
ODOVTOS-International Journal of Dental Sciences Abd-elmonsif & Gamal: Optogenetics Era in Oral and Maxillofacial Field 

ODOVTOS-Int. J. Dent. Sc. No. 28 (1), 2026: 59-68. ISSN: 2215-3411. 69

Odovtos-International Journal of Dental Sciences (Odovtos-Int. J. Dent. Sc.) 28 (1), 2026 (Jan-Apr): 69-88.                                          ISSN: 2215-3411
https://doi.org/10.15517/6bm9sw81

ODOVTOS
 

https://revistas.ucr.ac.cr/index.php/Odontos

LITERATURE REVIEW: 

Conservative Approaches to Managing Medication-Related Osteonecrosis of the Jaw 
(MRONJ): A Narrative Review
Enfoques conservadores para el manejo de la osteonecrosis de los maxilares relacionada con medicamentos 
(MRONJ): una revisión narrativa

Amany Hany Mohamed Kamel¹-² https://orcid.org/0000-0002-3562-1099
Fatma AlKindi¹ https://orcid.org/0009-0006-4993-5802
Rawan Alharrasi¹ https://orcid.org/0000-0002-9739-0425
Nadiya AlKindi¹ https://orcid.org/0009-0001-9499-2703

¹Dental Unit, Medical Specialities Department, Sultan Qaboos Cancer Care and Research Center, University Medical City, Muscat, Oman.
²Assistant Professor, Faculty of Dentistry, Cairo University, Cairo, Egypt.

Correspondence to: Amany Hany Mohamed Kamel  - amany.hany@dentistry.cu.edu.eg

Received: 9-IV-2025                  						                                  Accepted: 22-VII-2025

ABSTRACT: Medication-Related Osteonecrosis of the Jaw (MRONJ) is a severe complication associated 
with the use of bone-modifying agents, such as Zoledronic Acid and Denosumab, in cancer patients. 
It poses significant challenges in prevention, diagnosis, and treatment, highlighting the urgent need 
for effective and evidence-based management strategies to optimize patient outcomes. Conservative 
approaches have gained attention as viable alternatives to surgical intervention, particularly in early-
stage MRONJ. These strategies include antimicrobial therapy, pain management, local wound care, 
and adjunctive therapies such as low-level laser therapy and photodynamic therapy. Hyperbaric oxygen 
therapy has also been investigated; however, current literature doesn’t provide strong evidence to 
support its routine use. Additionally, several inflammatory and bone turnover markers, including CTX, 
P1NP and RANKL in addition to regulatory cytokines like OPG have been studied for their potential 
to reflect disease progression and treatment response. While non-surgical management has shown 
promising results in symptom control and healing, the lack of standardized treatment protocols remains 
a limitation. Further research is needed to refine conservative treatment guidelines to explore reliable 
biomarkers and innovative therapeutic strategies to improve clinical outcomes and quality of life for 
affected patients.

KEYWORDS: Osteonecrosis; Zoledronic acid; Denosumab; Cancer patients; Conservative treatment; 
Patient care; Bone turnover.
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RESUMEN: La osteonecrosis de los maxilares relacionada con medicamentos (MRONJ) es una complicación 
grave asociada con el uso de agentes modificadores óseos, como el ácido zoledrónico y el denosumab, 
en pacientes con cáncer. Representa desafíos significativos en la prevención, diagnóstico y tratamiento, 
lo que requiere estrategias de manejo efectivas para mejorar los resultados en los pacientes. Los 
enfoques conservadores han ganado atención como alternativas viables a la intervención quirúrgica, 
particularmente en las etapas tempranas de la MRONJ. Estas estrategias incluyen terapia antimicrobiana, 
manejo del dolor, cuidado local de heridas y terapias adyuvantes como la terapia con láser de bajo 
nivel, la terapia fotodinámica y la terapia con oxígeno hiperbárico. Además, la evidencia emergente 
sugiere que los marcadores inflamatorios y de recambio óseo, incluidos CTX, P1NP, RANKL y OPG, 
podrían proporcionar información sobre la progresión de la enfermedad y la respuesta al tratamiento. 
Aunque el manejo no quirúrgico ha mostrado resultados prometedores en el control de los síntomas 
y la cicatrización, la falta de protocolos de tratamiento estandarizados sigue siendo una limitación. Se 
necesita más investigación para perfeccionar las directrices de tratamiento conservador y explorar 
nuevas opciones terapéuticas para mejorar el cuidado del paciente y los resultados clínicos.

PALABRAS CLAVE: Osteonecrosis; Ácido zoledrónico; Denosumab; Pacientes con cáncer; Tratamiento 
conservador; Cuidado del paciente; Recambio óseo.

INTRODUCTION

Medication-Related Osteonecrosis of the 
Jaw (MRONJ) is a rare but significant compli-
cation associated with the use of antiresorptive 
agents, such as bisphosphonates and denosumab, 
as well as antiangiogenic medications commonly 
prescribed for bone metastases and related condi-
tions. This condition significantly impacts patients’ 
quality of life and can lead to substantial morbidity 
(1). Initially described by Marx in the early 2000s 
in patients undergoing bisphosphonate therapy, 
it was initially termed bisphosphonate-related 
osteonecrosis of the jaw (BRONJ) (2). However, 
the American Association of Oral and Maxillofacial 
Surgeons (AAOMS) later expanded the definition 
of MRONJ to encompass all medication-related 
causes, including denosumab and antiangiogenic 
agents, leading to the broader term MRONJ (3). 

