However, the risk of MRONJ in 
patients treated with denosumab is as high as in pa-
tients treated with zoledronate (0.7–1.9%) (11,19–21). 

The risk in patients treated for osteoporosis is about 
0.04% (5).

Antiangiogenic drugs, such as anti-VEGF and 
TK inhibitors, inhibit neoangiogenesis and, there-
fore, are used to inhibit tumor growth (23). They have 
been associated with MRONJ, the possible mecha-
nism for which is reduced bone regeneration poten-
tial, delayed healing and remodeling, and increased 
susceptibility to infection (24,25). Moreover, these 
agents can affect cellular differentiation and chemo-
taxis, altering the immune response (5).

Immunomodulators and immunosuppres-
sants, such as corticoids and methotrexate, can in-
crease the risk of MRONJ. Long-term systemic cor-
ticoids have been associated with avascular bone ne-
crosis (26,27). Methotrexate has been recently report-
ed to cause MRONJ when used for a long time (28). 
The exact pathogenic mechanism is still unknown, 
but it is probably related to changes in the immune 
response and osteoclast inhibition (5).

There are other drug classes, associated with 
MRONJ, but further research is necessary to confirm 
this relation and their exact mechanism of action.

Pathogenesis
The pathogenesis of MRONJ is supposed to be 

multifactorial but the exact mechanisms are not ful-
ly understood (29). Numerous hypotheses have been 
suggested, including bone remodeling inhibition, 
impaired angiogenesis, specific infections (actino-
mycosis), immune dysfunction, etc. (15,29).

Inhibited Bone Remodeling 
This theory is explained by the direct effect of 

antiresorptive drugs on osteoclast differentiation 
and functionality. Human and animal studies have 
demonstrated osteoclast inhibition and bone necro-
sis, caused by BP and denosumab therapies (30,31). 
An intriguing phenomenon is that osteonecrosis de-
velops primarily in the alveolar bone and not in oth-
er skeletal bones. This could be due to the higher re-
modeling rate of the jaw (10). Indirect evidence for 
this theory is the improved post-extraction healing 
and successful MRONJ prevention when parathy-
roid hormone was administered in rodents (32,33).

Inhibited Angiogenesis
This theory relates to the effect of antiangiogen-

ic agents and is explained by decreased blood supply 
and avascular necrosis. It should be noted that the in-
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cidence of MRONJ caused by antiresorptive drugs is 
much higher than the incidence caused by antiangio-
genic drugs (15).

Infection and Inflammation
A commonly reported reason for MRONJ is 

periapical or periodontal inflammation. A complex 
microbial biofilm has been found in histological 
specimens from necrotic bone (34,35). Inflammatory 
cytokines at the site of jaw necrosis confirm the role 
of inflammation, while the presence of bacteria at the 
site contributes to the severity of MRONJ.

Immune Suppression
The rationale for that hypothesis is the higher 

incidence and severity of MRONJ when immuno-

modulators and chemotherapeutic drugs are used si-
multaneously with BP or antiangiogenics (10). 

Diagnosis
The diagnostic criteria for MRONJ, developed 

by AAOMS, include the following components: 1. 
ongoing or previous treatment with antiresorptive 
drugs alone or combined with antiangiogenic drugs 
or immunomodulators; 2. persisting (>8 weeks) ex-
posed bone or bone that can be probed through a fis-
tula (intraoral or extraoral); 3. no history of radiation 
to the maxillofacial area or metastatic disease, affect-
ing the jaws.

