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H I G H L I G H T S G R A P H I C A L  A B S T R A C T

• Wound care and antibiotics should be 
considered in all stages of MRONJ 
patients.

• Consider surgery for symptomatic pa-
tients with sequestrum or bone abnor-
malities accompanied by recurrent 
infections.

• He’s classification stages patients based 
on radiographic and clinical traits, 
tailoring surgical procedures to each 
stage.

• Propose multidisciplinary comprehen-
sive treatment for optimal outcomes.

A R T I C L E  I N F O
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A B S T R A C T

Medication-related osteonecrosis of the jaw (MRONJ) is a side effect that occurs after treatment for systemic 
diseases. However, most institutions currently rely on empirical methods to make diagnosis and treatment plans, 
and there is a lack of consensus or guidelines for the classification, staging and treatment of MRONJ in China. To 
address this gap and improve prognosis, an expert panel representing 11 renowned domestic medical colleges 
and affiliated hospitals in China was convened. The panel made a comprehensive literature review of previous 
treatment experiences and research findings to address issues of definitions, etiology and risk factors, diagnosis, 
treatment and prevention methods. The panel concluded that the diagnosis of MRONJ can be made on the basis 
of a history of related medications and typical clinical manifestations, with either typical radiographic mani-
festations or histopathological manifestations, after excluding jaw metastasis. Surgical treatment should be 
considered for symptomatic patients with sequestrum or bone abnormalities accompanied by recurrent in-
fections, and He’s classification was considered a practical clinical MRONJ staging system. Multidisciplinary 
comprehensive treatment should be proposed to achieve optimal treatment outcomes.

1. Introduction

With advancement in cancer treatment, the survival rate of cancer 
patients has improved significantly [1,2]. The skeleton is a common site 
for metastases from several solid tumors, notably breast, lung and 
prostate cancers. Patients with bone metastasis often experience 
reduced survival rates, impaired quality of life and increased risk of 
skeletal related events (SREs), including pathological fractures [3]. 
Likewise, as population ageing becomes one of the key challenges in 21st 
century, aging-related diseases such as osteopenia and osteoporosis have 
become increasingly prevalent [4]. These conditions can also lead to 
SREs. As a result, bone-modifying agents are widely used to prevent or 
mitigate these complications.

Bone is a highly dynamic tissue that undergoes constant remodelling 
to maintain health, achieved through a delicate balance between oste-
oblast and osteoclast activity. However, bone can be particularly sus-
ceptible to cancer treatments. Beyond the direct impact of bone- 
modifying agents, other drugs—such as immunomodulators, targeted 
drugs and anti-angiogenic agents—may disrupt bone homeostasis, 
potentially leading to secondary bone diseases, such as osteonecrosis 
[5].

Medication-related osteonecrosis of the jaw (MRONJ) is defined as 
dysregulation and bone destruction in the jaw, primarily caused by 
bone-modifying agents, anti-angiogenic agents, targeted drugs or im-
munomodulators for systematic diseases, including bone metastasis and 
osteoporosis, without the history of radiotherapy. Osteoporosis patients 
treated with oral medications have a MRONJ occurrence rate of 
approximately 0.02 %–0.04 %, which increases significantly to 0.7 %– 
9% in cancer patients receiving intravenous injections [6]. The clinical 
manifestations include local redness, swelling, pain, fistula formation, 

osteonecrosis, bone exposure and even pathological fractures, leading to 
severe oral dysfunction [7]. In recent years, with the increasing use of 
bone-modifying agents and the increased incidence rate of MRONJ, the 
understanding of its pathophysiology, risk factors and therapeutic ap-
proaches has increased [8]. In 2007, 2009 and 2014, the American As-
sociation of Oral and Maxillofacial Surgeons (AAOMS) proposed 
management strategies in position papers for MRONJ patients or those 
who are at risk of developing MRONJ [9–11]. In 2022, updated research 
on pathogenesis and treatment was published [12]. Currently, the 
classification, staging, diagnosis and treatment of MRONJ in China 
mainly refer to AAOMS standards. However, the classification and 
staging of MRONJ in the AAOMS position paper, which is widely used 
currently, focus only on clinical manifestations, ignoring the importance 
of imaging findings. In addition, there are differences between Asian and 
Western populations, and medical conditions and levels vary across 
China. These limitations reduce the applicability of treatment principles 
in China. To further standardize the diagnosis and treatment of MRONJ 
and improve treatment efficiency, experts specializing in MRONJ across 
China convened a seminar. The diagnosis and treatment opinions of 
experts from 11 renowned medical colleges and affiliated hospitals were 
collected. Further revisions have been made on the basis of recent 
research findings and experiences both domestically and overseas. 
Finally, this consensus is presented and suggested as a valuable refer-
ence for clinical practice.

2. Discussion

2.1. Definition

In 2003, Marx first reported 36 cases of necrosis and bone exposure 
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of the jaw caused by BPs. To distinguish them from osteoradionecrosis of 
the jaw (ORNJ), those cases were defined as bisphosphonate-related 
osteonecrosis of the jaw (BRONJ) [13]. Four years later, the AAOMS 
established the diagnostic criteria for BRONJ: BP treatment history; 
continuous exposed necrotic bone in the oral and maxillofacial region 
for over 8 weeks; and no radiotherapy in the head and neck region [9]. A 
Canadian expert consensus suggests that 8 weeks of clinical observation 
is needed because complete soft tissue repair after bone exposure re-
quires 8 weeks [14]. In 2009, the AAOMS made adjustments to the 
definition of BRONJ. They changed the word “exposed necrotic bone” to 
“exposed bone” and added stage 0 to the classification [10]. There are no 
significant changes to the other definitions. However, this definition has 
several limitations because it relies solely on clinical manifestations and 
has no histological basis.

In recent years, continuous reports about osteonecrosis of the jaw 
caused by non-BPs, such as other bone-modifying agents and anti- 
angiogenic agents, have been published. In 2014, the AAOMS 
renamed and recast BRONJ as MRONJ [11]: medication history of anti- 
resorptive or anti-angiogenic medications; bone exposure in the jaw or 
fistula in the affected area persisting for more than 8 weeks; and no 
history of jaw bone metastatic cancer or head and neck radiotherapy. 
Compared with the definition from the 2009 position paper, the 2014 
version changed the description of “exposed bone” to “bone exposure or 
intraoral/extraoral fistula” and excluded patients with other cancerous 
jaw bone metastases.