The incidence of MRONJ varies widely and 
is significantly higher in patients receiving antire-
sorptive drugs for cancer treatment, ranging from 
0.7% to 6.6%, with even higher rates reported in 

those treated with sequential antiresorptive thera-
pies (up to 19%). In contrast, the incidence among 
osteoporosis patients on oral bisphosphonates is 
much lower, ranging from 0.001% to 0.2% across 
different countries, reflecting the substantially 
increased risk associated with intravenous formu-
lations (4). 

Diagnosis of MRONJ is established based 
on three key criteria: 1. current or prior exposure 
to antiresorptive or antiangiogenic agents, 2. the 
presence of exposed or non-healing bone in the 
maxillofacial region for more than eight weeks, and 
3. the absence of head and neck radiation therapy 
or metastatic disease in the jaw (3). To aid in 
diagnosis and management, the AAOMS developed 
a staging system that classifies MRONJ into four 
stages. Stage 0 includes patients with nonspecific 
symptoms such as pain but no visible necrosis. 
Stage 1 involves exposed bone without infection or 
pain, whereas Stage 2 presents with exposed bone 
and clinical signs of infection. Stage 3 is the most 
severe, often characterized by extensive necrosis, 
infection, or pathological fractures (3).
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While surgical intervention remains the 
mainstay for advanced MRONJ cases, conserva-
tive management approaches have gained recog-
nition for their ability to preserve bone integrity, 
control symptoms, and potentially slow disease 
progression in early-stage cases (5, 6). This review 
focuses on conservative strategies for MRONJ 
management, emphasizing their clinical relevance 
and efficacy in preventing disease progression.

 
PATHOPHYSIOLOGY OF MRONJ

Despite two decades of research, the patho-
physiology of MRONJ remains incompletely unders-
tood and is considered multifactorial. Several 
hypotheses have been proposed, including exces-
sive suppression of bone turnover, impaired vascu-
lar supply, microtrauma, and the role of infection 
or inflammation (6). MRONJ is primarily associated 
with antiresorptive medications, such as bisphos-
phonates and denosumab, which are widely used 
for osteoclastic bone diseases. While these agents 
improve bone density and quality in osteoporosis 
and metastatic bone cancer, they also significantly 
increase the risk of osteonecrosis, particularly in 
the jaw, due to its high bone turnover rate and 
exposure to local risk factors (5, 7). Furthermore, 
antiangiogenic therapies, which inhibit vascu-
lar endothelial growth factor (VEGF), can further 
exacerbate MRONJ by reducing blood supply and 
inducing ischemia (Figure 1) (7).

A key factor in MRONJ development is the 
profound inhibition of bone resorption and remode-
ling, especially in cancer patients receiving high 
doses of these medications (8). The jawbone, with 
its higher turnover rate compared to other skeletal 
sites, is particularly susceptible (9). Dental extrac-
tions and other procedures affecting alveolar bone 
are major triggers, whereas soft tissue damage 
alone rarely leads to necrosis (10).

ROLE OF OSTEOCLAST INHIBITORS

Bisphosphonates, a well-established class 
of antiresorptive drugs, inhibit osteoclast activity, 
reducing bone resorption and improving bone 
density. However, their long half-life in bone tissue 
increases the risk of BRONJ, even after discon-
tinuation (6). Denosumab, a more recent antire-
sorptive agent, acts by inhibiting osteoclast forma-
tion and survival through its anti-RANKL antibody 
mechanism Unlike bisphosphonates, denosumab 
has a shorter half-life, with its effects diminishing 
within six months after discontinuation, affecting 
the timing of MRONJ onset (11, 12).

IMPACT OF ANTIANGIOGENIC AGENTS

MRONJ may also represent a form of avascu-
lar necrosis, particularly in patients receiving 
antiangiogenic agents. These medications, such as 
bevacizumab and some tyrosine kinase inhibitors 
(TKIs), inhibit VEGF receptors, which are essen-
tial for angiogenesis. Reduced blood supply may 
contribute to bone ischemia, predisposing patients 
to MRONJ (7, 13). Interestingly, zoledronic acid, 
a potent bisphosphonate, also exhibits antian-
giogenic properties. Cancer patients treated with 
zoledronic acid have been shown to have reduced 
circulating VEGF levels  (14, 15). However, histo-
logical studies of MRONJ lesions frequently reveal 
patent blood vessels, suggesting that while angio-
genesis inhibition plays a role, it is not the sole 
causative factor (15).

INFECTION AND BIOFILM FORMATION

Infection plays a pivotal role in MRONJ patho-
genesis. Histopathological analyses frequently reveal 
necrotic bone associated with microbial biofilms 
containing organisms such as Actinomyces, fungi, 
and viruses (13, 16-18). However, it remains 
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unclear whether infection initiates MRONJ or merely 
exacerbates the condition. While Actinomyces is 
often detected in MRONJ lesions, its exact role-
whether as a causative factor or an opportunistic 
colonizer-remains debated. Nonetheless, antimi-
crobial therapy remains a cornerstone of MRONJ 
management, primarily aimed at controlling secon-
dary infections and alleviating symptoms (17, 18).

