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 ABSTRACT  

Breast cancer remains a leading cause of premature death in women globally, spurring the adoption of 

comprehensive treatment approaches. Despite therapeutic progress, significant challenges persist for 

patients, especially those with advanced breast cancer prone to bone metastases. Bisphosphonates 

(BPs) and Denosumab (DNB) are key bone-modifying agents (BMAs) used to target bone metabolism, 

reduce metastatic risk, and enhance adjuvant therapy efficacy in early-stage breast cancer. However, 

the usage of these agents carries risks, including adverse events such as osteonecrosis of the jaw (ONJ). 

Due to the impact of these drugs on the jaw bone, this condition is now known as Medication-related 

osteonecrosis of the jaw (MRONJ).This literature aims to provide a comprehensive investigation into 

MRONJ in the context of breast cancer treatment, with a specific focus on the effects of antiresorptive 

drugs (ARDs) such as BPs and DNB. Moreover, the study seeks to address the key question of how 

the use of ARDs impacts the occurrence of osteonecrosis of the jaw in women with breast cancer. The 

method of this study is to conduct a literature review to collect information on MRONJ in breast cancer 

patients. PubMed and Google Scholar databases were searched for English-language articles published 

between 2012 and January 2024. MRONJ is a condition that occurs in breast cancer patients due to 

various risk factors. The treatment of MRONJ depends on the different stages of the condition. Recent 

research suggests that optimal management of patients prone to MRONJ necessitates a 

multidisciplinary approach, and the dentist is one of the team members who play a crucial role in 

patient care by assessing modifiable risk factors, establishing follow-up protocols, and maintaining 

open communication with oncologists. Preventive measures should be implemented before and during 

treatment with ARD. However, despite growing awareness of MRONJ within the medical community, 

doctors and dentists still have a poor understanding of the subject.  Therefore, this research provides 

clear, practical guidelines to help prevent, manage, and treat MRONJ in breast cancer patients based 

on the best evidence review of currently available literature. In conclusion, dentists should follow 

particular protocols that are published in literature when treating patients who are in pretreatment or 

under high-dose antiresorptive therapy. The main goals of treating patients with MRONJ or at risk are 

to prevent and maintain quality of life. Therefore, dental students and dental specialists need to stay 

updated and pay attention to this side effect. 

KEYWORDS: Breast cancer; Antiresorptive drugs; Bisphosphonate; Denosumab; Osteonecrosis of 

the jaw; Bone metastasis. 
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1  INTRODUCTION 

Breast cancer is the primary cause of premature death among women in many countries worldwide. 

Multimodality treatment strategies have been advocated for the comprehensive management of breast 

cancer, aiming to address the disease from various angles. However, despite advancements in 

treatment options, many breast cancer patients continue to face significant challenges that pose threats 

to their lives (1). Advanced breast cancer often affects bones, resulting in bone metastases. The bone 

microenvironment plays an important role in harboring disseminated tumor cells and serves as a 

potential source of late relapse in breast cancer patients. Therefore, agents that affect bone metabolism 

might significantly reduce the risk of metastasis and adjuvant therapy in the early stage of the disease. 

Both bisphosphonates (BPs) and Denosumab (DNB) are bone-modifying agents (BMAs) because they 

directly affect bone structure and bone metabolism. Bone metabolism is a continuous process 

throughout one's life. It involves the removal of mature bone tissue from the skeleton (bone resorption) 

and forming new bone tissue (ossification or new bone formation). BPs and DNB are categorized as 

antiresorptive drugs (ARDs) because they primarily inhibit bone resorption, prevent bone loss, and 

reduce the risk of fractures. Despite different mechanisms of action and administration routes, both 

BPs and DNB play crucial roles in the management of bone health in breast cancer patients and other 

conditions associated with bone loss (2–4). Although agents such as BPs and other ARDs have been 

shown to complement cancer-specific treatments by improving bone structure and quality, thereby 

reducing the risk of skeletal morbidity, they have also been associated with an increased risk of adverse 

events such as atypical femur fracture, vertebral body compression fracture, and osteonecrosis of the 

jaw (ONJ) (5,6). Among these adverse events, ONJ is the most harmful one that can seriously affect 

patients' quality of life. It was first reported in association with BPs in 2003 and has been called 

bisphosphonate-related osteonecrosis of the jaws (BRONJ). This definition has undergone several 

alterations, and after marketing new ARDs such as DNB, this complication changed its name from 

BRONJ to medications-related osteonecrosis of the jaws (MRONJ). Oncological patients are much 

more at risk of developing MRONJ, and it tends to be observed more frequently in jaw bones because 

of their higher rate of remodeling capacity, as well as infectious agents in the oral cavity that can 

quickly spread to the jaw bone (7,8). 

Since 2003, works of literature have been warning about the increased number of MRONJ cases, and 

there is currently an increasing interest in MRONJ. It is widely discussed in the scientific community, 

and it is crucial for dentists from different specialties and postgraduate and undergraduate dental 

students to improve and update their knowledge about patients who are at risk of developing MRONJ, 

such as breast cancer patients. However, despite this attention, doctors and dentists still have a poor 

understanding of the subject or do not follow the appropriate guidelines for patients, and little progress 
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has been made toward knowledge diffusion, education, and improvement of dental practices. 

Geographical regions or economic conditions are not significant factors influencing professional 

awareness, indicating the necessity for universal educational initiatives on this topic (9,10). Addressing 

the existing gaps in our understanding of MRONJ is imperative for optimizing the care and outcomes 

of breast cancer patients. By enhancing our knowledge of the risk factors, pathophysiology, clinical 

manifestations, incidence, and management strategies and treatment of MRONJ, healthcare 

professionals, particularly dentists, can better anticipate, prevent, and mitigate this debilitating 

complication. Moreover, bridging the divide between research findings and clinical practice is 

essential for ensuring timely and effective interventions, thereby improving patient outcomes and 

enhancing the overall quality of breast cancer care. 

2 AIM  

The aim of this study is to conduct a comprehensive investigation into medication-related 

osteonecrosis of the jaw (MRONJ) in the context of breast cancer treatment, with a specific focus on 

the effects of antiresorptive drugs (ARDs) such as bisphosphonate (BPs) and Denosumab (DNB).  

3 OBJECTIVE  

The purpose of conducting this literature review is to achieve the following objective: 

• To review clinical manifestations of medication-related osteonecrosis of the jaw 

(MRONJ) in breast cancer women who have been prescribed antiresorptive drugs (ARDs). 

• To evaluate the pathophysiology of medication-related osteonecrosis of the jaw 

(MRONJ) in this patient population group treated with antiresorptive drugs (ARDs). 

• To determine the risk factors and incidence of medication-related osteonecrosis of the 

jaw (MRONJ) in breast cancer women treated with antiresorptive drugs (ARDs). 

• To provide guidelines to the health care providers for managing and treating 

medication-related osteonecrosis of the jaw (MRONJ). 

4 METHODOLOGY 

4.1 SEARCH STRATEGY 

The research will employ a literature review to gather existing knowledge on MRONJ in breast cancer 

patients. PubMed databases and Google Scholar were searched for English language articles published 

between 2012 and January 2024, for Case-Control, Case Review, Cohort Study, Systematic Review, 

and Literature Review. Lastly, 107 references were selected in this literature review. 
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4.2 SELECTIONAL CRITERIA  

Inclusion criteria: 

1-Patient Population: 

Female patients diagnosed with breast cancer. 

Patients currently undergoing or who have undergone treatment with antiresorptive drugs, e.g., BPs 

and DNB. 

2-clinical diagnosis: 

Patients with a confirmed diagnosis of MRONJ.  

Patients who have been diagnosed with the ICD-10-CM code M87.1. 

3-Timeframe: 

Studies and clinical records not older than 2012 to ensure relevance to current medical practices. 

4-clinical records: 

Articles that reported the Incidence of and risk factors for medication-related osteonecrosis of the jaw 

in women with breast cancer woman, articles that reported the role of BPs and DNB in Breast Cancer 

Therapy, and articles that showed MRONJ. 

Exclusion criteria: 

1- Non-Breast Cancer Patients: 

Articles that show drug therapy for osteoporosis in older adults. 

Articles that show drug therapy for cancer patients. 

2- Patients not receiving antiresorptive drugs. 

Other drugs therapy for breast cancer. 

3- Insufficient Clinical Data: 

Clinical records lack essential information on patient demographics, cancer stage, antiresorptive drug 

details, or MRONJ diagnosis and management, and no full text is available. 

4-Animal studies: 

The mechanism of bisphosphonates on mature endothelial cells in vitro and vivo. 
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5 BREAST CANCER  

5.1  DEFINITION 

Breast cancer is a type of cancer that primarily affects women. It happens when cells in the breast 

begin to grow abnormally and out of control. Breast cancer usually originates in the milk ducts or 

lobules of the breast tissue. It encompasses various types, categorized based on the distinctive 

characteristics of the affected cells (1). 

5.2  RISK FACTORS 

Various studies have identified different factors that correlate with the risk of breast cancer 

development or progression. Some risk factors strongly associated with the disease include late age 

for marriage and first childbirth and late menopause age. Late age at marriage and childbirth can result 

in a lack of breast tissue differentiation, increased exposure to non-estrogenic mutagens, and 

genotoxicity by estrogen (11). Late menopause, which occurs after the age of 50, can result in 

prolonged exposure to estrogen for women (12); at the same time, there is also a connection between 

the female genital organs and the mammary glands, which means that low-grade cancers of the cervix, 

uterus, and other organs often cause breast cancer (13). One study estimated that women on non-

vegetarian and high animal-fat diets have a higher chance of developing breast cancer than women on 

a vegetarian diet. Additionally, poor physical activity and obesity (high waist to hip) have also been 

correlated with a higher risk of breast cancer. Furthermore, a study found that moderate alcohol 

consumption of >35-44 grams/day increases the risk of breast cancer by 46% (11). 

5.3 CLASSIFICATION 

Breast cancer is a type of cancer that varies in its characteristics, making it essential to classify and 

diagnose accurately to determine treatment options. The classification aims to predict the tumor's 

behavior and diagnose the disease. The primary assessment of breast cancer involves evaluating two 

factors: first, the typing and grading of the tumor to determine its severity, based on its histologic 

subtypes and grade detailed in the WHO tumor classification, and second, the staging of the tumor, 

based on tumor size, nodal status, and distant metastasis (TNM staging) (14). Additionally, the routine 

assessment of breast cancer includes checking molecular behavior (15). Histological diagnosis of 

breast cancer is based on the evaluation of certain features, individually and in combination, including 

the cytological and architectural features of the proliferating cells, tumor-associated stroma, 

demonstration of the presence or absence of myoepithelial cells at the epithelial stroma interface (16). 

There are more than 20 different histologic types of invasive breast cancers. However, the most 

prevalent type is infiltrating duct carcinomas, no particular type (IDC-NST), which accounts for 
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around 70% to 80% of all invasive cancers. The second most common type is invasive lobular 

carcinoma (ILC), which constitutes about 10% of invasive cancers. The rest are rare, including 

mucinous, cribriform, micropapillary, papillary, tubular, medullary, metaplastic, and apocrine 

carcinomas (17). Although IDC-NST has no specific morphologic characteristics of any other types, 

most breast cancers fall into this category. However, this classification cannot fully represent the 

biological diversity of breast cancers (15). 

Based on molecular evidence, breast cancer can be divided into three groups: those expressing 

hormone receptors estrogen receptor (ER+) or progesterone receptor (PR+), those expressing the 

human epidermal receptor 2 (HER2+), and those that are triple-negative breast cancer (TNBC) (ER-, 

PR-, HER2-). Treatment approaches should be based on the molecular characteristics of breast cancer 

(18). 

5.4  STAGES 

Breast cancer is divided into several stages based on the tumor's size, whether it has spread to the 

lymph nodes, if it has metastasized, and the presence of specific biological markers. There are four 

stages of breast cancer. Stage 0 refers to non-invasive breast cancer. Stages I, IIa, and IIb are categories 

of early invasive cancer, and stages IIIa and IIIb are locally advanced breast cancer. All of these stages 

are non-metastatic. At the end stage IV, which indicates metastatic breast cancer, is the final stage, and 

the treatment for each stage is different (19). 