On the basis of the 2022 update of the AAOMS position paper and the 
opinions of relevant domestic experts, this consensus defines MRONJ as 
follows: (1) previous or current treatment with bone-modifying agents, 
alone or in combination with targeted drugs, immunomodulators or 
anti-angiogenic agents; (2) presence of exposed necrotic bone in the 
maxillofacial region or continuous access of the bone surface through 
intraoral/extraoral fistula for more than 8 weeks; and (3) no history of 
radiotherapy or metastatic tumor disease in the jaw. Common medica-
tions that cause MRONJ are listed in Table 1.

2.2. Etiology and risk factors

While bone-modifying agents play a crucial role for controlling dis-
eases such as osteoporosis and bone metastasis, they can also result in 
complications such as MRONJ. Additionally, recent studies have linked 
other medications—anti-angiogenic agents, immunomodulators and 
targeted drugs—with MRONJ development [15,16]. Understanding the 
anatomical characteristics in jaw will benefit the understanding of 
MRONJ pathogenesis. Compared with other skeletal tissues, the 
jawbone is more susceptible to MRONJ because of its anatomical 
structure, physiological functions and oral microbial environment. The 
bone remodelling rate in the jawbone is faster than that in other skeletal 
tissues and is approximately 20 times greater than that in the ilium [17], 
leading to more drug accumulation in this area. Additionally, although 
the jawbone has an abundant blood supply, drugs such as BPs and other 
anti-angiogenic agents can inhibit blood flow and vascular growth, 

leading to local ischemia and an increased risk of bone necrosis [17]. 
Furthermore, the oral cavity communicates with the external environ-
ment, hosting a complex microbial ecosystem. Dental infections such as 
periodontitis, pulpitis and periapical periodontitis are common in the 
oral cavity. Trauma such as tooth extraction can result in local infection 
by oral flora, potentially triggering MRONJ. The incidence of MRONJ 
varies among countries, but with the recent widespread clinical usage of 
MRONJ-related medications, the overall incidence is increasing. 
MRONJ is difficult to treat and can severely affect patients’ quality of 
life, which has attracted increasing attention.

Currently, there are several hypotheses regarding the pathogenesis of 
MRONJ, including the bone remodelling inhibition theory, angiogenesis 
inhibition theory, microbial infection theory and immune dysfunction 
theory.

The bone remodelling inhibition theory acts as the central hypothesis 
among all theories. The bone is a highly dynamic system, which is very 
vulnerable to stimulations [5]. The balance between osteogenesis and 
bone resorption relies on the functional coupling between osteoblasts 
and osteoclasts. BPs inhibits the function of osteoclasts directly [18], 
which can be proved by the giant nonfunctional osteoclasts after long- 
time BPs usage [19]. Denosumab directly binds to RANKL, a mediator 
for osteoclast formation, and inhibit both osteoclast differentiation and 
the function of osteoclasts [18]. Some treatments targeting bone ho-
meostasis have been found effective in MRONJ treatment, such as ter-
iparatide and bone morphogenetic protein-2 (BMP-2) [20–24]. These 
results further prove the central role of bone remodelling inhibition 
theory in MRONJ occurrence.

MRONJ was firstly defined as avascular necrosis, which might be 
caused by the anti-angiogenic effects attributed to BPs [25]. The 
angiogenesis inhibition theory proposes that BPs can inhibit jawbone 
angiogenesis, causing local bone ischemia. A special type of vessel cells 
called type H endothelial cells links osteogenesis and angiogenesis [26]. 
Animal study has found the impaired skeletal angiogenesis after 
zoledronate usage, together with reduced osteoprogenitors [27]. Drugs 
that target vascular endothelial growth factor (VEGF) and related 
pathways, such as bevacizumab, can also induce bone necrosis [28], 
providing more support to this theory.

The theory of microbial infection is still under debate [29,30]. 
Although tooth extraction and implant surgery are related to more in-
cidences of MRONJ, infections including periodontitis, apical peri-
odontitis and peri-implantitis seem to be more important than invasive 
surgeries themselves [31–33]. Besides, poor hygiene and oral health 
maintenance are correlated with higher incidence of MRONJ [34]. The 
jawbone is separated from various oral microbes only by a thin layer of 
mucoperiosteum. Therefore, it is susceptible to odontogenic infection 
due to minor trauma and subsequently causes MRONJ. There is no 
specific pathogenic microbe to be found related with MRONJ yet, 
although nearly 82.18 % MRONJ lesions are presented with Actino-
myces [35]. The indigenous microbiota, however, might prevent 
MRONJ from happening [36].

Most MRONJ patients experience immune suppression, due to a 

Table 1 
Common medications that cause MRONJ.

Chemical name Product name Category Mechanism Route of administration

Zoledronate Aclasta/Tianqingyitai/Zometa Bone-modifying agent Osteoclast inhibition Intravenous injection
Alendronate Gubon Bone-modifying agent Osteoclast inhibition Oral administration
Denosumab Prolia/Xgeva RANKL inhibitor RANKL inhibitor Subcutaneous injection
Bevacizumab Avastin Anti-angiogenic agent anti-VEGF Intravenous injection
Pazopanib Votrient Anti-TKI medication anti-VEGFR Oral administration
Apatinib Aitan Anti-TKI medication anti-VEGFR Oral administration
Imatinib Glivec Anti-TKI medication Multiple targets Oral administration
Sunitinib Sutent Anti-TKI medication Multiple targets Oral administration
Methotrexate Maoxiang Immunosuppressant Immune suppression 

at low doses
Intravenous injection/ 
Oral administration

Temsirolimus Temsirolimus mTOR inhibitor Anti-mTOR Intravenous injection
Everolimus Afinitor mTOR inhibitor Anti-mTOR Oral administration
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history of long-term corticosteroid usage, malignancy or chemotherapy. 
This state may be induced either by the primary disease or by its asso-
ciated treatments. Besides, patients with immune-related systematic 
conditions, such as diabetes, are at an increased risk of developing 
MRONJ [37]. Evidence of immune dysfunction in MRONJ patients in-
cludes elevated levels of inflammatory cytokines in serum, as well as 
abnormal distribution of T cells observed in both peripheral blood and 
affected lesions [29,38]. This disrupted immune homeostasis leads to an 
imbalance in bone turnover and reduced bone remodelling, ultimately 
contributing to MRONJ development [39].

High-risk factors associated with the above hypotheses include 
medication-related factors, local factors and systemic factors, which act 
alone or in combination [12]. Potential risk factors are summarized in 
Table 2.