MONOCYTE AND MACROPHAGE INVOLVEMENT

A growing body of evidence suggests that 
immune system dysfunction, particularly involving 
monocytes and macrophages, plays a crucial role 
in MRONJ pathogenesis. Osteoclast inhibitors such 
as bisphosphonates and denosumab may impair 
macrophage function, weaken the local immune 
response and promote bone necrosis (19-21).

LOCAL AND SYSTEMIC RISK FACTORS

Several systemic and local risk factors contri-
bute to MRONJ development. Systemic factors 
include diabetes, which negatively affects bone 
metabolism and oral health. Chronic hyperglycemia 
impairs both bone and mucosal microarchitecture, 
delaying wound healing and increasing MRONJ 
risk  (22, 23). Smoking is another significant risk 
factor, as it alters the oral microbiota, impairs 
immune responses, and accelerates periodontal 
disease progression. However, smoking cessation 
has been shown to significantly reduce disease 
incidence and improve recovery (Figure 1) (24). 

Patients should also be informed about 
the dose- and duration-dependent relations-
hip between antiresorptive therapy and MRONJ 
risk, with prolonged treatment and higher doses 
increasing susceptibility (4, 25). Cancer patients, 

particularly those with multiple myeloma, breast, 
prostate, or renal cancer, face an elevated risk due 
to the combined effects of bisphosphonates and 
antiangiogenic treatments (26).

Local risk factors such as poor oral hygiene, 
periodontal disease, and dental extractions play 
a critical role in MRONJ onset, with 52-61% of 
cases occurring post-extraction (25-27). Addres-
sing these factors before initiating antiresorp-
tive therapy is essential to mitigate MRONJ risk 
(Figure 1) (7, 28).

CONSERVATIVE MANAGEMENT STRATEGIES

The primary goals of conservative manage-
ment for MRONJ are to alleviate pain, control 
infection, and prevent disease progression while 
maintaining oral function and avoiding aggressive 
surgery. This approach is particularly suitable for 
early-stage MRONJ (Stages 0-2), as it minimi-
zes unnecessary trauma to the jaw and reduces 
the risk of exacerbating necrosis 6. Conserva-
tive strategies focus on stabilizing the condition 
through symptom control rather than extensive 
surgical resection (3, 29, 30).

Initial measures typically include antimicro-
bial mouth rinses, systemic antibiotics when clini-
cally indicated, strict oral hygiene maintenance, 
and conservative surgical interventions, such as 
the removal of loose bone sequestra. If conserva-
tive strategies fail to relieve symptoms or restore 
function, more aggressive surgical interventions 
may be necessary. However, before proceeding 
with invasive procedures, the multidisciplinary 
care team must thoroughly discuss the associated 
risks and benefits with the patient (Figure 2, Table 
1) (3, 6, 31).
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Figure 1. A diagram illustrating the multifactorial pathophysiology of MRONJ, highlighting the role of osteoclast inhibition, impaired angio-
genesis, local trauma, infection with biofilm formation, immune dysfunction & contributing risk factors.

Figure 2. A flowchart illustrating conservative management of MRONJ (stage 0-2).



ODOVTOS-International Journal of Dental Sciences Kamel et al: Conservative Approaches to Managing Medication-Related Osteonecrosis of the Jaw (MRONJ) 

ODOVTOS-Int. J. Dent. Sc. No. 28 (1), 2026: 69-88. ISSN: 2215-3411. 75ODOVTOS-Int. J. Dent. Sc. No. 28 (1), 2026: 69-88. ISSN: 2215-3411. 74

Table 1. Summary of key studies and evidence supporting conservative management approaches for 
MRONJ.

Study / Author(s) Type of Study / 
Source

Conservative 
approach

Patient Group Key Findings Notes / Limitations

Bagan et al. (45) Clinical
recommendation

0.12% chlorhexidine 
rinses + irrigation

MRONJ patients, 
Stages 0-3

Reduced microbial load, 
promoted healing

Empirical protocol,
no control group

SECOM Guidelines 
(Spain) (39)

Clinical guideline Amoxicillin-clavula-
nate ± clindamycin/
levofloxacin

Stage 2,3 MRONJ Symptom relief with 
adjuncts (e.g.,
pentoxifylline, Vit E)

Emphasizes short
antibiotic use (7-21 days)

Heifetz et al., (40) Systematic review Combined antibiotics 
+ pentoxifylline + Vit 
E + CHX

Stage 3 MRONJ Notable symptom
reduction and stabilization

Limited sample, no 
controls

Mozzati et al.,  (57) Randomized
controlled trial

PRGF + antibiotics 
vs. control

176 extraction patients 
on antiresorptives

0% MRONJ in PRGF group 
vs. 6% in control

Possible selection bias; 
very low-quality evidence

Melichercik et al. 
(2014) (68)

Clinical case series Topical vancomycin Osteomyelitis (MRONJ-
extrapolated)

Promoted healing Not MRONJ-specific

Shakeri et al.; 
Tabrizi et al.;
Shaw et al.;
Er et al., (62-65)