5.5  DIAGNOSIS 

To quickly and accurately screen breast cancer, many diagnostic methods based on imaging and 

molecular biotechnology have been developed. In some articles was mentioned that it is helpful to 

diagnose and treat patients with breast cancer by measuring the level of certain biomarkers, in another 

review, many diagnostic methods were described for different types of breast cancer patients, such as 

mammography (MG), ultrasonography (US), magnetic resonance imaging (MRI), nucleic acid 

hybridization system (NAHS), real-time fluorescence quantitative PCR system (RT-qPCR), protein 

hybridization system (PHS), flow cytometer (FCM) and so on which each method is valid for the 

specific type of breast cancer (20). 

5.6  TREATMENT  

Breast cancer treatment aims to reduce symptoms, prolong life, and maintain quality of life. Treatment 

approaches, such as endocrine therapy, chemotherapy, and immunotherapy, are tailored to the specific 

subtype of cancer. Following systemic therapy, surgical interventions or radiation may be advised to 

mitigate the impact of tumor burden on the patient's quality of life (18,19). 



11 
 

Preoperative therapy: The purpose of preoperative systemic therapy is to reduce the size of breast 

tumors that can be removed through surgery. This treatment also allows for sentinel lymph node biopsy 

(SLN) instead of axillary lymph node dissection (ALND) in cases where axillary nodes cannot be 

detected. Preoperative therapy is generally not recommended for early invasive breast cancers (I, IIa, 

IIb) because tumors are often small enough to be removed through a lumpectomy. However, 

preoperative chemotherapy is used for patients with large primary tumors that are concerning breast 

size and wish to undergo breast-conserving surgery (18–20). 

Postoperative therapy: Postoperative therapy often involves radiation treatment after surgical removal 

of breast cancer. The primary purpose of radiation therapy is to eliminate any remaining subclinical 

disease. It is typically recommended for patients who have undergone lumpectomy and for those with 

high-risk, node-positive disease who have received mastectomy (21). Approximately two-thirds of 

breast cancers are hormone receptor-positive and can be treated with endocrine therapies such as 

tamoxifen and aromatase inhibitors (19). Chemotherapy is another treatment method that involves the 

use of drugs to shrink the size of tumors before surgery (19). 

Other therapy: For postmenopausal women who have undergone surgery for non-metastatic breast 

cancer and are receiving aromatase inhibitor therapy, it is recommended to also receive antiresorptive 

therapy. This additional treatment can help reduce the risk of developing bone metastases and fractures 

and improve survival rates. For patients with advanced breast cancer who have metastases to the bones, 

it is recommended to receive treatment with DNB or BPs such as zoledronic acid. These therapies have 

been proven to decrease the adverse effects of metastases on the bone, such as fractures and 

hypercalcemia (18,19). 

5.6.1 TREATMENT IN EARLY-STAGE 

It has been found that disseminated tumor cells can be identified in the bone marrow of around 25% 

of patients who have early-stage breast cancer. Moreover, the presence of these cells is linked with an 

adverse prognosis, as it increases the risk of recurrence (5). Recent studies have proposed the 

utilization of selective BMAs as adjuvant therapy, particularly for postmenopausal women with early-

stage breast cancer (25). This recommendation stems from the association between low estrogen levels 

in this population and accelerated bone resorption (5). Additionally, non-metastasis breast cancer 

patients undergoing hormonal therapy are often prescribed low doses of BMAs for the prevention and 

treatment of cancer treatment-induced bone loss (CTIBL) (8). Despite these recommendations, the 

findings across studies have not been consistent, and there is no unanimous endorsement for universal 

adjuvant therapy with BMAs. However, adjuvant dosages are lower than those used for metastatic 

bone disease but higher than those used for osteoporosis or at the same dose (22). according to joint 
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guidelines from Cancer Care Ontario (CCO) and the American Society of Clinical Oncology (ASCO), 

adjuvant BPs therapy in postmenopausal women should involve zoledronic acid administered every 

six months for 3 to 5 years. A study conducted by Michael Gnant shows that in early-stage breast 

cancer, women who were treated with aromatase inhibitors and used DNB 60 mg every six months for 

three years experienced a significant improvement in bone health, reducing fractures by 50% (23). 

Another study by Robert Coleman suggests that DNB affects breast cancer outcomes rather than bone 

health (24). However, in patients with prevention and treatment CTIBL, DNB was shown to 

significantly delay the first clinical fracture and improve bone health compared to BPs (25). The study 

conducted by Mauceri suggests that breast cancer patients receiving low doses of bone BMAs for the 

prevention of CTIBL may have a similar risk of MRONJ as those with osteoporosis. Clinicians, 

particularly dentists, may not fully grasp the emerging risk of MRONJ in these patients, potentially 

leading to either overestimation or underestimation of MRONJ risks and preventive measures. 

Moreover, there is a risk of overlooking the need to enhance preventive protocols for MRONJ when 

transitioning to high doses of BMAs for treating bone metastases. Therefore, breast cancer patients on 

BMAs in the early stage should undergo regular MRONJ prevention monitoring, as they may switch 

to higher BMA doses in the future, increasing their MRONJ risk (8). 

5.6.2 TREATMENT IN METASTASIS STAGE 

Metastatic breast cancer can lead to metastatic disease in up to 80% of individuals, which can cause 

skeletal-related events (SREs). Patients with bone metastases often exhibit increased expression of the 

receptor activator of nuclear factor kappa-B ligand (RANKL), which can lead to bone resorption and 

destruction by stimulating osteoclast activity. This process contributes to the development of SREs, 

such as pathologic fractures, hypercalcemia, spinal cord compression, and pain. Therefore, bone-

targeted treatments are necessary to manage these complications (26). Due to their significant impact 

on patients' quality of life and morbidity, it is crucial to minimize SREs. Adding BPs to the standard 

treatment of breast cancer patients with bone metastases is beneficial. Research has demonstrated that 

this addition can lead to a 15% reduction in the risk of SREs, a delay in the time it takes for SREs to 

occur, and an improvement in bone pain(27,28). Among all BPs, intravenous Zoledronic acid 4mg 

every 3-4 weeks is more potent and can be administered safely over 15 minutes (5). Subcutaneous 

DNB is a bone-modifying agent that inhibits osteoclast activity and reduces bone resorption, tumor-

induced bone loss, and SREs by binding to human RANKL. It is dosed at 120 mg every four weeks 

and, in metastatic cancer, has been shown to delay the onset of SREs compared to zoledronic acid. The 

optimal treatment duration with these drugs remains controversial. The American Society of Clinical 

Oncology (ASCO) guidelines recommend that BPs and DNB should be given until there is a 

substantial decline in the patient's general performance status. The European Society for Medical 
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Oncology also suggests that these drugs should continue indefinitely under normal circumstances 

(26,29). International practice guidelines have not stated a preference for either DNB or BPs (30). 

In the process of bone metastasis mechanism, cancer cells in bone need to undergo various adaptations 

to survive and thrive in their new microenvironment. This environment is highly vascularized and 

populated by various bone resident cells such as osteoblasts, osteocytes, osteoclasts, and other immune 

system cells in the bone marrow. The presence of a permissive soil known as the "pre-metastatic niche" 

in the bone microenvironment and the process of osteomimicry, the process for which "foreigner" cells 

mimic bone resident cells, are critical steps in the successful establishment of cancer cells in the bone 

tissue (31). These cells can escape the effect of adjuvant systemic therapy and subsequently proliferate 

to develop into metastatic disease (31). 

The bone metastatic process is complex and has been the subject of several recent reviews. Originally 

known as the "vicious cycle," this schematic shows how cancers spread to the bone. The osteocyte is 

on the left side of the panel, and the breast cancer cell is on the right side( Figure 1). 

1. A vicious cycle is created, where cancer cells and osteocytes (bone cells) stimulate each other's 

growth. 

2. RANKL, a protein expressed by both osteocytes and cancer cells, attracts monocytes and promotes 

the formation of osteoclasts, cells that break down bone tissue. 

3. Osteocytes release SOST (sclerostin) and DKK1, which inhibit the formation of osteoblasts (cells 

that build bone) and increase the expression of RANKL. 

4. Activation of the notch signaling pathway promotes the death of osteocytes and the growth of cancer 

cells. 

5. When osteocytes die, they signal for osteoclasts to break down more bone. 

6. The enzyme complex CD39/CD73 hydrolyzes ATP (adenosine triphosphate) to adenosine, which 

binds to receptors on cancer cells to promote their growth and spread. 

7. Adenosine also increases the activity of osteoclasts, leading to further breakdown of bone. 

8. Finally, extracellular adenosine promotes Treg activity and immune tolerance. 
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Figure   1. Schematic representation of when cancers go to bone. Adapted from (4) 

 

5.7 IMPACT OF BREAST CANCER TREATMENT ON MRONJ 

Breast cancer is the most commonly diagnosed cancer among women. It is estimated that in 2023, 

around 2.3 million new cases of breast cancer have been detected globally. Due to improvements in 

breast cancer diagnostics and treatment, the number of breast cancer survivors has grown significantly. 

As of 2020, there were approximately 7.8 million breast cancer survivors who had completed five 

years post-treatment. However, this number is expected to continue to increase, highlighting the need 

for better knowledge of the late effects of the disease and its treatments. One such possible late effect 

could be MRONJ (32). MRONJ is considered a potentially severe complication of BMAs in breast 

cancer patients (8). Noteworthy, it is important to remember that breast cancer patients may develop 

bone metastases during their clinical history (33), which can increase the risk of MRONJ due to the 

required high doses of BMAs. It is also worth noting that female breast cancer patients may have 

received low doses of BMAs in the early stage and also to prevent primary osteoporosis before starting 

cancer therapy. As a result, their cumulative dose of BPs or duration of BMAs intake will be increased 

(8). 

6 ANTIRESORPTIVE DRUGS 

ARDs are essential in preventing SERs and CTIBL in patients with early and metastatic stages of 

breast cancer. BPs and DNB are the most effective and commonly used ARDs in clinical practice. 

However, it is important to note that while more potent antiresorptive agents such as zoledronic acid 

and DNB offer greater efficacy, they also pose a higher risk of contributing to the development of 

MRONJ (34,35). 
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6.1 BISPHOSPHONATES 

BPs are medications that can reduce bone loss in cancer-related conditions. They can be administered 

orally, such as alendronate and risedronate, or through injections, such as zoledronic acid and 

ibandronate. This study primarily focuses on zoledronic acid because it is more commonly associated 

with the development of MRONJ. According to the American Society of Clinical Oncology, the 

recommended dose of zoledronic acid is 4 mg every 3-4 weeks for bone metastases and every six 

months for early-stage disease (5,23,34,36). 

6.1.1 MECHANISM OF ACTION  

BPs are synthetic compounds similar to a natural substance found in bones called pyrophosphates. 

These synthetic compounds are designed to mimic the function of pyrophosphates in the bone matrix. 

There are two types of BPs: simple and nitrogen-containing. Nitrogen-containing BPs mainly affect 

bone density and have an adjuvant effect in cancer treatment (2). According to the pharmacokinetics 

theory, BPs not only leave the body through the kidneys but are also released in circulation and 

absorbed in bones while new bone is being formed. They are stuck in the bone until the bone breaks 

down again. This is why they have a long half-life (37). In the concept of the effect on bone density, 

simple BPs are broken down by osteoclasts, which are cells responsible for bone resorption, into 

methylene–containing analogs of adenosine triphosphate (ATP), which mess up osteoclast energy 

production and promote their apoptosis (2). Nitrogen-containing ones are even stronger for stopping 

bone resorption. They act by reduction of the isoprenoid lipid FPP and geranylgeranyl diphosphate in 

the osteoclast. This happens by inhibiting a key enzyme called farnesyl pyrophosphate (FPP) synthase, 

which is part of a pathway called the mevalonate pathway that is important for osteoclast function 

(2,38). In other words, it can impair osteoclast resorptive ability and cellular integrity, also triggering 

apoptosis and reducing bone resorption (38). In cancer patients, BPs may indirectly reduce the 

development and progression of bone metastases, as well as overall skeletal tumor load (2). In addition 

to their positive effect on bone density, a growing body of evidence indicates that BPs exert a range of 

direct and indirect anti-tumor effects in vitro and in vivo murine (2). Preclinical studies in breast cancer 

models point to various additional possible mechanisms by which BPs improve survival, such as 

inhibition of tumor cell proliferation and induction of tumor cell apoptosis, inhibition of tumor cell 

adhesive and invasion, antiangiogenesis, synergism with anti-neoplastic drugs, and enhancement of 

immune surveillance (2,37). In breast cancer patients, zoledronate alone has been found to increase the 

level of tumor cell apoptosis (39). When combined with other cancer treatments, it helps the body clear 

out cancer cells that have spread. Therefore, BPs have benefits beyond just improving bone health(40). 