2.2.1. Medication-related factors
The types of medications used to inhibit bone resorption and 

metastasis in malignant tumors are closely related to the progression of 
MRONJ. Among all cases of distant metastasis of solid tumors, the bone 
metastasis rates are 70 %–88.74 % for prostate cancer, 50 %–70 % for 
breast cancer and 34.56 %–40 % for lung cancer [40–43]. Different 
mechanisms of diverse therapeutic medications lead to different inci-
dence rates and onset times. For example, the incidence rate of nitrogen- 
containing BPs is higher than that of non-nitrogen-containing BPs. 
Zoledronates are the most potent BPs for inducing MRONJ. The inci-
dence of MRONJ induced by zoledronate is approximately five times 
greater than that induced by pamidronate or ibandronate [44,45]. 
Denosumab, an antibody specifically targeting RANKL, is associated 
with a higher incidence of MRONJ than bisphosphonates alone, with a 
recent study reporting an incidence rate of 11.6 %. Additionally, pa-
tients treated with denosumab alone exhibited an earlier onset of 
MRONJ [46]. Drug combinations can also increase the incidence rate. 
Studies have shown that the combination of BPs and denosumab raised 
the incidence rate by an additional 0.7 %–4.7 % over the baseline rate 
[46–48]. The combination of bisphosphonates and anti-angiogenic 
agents increased the incidence rate to 16 %, compared to 0.3 %–0.4 % 
with anti-angiogenic agents alone [49,50].

Different routes of administration can also lead to different incidence 
rates of MRONJ. Patients receiving intravenous BPs have a significantly 
higher incidence rate than those with oral administration. The former is 
0.3 %–5% [51–53], and the latter is (0.1–0.7)/10000 [54–56]. The la-
tency period in osteoporosis patients taking BPs through oral adminis-
tration is longer than that in cancer patients receiving intravenous 
infusion [57].

The duration of medication is also related to MRONJ. The median 

time to MRONJ occurrence was 17 months to 8.4 years for cancer pa-
tients after the usage of bone-modifying agents [46,58]. For osteoporosis 
patients, the occurrence time was much longer, with the median of 5.3 
years of BP therapy [59]. For cancer patients receiving intravenous 
zoledronate for more than 2 years (4 mg/time, once/month), the inci-
dence rate is 3.8 %–18 %, which is significantly higher than that of 
patients treated within 2 years (1.6 %–4%). For patients receiving 
denosumab, the incidence rates are 1.9 % (less than 2 years) and 6.9 % 
(more than 2 years)[60]. The MRONJ recurrence rate after treatment is 
also related to the duration of medication use. The use of zoledronates 
over 18 months increases the risk of postoperative recurrence [61]. 
Furthermore, concurrent treatment with chemotherapy medications or 
corticosteroids and the combined use of corticosteroids and 
bone-modifying agents also increase the risk of MRONJ [62–65].

2.2.2. Local factors
Dental surgery is the most common risk factor for MRONJ. In 

MRONJ patients, tooth extraction is considered an event of suscepti-
bility, with a rate of 62 %–82 % [62,66,67]. In osteoporosis patients 
receiving bone-modifying agents, the incidence of MRONJ after tooth 
extraction is approximately 1 % [68], whereas it increases to 25 %–28 % 
in patients receiving bone-modifying agents for malignant tumors 
[69,70]. Notably, prior infection may play a more significant role than 
extraction itself, as demonstrated by results from animal experiments 
[31,32]. Other dental surgeries, such as implant surgery, are also 
considered risk factors for MRONJ. For example, the incidence rate of 
MRONJ following implant surgery in osteoporosis patients treated with 
denosumab is 0.5 % [68]. Peri-implantitis might be associated with the 
occurrence of the disease [33]. For cancer patients receiving bone- 
modifying agents, more caution should be taken when performing 
dental surgeries.

MRONJ can develop in both the maxilla and mandible. The incidence 
rate in the mandible is 75 %, whereas it is 25 % in the maxilla and 4.5 % 
in both jaws [62,66]. Wearing dentures, especially the ill-fitting 
removable dentures, is related to an increased risk of MRONJ in can-
cer patients receiving zoledronate [71]. In cancer patients receiving 
intravenous zoledronate, ibandronate or pamidronate, the risk of 
MRONJ development is twice that of the control group [72]. Existing 
infectious oral diseases, such as periapical or periodontal diseases, are 
also considered risk factors for MRONJ [63,66]. Half of the cancer pa-
tients with MRONJ have existing infectious oral diseases [62–73].

2.2.3. Systemic factors
The dose of drugs used for the primary disease, such as malignant 

tumors and osteoporosis, is an important parameter for assessing the risk 
of MRONJ. Owing to the larger doses used in malignant tumors, the 
incidence rate of MRONJ (<5%) is much higher than that in osteopo-
rosis (<0.05 %). Certain types of cancer also affect the risk of MRONJ 
[72–74]. For example, increased risk was observed in patients with 
prostate cancer who were injected with denosumab [74].

In addition to primary disease, age and gender are also risk factors 
for MRONJ. There are more MRONJ patients in the female population 
than in the male population, probably due to the higher incidence rates 
of primary diseases such as breast cancer and osteoporosis. The average 
age of MRONJ patients is 65.2 years, although some patients are aged 
40 years or younger. In patients under 24 years of age who receive bone- 
modifying agents for benign bone diseases, there is no increasing risk for 
MRONJ even with prolonged treatment [62,64,71–73]. The presence of 
other systemic diseases, including hypertension, diabetes and anaemia 
(haemoglobin < 10 g/dL), may also increase the risk of MRONJ [62,64].

2.3. Diagnosis

2.3.1. Clinical manifestations
The main clinical manifestations of MRONJ include the following 

[75]: ① grayish-yellow or grayish-black exposed bone with smooth or 

Table 2 
Risk factors for MRONJ.

Risk factors Contents

Medication-related 
factors

Type of drugs: anti-resorptive medications, anti-angiogenic 
medications, immunosuppressants, targeted drugs, etc.
Routes of administration: intravenous injection, oral 
administration, subcutaneous injection
Duration of medication usage
Cumulative usage

Oral-related factors Dental treatment history: tooth extraction, dental implant 
surgery, periodontal surgery
Dental trauma, defective prosthesis
Odontogenic infection
Poor oral hygiene environment

Systemic factors Gender, age
Primary diseases: multiple myeloma, lung cancer, breast 
cancer, prostate cancer, osteoporosis
Other treatments: chemotherapy
Poor lifestyle: smoking, obesity, malnutrition
Other systemic diseases: diabetes mellitus, 
hyperparathyroidism, chronic kidney
diseases, vitamin D deficiency, low calcium
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irregular edges; ② extraoral or intraoral fistulas; and ③ soft tissues 
around the rough bone surface that may exhibit redness, swelling, pain, 
ulcers or detachment. As the disease progresses, a series of typical signs 
may appear, such as pain in the affected area, numbness, space infection, 
restricted mouth opening, loosening or loss of teeth in the affected area, 
and pathological fractures, and may further lead to systemic symptoms. 
Early diagnosis of MRONJ is rather difficult. Patients often lack obvious 
and specific clinical manifestations, but some nonspecific symptoms and 
radiographic changes [76], such as maxillary sinusitis and temporo-
mandibular joint arthritis, may occur.