Clinical, animal, 
in vitro

Topical phenytoin Osteopetrosis /
necrotic wounds

Accelerated tissue healing 
via multiple mechanisms

Evidence indirect for 
MRONJ

Atalay et al.;
Altay et al.;
Weber et al., 
(69-71)

Retrospective 
clinical studies & 
systematic review

Low-level laser 
therapy / photodyna-
mic therapy

MRONJ patients, mixed 
stages

Improved healing,
reduced pain

Usually used adjunctively; 
small sample sizes

Freiberger et al., 
(74)

Case series (n=16) Hyperbaric oxygen 
therapy

Mixed-stage MRONJ 87.5% improved; 62.5% 
remission/stable

Small sample; non-rando-
mized; outcomes worse if 
BPs continued

Ripamonti et al.; 
Agrillo et al., (76,77)

Case series Topical ozone Mixed-stage MRONJ Symptom reduction, 
improved healing

Small sample,
no long-term data

Sim et al.;
Morishita et al.;
dos Santos Ferreira 
et al., (78-80)

RCT, retrospective, 
meta-analysis

Short course
teriparatide

MRONJ with
bisphosphonate history

Reduced lesion size, 
improved healing

Mixed patient types: 
cancer patients
underrepresented

Colapinto et al., (84) Prospective rando-
mized cohort

Oral pentoxifylline + 
Vit E ± surgery

202 Stage I MRONJ 
patients

100% healing at 1 month 
in treatment group

Advanced-stage response 
unclear

Deliberador et al., 
(86)

Case study Topical active oxygen 
gel (blue®m)

Stage 2 MRONJ patient Full epithelialization & no 
bone exposure during 2 
years follow up

Single case; promising 
for failed conventional 
therapy

Radiomics / CBCT 
studies (87-90)

Imaging research Cone Beam CT, 
radiomic texture 
analysis

All MRONJ stages Early detection, precise 
staging, guided planning

Requires technology, 
expertise

MSC studies (91-93) Experimental / 
preclinical

Stem cell therapy 
(MSCs)

Advanced MRONJ 
(experimental)

Enhanced healing via 
bone &
immune modulation

Not yet in routine clinical 
use

Multiple sources 
(94-102)

Guidelines +
clinical reports

Preventive dental 
care, de-crowning, 
risk-based extraction

Patients before or 
during antiresorptive 
therapy

Reduced MRONJ 
incidence, maintained 
bone integrity

Based on expert
consensus and
observational data

CHX=Chlorhexidine; PRGF=Plasma Rich in Growth Factors; Vit E=Vitamin E; HBOT=Hyperbaric Oxygen Therapy; PDT=Photodynamic 
Therapy; LLLT=Low-Level Laser Therapy; MSC=Mesenchymal Stem Cell; RCT=Randomized Controlled Trial; NS=Not Significant; 
MRONJ=Medication-Related Osteonecrosis of the Jaw.
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PHARMACOLOGICAL INTERVENTIONS

ANTIBIOTIC THERAPY

Long-term systemic antibiotics are a key 
component of MRONJ management, aimed at 
controlling infection and reducing inflammation. 
The choice and duration of antibiotic therapy depend 
on the disease stage, the presence of secondary 
infections, and the patient’s overall health status. 
Commonly prescribed antibiotics include penicillin 
derivatives such as amoxicillin, amoxicillin/clavu-
lanate, and metronidazole, which effectively target 
infections associated with necrotic bone exposure 
(32). For penicillin-allergic patients, alternatives 
like clindamycin or levofloxacin are recommended 
due to their strong tissue penetration and effecti-
veness against Gram-positive bacteria (33).

Antibiotic therapy has been shown to extend 
remission periods, reduce inflammation, and 
prevent complications from infections. While both 
intermittent and continuous antibiotic cycles are 
used, an optimal regimen remains undefined (34, 
35). The combination of amoxicillin/clavulanic acid 
with metronidazole has demonstrated favorable 
outcomes, particularly when used alongside oral 
antiseptic solutions such as 0.2% chlorhexidine 
rinses (36). In cases where antibiotic susceptibility 
testing is unavailable, broad-spectrum antibiotics 
targeting key bacteria associated with MRONJ-
such as Actinomyces, Fusobacterium, Eikenella, 
Staphylococcus, and Streptococcus are recom-
mended. Although Actinomyces is frequently 
detected in MRONJ lesions, its exact role in patho-
genesis remains debated due to isolation challen-
ges (37). In cases where fungal involvement is 
suspected, antifungal agents like nystatin or fluco-
nazole may be indicated (38).

The Spanish Society of Oral and Maxillofa-
cial Surgery (SECOM) guidelines recommend an 
antibiotic regimen of amoxicillin 875 mg/125 mg, 
with clindamycin or levofloxacin as alternatives for 

penicillin-allergic patients (39). Clinical improve-
ments have been observed in cases treated accor-
ding to the SECOM protocol, where amoxicillin-
clavulanic acid was administered for 15 days, 
with extensions as needed. For Stage 3 MRONJ 
patients, conservative treatment strategies that 
combine systemic antibiotics with pentoxifylline, 
vitamin E, and chlorhexidine rinses have demons-
trated significant symptom relief (40). The duration 
of antibiotic therapy typically ranges from one 
week to several weeks or until complete healing 
is achieved (41). While some experts advocate for 
long-term antibiotic use until clinical remission of 
MRONJ symptoms (42), Spanish Society of Oral 
and Maxillofacial Surgery (SECOM) and Spanish 
Society of Oral Medicine (SICMF-SIPMO) guide-
lines recommend restricting antibiotics to cases 
of acute infection or recurrent exacerbations, with 
treatment duration limited to 7-21 days to minimize 
the risk of antibiotic resistance (36).