Another possible explanation for the anti-tumor effects of BPs is their ability to inhibit tumor cell 
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adhesion and invasion. These processes are essential for cancer metastasis which happens via changes 

in fibronectin and actin expression in tumor cells due to BPs exposure (41). BPs may also have an anti-

angiogenic effect, which means they can prevent the formation of new blood vessels. Studies have 

shown that zoledronate can effectively inhibit tumor angiogenesis, prevent the differentiation and 

recruitment of certain types of cells that support tumor growth, such as endothelial progenitor cells, 

and also inhibit myeloid cell differentiation into tumor-associated macrophages (2). In addition, for 

individuals with metastatic breast cancer, zoledronic acid can help reduce vascular endothelial growth 

factor (VEGF) and angiogenesis as well as fibroblast growth factor-2 (FGF-2) and matrix 

metalloproteinase-2 (MMP-2) in patients (9). 

6.2 DENOSUMAB 

DNB is an antiresorptive agent that exists as a fully humanized antibody against receptor activator of 

nuclear factor kappa-B ligand (RANKL) and inhibits osteoclast function and associated bone 

resorption (36). While BPs have been used for many years, in November 2010, the Food and Drug 

Administration (FDA) approved DNB (XGEVA) as a subcutaneous injection for patients with bone 

metastases from solid tumors. The recommended dose is 120mg every four months. Additionally, 

DNB (Prolia) is approved in doses of 60mg every six months for patients at high risk of fracture 

receiving adjuvant aromatase inhibitors or hormonal therapy for breast cancer (42,43). It has also 

shown direct or indirect anti-tumor effects in preclinical models and clinical applications (44). 

6.2.1 MECHANISM OF ACTION 

For a better understanding of the mechanism of action of DNB, it is important to clarify the role of 

RANKL. The discovery of RANKL helped connect bone and the immune system and became an 

important key in the rise of bone immunology (45). The RANKL/RANK (Receptor activator of NF-

kB) signaling pathway plays a crucial role in osteoclast differentiation and function. RANKL is a 

trimeric transmembrane protein with two receptors: the membrane-binding receptor RANK and the 

soluble bait receptor osteoprotegerin (OPG) (46). RANKL is expressed in the bone matrix, osteoblast 

precursor cells, osteoblasts, and osteocyte (1A), and RANK is expressed on the membrane surface of 

osteoclasts and osteoclast precursors. When RANKL binds to RANK, it leads to the differentiation of 

osteoclast precursor cells into activated osteoclasts (2,3,4,5A) (44,47), which release enzymes 

involved in the degradation of collagens and other proteins, cavity formation, and a decrease in bone 

mass (6A) (47) OPG naturally inhibits the activation of RANK signaling by competitively binding to 

RANKL and preventing it from binding to its receptor RANK (1A) (28) DNB works similarly to OPG, 

by blocking RANKL to RANK which inhibits the development of osteoclasts from precursor cells(7B) 

and the function and survival of differentiated osteoclasts (8B) and (48)this leads to a reduction in the 
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release of protein-degrading enzymes, promotes the refilling of resorption cavities by osteoblasts (9B) 

(Figure 2) (47) DNB is usually administered subcutaneously at a dose of 60 mg, and the maximum 

serum concentration of DNB typically reaches around day 10, although this can vary between 2 and 

28 days. Serum levels of DNB then decline gradually over three months, with a half-life of 

approximately 26 days, which can also vary between 6 to 52 days. Alternatively, it can be administered 

in a dose of 120 mg every four weeks, and steady-state concentrations are usually achieved around six 

months after initiating treatment (49). In addition, many preclinical studies are exploring the activation 

of RANK/RANKL that can simulate various intracellular signaling pathways crucial for tumor 

proliferation. However, further investigation is needed to confirm this issue (44). 

 

 

Figure 2. Denosumab mechanism of action. Adapted from (47) 

7 DRUG EFFECTS 

It is important to note that ARDs have both skeletal and non-skeletal effects. This study, however, 

focuses solely on skeletal events. 

7.1 EFFICACY 

BPs can help to increase bone mineral density (BMD) over time. This effect usually levels off after 

about 3-4 years of treatment, but it can help to prevent bone loss and reduce the risk of fractures(38). 

Out of all the BPs, zoledronic acid is especially effective in reducing the risk of adverse skeletal events, 

including bone loss, in women with breast cancer. In addition to these benefits, BPs can also help to 

relieve bone pain. This effect can be beneficial for people with rare bone diseases like fibrous 

dysplasia, as well as bone cancer and bone metastasis (6). BMD responses to DNB follow a pattern 

similar to the BPs, although the increases are larger and continue through 10 years (38). 
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7.2 ADVERSE EVENTS 

BPs treatment is generally well tolerated and the benefits of treatment almost always outweigh the side 

effects. However, it is essential to note that some side effects can occur, including hypocalcemia, renal 

toxicity, gastrointestinal symptoms, atypical bone fractures, and ONJ(2,5) ONJ was initially noticed 

in patients who had disseminated malignancy and were receiving monthly BPs infusions to prevent 

skeletal-related events (38). and is more commonly observed with higher dose density, prolonged 

duration of treatment, or shorter dosing intervals used in patients with metastatic disease (5). After the 

introduction of newer antiresorptive drugs such as DNB, distinct from BPs, this complication 

transitioned its nomenclature from BRONJ to MRONJ, indicating an area of bone exposure in the 

maxillofacial and intraoral region that exhibits signs of delayed or slow healing (7). However, it has 

been observed that patients with cancer who receive monthly DNB have a similar frequency as BPs. 

This suggests that its cause is related to low bone turnover rather than direct bone toxicity from BPs 

(38). 

The risk of developing ONJ appears to be higher in oncology patients compared to those with 

osteoporosis. This heightened risk is likely due to the shorter dosing interval, as well as the effects of 

anti-neoplastic agents, such as angiogenesis inhibitors, immune suppression, and prednisolone 

treatment (6). Although the necrotic process may not be visible at first by the eye, the definition of 

ONJ is a clinical diagnosis based on the identification of an area of exposed bone in the oral cavity 

that remains unhealed for 6-8 weeks following appropriate management. It is usually triggered by an 

invasive dental procedure, such as an extraction (50). 

7.3 POTENTIAL MECHANISMS FOR LOCALIZATION OF OSTEONECROSIS IN JAW  

The reason ONJ is more commonly associated with the jawbone compared to other bones in the body 

is not entirely clear, but several factors may contribute to this phenomenon (51). 

High bone remodeling rate: The jawbone has a high rate of bone turnover and is constantly undergoing 

remodeling. BPs and DNB work by inhibiting bone resorption, which can lead to impaired bone 

turnover. The jawbone's unique physiology, with its high turnover rate, may make it more susceptible 

to the effects of these medications (6). 

Localizing factors: The jawbone may be more susceptible to localizing factors, including dental 

trauma, especially surgical extraction, infections, changes in oral bacteria biofilm profile, and impaired 

innate immune response specific to the oral cavity that can contribute to the development of ONJ (52–

54). 
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Dental Trauma: The risk of MRONJ is highest when there is invasive dental trauma, such as tooth 

extraction or minor oral or periodontal surgery. Studies have shown that the incidence of MRONJ 

ranges from 51% to 82% in such cases (54,55). Furthermore, the risk of developing MRONJ is even 

higher when there is a local infection, abscesses, and poor oral hygiene (52,54,56). 

Oral Mucosal Barrier: The oral mucosal barrier involves complex immune system components, and 

one study found that BP treatment led to increased oral bacterial load, accompanied by a significant 

decrease in antigen-presenting cells and decreased dendritic cell differentiation and activity, which can 

disrupt the local immune response(57). Therefore, bisphosphonate-related disruption of the innate oral 

immune system can lead to colonization of the mucosa with pathogenic bacteria and perpetuate 

necrosis following dental trauma (51). 

Infections: Infection increases the acidity in the area of infection, leading to suppression of the 

mechanism of healing and thereby resulting in bone necrosis. This is because the jawbone is more 

susceptible to infections than other bones in the body (it is exposed to millions of bacteria in the oral 

cavity). In addition, lesions of MRONJ typically originate from the alveolar process and are often 

caused by infected root tips or periodontal pockets (14,51). Furthermore, when comparing anatomic 

sites most likely to be affected by bone necrosis due to medications, the mandible is more likely to 

develop osteonecrosis (73%) than the maxilla (22.5%). Since there is thin mucosa and a single blood 

supply for the mandible, it is more prone to necrosis and infections (58). 

Oral bacteria: It is believed that the bacteria present in our mouth might play a role in protecting our 

alveolar bone against osteonecrosis. However, it is important to maintain a balance between managing 

infections and preserving the natural bacteria in our mouth, especially when prophylactic antibiotics 

are used during invasive dental procedures (31). Conversely, samples from MRONJ lesions have 

consistently shown microbial biofilm formation, and Actinomycetes were detected in 70% of those 

samples, and several studies have linked MRONJ to Actinomyces (88,89). It has been hypothesized 

that the mechanism of trauma-induced MRONJ simply includes creating access for pre-existing 

pathogenic bacteria(59), which is why MRONJ almost always starts at the alveolar process of the 

jawbone (51). 

8 MEDICATION-RELATED OSTEONECROSIS OF THE JAW (MRONJ) 

8.1  DEFINITION 

MRONJ is defined as a harmful drug reaction characterized by the gradual decay and demise of bone 

tissues in the mandible and maxilla of patients exposed to the treatment with medications known to 

increase the risk of disease in the absence of previous radiation treatment (8). 
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8.2 DIAGNOSIS 

MRONJ is a severe condition that can significantly affect a patient's quality of life and even lead to 

mortality. MRONJ can cause difficulty in swallowing, feeding, chewing, and speaking. Patients may 

also experience symptoms such as chronic sinusitis, swollen and painful mucous membranes, and other 

related issues (36). 

The American Association of Oral and Maxillofacial Surgeons (AAOMS) has established specific 

criteria to diagnose MRONJ, which healthcare professionals commonly use. These criteria include 

(36): 

• Bone exposure or an intraoral or extraoral fistula in the maxillofacial region through which the 

bone can be probed and is present for more than eight weeks. 

• Current or prior treatment with antiresorptive or antiangiogenic agents. 

• No obvious metastatic disease or radiation history to the jaws. 

However, during the European task force on MRONJ workshop held in 2019, it was proposed that an 

eight-week observation period should not be a requirement to establish the diagnosis of MRONJ (60). 

In general, the diagnosis is based on clinical examination and radiographic findings, which help to 

determine the extent of necrosis and the presence of a sequestrum (61). 

8.2.1 CLINICAL PRESENTTATION 

The primary clinical indicator of MRONJ is the exposure of bone, which can range from small exposed 

edges in an empty alveolus to the entire jaw or both jaws (62). Along with the exposed lesion, there 

are often signs of inflammation. Physicians must remain vigilant for MRONJ and are aware of the 

critical signs and symptoms such as increased volume of soft tissues and swelling, with or without 

suppuration, limited purulent inflammation or fistula, loosening of teeth, halitosis, cellulitis, non-

healing sockets, and hypoesthesia or paraesthesia in the lower lip or chin region(42,63). The symptoms 

of osteonecrosis depend on the course of the disease and its spread to the surrounding structures (62). 

Pain is typically experienced in the acute stage, but after the onset of necrosis, it becomes 

asymptomatic. As the condition progresses, numbness, oroantral communication, and pathological 

fractures of the jaw can occur (36). 

8.2.2 RADIOGRAPHIC FINDINGS 

Radiological analysis is an important tool for monitoring the progression of osteonecrosis, assessing 

the extent of the disease, and detecting complications. The most common visible change is sclerosis, 

which thickens the lamina dura and narrows the periodontal ligament space. There may also be changes 
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in the trabecular pattern with mottled osteosclerotic changes or unexplained bone resorption, as well 

as persisting alveolar sockets after tooth extraction, can also be seen (62–64). 