2.3.2. Radiographic features
Compared with ORNJ lesions, MRONJ lesions have clearer borders 

on radiographic examination. There are various radiographic features at 
different stages, including different levels of osteosclerosis. At first, it 
involves the alveolar ridge and hard palate, but extensive sclerosis can 
be observed in the late stage. Persistent loss of alveolar ridges also oc-
curs, with disorganized trabecular bone structures. Diffuse lytic 
destruction of bone and sequestration are also common. Signs such as 
soft tissue masses and periosteal reactions are relatively rare and are 
usually associated with concurrent infection.

The latest guidelines from the AAOMS summarize the radiographic 
features of MRONJ. The features of X-rays include the following: ① 
Absent or delayed bone remodelling at extraction sites; ② alveolar bone 
defects and resorption unrelated to periodontal disease; ③ regional 
sclerosis of the alveolar bone and surrounding bone; ④ blurring and 
thickening of the periodontal ligament; ⑤ irregular bone destruction, 
changes in the trabecular pattern or sequestrum formation; and ⑥ 
Oroantral fistula. Increased radiodensity of cancellous bone on CT is a 
good indicator for detecting early bone necrosis. Magnetic resonance 
imaging (MRI) can be utilized to assess bone marrow changes and 
identify bone changes before the acute stage of osteomyelitis [77].

This consensus suggests that comprehensive preoperative radio-
graphic examination is essential and offers important reference value for 
assessing the extent of jaw necrosis. The characteristic imaging features 
and practice recommendations in MRONJ patients are summarized in 
Table 3.

2.3.3. Histopathological features
The pathology of MRONJ mainly manifests as bone necrosis and 

osteomyelitis. Large volumes of sequestrum formation are usually 
observed with skeletal cell disappearance and empty lacunae. Occa-
sionally, osteoclasts are visible on the sequestrum surface. The seques-
trum is often surrounded by microbial colonies, inflammatory 
granulation tissue or squamous epithelium. The bone tissue adjacent to 
the sequestrum shows obvious manifestations of osteomyelitis without 
typical necrosis. Osteoclasts and osteoblasts are active, and alkaline blue 
reversal lines can be observed on the bone surface. Fibrosis and vascular 
proliferation occur between trabeculae, tissue edema and lymphocyte 
infiltration. Reactive new bone is formed on the cortical surface. Path-
ologically, MRONJ lesions can be divided into inflammatory zones, 
sclerotic zones and reactive bone zones. There is free sequestration in 
inflammatory zones. Sclerotic zones, which surround inflammatory 
zones, contain varying degrees of empty lacunae and have poor or ab-
sent vascularity. Reactive bone zones are located between sclerotic 
zones and normal bone tissues, which have active osteogenesis and 
osteoclastic activity [77]. Histopathological examination is an impor-
tant reference to support the clinical diagnosis and differentiation of 
diseases such as ORNJ. Considering that MRONJ patients have poor 
postoperative wound healing ability, biopsy is generally not recom-
mended. However, if any indication of malignancy is detected during 
comprehensive clinical and radiographic evaluations, biopsy should be 
promptly performed.

2.3.4. Diagnostic criteria
① History of bone-modifying agents, anti-angiogenic agents, tar-

geted drugs or immunomodulators, without a history of head and neck 
radiotherapy. ② Persistent presence of the following typical clinical 
symptoms and signs for more than 8 weeks: inflammatory swelling of 
maxillofacial soft tissue, local purulent discharge, pain, numbness of the 
lower lip, chronic nonhealing wound, fistula formation, bone exposure, 
sequestrum formation, restricted mouth opening, etc. ③ No bone 
metastasis was detected, as confirmed by clinical and radiographic as-
sessments before surgery and histopathological examinations afterward, 
with biopsy considered if needed. ④ Typical radiographic manifesta-
tions of MRONJ: X-ray reveals osteopenia, bone destruction, defects, 
sequestrum formation, or pathological fractures. CT scans revealed 
diffuse bone sclerosis, patchy and moth-eaten bone absorption areas, 
cortical bone destruction, periosteal proliferation or pathological frac-
tures. Inflammatory central areas of the mandible mainly manifest as 
bone resorption, with or without sequestrum separation, peripheral 
bone proliferation, increased bone marrow cavity density, unclear 
mandibular canal image, etc. In the maxilla, sequestrum and soft tissue 
inflammation within the maxillary sinus are more common. ⑤ Histo-
pathological manifestations: Hollow lacunae and different degrees of 
fibrosis and inflammatory cell infiltration within the bone marrow 
cavity of the sequestrum center, around which there are abundant os-
teoclasts and osteoblasts. Electron microscopy revealed osteocyte 
shrinkage, organelle disappearance, and chromatin condensation in the 
cell nucleus as well as collagen fibre dissolution and degeneration in the 
bone matrix. The diagnosis of MRONJ can be made with criteria ①, ②, 
and ③, along with either ④ or ⑤.

2.3.5. Differential diagnosis
In clinical practice, it is often necessary to differentiate MRONJ from 

pyogenic osteomyelitis and ORNJ. Some cases in the mandible also need 
to be differentiated from jaw metastatic carcinoma. Differential diag-
nosis can be made on the basis of medical history, imaging, clinical 
manifestations and histopathological features, with medical history 
being the key point. Patients with MRONJ all have a clear history of 
relevant drug usage, so maxillofacial surgeons should ask carefully 
about their past medical history and medication history. The differential 
points between MRONJ, pyogenic osteomyelitis of the jaw, ORNJ and 
jaw metastatic carcinoma are shown in Table 4.

Table 3 
Usage recommendations of radiographic examinations for MRONJ.

Examination Recommendations and characteristics

Panoramic 
radiograph

More structures for diagnosis compared with periapical film. 
Manifestations include increased density of trabecular bone, 
incomplete healing of extraction socket, sequestrum formation 
and thickening of the cortical bone around the inferior alveolar 
canal or the floor of the maxillary sinus. Can be considered as 
one of the initial imaging screening options.

Spiral CT/CBCT Typical pathological changes include diffuse osteosclerosis, 
osteolytic area formation, destruction of cortical bone, 
periosteal proliferation, fistula formation and incomplete 
healing of extraction sockets. Generally, the area displayed by 
imaging exceeds the clinically exposed region. CBCT is 
superior to spiral CT in terms of observing bone changes, as it 
provides clearer visualization of trabecular bone and has a 
lower radiation dose, although it cannot measure CT values. 
Spiral CT can be used to assess maxillary sinus inflammation 
and changes in the muscle spaces around the mandibular 
ramus.