Emerging strategies include antibiotic-
impregnated membranes for localized drug delivery, 
reducing systemic antibiotic exposure (43). For 
instance, gentamicin-impregnated collagen matri-
ces have demonstrated efficacy in reducing post-
treatment infections in MRONJ patients (44). 

ANTIMICROBIAL MOUTH RINSES

Chlorhexidine gluconate remains the most 
widely used antimicrobial mouth rinse due to its 
broad-spectrum antimicrobial activity and prolon-
ged substantivity, which enhances biofilm control. 
Chlorhexidine is recommended in all MRONJ stages 
(Stages 0-3) to prevent infection and promote oral 
health 33,45. Bagan et al. (45) suggest a regimen 
of 0.12% chlorhexidine rinses twice daily, supple-
mented with irrigation of necrotic sites every 72 
hours for four weeks. If improvement is observed, 
the rinses are continued for an additional month to 
sustain infection control and wound healing. This 
approach has been shown to reduce microbial 
contamination and prevent disease progression 
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while minimizing the need for surgical interven-
tion (33).

ANTI-RESORPTIVE DRUG HOLIDAYS

Temporarily discontinuing bisphosphonate 
or Denosumab therapy, commonly referred to as 
a “drug holiday,” remains a controversial strategy 
in MRONJ management. Some evidence suggests 
that pausing anti-resorptive medications for 1-6 
months may promote bone healing and slow 
disease progression. However, this decision must 
be individualized, balancing MRONJ stabilization 
with the patient’s underlying cancer treatment 
needs (46-48). While discontinuation may alleviate 
MRONJ symptoms and stabilize lesions, it can 
also increase the risk of skeletal-related events 
in oncology patients receiving anti-resorptive or 
antiangiogenic agents (11, 49, 50). Guidelines 
on drug holidays vary; the European Myeloma 
Network recommends pausing bisphosphona-
tes until MRONJ lesions heal, whereas Canadian 
guidelines emphasize patient education on conti-
nued therapy (51, 52). Moreover, the 2022 position 
paper from the American Association of Oral and 
Maxillofacial Surgeons (AAOMS) advises against 
routine discontinuation of anti-resorptive agents 
in oncology patients, even if they are at risk for 
MRONJ (48). Although some retrospective studies 
suggest improved healing with drug holidays, 
their findings remain inconclusive due to a lack of 
prospective data (47).

LOCAL MANAGEMENT TECHNIQUES

TARGETED DEBRIDEMENT AND SOFT TISSUE 
COVERAGE

Minimal and targeted debridement repre-
sent a conservative approach in managing MRONJ, 
aimed at selectively removing necrotic bone while 
preserving healthy tissue. This technique focuses 
on reducing bacterial load and biofilm formation-
key factors in MRONJ progression-while minimi-

zing further necrosis and the need for more invasive 
procedures. When performed in the early stages 
(Stage 1 or 2), it can help stabilize lesions, alleviate 
pain, and preserve oral function without compromi-
sing the structural integrity of the jaw (53). 

The procedure utilizes tools like curettes, 
piezoelectric devices, and lasers, with piezoelectric 
surgery offering the advantage of precise necrotic 
bone removal while minimizing damage to adjacent 
healthy tissue. Soft tissue closure following debri-
dement is essential to enhance healing, prevent 
infection, and restore function, often achieved 
through primary wound closure to ensure optimal 
blood supply and tissue regeneration (54).

This conservative technique is typica-
lly combined with adjunctive therapies, such as 
antimicrobial treatments or regenerative options 
like platelet-rich fibrin (PRF) or low-level laser 
therapy (LLLT), to improve outcomes. Studies 
suggest that, while not curative, minimal debri-
dement can significantly reduce the progression 
of MRONJ and preserve oral health, avoiding the 
complications associated with more aggressive 
surgical resections (55, 56).

PLATELET-RICH PLASMA (PRP) OR PLATELET-RICH 
FIBRIN (PRF) THERAPY

Platelet-rich plasma (PRP) and platelet-rich 
fibrin (PRF) are autologous blood-derived products 
that enhance wound healing by delivering a 
concentrated dose of growth factors. These bioac-
tive molecules accelerate tissue regeneration and 
have gained attention in dental applications, parti-
cularly in surgical wound healing. A randomized 
clinical trial evaluated the efficacy of platelet-
rich growth factors (PRGF) in preventing MRONJ 
following dental extractions in patients receiving 
antiresorptive therapy. In the study, all partici-
pants received a six-day antibiotic regimen before 
extractions; however, none of the 91 patients 
treated with PRGF developed MRONJ, whereas 
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five cases occurred among the 85 patients in the 
control group (57). Despite these promising results, 
the study has been criticized for potential selec-
tion bias and limitations in outcome assessment, 
leading to a classification of the evidence as very 
low quality (58). Although PRP and PRF may serve 
as conservative strategies to prevent MRONJ, their 
effectiveness remains unproven, necessitating 
further high-quality research to establish standar-
dized protocols and confirm clinical benefits.