Other clinical symptoms include local pain, al-
tered neurosensory function, exudations, ulcers, fis-
tulas, oroantral communications, swelling, teeth 

Stage Symptoms Clinical and Radiographic Characteristics

Stage 0 
(potential 
precursor to 
MRONJ)

Odontalgia without an 
obvious odontogenic 
cause, dull jaw pain, 
sinus pain, altered 
neurosensory response

Tooth mobility without periodontal cause
Swelling—intraoral or extraoral
Alveolar bone resorption without periodontal cause
Changed trabecular pattern
Not healing post-extraction sockets
Osteosclerotic areas in the alveolar and/or basilar bone
Thickening of the periodontal ligament and sclerosis of lamina dura

Stage 1 Asymptomatic

Exposed necrotic bone or bone that can be probed through a fistula 
No evidence of infection or inflammation
Alveolar bone resorption without periodontal cause
Changed trabecular pattern
Not healing post-extraction sockets
Osteosclerotic areas in the alveolar and/or basilar bone
Thickening of the periodontal ligament and sclerosis of lamina dura

Stage 2 Symptomatic

Exposed necrotic bone or bone that can be probed through a fistula 
Evidence of infection or inflammation
Alveolar bone resorption without periodontal cause
Changed trabecular pattern
Not healing post-extraction sockets
Osteosclerotic areas in the alveolar and/or basilar bone
Thickening of the periodontal ligament and sclerosis of lamina dura

Stage 3 Symptomatic

Exposed necrotic bone or bone that can be probed through a fistula 
Evidence of infection 
At least one of  the following criteria:
the exposed necrotic bone extends beyond the alveolar ridge
pathologic fracture
extraoral fistula
oroantral/oronasal communication
osteolysis reaching the inferior border of the mandible or the 
maxillary sinus

Table 2. MRONJ Staging, suggested by the American Association of Oral and Maxillofacial Surgeons.
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mobility, maxillary sinusitis, halitosis, and patholog-
ical jaw fractures (1,29). 

Medication-related osteonecrosis of the jaw 
must be differentiated from radiation osteonecrosis, 
primary or recurrent tumors, metastases, osteomy-
elitis, sinusitis, odontogenic pathology, alveolar oste-
itis, etc.

Imaging methods provide diagnosis, monitor-
ing, and assessment of disease progression (10). Or-
thopantomography is necessary for the radiologi-
cal evaluation of MRONJ. Radiographic findings in-
clude regions of osteosclerosis and bone resorption, 
subperiosteal bone deposition, changes in trabecular 
pattern, delayed bone remodeling in post-extraction 
sockets, thickened lamina dura, and in advanced 
stages—bone sequestra and pathological fractures 
(29). Digital imaging, such as computed tomography 
(CT), cone-beam CT (CBCT), and magnetic reso-
nance imaging (MRI) can provide more detailed and 
accurate diagnosis. Magnetic resonance imaging is 
not commonly used. It can be beneficial for evalu-
ating the extent of the lesions to the soft tissues (18).

Histological examination is not mandatory and 
can be performed after surgical treatment. The re-
sults evidence necrotic bone, bone marrow fibrosis, 
hypocellularity, thrombosis of the blood vessel, and 
soft tissue fibrosis (29).

Staging
There are numerous staging systems of MRONJ 

(8), the most widely adopted of which is introduced 
by AAOMS in 2009, and modified in 2014. It facili-
tates the correct diagnosis, prognosis, and treatment 
of the disease. The authors also define the term pa-
tient at risk which refers to asymptomatic patients 
without clinical presentation of bone necrosis but 
who have been treated with antiresorptive drugs (15). 
Table 2 presents the staging system of MRONJ, sug-
gested by AAOMS.

Future Directions
Most of the scientific data about the etiopatho-

genesis of MRONJ is based on case reports and small 
case series. Further research is necessary to confirm 
and extend the current knowledge, especially pro-
spective preclinical and clinical studies, and ran-
domized controlled trials. 

CONCLUSION
Despite the strong association between MRONJ 

and antiresorptive and antiangiogenic drugs, the ex-
act pathogenesis of the disease is not fully under-
stood. Future studies should investigate their mech-
anisms of action and correlation to MRONJ. Differ-
ent hypotheses exist for its development, including 
inhibited bone remodeling, impaired angiogenesis, 
infections, immune dysfunction, microtrauma, and 
direct toxicity. Understanding its etiopathogenesis is 
essential for all medical practitioners in order to re-
duce MRONJ incidence and avoid its misdiagnosis.
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