MRI Signal changes in bone marrow: low signal intensity on T1WI 
and high signal intensity on T2WI. 
Surrounding soft tissue lesion changes: low signal on T1WI and 
high signal on T2WI and fat-suppressed images. 
MRI has an advantage in evaluating early bone marrow 
changes and the soft tissue changes around the area of bone 
necrosis. Signal intensity signal decrease in marrow may be 
observed before clinical symptoms.

PET-CT There is early radionuclide accumulation. After sequestrum 
formation, there is a characteristic decrease in radionuclide 
uptake. It is highly sensitive for detecting early-stage disease.
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2.4. Classification and staging

To facilitate the severity grading of MRONJ, the classic four-stage 
classification method was proposed by the AAOMS in 2009 [10]. It 
was revised in 2014 [11] to guide clinical diagnosis and treatment more 
accurately: Stage 0, no apparent clinical manifestation of osteonecrosis, 
without specific symptoms or radiographic abnormalities; Stage I, 
exposed bone or skin fistula that can be probed to bone without apparent 
infection or other clinical symptoms; Stage II, exposed bone or skin 
fistula through which can be probed to bone, with local infection or 
corresponding clinical symptoms; Stage III, exposed necrotic bone or 
skin fistula that can be probed to bone with symptoms such as pain and 
infection, accompanied by at least one of the following manifestations: 
necrotic bone extending beyond the alveolar bone, bone lesion reaching 
the mandibular inferior border or maxillary sinus, pathological fracture, 
extraoral skin fistula or intraoral communicating fistula. After the 
concept of Stage 0 was proposed by the AAOMS in 2009, some organi-
zations subsequently added Stage 0 to the MRONJ clinical guidelines 
[82–84]. However, the definition of Stage 0 has been a controversial 
issue in academia. Therefore, the 2022 update from the AAOMS clearly 
states that “Stage 0″ refers only to suspected bone necrosis in high-risk 

MRONJ patients and is not a diagnostic criterion for MRONJ. There-
fore, the AAOMS still retains the existing (2014 AAOMS) classification 
system [11] without any modifications. Currently, the most common 
staging systems for MRONJ include the AAOMS staging system [12], the 
Common Terminology Criteria for Adverse Events (CTCAE) 5.0, the ONJ 
staging system developed by the International Task Force in 2017, and 
Italian position paper developed by the Italian Societies of Oral Pa-
thology and Medicine and of Maxillofacial Surgery (SIPMO-SICMF) 
[85]. With increasing reports of various clinical manifestations, radio-
graphic features and treatment modalities of MRONJ, the limitations of 
the classic AAOMS four-stage grading system have gradually been 
revealed. The position paper from SIPMO-SICMF adopted a clinical- 
radiological staging system, which combines both the radiological and 
clinical manifestations, revealing clearer standards for clinicians.

This expert panel highlights the importance of early surgery for any 
MRONJ patients if condition permits. Therefore, this panel attached 
great importance to imaging tests, which manifest the border and range 
of the lesion. In 2020, He Yue et al. proposed a new clinical staging 
system for MRONJ (He’s classification) based on the basis of the imaging 
findings, clinical characteristics and surgical treatment experience of 74 
MRONJ patients, combined the AAMOS staging system and previous 

Table 4A 
Differential diagnosis of pyogenic osteomyelitis of the jaw, ORNJ, MRONJ and metastatic carcinoma.

Objects Pyogenic osteomyelitis 
of the jaw

ORNJ MRONJ Metastatic carcinoma

Medical history Odontogenic or injury- 
inducing infection

Radiotherapy for head and 
neck cancer

Related medication treated for bone metastasis of 
malignant cancer, multiple myeloma, 
rheumatoid diseases, osteoporosis

Malignant cancer in other organs

Clinical 
manifestations

Swelling and congestion 
in buccal and facial soft 
tissues

Redness, stiffening and 
desquamation in skin

Pain and swelling around the lesion Mucosal ulcer or soft tissue mass

Severe throbbing pain Ulcer and necrosis of the oral 
mucosa with chronic 
purulent discharge

Bone exposure, fistula or purulent discharge Pain

Affected tooth Possible formation of 
sequestered bone

Loose or lost teeth within the lesion region Loose tooth

Fistula formation and 
purulent discharge

 Skin numbness Lower lip numbness

Possible formation of 
sequestered bone

 Interstitial infection Trismus

  Mouth opening limitation Facial paralysis
  Possible formation of sequestered bone Temporomandibular symptoms occur in 

those who have metastasis in 
temporomandibular joints [78,79].

  Pathological fracture 
Radiographic 

characteristics
Affected teeth with 
significant periosteal 
reaction

Bone resorption and 
destruction within irradiated 
region

Different levels of bone sclerosis in early stage, 
with low density of bone destruction lesion 
concurrently or subsequently. Sequestrum 
formation.

Periosteal reaction, bone structure changes 
and soft tissue lump formation.

Diffused bone 
destruction

CT manifestation can be divided into 3 
categories: osteolytic, osteogenic and mixed 
types.

Table 4B 
Differential diagnosis of pyogenic osteomyelitis of the jaw, ORNJ, MRONJ and metastatic carcinoma.

Objects Pyogenic osteomyelitis of the jaw ORNJ MRONJ Metastatic 
carcinoma

Pathological 
characteristics

Purulent foci with bone destruction: Moth- 
eaten pattern of bone resorption

Degeneration and necrosis of 
the bone:

Osteonecrosis, inflammation and infection: Consistent with 
the primary tumor

Sequestrum formation Rough, disappeared or fractured 
lamellar bone structure

Diffused bone destruction

Inflammatory granulation tissue around the 
bone

Absence of osteocytes Sequestrum formation with alkaline blue reversal 
lines Inflammatory granulation tissue is formed 
within trabecular bone

Infiltration of inflammatory cells Sequestrum formation Inflammatory cell infiltration
 Inflammatory cell infiltration Flora formation
 Significant fibrosis can be seen 

Infection flora Staphylococcus aureus, Hemolytic streptococci, 
Streptococcus pneumoniae, Escherichia coli, 
Proteus, etc. [17]

Klebsiella, Pseudomonas 
aeruginosa, Staphylococcus 
aureus, etc. [80]

Bacteroidetes, Spirochaetes, Synergistetes, 
Tenericutes, etc. [81]
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case reports domestically and overseas, and provided corresponding 
treatment strategies at the same time [86]. This study demonstrated the 
feasibility and effectiveness of debridement for Stage IA and IIA patients. 
However, it was not applicable for Stage IB and IIB patients without 
clear boundaries. The definition of Stage 0 in He’s classification differs 
from that in AAOMS staging. This clinical staging system accurately and 
objectively describes the clinical characteristics and severity of MRONJ 
patients, providing guidance for treatment plans. After discussion with 
experts, this consensus adopts this type of clinical staging (Table 5).