In patients where the bone is exposed, there may be more frequent occurrences of focal and diffuse 

bone sclerosing and formation of dead tissue, known as sequestration (65). In the late stages of 

separating necrotic bone, a distinct sequestrum with well-defined margins may be present (62). 

MRONJ is usually diagnosed through a clinical examination. However, an orthopantomography 

(OPG) is necessary for an initial assessment of the extent of the disease. After an OPG, further 

investigation with computed tomography (CT) or cone beam computed tomography (CBCT) can 

provide a more detailed view of the lesion's progression. Magnetic resonance imaging (MRI) and 

scintigraphy may also be utilized, especially when surgical intervention is considered (42,62,63). 

8.3 DIFFERENTIAL DIAGNOSIS 

Dentists must be able to identify the signs and symptoms of MRONJ. Patients typically report pain 

and signs of infection as the most common symptoms, which can be easily confused with other 

diseases. Therefore, a differential diagnosis can be challenging but is also important (61). MRONJ 

must be distinguished from chronic sclerosing osteomyelitis, gingivitis, periodontitis, alveolar osteitis, 

sinusitis, odontalgia, atypical neuralgias, osteoradionecrosis of the jaw, and very rarely from oral 

Langerhans cell histiocytosis and idiopathic lingual mandibular sequestration (38,61). Moreover, it 

must be differentiated from squamous cell carcinoma (SCC); this can be extremely difficult in patients 

who are at risk for this type of cancer and have been treated with ARDs. Therefore, correct diagnosis 

requires thorough anatomopathological examination and clinical information (9,66). 

8.4 STAGES 

The AAOMS has proposed a comprehensive classification system for MRONJ based on the extent of 

clinical features. The classification system consists of four stages, each with its own distinct 

characteristics and management strategies. A group "at risk" is the initial stage and is described as 

including all those that have received antiresorptive medication and management strategies, including 

close multidisciplinary observation and good oral hygiene (9). 

Stage 0: in this stage, patients may not show any clinical evidence of necrotic bone but may experience 

non-specific symptoms or clinical and radiographic findings. Some of these non-specific signs may 

include dull pain in the mandible, sinus pain, odontalgia without any visible cause, unexplained tooth 

mobility, fistula not associated with pulp necrosis or caries, and gingival swelling. Other symptoms 

may include resorption of alveolar bone that cannot be explained by chronic periodontitis, changes in 



22 
 

trabecular pattern, and alveolar or surrounding bone sclerosing. According to reports, up to 50% of 

patients with stage 0 disease have progressed to stage 1. Therefore, AAOMS suggests considering 

stage 0 disease as a potential precursor to MRONJ (36,62,63,67). The treatment for this stage involves 

a multidisciplinary approach and conservative, symptomatic care such as topical antibiotics, mouth 

rinses, and pain relief. It is also essential to refer the patient to an oral and maxillofacial surgeon 

(OMFS), who can perform a comprehensive oral examination and provide necessary dental treatment. 

In addition to these measures, follow-up visits are recommended every eight weeks to monitor the 

patient's progress and ensure that the treatment is effective. Patient education is also a crucial aspect 

of therapy at this stage. The patient must be adequately informed about the condition, the treatment 

plan, and the importance of maintaining good oral hygiene to prevent any further complications 

(9,62,63). 

Stage 1: asymptomatic patients; at this stage, there are instances where the bone is exposed and 

necrotic, or there are fistulas that probe to the bone. However, despite these conditions, there is no 

indication of an ongoing infection or inflammation (67). For this particular stage, the treatment 

methods are similar to stage 0 but with some additional procedures. In addition to the standard 

treatment for stage 0, which includes oral hygiene instructions, symptomatic care, patient education, 

and periodic evaluation, additional interventions may be necessary. Specifically, if bone sequestrations 

are present, the bone may need to be removed. In this stage, if the patient does not respond to 

conservative therapy and sequestrectomy, then marginal resection and alveolectomy are recommended 

(9,36,68). 

Stage 2: this stage encompasses patients who exhibit the presence of symptomatic necrotic bone visible 

during an examination. Additionally, patients with a fistula that probes to the bone, accompanied by 

pain, erythema, infection with or without purulent drainage, and complaints of painful symptoms, are 

also included. These symptoms are indicative of the progression of the disease and require immediate 

medical attention to prevent further complications (62,64,67). For the management of this stage , the 

main objective of therapy is to facilitate the healing process and prevent any future infections, and this 

is accomplished through a combination of treatment procedures mentioned previously, as well as 

antibiotic therapy and the use of chlorhexidine for antisepsis. Once the inflammation has subsided, the 

next step may involve debridement, which is the removal of dead or damaged tissue to promote healing 

(9,62). In more severe cases, segmental resection or partial maxillectomy may be necessary. Both of 

these procedures are aimed at removing any remaining infection and promoting the growth of healthy 

tissue. It is important to follow a comprehensive treatment plan during this stage to ensure the best 

possible outcome (36). 
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Stage 3: this state is quite severe and is characterized by exposed and necrotic bone, which can be 

accompanied by a fistula that probes the bone. The symptoms may include pain, erythema, and 

infection, and can also involve a pathologic fracture, extra-oral fistula, osteolysis that extends beyond 

the region of alveolar bone, for example, inferior border and ramus in mandible, and sinus floor or 

zygoma in the maxilla. In addition to these symptoms, this stage may include oroantral or oronasal 

communication, which can further complicate the condition (36,67). For management at this stage, 

there are several treatment options available that can be considered. These options were explained in 

stage 2, and they include various therapies, procedures, and medications (9). 

9 PATHOPHYSIOLOGY 

The pathogenesis of MRONJ is not fully understood and is believed to have multiple causes. Many 

hypotheses have thus been proposed to explain the occurrence of the disease in that unique location 

(68). One of the proposed theories is the inhibition of bone remodeling or alternation of bone turnover 

of the jaw. This theory can explain this since one of the steps in bone remodeling is bone resorption 

by osteoclasts, which is requisite for osseous wound healing after invasive surgeries, including tooth 

extraction. Hence, the suppression of osteoclasts by ARDs could delay and impair osseous wound 

healing (69), and those drugs inhibit osteoclasts' differentiation and function, leading to their apoptosis 

(62). DNB, in particular, has been shown to reduce bone turnover compared to zoledronic acid (3). 

Another hypothesis suggests that MRONJ is caused by the inhibition of angiogenesis, which is the 

formation of new blood vessels. This phenomenon is supported by studies showing that MRONJ is 

typically characterized as avascular or aseptic necrosis. BPs, such as zoledronic acid, can directly 

inhibit angiogenesis in vitro and in vivo (70). and indirectly blocks blood vessel formation by targeting 

a type of immune cell called macrophages, which produce matrix metalloproteinase (MMP9) (71). 

Animal models have also demonstrated decreased vascularity in areas affected by MRONJ and reduced 

micro-vessel numbers during the early stages of bone healing (72). Furthermore, BPs inhibit 

angiogenesis, typically seen during the healing of extraction sockets. Both BPs and DMB have been 

shown to decrease arterial and venous areas and the overall vascularity of periodontal tissues during 

the early and late stages of MRONJ development (73). In the development of osteonecrosis, 

inflammation or infection plays a key role; invasive dental treatments like tooth extraction, root 

planning, and implant placement may cause bleeding and introduce oral bacteria into the bloodstream. 

Periodontal disease can also lead to bacteria entering the bloodstream temporarily, causing a reaction 

that triggers inflammation in the body. This bacteremia can disrupt the immune system, leading to 

systemic inflammation throughout the body. this scenario can be justified by decreasing the incidence 

of MRONJ in patients following improved dental hygiene. In this context, certain bacteria can produce 

lipopolysaccharides, which can increase the production of cytokines or directly regulate the production 
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of RANKL, which can lead to alterations in the bone matrix through the reprogramming of osteoclasts. 

These osteoclasts may then produce excessive proteins that break down bone. This disruption of 

normal bone maintenance triggers processes that acidify the bone environment, ultimately affecting 

bone turnover (71). Changes in pH levels caused by dental infections or invasive dental treatments 

may be the initial trigger for MRONJ. Additionally, when pH values are low, a process is triggered 

where BPs are released from the bone and activated to bind to osteoclasts and inhibit their activity, 

affecting osteoblasts, fibroblasts, macrophages, and lymphocytes (74). Studies on mice with induced 

rheumatoid arthritis showed more severe MRONJ, indicating a link between systemic inflammation 

and MRONJ severity (75). Patients with immune dysfunction such as rheumatoid arthritis, diabetes, 

or immunocompromised states are at significantly higher risk for MRONJ regardless of exposure to 

antiresorptive agents. This heightened risk extends to patients with metastatic or primary bone 

malignancies, as their compromised immune systems make them more susceptible to MRONJ, and 

this can be confirmed by animal studies that have shown that certain medications, such as 

chemotherapy, steroids, disease-modifying antirheumatic drugs (DMARDs), and antiangiogenic 

medications when combined with antiresorptive agents, can increase the severity or prevalence of 

MRONJ. Studies have shown that altered numbers and patterns of regulatory T cells (Tregs) and 

inflammatory T-helper-producing interleukin 17 (Th17) cells may contribute to the development of 

MRONJ in mic (69). Several reports have identified single-nucleotide polymorphisms (SNPs) 

frequently found within regions of genes related to collagen formation, bone turnover, or metabolic 

bone diseases that can be associated with MRONJ. Sirtuin-1 (SIRT1) is one gene that promotes bone 

formation and regulates bone remodeling, and it is also involved in reducing inflammation. 

Upregulation of SIRT1 may have a protective effect against MRONJ. Other genes that have been 

implicated in increasing the risk of MRONJ are involved in angiogenesis, bone remodeling, and 

immune responses, including PPAR gamma, CYP2C8, and others. These findings indicate that 

MRONJ is a complex disease influenced by multiple genetic factors. However, current research 

suggests a weak or no association between measured genetic factors and MRONJ risk. To better 

understand the genetic predisposition to MRONJ, larger studies with diverse populations are needed 

(36). 

10 RISK FACTORS AND INCIDENCE 

MRONJ is associated with several risk factors in breast cancer patients. Understanding these factors 

is crucial for both prevention and early intervention. Here are key MRONJ risk factors: 
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10.1 DRUG-RELATED RISK FACTORS 

Drug risk factors depend on their specific pharmacokinetic and pharmacodynamic properties. The 

primary risk factor for MRONJ is exposure to DNB or BPs. However, it has been observed that 

MRONJ can arise following the use of other cancer therapies, such as inhibitors of angiogenesis, 

chemotherapy, hormonal therapy, cyclophosphamide, and corticosteroids, which can be associated 

with increased risk of MRONJ, and this can be explained by the fact that these medications can cause 

immunosuppression and thus, indirectly, affecting risk of local inflammation and consecutively the 

onset of MRONJ. The risk of developing MRONJ increases with more frequent administration or 

longer duration and subcutaneous or intravenous administration route at end higher dose per 

administration, which doses used in the metastatic setting versus in the osteoporosis or breast cancer 

in early stage setting and at the end breast cancer as an underlying disease was associated with an 

elevated MRONJ risk  (10,62,68,76).                       

10.2 SYSTEMIC RISK FACTORS 

Systemic risk factors refer to various conditions affecting bone and drug metabolism, oral health, and 

systemic diseases. Khan et al. found that some systemic risk factors for MRONJ for cancer patients 

include diabetes, erythropoietin usage, smoking, hyperthyroidism, and renal disease. These factors 

require special attention due to their influence on bone and mucosal microcirculation (50). 