TOPICAL TREATMENTS FOR SYMPTOMATIC RELIEF

Topical antibiotics and anti-inflammatory 
agents can directly target localized infections 
and inflammation in MRONJ patients, offering a 
non-invasive approach to symptom management. 
Topical tetracyclines and metronidazole have been 
used to reduce bacterial load in necrotic lesions 
(59-61).

Clinical, animal, and in vitro studies suggest 
that phenytoin enhances wound healing through 
multiple mechanisms (62). Topical phenytoin was 
used in osteopetrosis patients to enhance bone and 
soft tissue healing in the mandible 63. Phenytoin 
promotes healing by inducing fibroblast prolife-
ration, stimulating granulation tissue formation, 
reducing collagenase activity, increasing collagen 
deposition, preventing bacterial contamination, 
and decreasing wound exudate (64, 65). Topical 
antibacterial agents, with their high local therapeu-
tic concentrations, can improve healing in MRONJ 
lesions (66). Topical tetracycline, with its broad-
spectrum antibiotic activity, may be particularly 
beneficial in managing this type of lesion. Moreo-
ver, Melichercik et al., 2014 found that topical 
vancomycin was effective in treating osteomyelitis. 
Topical antibiotics are thus recommended for the 
conservative treatment of MRONJ (68).

ADJUNCTIVE THERAPEUTIC APPROACHES

LOW-LEVEL LASER THERAPY (LLLT) AND 
PHOTODYNAMIC THERAPY (PDT)

Both Low-Level Laser Therapy (LLLT) and 
Photodynamic Therapy (PDT) have shown poten-
tial in enhancing soft tissue healing and alleviating 
pain in patients with Medication-Related Osteone-
crosis of the Jaw (MRONJ). LLLT works by utilizing 
specific wavelengths of light to stimulate cellular 
regeneration and improve local blood circulation, 
while PDT offers antimicrobial effects, reducing 
infection and inflammation. Evidence suggests that 
LLLT and PDT, when used alongside pharmacolo-
gical treatments, can enhance clinical outcomes 
by promoting tissue healing and reducing inflam-
mation (69, 70). LLLT has demonstrated efficacy 
in reducing pain and inflammation, and promoting 
tissue healing in MRONJ cases. However, most 
studies are small retrospective series, and involve 
LLLT combined with other treatments, complica-
ting the assessment of its independent efficacy. 
Despite the promising results, further research is 
necessary to confirm its effectiveness as a standa-
lone therapy (71, 72).

HYPERBARIC OXYGEN THERAPY (HBOT)

Hyperbaric oxygen therapy has been explo-
red as an adjunctive treatment for MRONJ, prima-
rily aimed at enhancing tissue oxygenation and 
promoting angiogenesis. This therapy involves 
inhaling 100% oxygen at elevated pressures, 
which can stimulate tissue repair and improve 
oxygen delivery to affected areas. While HBOT has 
shown promise in case reports and small studies, 
especially when combined with antibiotics, its 
efficacy remains debated (73, 74). Therefore, 
HBOT may be considered for select patients with 
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advanced MRONJ, but further research is needed 
to confirm its broader efficacy (75).

OZONE THERAPY

Ozone therapy has emerged as a poten-
tial adjunctive treatment for Medication-Related 
Osteonecrosis of the Jaw (MRONJ) due to its 
antimicrobial and anti-inflammatory properties. It 
can be applied topically or systemically, helping 
to reduce bacterial colonization and promote soft 
tissue healing. Ozone’s ability to reduce oxidative 
stress and inflammation makes it a promising option 
for managing early-stage MRONJ, particularly in 
reducing bacterial colonization and promoting 
healing. Small case studies have reported encou-
raging results; one series involving 10 consecu-
tive patients with bisphosphonate-related MRONJ 
demonstrated symptom reduction and improved 
healing following topical ozone application (76, 
77). While these findings are promising, they 
come from limited studies, and further research 
is needed to validate ozone therapy's broader 
efficacy and safety in MRONJ management.

EMERGING NON-SURGICAL TREATMENTS

TERIPARATIDE

Teriparatide, a recombinant form of parathyroid 
hormone, has emerged as a promising therapeu-
tic option for patients with MRONJ, particularly 
those with a history of bisphosphonate use. This 
medication stimulates bone formation and enhan-
ces bone turnover, which may facilitate healing 
in necrotic areas of the jaw. Research suggests 
that teriparatide may reduce necrotic lesion size 
and improve clinical outcomes, particularly in 
patients with bisphosphonate-related MRONJ. One 
small trial highlighted the potential benefits of an 
eight-week course of teriparatide (78), and similar 

results were observed in a retrospective study 
(79). The meta-analysis by 80 also indicated that 
teriparatide therapy significantly improved healing 
in patients with advanced MRONJ, especially 
when combined with adjunctive therapies like 
antibiotics or surgery. However, while teriparatide 
shows promise, further research, including longer 
follow-up and larger cohorts, is needed to confirm 
its safety and efficacy before widespread use. A 
short course of teriparatide may be considered for 
patients with prolonged, nonhealing MRONJ before 
resorting to more invasive surgical interventions. 
The decision to administer this therapy should 
involve an individual risk assessment conducted 
by the treating clinician in collaboration with the 
patient, carefully weighing the potential short-
term benefits against any possible, though likely 
minimal, safety concerns (80, 81).

