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ABSTRACT:

Background: Medication-related osteonecrosis of the jaw (MRONJ) is increasingly encountered due to
the widespread use of antiresorptive and antiangiogenic therapies. Despite extensive research, consensus
on optimal prevention and management remains incomplete.

Objectives: To critically appraise and synthesize current evidence on MRONJ and present a systematic-
style narrative review emphasizing clinically relevant decision-making.

Methods: A structured literature search of major biomedical databases was undertaken, focusing on
publications addressing MRONJ definition, epidemiology, pathogenesis, prevention, and management.
Evidence from systematic reviews, cohort studies, clinical trials, and consensus guidelines was
narratively synthesized.

Results: MRONJ incidence is low in osteoporosis patients but substantially higher in oncology
populations receiving high-dose therapy. Suppressed bone remodeling, local infection, and jaw-specific
anatomical factors underpin disease pathogenesis. Preventive dental care significantly reduces risk.
Evidence increasingly supports early surgical intervention across disease stages, while the benefit of
prophylactic and therapeutic drug holidays remains uncertain and drug-specific.

Conclusions: MRONJ management should prioritize prevention, early diagnosis, and individualized
treatment strategies. Surgical management offers superior long-term outcomes in appropriately selected
patients. Further prospective research is required to refine risk prediction and optimize long-term
management.

1. Introduction

The introduction of potent antiresorptive agents has
revolutionized the management of osteoporosis and
skeletal complications associated with malignancy.
Bisphosphonates and denosumab have demonstrated
robust efficacy in reducing fracture risk and skeletal-
related events, leading to their widespread and often
prolonged use. However, these therapeutic gains have
been accompanied by recognition of medication-related
osteonecrosis of the jaw (MRONIJ) as a rare but
potentially debilitating adverse outcome. Since the first
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reports of bisphosphonate-associated jaw necrosis in the
early 2000s, MRONIJ has evolved from an anecdotal
complication to a well-recognized clinical entity with
significant implications for dental and medical practice.
Despite extensive investigation, uncertainty persists
regarding optimal diagnostic thresholds, prevention
strategies, and treatment timing. International guidelines
have progressively shifted from rigid algorithms toward
individualized, risk-based approaches, reflecting both
the complexity of the condition and limitations of the
available evidence. Recent multidisciplinary consensus
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documents have attempted to reconcile these challenges
by integrating emerging data with expert opinion. Rather
than reiterating guideline statements verbatim, the
present review adopts a systematic-style narrative
approach, critically synthesizing contemporary evidence
and highlighting its relevance to clinical decision-
making. Emphasis is placed on areas of convergence and
controversy, with the aim of providing a pragmatic
framework for clinicians involved in the care of patients
receiving antiresorptive or antiangiogenic therapy.

2. Methods: Systematic-Style Narrative Review
Design

A structured literature search was performed
using PubMed, Scopus, and Embase databases, covering
publications from January 2003 to December 2025.
Search terms included combinations of “medication-
related osteonecrosis of the jaw,” “bisphosphonates,”
“denosumab,” “antiresorptive therapy,” “drug holiday,”
“prevention,” and “surgical management.” Reference
lists of relevant reviews and position papers were
manually screened to identify additional studies. Priority
was given to systematic reviews, meta-analyses,
randomized and non-randomized clinical studies, large
cohort analyses, and internationally recognized
consensus statements. Case reports were included
selectively to illustrate rare presentations or emerging
therapeutic approaches. Evidence was narratively
synthesized due to heterogeneity in study design, patient
populations, and outcome measures.

3. Definition, Diagnosis, and Staging

MRONIJ is defined as exposed necrotic bone, or
bone that can be probed through an intraoral or extraoral
fistula, in the maxillofacial region of patients with
current or previous exposure to antiresorptive or
antiangiogenic agents, persisting in the absence of prior
radiotherapy or metastatic disease to the jaws (1-3).
While an eight-week duration has traditionally been
required for diagnosis, increasing attention has been
directed toward earlier identification based on
unequivocal clinical or radiographic evidence (4).
Clinical diagnosis remains central, supported by
radiographic imaging to assess disease extent. Panoramic
radiography provides an initial overview, while cone-
beam computed tomography offers  superior
visualization of cortical disruption, sclerosis, and
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sequestration (5,6). Magnetic resonance imaging and
nuclear medicine techniques may assist in evaluating
marrow involvement and disease activity but are
adjunctive rather than diagnostic tools (7,8). Staging
systems categorize MRONJ from an at-risk state through
advanced disease characterized by infection, pathologic
fracture, or extraoral fistula formation (2). Retention of a
Stage 0 category, denoting non-specific symptoms
without bone exposure, remains debated; however, it is
increasingly regarded as a useful construct for
heightened  surveillance and early preventive
intervention in high-risk patients (9).