Uncontrolled diabetes, for instance, can negatively affect bone tissue microarchitecture and healing 

through direct and indirect mechanisms, which can contribute to an unfavorable environment for 

MRONJ development. Smoking can also have a detrimental effect on the development and progression 

of periodontal disease. Although the exact pathogenic basis remains unclear, various hypotheses 

suggest alterations in the microbiota and impaired immune response may play a role. Therefore, 

patients undergoing MRONJ should be adequately informed and actively encouraged to quit smoking 

(77). Additionally, vascular diseases can cause impaired vascular systems, reducing blood circulation 

to bone structures, especially those with extensive blood supply, such as the lower jaw, which primarily 

comprises cortical bone. This diminished blood flow may potentially decrease the likelihood of 

MRONJ onset (76). It should be considered that genetics and age can also affect the risk of MRONJ 

(62,63). Moreover, some biomarkers can relate to MRONJ. The American Society of Bone Mineral 

Research Task Force has proposed a threshold for resorption marker, carboxy-terminal cross-linking 

telopeptide of type I collagen (CTX) levels (> 0.150 ng/mL) in patients receiving BPs, suggesting that 

invasive dental procedures may be safe if CTX levels are above this threshold. However, it is worth 

noting that low CTX levels (< 0.150 ng/mL) are common in patients undergoing antiresorptive therapy, 

which could pose a potential risk factor for invasive dental. Consequently, if this threshold is used, it 

may lack specificity. In the Cross-sectional study that Ana Laura Soares did, it was mentioned that 
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differences were observed in procollagen type 1 amino-terminal propeptide (P1NP) levels between 

oncological patients, despite similar concentrations of CTX between the groups in this study, P1NP 

was found to be increased in patients with bone metastasis, even with potent antiresorptive drugs. This 

suggests that P1NP may be a more effective marker for metastatic bone disease and MRONJ  

(10,42,50). The potential use of these markers for invasive dental procedure selection in breast cancer 

patients remains to be determined, and more research needs to be done. 

10.3 LOCAL RISK FACTORS 

It is important to consider any condition that can cause inflammation or infection in the dental 

supporting structures as a local risk factor. Specialists must promptly recognize and treat these factors 

to ensure the safe initiation of medical therapy (77). Here is a detailed overview of the local risk factors 

associated with MRONJ in breast cancer patients. 

Anatomic Factors: certain anatomic features of the oral cavity may predispose individuals to MRONJ. 

These include bone exostoses, mandibular torus, palatal torus, and mylohyoid protrusion (78). These 

structures can contribute to mechanical trauma and compromise tissue health. 

Subclinical Trauma: in some cases, MRONJ may happen spontaneously or without any identifiable 

initiating event; in these cases, subclinical trauma may contribute to bone necrosis in susceptible 

individuals (63), and it can also appear spontaneously in about 30% of cases (68). 

Periodontal Disease and Apical Periodontitis: the elevated risk of MRONJ associated with periodontal 

disease, apical periodontitis, underscores the role of inflammation in its pathogenesis. This aligns with 

the theory that inflammation plays a central role in MRONJ development. Periodontal diseases 

perpetuate mucosal inflammation, providing a continuous stimulus that compromises mucosal 

integrity, and the periodontal apparatus facilitates the penetration of oral bacteria into the bone, 

initiating local inflammation processes. Moreover, the reduced activity of osteoclasts under ART 

significantly diminishes the body's defense mechanisms against bone infections. These observations 

support the hypothesis that local inflammations play a pivotal role in the pathogenesis of MRONJ 

(8,76). 

Wearing Dentures: denture wearers, particularly those with ill-fitting or improperly maintained 

dentures, face an elevated risk of MRONJ. denture-associated sore spots also cause permanent mucosal 

inflammation and make micro lesions, which facilitate the penetration of bacteria into the bone and 

increase susceptibility to infection (76). 
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Tooth extractions: dentoalveolar operations are the most common identifiable predisposing factor for 

developing MRONJ. Several studies report that among patients with MRONJ, tooth extraction is cited 

as a predisposing event ranging from 62% to 82%(36). Also, the studies estimate the risk of MRONJ 

after tooth extraction is between 1.6 to 14.8 % in cancer patients exposed to IV BPs. There are two 

different theories about these risk factors. For the first theory, many studies have reported that tooth 

extraction is a major risk factor for the development of MRONJ in cancer patients receiving bone 

modifying agents' therapy, such as BPs and DNB, and thus, tooth extraction has been avoided. For 

example, in a longitudinal cohort study, Vahtsevanos et al. found that 60 out of 1621 (4.9%) patients 

with breast cancer, prostate cancer, or multiple myeloma treated with BPs developed MRONJ. 

Furthermore, tooth extraction was associated with a 33-fold increase in the risk of MRONJ. Other 

similar studies have also reported that tooth extraction is a risk factor for developing MRONJ (79). 

However, in the second theory, some studies also reported that tooth extraction during bone modifying 

agents' therapy does not influence the risk of developing MRONJ. For instance, a non-randomized 

retrospective cohort study by Avishai found that tooth extraction may contribute to the development 

of MRONJ in nearly 20% of procedures. However, inflammation or infection is the most influential 

factor, with 95% of MRONJ cases being caused by it (80). Also, a retrospective observational study 

by Soutome et al. revealed that tooth extraction is not a risk factor for developing MRONJ in cancer 

patients receiving high-dose drugs but that preserving teeth that require tooth extraction is a risk factor 

for developing MRONJ. Therefore, if local inflammation/infection is treated before extraction, 

MRONJ may be avoided (79,80). In detail, while tooth extraction is considered a significant risk factor 

for MRONJ, it is typically recommended when the prognosis for the tooth is uncertain due to existing 

endodontic or periodontal diseases and conservative treatment options are not viable. In this situation, 

dental infections are the main reason for dental extraction. They are local risk factors already present 

for long periods before extraction. Indeed, among local risk factors, periodontal infections and the oral 

microbiome play crucial roles in the onset of MRONJ. These conditions trigger inflammatory 

responses that can directly or indirectly affect the alveolar bone, leading to bone resorption, and so 

under the effect of BMAs, the MROJ happens (8). Additionally, there is mounting evidence indicating 

that signs and symptoms of dental or periodontal infection are significantly associated with histological 

alveolar bone necrosis, even before dental extractions occur and MRONJ develops (81). 

Dental implants: studies have shown that dental implants may increase the risk of MRONJ in patients 

treated with BPs or DNB due to two primary reasons. First, MRONJ appears to be related to peri-

implantitis, which is an inflammation of the tissue around the implant that was placed before starting 

antiresorptive medication. It means that peri-implantitis can cause MRONJ, not just the presence of 

the implant. A retrospective single-center cohort study by Wickfond found that dental implants placed 
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before ART did not increase but instead decreased the risk of MRONJ onset. This could be due to the 

good oral hygiene conditions in patients caring for dental implants compared to those without dental 

implants. Second, MRONJ seems to be related to the insertion of implants in patients during or after 

taking antiresorptive medication. It is still unclear which of these two factors is more associated with 

the risk of MRONJ. 

Moreover, the duration between implant insertion and MRONJ onset was significantly shorter in 

patients with cancer compared to those with osteoporosis. Specifically, the elapsed time was observed 

to be more than three times greater in individuals undergoing treatment for osteoporosis than in their 

counterparts receiving treatment for cancer. This highlights a potential variability in the manifestation 

of MRONJ based on the underlying medical condition. Therefore, it is essential to consider the specific 

context of the patient's health status (76,82). 

Based on the works of literature, there are three main groups of patients who are commonly at risk of 

developing MRONJ (8,36): 

1. The first group comprises cancer patients with bone metastases or myeloma who receive high 

doses of BMAs, often in conjunction with anticancer treatments such as endocrine therapy, 

antiangiogenics, and chemotherapy. They are at a high risk of developing MRONJ. 

2. The second group includes cancer patients, such as breast cancer patients without bone 

metastases, who are at risk of non-metastatic bone fractures due to CTIBL. They receive BMAs to 

reduce CTIBL and improve prognosis. Their MRONJ risk is similar to that of patients with 

osteoporosis when receiving the same dosage of BMAs. 

3. The third group consists of patients with osteoporosis or other non-malignant diseases who 

receive low-dose regimens of BMAs. They typically have the lowest risk of MRONJ unless their BMA 

treatment is prolonged. 

10.4 MRONJ INCIDENCE IN BREAST CANCER  

There have been several studies on the incidence of MRONJ in oncology, which refers to the number 

of new cases per sample or population per unit of time (36). However, there are limitations in studies 

focused on the incidence of MRONJ in breast cancer patients. Fredrik Hallmer's study found that the 

incidence rate of MRONJ in the total population is 6.6%, while the incidence rate of MRONJ with 

zoledronic acid is 4.1% (3). This is to the report by Bamias et al., who found an incidence rate of 2.9% 

of MRONJ in patients with breast cancer treated with BPs. The reason why the incidence rate in the 

total population is higher than in the BPs population is due to the risk of MRONJ by constipation DNB, 

which is three times higher than that of zoledronic acid. In patients on DNB, MRONJ had developed 
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after 28 months, but in patients on zoledronic acid, the mean time to MRONJ was 41 months, and the 

incidence of MRONJ with DNB was 13.6%. Plausible explanations for the higher incidence and earlier 

onset of MRONJ in patients treated with DNB may be the different mechanisms of the medications 

and their effects on patients. For example, DNB can cause reduced bone turnover and delayed SREs 

compared with zoledronic acid (3). Allan Lipton's study comparing DNB with zoledronic acid in 

several cancer types demonstrated that bone turnover markers were significantly lower, and 

hypocalcemia was more common in the DNB group, which may suggest stronger bone affinity (83). 

Although MRONJ is a serious complication of antiresorptive treatment, the benefits of these 

medications, such as reduction of SRE and a better quality of life, predominate. Furthermore, if 

MRONJ develops, most patients can be treated surgically with sequestrectomy, block, or segmental 

resection, with complete healing achieved in the majority of cases (3). In recent randomized controlled 

trials on breast cancer patients without bone metastasis under a low dose of BMAs for CTIBL 

prevention, the incidence of MRONJ was observed between 0% and 0.5 (83,84).  In the end, MRONJ 

continues to pose a notable risk for individuals undergoing treatment with ARDs for cancer-related 

bone issues. However, the chances of developing MRONJ can be reduced by conducting regular dental 

assessments and promptly addressing any dental issues (85). 

11 DRUG HOLIDAY 

A drug holiday is a temporary cessation of drug administration for any invasive procedure to reduce 

the risk of bone necrosis. Taking a drug holiday before dentoalveolar surgery remains a controversial 

issue (69), as some studies suggest it decreases the risk of MRONJ, while others do not show any 

significant difference in MRONJ outcomes(86). The rarity of MRONJ in these patient populations 

makes it difficult to establish or refute the efficacy of drug holidays (36). 

Research shows that the effects of BPs and DNB drug holidays may be very different due to the 

different pharmacokinetic properties of the two agents(87). Phosphonate groups act as hooks and can 

accumulate bisphosphonate molecules in the bone matrix. Hydroxyl groups in drugs, such as 

Zoledronate, increase their binding affinity and potency (51). Research shows that matrix-bound 

bisphosphonate molecules concentrate in specific bone sites such as jaw bone for many years, and 

these drugs have a long half-life, which means that taking a break from them may not be effective in 

eliminating their effects. Even if a drug holiday is initiated to reduce the systemic effects of BPs, it is 

unlikely to affect the activity of the locally deposited bisphosphonate molecules (51,88). 

It is important to note that DNB has a shorter half-life of 28 days and does not accumulate in bone 

tissue like BPs. Based on the pharmacokinetic properties of the drugs, it is assumed that patients who 

have received DNB may respond better to a drug holiday compared to those who have received 
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zoledronic acid (63,89). However, in most oncology patients, DNB is a life-prolonging medication 

that cannot be discontinued for a certain period. Others have concluded that a drug holiday does not 

affect the healing outcome in patients with MRONJ (90,91). Due to an increased risk of SREs during 

drug holidays, it is recommended that the decision to suspend antiresorptive therapy should be 

discussed among a multi-professional team on a case-by-case basis. The team should consider the 

potential deleterious effects of discontinuing the therapy, as the risks may outweigh the benefits. It is 

worth noting that this is still an area of active investigation (3,92). 

12 PREVENTION STRATEGY 

To prevent MRONJ, it is important to evaluate a patient's MRONJ risk group, along with any 

additional risk factors that may be present, and then create an individualized treatment plan (63). A 

recent study involving 129 dental practitioners in the UK revealed a notable gap in knowledge, with 

over 90% exhibiting poor awareness of medications associated with MRONJ. Furthermore, only 40% 

expressed comfort in treating patients with antiresorptive-related MRONJ. Therefore, educating 

healthcare professionals and patients about the risk of MRONJ following certain medications is crucial 

for prevention (9). Furthermore, recent research suggests that optimal management of patients prone 

to MRONJ necessitates a multidisciplinary approach. In light of these findings, a collaborative effort 

involving dentists, OMFSs, primary care physicians (family doctors), and oncologists, alongside active 

patient participation and oncology nurses, is essential to achieve optimal outcomes for individuals 

affected by MRONJ. Additionally, the development and implementation of educational programs 

become imperative to enhance interdisciplinary collaboration and deepen understanding among 

healthcare professionals regarding the benefits and potential side effects of bone-modifying agents 

across both dental and medical specialties (36,63,64,87,92). 