2.5. Treatment

2.5.1. Treatment Goals
The objectives of treating MRONJ include relieving pain, managing 

infections in both soft and hard tissues, preventing lesion enlargement, 
and collaborating with the treatment of primary diseases such as cancer, 
ultimately improving patients’ quality of life. Once diagnosed with 
MRONJ, oral maxillofacial doctors need to collaborate with specialists 
in internal medicine, oncology and infectious diseases to develop a 

treatment plan together.

2.5.2. Nonsurgical treatment

2.5.2.1. Antibiotics. Systemic antimicrobial therapy for MRONJ can be 
divided into prophylactic and therapeutic types. Therapeutic treatment 
mainly targets severe local infection symptoms and systemic infection 
symptoms. Ideally, antibiotics should specifically target bacteria 
without side effects and high costs [87]. They should not only have 
bactericidal effects on residual bacteria but also inhibit the development 
of mutant bacteria due to prolonged wound exposure. The recom-
mended therapeutic antibiotics for MRONJ patients include penicillin, 
amoxicillin, metronidazole, quinolones, clindamycin, doxycycline, 
erythromycin, ciprofloxacin and sitafloxacin [88,89]. Monotherapy 
with antibiotics can effectively reduce the microbial population at the 
lesion site, but polypharmacy may sometimes be necessary [90]. Owing 
to differences in the infectious microbial flora and individual variations, 
effective antibiotic selection should be based on bacterial culture, sus-
ceptibility test results and local bacterial epidemiology. The oral 
microbiome also includes fungi, most of which are Candida albicans, in 
addition to bacteria. Disruption of the oral microbiome balance can lead 
to secondary fungal infections and exacerbate bone tissue damage. 
Therefore, combined antifungal therapy may be necessary. Therapeutic 
antibiotic use should continue until relevant signs and symptoms are 
relieved or eliminated. The suggestions of antibiotic usage are discussed 
later in 2.8.3.

2.5.2.2. Hyperbaric oxygen therapy (HBOT). Hyperbaric oxygen ther-
apy (HBOT) promotes capillary proliferation, increases effective tissue 
oxygen levels, accelerates collateral circulation formation and enhances 
leukocyte activity. In recent years, HBOT has been used as an adjuvant 
therapy for osteomyelitis, ORNJ and other diseases. HBOT provides 
reactive oxygen and nitrogen by producing substrates for nitric oxide 
synthase (O2 and L-arginine) and producing superoxide radicals. These 
reactive oxygen and nitrogen species are signals for osteoclast activation 
and differentiation [91–94]. Therefore, HBOT is considered a potential 
treatment modality for MRONJ [95]. HBOT twice a day at 2 atm for 2 h 
per session can shorten the MRONJ healing time, alleviate pain and 
improve quality of life [[96]. However, the use of HBOT still remains 
controversial. Although 68 % patients improved their symptoms with 
the average time of 39.7 weeks, only 52 % patients archived complete 
gingival healing [96]. Doctors should weigh the high costs against the 
limited therapeutic benefits before recommending this treatment.

2.5.2.3. Pentoxifylline and vitamin E. The combination of pentoxifylline 
(PEN) and vitamin E (tocopherol, TO) (PENTO) has been used for many 
years to treat osteoradionecrosis. Given its significant efficacy, some 
scholars have also explored its use in treating MRONJ. In a case series, it 
was reported that 74 % in area of bony exposure decreased after treat-
ment [97]. The recommended doses are PEN 400 mg, bid, and TO 
400–500 IU, bid [97,98].

2.5.2.4. Teriparatide. Teriparatide is a synthetic peptide of parathyroid 
hormone commonly used to treat refractory osteoporosis. In recent 
years, it has been used to treat MRONJ. It regulates osteoblast and 
osteoclast differentiation through the Wnt and RANK/RANKL signalling 
pathways and modulates bone immunity by influencing T cells [20]. 
Eight weeks of continuous teriparatide application can improve symp-
toms of bone necrosis and reduce lesion size [21,99]. In a controlled 
randomized study, 45.4 % lesions were resolved by 52 weeks, compared 
with 33.3 % in the placebo group [22].The use of these methods suc-
cessively for 6 months to one year can lower the clinical stage 
[100,101]. The recommended dosage is 20 μg per day for at least 8 
weeks through subcutaneous injection, with adjustments based on bone 
healing conditions [21,101]. However, teriparatide can have a tumor- 

Table 5 
Classification and treatment strategy for MRONJ.

Classification 
and staging

Definitions Treatment strategy

Stage 0 No significant bone abnormalities 
in radiographic examination. 
Clinical manifestations include 
unhealing extraction sockets, 
loose teeth or bone exposure in 
the premise of excluding 
periodontal diseases.

Conservative therapies or 
local debridement

Stage I Radiographic manifestations are 
as follows: bone abnormalities 
above mandibular nerve tube or 
the line connecting two mental 
holes in the mandible; bone 
abnormalities not penetrating 
into maxillary floor or nasal floor 
in the maxilla



Stage IA Localized lesion with clear 
boundaries between sequestrum 
and normal bone

Debridement

Stage IB Diffused lesion without clear 
boundaries between sequestrum 
and normal bone

Mandibular marginal bone 
resection/partial 
maxillectomy

Stage II Radiographic manifestations are 
as follows: bone abnormalities 
extending to mandibular nerve 
tube or the line connecting two 
mental holes in the mandible; 
bone abnormalities penetrating 
into maxillary floor or nasal floor 
in the maxilla, but not reaching 
infraorbital foramen



Stage IIA Localized lesion with clear 
boundaries between sequestrum 
and normal bone, without 
maxillary sinus inflammation in 
the maxillary lesion

Debridement

Stage IIB Diffused lesion without clear 
boundaries between sequestrum 
and normal bone, with significant 
maxillary sinus inflammation in 
the maxillary lesion

Mandibular segmental 
resection + reconstructive 
surgery/ 
partial maxillectomy +
mucosal extirpation

Stage III Radiographic manifestations are 
as follows: bone abnormalities 
extending to the inferior border of 
the mandible; bone abnormalities 
penetrating infraorbital foramen, 
with or without reaching orbital 
floor or skull base, including 
maxillary sinus inflammation or 
not.