PENTOXIFYLLINE AND VITAMIN E

Pentoxifylline and vitamin E have been inves-
tigated as a combination therapy for the manage-
ment of MRONJ. Pentoxifylline, a methylxanthine 
derivative, enhances blood flow and tissue oxyge-
nation, while vitamin E serves as an antioxidant. 
Clinical studies indicate that this combination can 
lead to reduced pain, improved healing, and decrea-
sed reliance on surgical interventions in patients with 
MRONJ (82, 83). A prospective randomized trial of 
202 stage I MRONJ patients compared pentoxi-
fylline (600 mg twice daily) and vitamin E (800 
I.U. daily) for two months before sequestrectomy, 
followed by six months of treatment, to seques-
trectomy alone. Remarkably, all patients in the 
treatment group exhibited healed mucosa at one 
month, while only 17% of the control group achie-
ved similar healing. After six months, all patients 
in the control group received pentoxifylline and 
vitamin E, with all responding positively. However, 
it remains unclear how patients with cancer, who 
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often present with more advanced stages of osteo-
necrosis and receive higher doses of therapy, may 
respond to this treatment regimen (84).

TOPICAL ACTIVE OXYGEN THERAPY 

Topical active oxygen therapy enhances 
MRONJ healing by delivering oxygen, promoting 
angiogenesis, reducing bacterial load, and suppor-
ting tissue regeneration while preserving the 
oral microbiome. A systematic review and meta-
analysis demonstrated the safety and effective-
ness of topical oxygen therapy for chronic wound 
treatment, indicating its potential for accelerating 
healing and controlling bacterial infection. This 
therapy has been shown to inhibit the growth of 
P. gingivalis in vitro, exhibiting similar efficacy to 
chlorhexidine while selectively eradicating anaero-
bic bacteria responsible for oral infections. In a 
case study of a patient with stage 2 MRONJ, unres-
ponsive to initial therapies of surgical debridement 
and antibiotics, significant epithelialization and 
healing were observed, with the complete resolu-
tion of symptoms and no further bone exposure 
during a two-year follow-up, following a 15-day 
regimen of topical blue®m oral gel application. 
The positive outcomes observed in this case 
emphasize the potential of topical oxygen gel as 
a viable adjunct for MRONJ treatment, particularly 
in cases where conventional methods fail (85, 86).

ADVANCEMENTS IN IMAGING AND 
DIAGNOSTICS

Recent advancements in imaging technolo-
gies, particularly Cone Beam Computed Tomogra-
phy (CBCT) and radiomic analysis, have greatly 
enhanced the ability to diagnose and precisely 
stage Medication-Related Osteonecrosis of the 
Jaw (MRONJ). CBCT provides high-resolution 
3D imaging that allows clinicians to assess both 
cortical and cancellous bone, detect early signs of 
osteonecrosis, and accurately measure the extent 
of bone damage. This is crucial for detecting 

osteolytic and mixed lesions typical of MRONJ, 
enabling more accurate staging and treatment 
planning (87, 88).

Radiomic analysis further improves diagnos-
tic precision by extracting quantitative featu-
res from CBCT images, such as texture and bone 
density, which help identify early-stage changes 
that may be missed by traditional radiographs. 
This analysis allows for the prediction of disease 
progression, helping clinicians plan more effec-
tive, personalized treatments (Parekh & Jacobs, 
2016). Moreover, the integration of these advanced 
imaging techniques supports minimally invasive 
procedures, enabling targeted interventions with 
reduced risk and improved outcomes. By accura-
tely identifying affected areas and monitoring 
treatment response, these technologies help guide 
early-stage management, potentially reducing the 
need for extensive surgeries (88). Hence, CBCT 
and radiomics represent a significant advance-
ment in MRONJ diagnosis and treatment, offering 
precise staging and more effective, minimally 
invasive intervention strategies that can lead to 
better patient outcomes (90).

INNOVATIVE APPROACHES: STEM CELL 
THERAPY

Mesenchymal stem cells (MSCs) are incre-
asingly considered in MRONJ treatment due to 
their ability to differentiate into osteoblasts and 
their immunomodulatory properties (91). MSCs 
can enhance healing by increasing TGF-β1, IL-10, 
and regulatory T cells while reducing proinflam-
matory markers like IL-6 and IL-17 (92). However, 
the primary mechanism of MSCs, whether due to 
bone regeneration or immunomodulation, is still 
under investigation. While MSC therapy has limita-
tions, including the need for additional equipment 
and complex procedures, it holds promise as an 
adjunctive method, particularly when combined 
with teriparatide for its regenerative potential. 
Research in 2024 has focused on adipose-derived 
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stem cells, showing promising results in enhan-
cing jawbone regeneration (93).