12.1 ROLE OF DENTIST 

The dentist plays a crucial role in patient care by assessing modifiable risk factors, establishing follow-

up protocols, and maintaining open communication with oncologists. During initial discussions with 

oncologists, dentists must address key points such as the timing of BPs or DNB initiation to 

prophylactic dental assessments. This entails determining whether dental procedures should be 

conducted before commencing antiresorptive therapy or if immediate treatment is necessary, 

considering the patient's prognosis, overall health status, and other medications with potential oral side 

effects (92,93). Additionally, the dentist must conduct regular dental check-ups every six months (for 

metastatic breast cancer patients, receiving high-dose therapy every four months is recommended) (8), 

educate the patient about the importance of daily oral care, and encourage them to address any risk 

factors. This includes completing a comprehensive dental examination and providing both 



31 
 

conservative and non-conservative dental and periodontal interventions as necessary. Dentists need to 

continue motivating patients to attend follow-up visits and maintain excellent oral hygiene practices 

throughout the treatment phase. Additionally, dentists must regularly assess the patient's oral status 

and monitor changes in lesion status, promptly reporting any findings to the oncologist (93). 

12.2 ROLE OF PATIENT AND PRIMARY CARE 

It is important to be aware of the potential link between medications and oral symptoms, such as jaw 

pain, swelling or numbness, and non-healing sockets, and to report any such symptoms proactively. In 

addition, maintaining good oral hygiene practices, such as regular brushing, fluoride toothpaste, and 

mouthwash, can help prevent oral issues. It is also recommended that regular dental check-ups are 

attended to ensure any potential issues are caught early and properly addressed. In addition, a physician 

must also balance the risk of MRONJ with the benefits of BPs or DNB in reducing the risk of SREs 

(63,64,87). 

12.3 ROLE OF DENTAL SPECIALIST (OMFS) 

When consulting a dentist or oncologist about a patient with suspected MRONJ, it is recommended to 

refer them to a dental specialist for additional treatment management (65). The dental specialist will 

then assess symptoms, clinical stage, severity of the disease, functional impact, and overall prognosis 

based on clinical manifestations following an 8-week follow-up plan. Additionally, they should create 

a treatment plan based on stages, and all information should be shared with the oncologist. The disease 

outcome will be evaluated, and follow-up visits should occur every eight weeks (93). 

12.4 ROLE OF ONCOLOGIST 

It is highly recommended that oncologists make their patients aware of the significance of oral care 

before beginning any treatment. Therefore, they should encourage and refer their patients to undergo 

a thorough dental examination by a dentist to minimize any possible risks, and for patients recently 

diagnosed with MRONJ, oncologists should determine the duration and continuation or 

discontinuation of antiresorptive therapy according to the patient's situation and treatment plan. 

Furthermore, it is necessary that they provide the dentist with the patient's medical diagnosis and 

antiresorptive profile (63,93). 

The management of MRONJ should focus on patient care and involve a collaborative network of 

healthcare professionals to ensure effective treatment, and the team needs to share resources and 

communicate regularly to develop an appropriate follow-up plan (50,63). 
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12.5 ROLE OF ONCOLOGY NURSE 

Healthcare providers should remain vigilant regarding the association between bisphosphonates and 

dental health, ensuring effective communication with patients or caregivers to promote awareness and 

adherence to dental care recommendations. It is essential to ensure patients have access to dental care 

and advice, support oncologists in addressing oral symptoms, and facilitate seamless communication 

between oncologists and dentists for comprehensive patient care (63). 

12.6 CLINICAL PRACTICE GUIDELINES FOR DENTAL TREATMENT ACCORDING TO 

TIMING. PREVENTIVE MEASURES  

In the context of preventing MRONJ, it is essential to note that a standardized protocol has yet to be 

established. The literature presents a diverse array of protocols, spanning from antibiotic regimens to 

autologous platelet concentrates and even innovative approaches such as laser therapy (94). This 

underscores the need for further research and consensus in this area. The goal of the prevention of 

MRONJ is to eliminate dental risk factors and maintain a healthy oral environment (88). Patients are 

divided into two groups based on their history with ARDs. The first group, called the pre-treatment 

phase, includes patients who have never taken ARDs and are scheduled to start antiresorptive 

treatment. Their oral health must be assessed precisely through clinical and radiographic examinations, 

particularly for cancer patients. The second group, referred to as the in-treatment phase, comprises 

patients who have already been exposed to ARDs. These patients will participate in an oral health 

assessment program to minimize local risk factors for MRONJ (95). To gain a better understanding of 

this topic, we will now discuss dental procedures in both the pre-treatment and in-treatment phases. 

12.6.1 CANCER PATIENTS IN THE PRE-TREATMENT PHASE  

As previously mentioned, the prevention of MRONJ involves a multidisciplinary approach. One of 

these disciplines involves the active participation of the patient. When patients with metastases cancer 

are being considered for treatment with DNB or BPs, the risk of developing MRONJ must be clearly 

explained by healthcare professionals in the context of maintaining skeletal health (63). It is crucial to 

educate patients about the importance of oral hygiene, including the use of fluoride toothpaste and 

mouthwash. Additionally, avoiding smoking and alcohol and scheduling periodic dental check-ups are 

highly recommended also inform them about the consequences of abstaining from preventive dental 

treatment. Providers should explain to patients the signs of MRONJ to monitor, including exposed 

bone, jaw pain, loose teeth, pus discharge, bad taste, non-healing sockets and sores, numbness, 

swelling, and erythematous gingival (64,87,96). 
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12.6.2 DENTAL TREATMENTS IN THE PRE-TREATMENT PHASE 

In the pre-treatment phase, non-restorable teeth and those with a poor prognosis should be extracted. 

Other necessary elective dentoalveolar surgery also should be completed. Preoperative and 

postoperative antibiotics, as well as antimicrobial mouth rinses, should be utilized (36). In cancer 

patients with poor or hopeless teeth or any other dental infection, if systemic conditions permit, initial 

antiresorptive therapy should be delayed after healing tissue due to invasive dental treatments such as 

dentoalveolar surgeries, and this means that before starting antiresorptive medications, there should be 

a waiting period of at least 45-60 days, allowing for the soft tissue to heal (36,95). In another study, 

Singh concluded that when a pre-treatment extraction is completed, the tooth should be removed 

atraumatically, and osseous healing should be complete, usually requiring 4 to 6 weeks before 

antiresorptive medication is started. This study emphasizes the importance of trying to avoid tooth 

extractions in patients who are undergoing high-dose drug therapy for cancer (87). Additionally, it is 

essential to note that other invasive procedures, such as implant surgery, preimplant bone surgery, and 

mucogingival surgery, are contraindicated during this phase. These procedures are not aimed at the 

elimination of infection and often have a rehabilitation/aesthetic aim. Moreover, they may carry an 

undefined long-term risk of developing MRONJ after the administration of ONJ-related drugs (97). 

However, for all other non-invasive dental procedures such as restorative dentistry, endodontic 

treatment, orthodontic treatment, oral hygiene, and non-surgical treatments and prostheses, which 

outcome is reliable, it is not required for delay for antiresorptive therapy. Suppose antiresorptive 

therapy cannot be postponed, and the patient requires invasive and necessary dental procedures. In that 

case, it is necessary to treat the patient in the treatment phase, not in the pre-treatment phase. These 

decisions must be made in conjunction with the treating physician, dentist, and other specialists 

involved in the care of the patient (36,95). 

Medical oncologists play a vital role in educating their patients about the significance of maintaining 

optimal dental health and the effectiveness of prophylactic dental interventions in preventing MRONJ. 

Also, if a patient is undergoing chemotherapy, oncologists should briefly look for exposed bone when 

assessing for chemotherapy-induced oral mucositis. Dentists must perform an oral examination, 

including a radiographic assessment, and obtain a detailed dental history from patients before initiating 

antiresorptive therapy for malignant diseases (36,63). In this phase, it is important to identify local 

dental infections, especially those that involve the bone, such as marginal and apical periodontitis (63). 

Therefore, endodontic, dental prophylaxis, caries, restorative, and non-surgical periodontal treatment 

(If non-surgical methods fail to treat infections, periodontal and endodontic surgeries may be 

necessary. ) should be completed as they are indicated to stabilize the oral cavity and remove potential 

sources of infection (64,87). Additionally, it has been observed that MRONJ can be caused by poorly 
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performed root canal therapy. Therefore, evaluating the tooth and performing pulpal testing is 

important to obtain a proper diagnosis and rule out MRONJ. The clinician's skill level in performing 

RCT should also be considered, as over- or under-filled canals can lead to MRONJ (88). Other 

considerations might include the general status of a patient's dentition and, if there are dentures, 

whether these are ill-fitting and for how long they have been worn (63). Individuals with full or partial 

dentures should have their mouths checked for any signs of irritation or injury of mucosal trauma, 

especially along the posterior lingual flange region, due to wearing dentures that are not fitting (36). 

and lesions within the mucosa, such as sore spots, provide a route for bacteria to reach the bone, 

causing inflammation (87). It is essential to integrate these assessments and interventions seamlessly 

into the patient's overall treatment plan, ensuring comprehensive care and minimizing the risk of 

MRONJ onset. 

12.6.3 CANCER PATIENTS IN THE TREATMENT PHASE 

Cancer patients treated with drugs related to MRONJ are considered at high risk of developing MRONJ 

due to the presence of multiple known risk factors (95). Dental extractions or dental procedures that 

impact the bone are considered risk factors for developing MRONJ in patients. Literature reports that 

following a tooth extraction, there is a 2.9% incidence of MRONJ in cancer patients and 0.15% in 

osteoporosis patients (64). however, surgical procedures are considered necessary to eliminate 

infective outbreaks of MRONJ in cancer patients during the treatment when dental diseases cannot be 

resolved through other means (95). Spontaneous development of MRONJ without any invasive dental 

treatment has also been reported (64). 

12.6.4 DENTAL TREATMENTS IN THE TREATMENT PHASE  

Atraumatic surgical procedures (extraction): The Italian Society of Oral and Maxillofacial Surgery and 

the Italian Society of Oral Pathology and Medicine advocates a protocol for dental extractions in at-

risk cancer patients. This protocol includes a combination of medical prophylaxis and specific surgical 

procedures; a standardized example of this protocol entails the following steps: 

Pre and post-procedure Medical Prophylaxis: Patients are instructed to use a 0.12% chlorhexidine 

(CHX) antiseptic mouthwash at home thrice daily. This regimen is initiated seven days before the 

planned dental procedure (96). Following the procedure, postoperative medical therapy includes a 

topical approach, which involves using a CHX mouthwash thrice daily for 15 days. Additionally, 

patients are recommended to undergo growth-promoting treatment, which consists of applying a gel 

containing hyaluronic acid thrice daily for the following 15 days (97,98). 
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Antibiotic Therapy Administration: Concurrently, antibiotic therapy (e.g., Ampicillin/Sulbactam 

intramuscular and Metronidazole orally) is administered, starting the day before the intervention and 

continuing for at least six days post-procedure (97). 

Surgical Procedure Guidelines: During the surgical extraction, specific recommendations include the 

use of local anesthesia without adrenaline, performing a full-thickness flap, gently extracting the tooth 

with less bone manipulation, conducting alveoloplasty of the post-extraction site, if necessary, and 

applying a tension-free soft tissue closure. These measures aim to facilitate healing through first 

intention (97). It is also advisable to proceed with one tooth extraction at a time, especially when 

multiple extractions are necessary. Sutures should be removed between the seventh and tenth day after 

surgery and during the first year of follow-up; it is important to have periodic clinical check-ups 

scheduled accurately at 3, 6, and 12 months (95). If the extraction socket has not healed after eight 

weeks, MRONJ should be suspected (64). Recent advancements in surgical techniques have 

introduced the use of autologous platelet concentrates (APCs) and /or lasers for MRONJ presentation. 