4. Epidemiology and Clinical Impact

The prevalence of MRONI in patients treated
for osteoporosis is consistently low, typically reported
below 0.1% (10-12). Nonetheless, absolute case
numbers continue to rise in parallel with population
ageing, longer treatment durations, and increasing use of
injectable therapies. Denosumab-associated MRON]J has
been reported at rates numerically higher than those
observed with oral bisphosphonates, although direct
comparisons are confounded by prior drug exposure and
differences in follow-up (13,14). In contrast, patients
receiving high-dose  antiresorptive therapy for
malignancy face a substantially greater risk, with
incidence estimates ranging from 1% to over 10% in
some series (15-17). This marked disparity reflects
higher cumulative doses, greater drug potency, and the
frequent coexistence of additional risk factors such as
chemotherapy, corticosteroid use, and compromised oral
health. Although paediatric and young adult populations
treated for non-malignant bone disorders appear to have
negligible risk, expanding indications for antiresorptive
agents warrant continued epidemiological surveillance

(18).
5. Pathogenesis

The pathogenesis of MRON]J is multifactorial, arising
from the interaction between systemic pharmacological
effects and local environmental factors. Profound
suppression of bone remodeling is considered central,
limiting the capacity for microdamage repair and
predisposing bone to necrosis following trauma or
infection (19,20). The jaws are uniquely vulnerable due
to their high physiological turnover, thin mucosal
coverage, and constant exposure to the oral microbiome.
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Antiresorptive agents accumulate preferentially in
alveolar bone, amplifying local remodeling suppression.
Additional contributory mechanisms include impaired
angiogenesis, immune dysregulation, and delayed soft
tissue healing (21-23).

6. Risk Factors

Risk factors for MRONIJ can be broadly
categorized as drug-related, systemic, and local. High-
potency agents, intravenous administration, prolonged
duration of therapy, and cumulative dose are the
strongest predictors of risk (2,24). Systemic factors such
as malignancy, diabetes, corticosteroid use, smoking,
and advanced age further modify susceptibility (25).
Local factors play a decisive role in triggering disease
onset. Tooth extraction remains the most common
precipitating event, accounting for the majority of
reported cases (26). Dental implant surgery, periodontal
disease, periapical pathology, and chronic mucosal
trauma from ill-fitting prostheses also contribute
substantially to risk (27,28).

7. Prevention

Preventive strategies represent the most
effective means of reducing MRONJ incidence.
Comprehensive dental evaluation and management prior
to initiation of high-risk antiresorptive therapy have been
shown to significantly reduce disease occurrence,
particularly in oncology populations (29,30). The
concept of a prophylactic drug holiday before invasive
dental procedures remains controversial. Systematic
reviews have not demonstrated consistent benefit,
although emerging data suggest that drug-specific and
duration-dependent approaches may be reasonable in
selected patients (31-33). For denosumab, scheduling
procedures within the dosing interval rather than
prolonged discontinuation is emphasized to minimize
rebound fracture risk (34).

8. Management of Established MRONJ

Historically, conservative management formed
the cornerstone of MRONJ treatment, with surgery
reserved for advanced disease. However, accumulating
evidence indicates that early surgical intervention yields
superior long-term outcomes across all stages (35-38).
Definitive management involves complete resection of
necrotic bone to healthy, bleeding margins, combined
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with tension-free soft tissue closure. Adjunctive
therapies, particularly teriparatide, have shown promise
in selected patients by enhancing bone remodeling and
supporting surgical outcomes (39—41).

9. Drug Holidays and Recurrence Prevention

The role of therapeutic drug holidays after
MRONJ diagnosis remains uncertain. While some
studies suggest improved healing with prolonged
discontinuation, others report minimal benefit,
particularly for bisphosphonates with long skeletal
retention (42—44). Decisions must therefore balance local
healing against systemic fracture risk and be
individualized through interdisciplinary collaboration.
Recurrence is associated with high cumulative drug
exposure, early resumption of therapy, advanced disease
stage, and incomplete surgical resection. Meticulous
primary surgery, standardized perioperative antibiotic
protocols, and long-term follow-up are central to
reducing recurrence risk (45,46).

10. Future Directions

Key knowledge gaps include the absence of
reliable biomarkers for individual risk prediction, limited
prospective data on drug holiday efficacy, and
uncertainty regarding optimal long-term management
strategies. Well-designed prospective studies and
collaborative registries are essential to address these
limitations.

11. Conclusion

MRONJ represents a complex intersection of
systemic pharmacotherapy and local oral health.
Contemporary evidence supports a prevention-focused
approach, early diagnosis, and timely surgical
intervention when indicated. Individualized, risk-based
decision-making remains fundamental to optimizing
outcomes while preserving the proven systemic benefits
of antiresorptive therapy.
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