PATIENT EDUCATION, PREVENTIVE STRATEGIES 
AND REGULAR MONITORING

The treatment of MRONJ is generally diffi-
cult, and the optimal therapy strategy is still to be 
established. For this reason, prevention is even 
more important. Effective patient education is 
fundamental in managing MRONJ, particularly for 
individuals receiving bisphosphonates or denosu-
mab. Patients must understand the critical role of 
maintaining excellent oral hygiene and the impor-
tance of preventive dental care prior to starting 
these therapies (27).

International guidelines from organizations 
such as MASCC, ISOO, ASCO, and AAOMS stron-
gly recommend comprehensive dental evaluations 
before starting osteoclast inhibitor therapy. These 
assessments should include detailed oral and perio-
dontal examinations, radiographic imaging, and 
the removal of non-salvageable teeth to minimize 
potential complications (52, 54, 94). Furthermore, 
a waiting period of at least 2-3 weeks is advised 
following dental extractions or invasive procedu-
res before initiating bisphosphonate or denosu-
mab therapy. This allows for proper healing of the 
soft tissues and bone, reducing the risk of MRONJ 
development  (95).

Patients should be instructed on establis-
hing a structured oral care routine throughout 
their treatment. In cases requiring urgent inter-
vention, regular follow-ups every to be conducted 
to monitor changes in oral health  (96). Studies 
suggest that preventive dental check-ups and early 
interventions can substantially lower the incidence 
of MRONJ (97). Regular dental appointments 
facilitate the timely identification and manage-
ment of potential oral health issues. While guide-
lines advise against invasive procedures, such as 
extractions, during treatment due to the increa-

sed MRONJ risk, non-invasive interventions are 
encouraged to maintain oral health (96). A colla-
borative approach between oncologists and dental 
professionals, with a strong emphasis on patient 
education, can significantly mitigate MRONJ risks 
and improve long-term patient outcomes.

If dental extractions become unavoida-
ble during treatment with bisphosphonates or 
denosumab, careful planning of the timing and 
technique is essential. Extractions should ideally 
be performed under controlled conditions with 
a risk-reduction protocol, which typically inclu-
des: mucoperiosteal flap elevation, atraumatic 
tooth extraction, alveolectomy with smoothing of 
bone edges and tension-free soft tissue closure. 
Additionally, perioperative systemic antibiotics 
may also be administered to reduce the risk of 
MRONJ development (36, 98). These precautions 
are particularly important for patients who are 
on long-term therapy, as they present an increa-
sed risk for MRONJ due to prolonged exposure to 
bisphosphonates or denosumab. Gentle surgical 
techniques should be employed to minimize trauma 
to the bone and soft tissues. Post-operative care-
including antimicrobial mouth rinses and meticu-
lous oral hygiene-plays a critical role in reducing 
complications (95, 99, 100).

   
In cases where extractions pose a high risk, 

de-crowning (removing the tooth’s crown while 
preserving the root) may be considered to maintain 
bone volume and prevent resorption. Although 
specific studies on de-crowning in MRONJ patients 
are limited, the principle of preserving the tooth 
root to maintain bone integrity is well-supported 
in dental literature. Research suggests that root 
canal therapy may delay or eliminate the need for 
extractions in patients on bisphosphonates, thereby 
reducing the risk of MRONJ (101). Additionally, 
the American Association of Endodontists (AAE) 
notes that non-restorable teeth can be managed 
by removing the crown, performing endodontic 
treatment on the remaining roots, and restoring 
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them for overdenture support (102,103). While 
further research is needed, de-crowning could 
be a viable alternative for at-risk patients, with 
treatment decisions tailored to each individual's 
overall health, tooth condition, and risk-benefit 
analysis (101).

CONCLUSION

The management of MRONJ remains a 
multifaceted clinical challenge that necessitates 
a multidisciplinary approach. While conventional 
surgical and pharmacological treatments conti-
nue to be the foundation of MRONJ manage-
ment, adjunctive therapies such as low-level 
laser therapy (LLLT), photodynamic therapy (PDT), 
hyperbaric oxygen therapy (HBOT), and ozone 
therapy have demonstrated promising effects in 
promoting healing and reducing inflammation. 
Emerging non-surgical treatments, including teripa-
ratide, pentoxifylline with vitamin E, and topical 
active oxygen therapy, present novel therapeutic 
options, particularly for patients with refractory or 
advanced MRONJ. Advances in imaging techni-
ques, such as cone beam computed tomography 
(CBCT) and radiomic analysis, have enhanced 
early diagnosis and disease staging, facilitating 
more precise treatment planning. Additionally, 
innovative therapies like mesenchymal stem cell 
therapy show promise for bone regeneration, 
although further research is needed to assess 
their clinical effectiveness.

Despite these advancements, prevention 
remains the most effective strategy in reducing 
MRONJ incidence. Comprehensive patient educa-
tion, diligent oral hygiene, and regular dental 
monitoring are essential, particularly for indivi-
duals receiving bisphosphonates or denosumab. 
International guidelines highlight the importance 

of pre-treatment dental evaluations and cautious 
management of invasive dental procedures to 
mitigate the risk of MRONJ. Future research should 
aim to refine treatment protocols, conduct large-
scale clinical trials to validate emerging therapies, 
and explore personalized approaches to optimize 
patient outcomes. By integrating preventive measu-
res with evolving therapeutic innovations, clinicians 
can significantly improve MRONJ management and 
the quality of life for affected patients.
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