In clinical studies, both Platelet-Rich Plasma (PRP) and Platelet-Rich Fibrin (PRF) have demonstrated 

effectiveness in reducing the onset of MRONJ and expediting epithelization, particularly in patients 

undergoing bisphosphonate therapy (99). PRP, being rich in growth factors, and PRF, a second-

generation autologous product, play pivotal roles in modulating inflammation and enhancing immune 

responses mediated by chemotactic molecules (99). The evidence suggests that PRF may intervene 

with bisphosphonate-induced effects on osteoclasts and mucosal cells, and also because the high level 

of leukocyte content serves to combat emerging infections in sites with challenging healing processes 

and it emerges as a favorable material in oral surgery, Plasma Rich in Growth Factor (PRGF) is another 

APCs, which contains various growth factors and shows the potential to induce mitosis of target cells, 

leading to favorable outcomes (94). Clinical observations reveal that adjunctive therapy with 

leukocyte–PRF (L-PRF) during tooth extraction in oncologic patients reduces MRONJ incidence 

(100). For those reasons, it should be considered a dentist-friendly material in oral surgery in all cases 

where patients show a high risk of developing complications that can lead to infections. In patients 

with a BP history, laser use after dentoalveolar surgery showed no signs of MRONJ after six months 

post-surgery (94). The combination of L-PRF and laser in patients cured with BPs showed 

physiological wound healing after a relatively short period of one month, and none of them experienced 

MRONJ (100). 

When dealing with inflammatory-infective issues that can be resolved through endodontic or 

periodontal surgical procedures, the clinician must adhere to consistent guidelines, and this includes 

applying the same protocols that are relevant to dental extractions. The guidelines should cover critical 

aspects such as medical prophylaxis and surgical procedure guidelines (98). 
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Non-Invasive Dental Treatments: To prevent the spread of infectious processes, it is highly 

recommended that non-invasive dental treatments like restoration and root canal treatment be 

undertaken (98,101). During those treatments, the dentist should always work with rubber dam 

isolation and avoid trauma to oral mucosa due to wrong-position clamps. It is recommended not to use 

vasoconstricting anesthetic and to provide antiseptic mouthwash to reduce the bacterial load in the oral 

cavity during endodontic treatments, as well as to avoid exceeding the limits of the root canal with 

endodontic instruments and root canal filling material (101). 

Non-surgical Periodontal Therapy: Recent studies suggest that cancer patients who are at risk of 

MRONJ should receive professional oral hygiene and is indicated. Non-surgical periodontal therapy 

that is non-invasive should be carried out with caution to ensure regular removal of plaque. It is also 

important to periodically screen patients undergoing treatment to monitor their oral and periodontal 

health (102). As a result, it is essential to schedule a follow-up period of 3-4 months for patients 

undergoing high doses of treatment with ARDs and every six months for those who have early-stage 

breast cancer for CTIBL prevention (8,102). For the management, it is recommended to use 

chlorhexidine rinses with concentrations between 0.12% and 0.2% and administered 2 to 4 times a 

day, depending on the severity. It is also important to educate individuals on proper home oral hygiene 

practices, which should cover both the oral cavity and dentures. These measures can help reduce the 

risk of periodontal infection (102). 

Dental implants: It is a contraindication and is not recommended for in-treatment cancer patients to 

get dental implants due to the extensive bone manipulation that is required for placing the implant 

fixtures. Additionally, cancer patients' systemic health conditions can increase the risk of developing 

peri-implantitis, which is also a significant risk factor for MRONJ (36,95). 

Dental prostheses: It is recommended that cancer patients who use removable dental prostheses have 

a check-up every four months. During these check-ups, the goal is to constantly evaluate the fit of the 

dentures to ensure there is no compression or pressure ulcer, and it is crucial to minimize pressure on 

the oral mucosa and enhance stability (103). Additionally, it is advised that patients refrain from 

wearing their dentures for approximately 8–12 hours per day, especially during the night. When it 

comes to fixed prostheses, such as dental crowns or bridges, it is crucial to consider the biological 

width and avoid encroaching on the junctional epithelium. Ideally, supragingival prosthetic margins 

should be established to minimize trauma to the surrounding soft tissues and promote periodontal 

health (95). 
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Considerations for Orthodontics: Orthodontic treatment is viewed as an elective option. While 

concerns exist about potential drug accumulation in the jawbone, cancer patients undergoing ONJ-

related drug treatment seldom request orthodontic procedures (95). 

13 TREATMENT  

13.1 TREATMENT GOALS 

The main goals of treating patients who are at risk of developing or have established MRONJ are to 

prevent MRONJ and preserve the quality of life, and this can be achieved through patient education 

and comforting, infections and pain control, as well as preventing the spread of the lesion and the 

development of new areas of necrosis. Additionally, for oncology patients, it is essential to prioritize 

and support continued oncologic treatment for those receiving antiresorptive therapy to control bone 

pain and reduce the incidence of SREs (36). The therapy of MRONJ depends on stages or, in other 

words, the degree of development of the disease, and it can be broadly classified into two main 

approaches: conservative (non-operative) and surgical (9,62), and decisions regarding surgical versus 

non-operative treatment should be personalized to each patient and adapted to their unique 

requirements. Evaluating the risk-to-benefit ratio is crucial in this process (104). 

13.2 CONSERVATIVE TREATMENT 

The effectiveness of conservative therapies in managing MRONJ is discussed in many literatures, and 

this treatment method is based on the use of drugs to control symptoms such as pain and infection. 

Infections are common complications of MRONJ and can potentially contribute to its development. 

Therefore, non-operative is mainly recommended, particularly in the early stage of MRONJ, but 

according to the AAOMS classification update 2022, it can be useful in all stages (36,105). 

conservative therapy includes systemic antibiotic therapy in combination with antimicrobial therapy 

and oral hygiene and sometimes removal of movable bony sequestrum segments and the extraction of 

symptomatic teeth from the exposed necrotic bone, and the main goal of those treatments is 

stabilization of lesions (77,105). 

Antibiotic therapy: oral antibiotics are crucial for treating MRONJ infections. MRONJ infections are 

caused by a variety of microorganisms, including Actinobacteria, Bacteroides, Firmicutes, and 

Fusobacteria. Therefore, broad-spectrum antibiotics are recommended. In cases where oral antibiotics 

are not effective due to the presence of microorganisms that are resistant to them, intravenous 

antibiotics may be given for up to 6 weeks (9). Societies such as the AAOMS, the Italian Society of 

Maxillofacial Surgery (SICMF), and the Italian Society of Pathology and Oral Medicine (SIPMO) 

advocate for minimally invasive treatments, utilizing systemic broad-spectrum antibiotics and topical 
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antiseptics as the primary approach. However, the optimal antibiotic regimen for MRONJ treatment 

remains undefined (106). Ciobanu recommended conducting an antibiogram whenever feasible to 

guide antibiotic selection. For non-allergic patients, beta-lactams like Amoxicillin or Amoxicillin-

clavulanic acid are considered suitable. Clindamycin is suggested for allergic individuals, although 

resistance from Staphylococcus aureus and Pseudomonas mendocina may occur, necessitating 

alternative antibiotics such as Ceftazidime, Ceftriaxone, or Ciprofloxacin (106). Despite the lack of 

robust evidence, the literature suggests a treatment protocol involving antibiotic combinations such as 

Penicillin and Metronidazole as the first choice. This therapy typically lasts from 7 to 14 days at full 

dose, administered orally. Alternative antibiotics like Erythromycin, Clindamycin, or Ciprofloxacin 

may be used for patients allergic to Penicillin or Cephalosporin (105). 

Antiseptic therapy: the use of chlorhexidine mouthwashes (e.g., 0.12% non-alcoholic solution and 

0.2% alcoholic solution) is widely recommended for disinfection of the oral cavity in the presence of 

oral mucosal lesions (50). It suggests temporary use of 0.2% alcohol chlorhexidine during flare-ups of 

over-infection or in the perioperative period following oral cavity surgery. Additionally, for 

individuals with MRONJ who cannot undergo curative treatments due to certain health conditions or 

therapies, a maintenance protocol involving non-alcoholic chlorhexidine 0.12% is recommended. This 

maintenance protocol typically involves rinsing twice a day for one week per month (62). Although 

AAOMS treatment guidelines include oral lavage with chlorhexidine, it has been reported in other 

studies that this method does not effectively remove biofilm from exposed bone. Therefore, it is 

recommended to use a cotton swab or small toothbrush dipped in chlorhexidine to remove all plaque 

and debris from the exposed bone. This process is referred to as local wound care (61). 

Pain relief therapy: patients with MRONJ often experience pain, which can indicate a more advanced 

stage of the disease. When chronic neuropathic pain is being treated with NSAIDs, opioids, ketamine, 

neuroleptics, or other drugs, it should be managed by specialists in analgesic therapy to avoid potential 

intoxication or reduced efficacy over time (105). 

13.3 SURGERY TREATMENT 

It is important to note that quality of life in oncological patients is a multifactorial issue with inherent 

sources of bias and confounding factors. In the past, guidelines for managing MRONJ discouraged 

surgical intervention due to inconsistent evidence of positive results in cancer patients. However, as 

experience has grown over the years, more evidence has emerged to support the use of surgery in 

treating MRONJ for patients who have not responded to conservative treatment or are not suitable for 

them (63). Even in earlier stages of MRONJ, where necrotic bone creates a nutrient base for 

microorganisms to colonize and further progress the disease, surgery can be effective. As a result, both 
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the American and Italian boards advocate evaluating the cost-benefit ratio on a patient-specific basis 

without restricting considerations based on the MRONJ stages (62,77). Decisions should be made 

individually for each patient, considering the goals of therapy, the patient's cancer prognosis, and any 

barriers to surgery to avoid over or under-treatment, and the type of procedures is determined according 

to the clinical staging of the disease. However, avoiding surgery for all patients who have advanced 

metastatic cancer has become outdated (63). Additionally, the necrotic bone removed during surgery 

is recommended to be sent for histopathological processing, as it may uncover metastases in the jaw 

specimen. However, this occurs in only a minority of cases. (36,62). 

In the context of local surgical procedures for MRONJ, debridement and sequestrectomy are 

commonly considered. However, according to Davide De Cicco's study, those procedures should not 

be considered surgical interventions, but rather conservative therapies and surgical interventions are 

primarily categorized based on the extent of necrotic bone resection (77). However, other studies 

categorize those procedures as surgical interventions (9,62,68,105,107). Debridement is the surgical 

removal of necrotic bone tissue until a bleeding bone surface is found, and this procedure is performed 

when a viable bone is attached to the necrotic bone. On the other hand, sequestrectomy removes 

necrotic bone sequestration, a portion gradually separated from the adjacent healthy bone in some 

cases, and both operations can be performed under local anesthesia (105,107). 

Regarding extensive surgical procedures, AAOMS recommends segmental and marginal resection for 

the mandible and partial maxillectomy and alveolectomy for the maxilla (36). Segmental resection 

refers to the full-thickness removal of a skeletal segment, which interrupts its anatomical continuity, 

but marginal resection surgery involves removing only the affected tissue without disrupting the 

anatomical continuity of the bone (105). Therefore, the excision of vital margins should be carefully 

considered, especially in the initial stages, as it is associated with a higher success rate. The procedures 

will be performed under general anesthesia. It is recommended that antibiotics be prescribed before 

and after the surgery. The commonly prescribed antibiotic classes are Amoxicillin-clavulanic acid and 

extended-spectrum penicillin. Usually, patients will receive multiple courses of therapy, and the 

average duration of antibiotic administration is 28 days (77). For optimal healing outcomes in MRONJ, 

it is generally advised to perform a complete removal of necrotic bone, carefully smooth any sharp 

bony edges, and ensure thorough wound closure. Additionally, perioperative antibiotic treatment 

should be administered to help prevent infection and promote proper healing (36,63,105). 

Additional possible therapy: there are several additional possible treatments for MRONJ. These 

include ozone therapy, laser therapy, the use of growth factors combined with antibiotics to reduce the 

lesion and relieve symptoms, and hyperbaric oxygenation. However, hyperbaric oxygenation is not 
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recommended for patients with malignant diseases because it can increase circulation and encourage 

the spread of disease. According to research, taking vitamin D supplements may be a low-risk and 

low-cost way to prevent or treat MRONJ in patients with vitamin D deficiency (62). 