Mandibular segmental 
resection + reconstructive 
surgery/ 
partial, subtotal or total 
maxillectomy + mucosal 
extirpation
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promoting effect, so it should be avoided in MRONJ caused by tumor 
therapy.

2.5.2.5. Ozone and low-level laser therapy. Ozone and laser therapy 
were both promising adjuvant therapies in the medical field. As a strong 
oxidizing agent, once after application, ozone can produce multiple 
biological effects, such as infection control and pain management. There 
was a controlled randomized clinical trial about the preventive effect 
after tooth extraction in patients treated with MRONJ-related drugs. 
After intra-mucosal perialveolar injections of oxygen-ozone mixture, a 
significant improvement in wound healing was detected both in the 
inflammatory phase and proliferative phase [102]. In a case series, after 
20 application ozone infiltration therapy together with debridement, 81 
% lesions archived total remission [103]. However, while case series and 
animal studies has shown the potential of ozone therapy, there still lacks 
solid evidence of the positive therapeutic effect of ozone [103,104].

Low-level laser therapy (LLLT) uses lasers to produce reactive oxygen 
species (ROS), modulate the inflammatory level within the tissue, 
inducing microbial death and promoting healing [105]. Different types 
of laser were used in previous studies, such as diode laser, GaAs diode 
laser and Nd:YAG laser. Sessions between 2 and 10 were adapted with 
the frequency of every 2 days, weekly or monthly [106]. LLLT can 
alleviate pain, edema and reduce lesion size. Together with antibiotics 
and surgical therapy, 89 % lesions achieved clinical improvement 
[107,108]. However, there still lacks high quality study evaluating the 
therapeutic effects of LLLT.

2.5.3. Surgical treatment

2.5.3.1. Indications and Contraindications for surgical treatment. This 
consensus holds the view that surgical treatment should be considered 
for symptomatic MRONJ patients with sequestrum or bone abnormal-
ities accompanied by recurrent infections. However, surgery should not 
be performed in patients with the following conditions: ① unstable 
cancerous bone metastasis and ② complicated systemic diseases for 
which anaesthesia is not feasible.

2.5.3.2. Debridement. For patients with clear boundaries between the 
lesions and surrounding bone tissues or with free sequestration from 
normal bone tissues by mucosal soft tissues, removing the sequestrum 
only is sufficient for surgical intervention. Debridement precautions 
include removal of abnormal bone and soft tissues as well as tight su-
turing of soft tissues or packing with iodophor gauze strips. Platelet 
concentrate products can be used concurrently during surgery to 
improve the efficacy of surgery (80 %–100 %) [109–113]. Debridement 
is suitable for patients classified as Stage IA or IIA according to He’s 
classification.

2.5.3.3. Partial maxillectomy. Partial maxillectomy is necessary for 
cases in which the maxilla has no clear boundary between abnormal and 
normal bone tissue because the lesion cannot be removed by simple 
debridement. MRONJ in the posterior maxillary area often leads to 
maxillary sinusitis due to lesion penetration into the maxillary sinus 
floor [114]. For patients with maxillary sinusitis, mucosal extirpation 
can be performed concurrently to reduce local inflammation, promote 
wound healing and prevent lesion progression. For patients without 
maxillary sinusitis, partial maxillectomy alone is sufficient. Partial 
maxillectomy is suitable for patients classified as stage IB or IIB, and 
some patients classified as stage III according to He’s classification are 
selected.

2.5.3.4. Total or subtotal maxillectomy. For patients with diffuse 
maxillary sequestration accompanied by significant maxillary sinusitis 
or maxillary bone changes penetrating the infraorbital foramen, orbital 
floor or skull base, subtotal or total maxillectomy may be chosen on the 

basis of the extent of the lesion. For stage III maxillary MRONJ patients, 
due to the unique anatomical morphology of the maxilla and the 
possible involvement of the zygomatic bone, maxillary sinus and nasal 
cavity, complete lesion resection may cause facial collapse and seriously 
affect quality of life. Local pedicled soft tissue flaps, free vascularized 
flaps and prostheses can be used to repair defects and improve oral-nasal 
fistula, speech intelligibility and aesthetic outcomes [115,116]. Subtotal 
or total maxillectomy is suitable for patients classified as Stage III ac-
cording to He’s classification.

2.5.3.5. Mandibular marginal bone resection and partial resection. For 
patients without clear boundaries between abnormal and normal bone 
tissues in the mandible, marginal resection or partial resection is 
needed. In addition to removing the lesion, a portion of healthy bone is 
scraped off until fresh blood is observed. The following points should be 
noted: ① Tension-free tight sutures of the wound should be used. ② 
Every effort was made to protect the inferior alveolar neurovascular 
bundle. Mandibular marginal bone resection and partial resection are 
suitable for patients classified as stage IB according to He’s 
classification.

2.5.3.6. Mandibular segmental resection. For patients with lesions 
extending beyond the inferior alveolar nerve canal, mandibular 
segmental resection is preferable to partial mandibular resection. For 
patients who are in poor condition and not suitable for bone or soft 
tissue flap reconstruction, a simple option of bone resection is followed 
by the use of a titanium plate to connect the ends [117]. For patients in 
relatively good condition, reconstructive surgery may be performed. 
Vascularized bone tissue flaps are preferred for mandibular recon-
struction because they not only restore the shape of the mandible but 
also offer the possibility for subsequent dental restoration. For patients 
who are not suitable for bone flap repair, soft tissue flap repair may be 
performed. If there is a deficiency in soft tissue volume, a combination of 
a genioglossus flap or submandibular gland transposition may serve as a 
supplement [118]. For complex defects with significant deficiencies in 
both soft and hard tissues, a combined approach involving both a vas-
cularized bone tissue flap and a soft tissue flap may be performed when a 
single flap is insufficient. Mandibular segmental resection with or 
without reconstruction is applicable to patients classified as Stage IIB or 
III according to He’s classification.

2.5.3.7. Determination of surgical resection margins. Determining the 
surgical resection margins during surgery has always been a challenge in 
the treatment of MRONJ. Incomplete removal of lesions may lead to 
aggravation or recurrence [119]. Although radiographic examinations 
can reveal the extent of the lesion, the actual condition is often more 
severe than indicated by imaging studies [120]. For patients with 
localized lesions, the boundary can usually be determined after 
removing the necrotic bone. For patients with diffuse lesions, the 
boundary of normal bone needs to be judged on the basis of the blood 
supply.