14 ENHANCING ANNOTATION SHEET RECOMMENDATIONS 

In full prescribing information about BPs and DNB, which is written in the annotation sheet by the 

American Food and Drug Administration, it was mentioned that "cancer patients should maintain good 

oral hygiene and should have a dental examination with preventive dentistry before treatment with 

BPs." Or "A dental examination with appropriate preventive dentistry should be considered before 

treatment with DNB in patients with risk factors for ONJ such as invasive dental procedures and 

diagnosis of cancer" (43). 

Using words such as "should" in the annotation sheet of DNB and BPs related to the treatment of breast 

cancer are non-committal words, and they are not appropriate so according to clinical guidelines in the 

pre-treatment phase expressed by Sven Ottoa (63) and Nita Singh (87) strongly recommend that it is 

essential for physicians to carry out an oral examination and take a brief dental history and it is most 

important educate patient about risk MRONJ and discuss the important of oral hygiene and dental 

treatments. The word "essential "indicates this particular action is fundamental and necessary and 

cannot be omitted without compromising the desired outcome or objective; however, using a word 

such as "should" conveys the sense to the reader that this is a recommendation or preferred under the 

circumstances and is not imply absolute necessity or obligation and there may be some flexibility or 

discretion in adhering to it. So dental examination and oral hygiene are crucial and obligatory in 

reducing the risk of MRONJ, and it is recommended to use stronger words such as "must" or 

"obligation" to emphasize the importance of this preventive measure in minimizing adverse effects 

that may occur due to these medications. 

CONCLUSION 

Medication-related osteonecrosis of the jaw (MRONJ) is a rare but serious disease that can occur in 

women with breast cancer, whether in both the metastasis or early stages. Clinical manifestations are 

based on clinical and radiograph findings, which will be categorized into four stages: during stage 0 

of Medication-related osteonecrosis of the jaw (MRONJ), patients may not show clear evidence of 

bone necrosis but may experience non-specific symptoms, and in Stage 1 bone exposure and fistulas 

may be present without any signs of infection and patients are asymptomatic, Stage 2 includes patients 

with visible symptomatic necrotic bone or with a fistula that probes to the bone with the sign of 

infection, and at end stage 3 which this severe stage involves exposed and necrotic bone, with 
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accompanying various symptoms including pathologic fracture. The pathophysiology of Medication-

related osteonecrosis of the jaw (MRONJ) is not fully clear; however, it is believed inhibition of bone 

remodeling, inhibition of angiogenesis, inflammation or infection, immune dysfunction, and genetic 

predisposition are predisposing factors. Systemic and local risk factors, such as invasive and some 

non-invasive dental treatments, anatomic factors, and periodontal disease, along with drug-related risk 

factors, all contribute to the development and severity of this disease. Therefore, understanding these 

factors is crucial for effective prevention and management strategies. The incidence of Medication-

related osteonecrosis of the jaw (MRONJ) in breast cancer patients varies depending on the type of 

antiresorptive medication used. Studies have reported higher incidence rates with drugs like 

Denosumab (DNB) compared to Zoledronic acid. However, Medication-related osteonecrosis of the 

jaw (MRONJ) is a serious condition that is not yet fully understood. Therefore, postgraduate and 

undergraduate dental students and specialists need to have a solid understanding of Medication-related 

osteonecrosis of the jaw (MRONJ), stay up-to-date on the latest research, and pay close attention to 

this side effect not only for metastatic but also for early-stage breast cancer. Guidelines for the 

management and treatment of Medication-related osteonecrosis of the jaw (MRONJ) have been 

provided to professionals to ensure proper care for cancer patients. 
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GUIDELINES FOR DENTISTS 

These instructions provide a comprehensive guide for dentists on managing cancer patients in both the pre-treatment and in-treatment phases to minimize 

the risk of developing MRONJ and ensure optimal oral health outcomes. 

Different phases of treatment   

Breast Cancer Women before any 

cancer therapy 

1. clinical examination 

1.1. assessment of the extra-oral structures for any sources of pain and infection 

1.2. Systemic assessment of the oral mucosal tissue for soft tissue pathologies 

1.3. Examination Intraoral : 

• Teeth for caries 

• Quality of existing restorations 

• Evaluation of teeth for pulpal and periapical pathologies (pulp sensitivity tests) 

• Oral Prosthesis should be checked  

• Periodontal index evaluation 

2. Radiograph Examinations 

3. Treatment protocol 

Treatment planning is guided by the dental issue's urgency, available time for treatment 

Full dental clearance protocol 

3.1. Caries prevention:  

• Consider regular use of high-fluoride toothpaste 

3.2. Dental Caries :  

• Restore all carious teeth 

• Extract non-restorable teeth, poor prognosis, retained roots 

• Replace all defective restoration 

3.3. Pulpal and periapical pathology: 

• Root canal treatment should ideally start at least 1 week before 

cancer therapy for non-vital teeth, if not possible, extraction 

should be considered. 

• Retreatment for apical periodontitis 

3.4. Periodontal disease: 

• Professional oral hygiene 

Partial dental clearance protocol 

3.1. Caries prevention: Consider regular use of high-fluoride toothpaste 

3.2. Dental Caries :  

• Treat only large or symptomatic carious teeth 

• Treat only defective restorations that are symptomatic 

3.3. Pulpal and periapical pathology: 

• Treat only symptomatic teeth with apical periodontitis and/or 

periapical lesions≥ 5 mm 

3.4. Periodontal disease : 

• Professional oral hygiene 

• Extract only teeth with severe periodontal disease (probing depth ≥ 

8mm, mobility III) 

3.5. Prosthesis: 

• Check dentures for irregularities or sharp edges and adjust 
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• Extract teeth with advanced periodontal disease (probing 

depth ≥ 6mm, furcation I, II, III, tooth mobility II-III) 

3.5. Prosthesis: 

• Check dentures for irregularities or sharp edges and adjust 

accordingly 

• Modify, disassemble, or replace fixed prosthesis if suspected 

of recurrent caries, marginal leakage, or functional problems 

3.6. Extraction: 

• Extraction should be performed typically 2 weeks before 

chemotherapy 

• For immunosuppressed patients, pre-treatment blood tests are 

important. If neutrophil counts drop below 1×109/L (<1000/mm3) 

or platelet counts below 60×109/L (<60,000/mm3), adjustments to 

antibiotics and platelet transfusions may be needed, but 

recommendations can differ. 

 

•  accordingly 

• Modify, disassemble, or replace fixed prosthesis with large or 

symptomatic caries 

3.6. Extraction: 

• Extraction at least 1 week before chemotherapy 

• Prescription antibiotics 

 

Breast Cancer Women  in the Pre-

treatment Phase 

1. Oral Examination and Patient Education 

1.1. Perform a thorough oral examination, and radiographic assessment, and gather a brief dental history from patients. 

1.2. Educate patients: 

• Promoting good oral hygiene with fluoride toothpaste and mouthwash 

• Avoiding smoking and alcohol. 

• Getting regular dental checkups every 6 month  

• Educate patients about the signs of MRONJ 

2. Dental Treatment 

2.1. Extraction is indicated for hopeless teeth or any other dental infection (4 to 6 weeks before starting using ARDs) 

2.2. Implant surgery and preimplant bone surgery are contraindications 

2.3. Other non-invasive dental procedures such as Restorative dentistry, Endodontic treatment(pay attention to avoid over or under-filled canals ), and 

non-surgical Periodontal treatments are indicated and do not need make delay in suing ARDs.  

2.4. Prosthesis and Orthodontic procedures are possible and pay attention to Individuals with full or partial dentures and any signs of irritation 

2.5. If non-invasive procedures are insufficient to treat infectious processes, studies indicate that periodontal and endodontic surgery may be warranted 

Breast Cancer Women in-treatment 

Phase 

1. Oral Examination and Patient Education 

1.1. Perform a thorough oral examination, and radiographic assessment, and gather a brief dental history from patients. 

1.2. Educate patients: 

• Promoting good oral hygiene with fluoride toothpaste and mouthwash 

• Avoiding smoking and alcohol. 

• Getting regular dental checkups every 6 months ( some studies recommend every 4 months in metastasis cases) 

• Educate patients about the signs of MRONJ 
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2. Dental Treatment 

2.1. Extraction: 

2.1. Use 0.12% chlorhexidine (CHX) seven days before the procedure and three times per day for 15 days after extraction. 

2.2. Apply gel containing hyaluronic acid three times per day for 15 days after extraction. 

2.3. Administer antibiotic therapy with Ampicillin/Sulbactam IM and Metronidazole orally, starting the day before the intervention and continuing for 

at least six days post-procedure. 

2.4. Follow specific guidelines for extraction procedures: 

• Use local anesthesia without adrenaline. 

• Perform a full-thickness flap. 

• Gently extract the tooth with minimal bone manipulation. 

• Conduct alveoloplasty of the post-extraction site if necessary. 

• Apply tension-free soft tissue closure. 

• Remove sutures between the seventh and tenth day after surgery. 

2.5. Schedule periodic clinical check-ups accurately at 3, 6, and 12 months post-extraction 

2.2. Non-Invasive Dental Treatments: 

2.2.1 Restoration and Endodontics: 

• Use a rubber dam and pay attention to position clamps. 

• Avoid vasoconstricting anesthetic. 

• Use antiseptic mouthwash during endodontic treatments. 

• Ensure not to overextend root canal instrumentation or filling materials. 

2.2.2 Non-Surgical Periodontal Therapy: 

• Regularly remove plaque. 

• Schedule follow-up appointments, every 3-4 months for breast cancer with bone metastasis and every 6 months for those in the early stage of 

cancer 

• Rinse with CHX mouthwash 0,12% or 0.2% for two or four times per day 

2.2.3 Surgical Periodontal Therapy: 

• If non-surgical procedures are insufficient to treat infection, periodontal surgery indicated 

2.2.4. Dental Prostheses: 

I.Removable Prosthesis: 

• Schedule check-ups every 4 months. 

• Recommend not wearing dentures for 8-12 hours per day, especially during the night. 

II.Fixed Prosthesis: 

• Avoid invading the junctional epithelium. 

• Establish a supragingival prosthetic margin 

2.2.4 Orthodontic Procedures: 

•       Seldom request orthodontic procedures. 

2.2.5 Implants: 

•       Not recommended for cancer patients 
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Breast Cancer Women with MRONJ Stage 0 Stage 1 Stage 2 Stage 3 

1. Conservative treatments: 

1.1. Multidisciplinary approach 

1.2. symptomatic care such as 

analgesics and  antimicrobial mouth 

rinses 

1.3. Maintaining good oral hygiene 

1.4. Periodic evaluation (every 8 

weeks to OMFS) 

 

 

 

 

 

 

 

 

1. Conservative treatments: 

1.1. Multidisciplinary approach 

1.2. symptomatic care such as analgesics 

and antimicrobial mouth rinses 

1.3. Maintaining good oral hygiene 

1.4. Periodic evaluation (every 8 weeks 

to OMFS) 

1.5. Local wound care to exposed bone 

1.6. Remove sequestrations of bone 

2. Surgical treatments: 

2.1. Marginal resection for mandible 

2.2. Alveolectomy for maxilla 

 

 

1.Conservative treatments: 

1.1. Multidisciplinary 

approach 

1.2. symptomatic care such 

as analgesics antimicrobial 

mouth rinses and antibiotic 

therapy 

1.3. Good oral hygiene 

1.4. Periodic evaluation 

(every 8 weeks to OMFS) 

1.5. Local wound care to 

exposed bone 

1.6. Remove sequestrations 

of bone 

2. Surgical treatments: 

2.1. Segmental resection for 

mandible 

2.2. Partial infrastructure 

maxillectomy 

 

1. Conservative treatments: 

1.1. Multidisciplinary approach 

1.2. symptomatic care such as 

analgesics and antibiotics 

therapy(IV/oral) 

1.3. Good oral hygiene 

1.4. Periodic evaluation (every 8 

weeks to OMFS) 

1.5. Local wound care to exposed 

bone 

1.6. Remove sequestrations of bone 

 

2. Surgical treatments: 

2.1. Segmental resection for 

mandible 

2.2. Partial infrastructure 

maxillectomy 
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