2.6. Multidisciplinary comprehensive treatment

MRONJ patients often have complex systemic diseases such as ma-
lignancies, so a multidisciplinary comprehensive treatment plan should 
be proposed during treatment. In 2019, the Multinational Association of 
Supportive Care in Cancer (MASCC), the International Society of Oral 
Oncology (ISOO) and the American Society of Clinical Oncology (ASCO) 
developed the “MASCC/ISOO/ASCO Clinical Practice Guidelines for 
Medication-Related Osteonecrosis of the Jaw”, which emphasizes the 
necessity of multidisciplinary treatment (MDT) during the management 
of MRONJ. The guidelines describe the MDT approach for MRONJ. 
When cancer patients visit general hospitals, oncologists and oral 
maxillofacial surgeons can hold consultations, communicate about the 
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patient’s condition and develop treatment plans collaboratively [8,121]. 
This consensus further proposes recommendations on the basis of the 
previous guidelines. For cancer patients with MRONJ, an MDT clinical 
management system, including oncologists, oral maxillofacial surgeons, 
nutritionists, infectious disease specialists, radiologists and rehabilita-
tion physicians, should be established. To decrease the risk of MRONJ 
development, oncologists should contact oral maxillofacial surgeons to 
conduct comprehensive oral examinations and treatments before pre-
scribing medication. For cancer patients diagnosed with MRONJ, oral 
maxillofacial surgeons should communicate with oncologists to under-
stand the patient’s tumor progression, overall health status and medi-
cation history. Moreover, oncologists should assess the necessity of 
continuing medication. Finally, physicians from various departments 
within the system should collaborate to develop treatment plans and 
rehabilitation protocols to achieve optimal treatment outcomes.

The optimal duration of drug holiday around surgery has been a 
longstanding concern for multidisciplinary physicians. This consensus 
suggests that relevant medication should be discontinued for at least one 
month after the confirmation of well-controlled systemic diseases in 
consultation with specialties and ensuring all blood test indicators are 
within normal ranges before the operation.

2.7. Evaluation of therapeutic effects

After carefully discussion between previous studies, local conditions 
and expert experiences, the consensus have decided the evaluation 
schedule and standard [85]. Patients with MRONJ should all undergo 
regular follow-up after surgery, with evaluations every 3 months within 
the first year and every 6 months thereafter. This consensus suggests the 
use of “cure”, “improvement”, “stabilization” or “progression” to eval-
uate therapeutic effects. Preliminary evaluation of therapeutic effects 
should be conducted three months after surgery, followed by a stability 
assessment one year after surgery (Table 6) [8].

2.8. Prevention

2.8.1. Oral maintenance and prevention before the use of related 
medications

Dentists should conduct a thorough oral check-up and provide any 
necessary treatment before starting medication therapy. By using clin-
ical and imaging examinations, the conditions of the periodontium, 
dental pulp, periapical region, denture wear and presence of soft tissue 

inflammation should be assessed. Caries should be filled, and teeth that 
cannot be retained should be extracted. Periodontal treatment, sharp 
bone spur trimming and denture adjustment should also be performed. 
Additionally, dental professionals should assess patients’ enthusiasm for 
oral prevention and their knowledge of oral care, providing guidance on 
effective oral hygiene practices such as proper tooth brushing as well as 
flossing and mouthwash use [122].

2.8.2. Oral maintenance and prevention during medication usage
After initiating MRONJ-related medications, patients should main-

tain good oral hygiene habits and undergo regular follow-up to detect 
and treat oral diseases as early as possible, thereby preventing the 
occurrence of MRONJ. Although clinicians should carefully consider 
invasive surgeries such as tooth extraction, currently, there is no evi-
dence to suggest that discontinuing medication therapy will alter the 
risk of MRONJ after tooth extraction. Therefore, a history of MRONJ- 
related medication usage is not an absolute contraindication for tooth 
extraction. Physicians need to communicate with patients fully about 
the risks and benefits of surgery and decide whether to suspend medi-
cation use [123].

2.8.3. Prophylactic use of antibiotics
Prophylactic antibiotic use is primarily aimed at patients undergoing 

MRONJ surgical treatment to prevent postoperative wound infections 
and ensure normal wound healing. The recommended antibiotics 
include cephalosporins or amoxicillin/sulbactam combined with oral 
metronidazole. Azithromycin can be used as an alternative for those 
allergic to cephalosporins [124,125]. Prophylactic antibiotic use in the 
perioperative period of tooth extraction significantly reduces the 
occurrence of MRONJ in patients receiving BP treatment [126]. Bacteria 
cultured from infected soft tissues around MRONJ lesions and treated 
with sensitive antibiotics can prevent MRONJ recurrence and reduce the 
number of surgical interventions [127].

3. Conclusion

This consensus gathers the opinions of experts from 11 medical 
colleges and affiliated hospitals in China. After discussions, consensus 
has been reached on seven aspects of MRONJ, including its history and 
definition, etiology and risk factors, diagnosis, classification and staging, 
treatment, and evaluation of therapeutic effects and prevention. It is 
hoped that these viewpoints can be widely used in clinical practice and 
guide clinicians during treatment. As research progresses, the under-
standing of MRONJ will become deeper, and new treatment methods 
will be widely applied. This consensus will also be revised in a timely 
manner to effectively guide clinicians in standardized diagnosis and 
treatment.
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Table 6 
Terms used to evaluate the therapeutic effect of MRONJ.

Effect Wound 
healing

Pain Infection Radiographic 
manifestation

Cured Complete 
healing

No pain No 
inflammation 
or infection

Normal 
trabecular 
bone structure 
without 
sequestrum

Improved Significant 
improvement

Significant 
alleviation

No 
inflammation 
or infection

Improved 
trabecular 
bone structure 
without 
sequestrum

Stable Mild 
improvement

Mild 
alleviation

Mild 
inflammation 
or infection

No 
improvement 
in trabecular 
bone structure 
without 
sequestrum

Progression Deterioration 
or no 
improvement

Deterioration 
or no 
improvement

No 
improvement

Decreasing 
trabecular 
bone with 
sequestrum or 
osteolytic 
changes
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B. Walch, J. Lercher, C. Iannetti, E. Wöll, A. Pechlaner, A. Zabernigg, B. Volgger, 
M. Castellan, O.T. Andraschofsky, A. Markl, M. Hubalek, M. Schnallinger, 
S. Puntscher, U. Siebert, S. Schönherr, L. Forer, E. Bruckmoser, J. Laimer, 
Incidence of Medication-Related Osteonecrosis of the Jaw in Patients With Breast 
Cancer During a 20-Year Follow-Up: A Population-Based Multicenter 
Retrospective Study, J. Clin. Oncol. (2024) JCO2400171, https://doi.org/ 
10.1200/JCO.24.00171.
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