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Abstract (J Korean Assoc Oral Maxillofac Surg 2025;51:333-353)

With a rapidly aging population and increasing use of antiresorptive agents, medication-related osteonecrosis of the jaw (MRONJ) represents a grow-
ing clinical challenge worldwide. To address the need for tailored clinical guidance, a multidisciplinary task force was convened. Five Korean academ-
ic societies—the Korean Society for Bone and Mineral Research, the Korean Association of Oral and Maxillofacial Surgeons, the Korean Association
of Maxillofacial Plastic and Reconstructive Surgeons, the Korean Society of Osteoporosis, and the Korean Endocrine Society—collaborated to develop
this position statement. The consensus was formulated through comprehensive reviews of literature, combined with three rounds of formal surveys
to consolidate expert opinion on controversial topics. This position paper provides evidence-based clinical guidelines for the prevention, diagnosis,
and management of MRONI tailored to the Korean healthcare environment. The diagnostic criteria affirm the standard definition but add a provision
for diagnosis based on clinical or radiographic evidence of necrotic bone, even if the traditional 8-week timeframe has not been met. The committee
advocates for retaining Stage 0 in the staging system to emphasize early detection and preventive intervention. Key recommendations include prescrip-
tive, drug-specific guidelines for prophylactic drug holidays (e.g., a 2-month pause for oral bisphosphonates; timing surgery 3-4 months after the last
denosumab injection) to minimize MRONJ risk from dental procedures. This statement also provides a clear framework for therapeutic drug holidays
in established MRONJ, carefully balancing the need for jaw healing against systemic fracture risk. For treatment, this statement advocates for early and
active surgical intervention across all MRONI stages, supported by evidence of superior long-term outcomes compared to conservative management.
This position statement offers a unique, evidence-based Korean clinical practice guideline for managing MRONJ. It is intended to standardize care,

reduce clinical confusion, and ultimately improve patient outcomes by providing a clear framework for decision-making.

Key words: Medication-related osteonecrosis of the jaw, Bisphosphonates, Denosumab, Osteoporosis, Drug holiday, Guideline, Prevention
[paper submitted 2025. 10. 3 / revised 2025. 11. 11 / accepted 2025. 11. 17]

|. Introduction

South Korea is experiencing one of the world’s most rapid
demographic shifts towards a super-aged society, a trend that
has profound implications for public health. This aging popu-
lation has led to a high prevalence of osteoporosis; accord-
ing to the Korea National Health and Nutrition Examination
Survey (2008-2011), 22.4% of the population aged 50 and
over has osteoporosis, affecting approximately one in five
adults in this age group'. The clinical sequelae of this disease
are significant, with the incidence of osteoporosis-related
fractures nearly doubling from 226,000 in 2008 to 434,000 in
2022°. Hip fractures, in particular, are associated with a one-
year mortality rate of approximately 17%, underscoring the
critical need for effective fracture prevention’. Consequently,
the prescription of antiresorptive agents, primarily bisphos-
phonates (BPs) and denosumab, has risen substantially’.
While BP prescriptions peaked in 2019, denosumab use has
surged since its introduction in 2016, and the overall use of
injectable formulations surpassed oral agents after 2020".

Since osteonecrosis of the jaw associated with BP therapy
was first reported in 2003, the diagnosis and management of
what is now known as medication-related osteonecrosis of
the jaw (MRONJ) have been subjects of considerable debate
and clinical evolution. The American Association of Oral and
Maxillofacial Surgeons (AAOMS) has been instrumental in

defining the condition, first as BP-related osteonecrosis of the
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jaw (BRONJ) in 2007 and later expanding the terminology
to MRONJ in 2014 to include other agents like denosumab
and antiangiogenics™’. However, international guidelines
have continued to evolve, with the 2022 AAOMS position
paper notably removing specific recommendations for pro-
phylactic drug holidays, instead favoring a more generalized,
individualized risk assessment’. While this approach has its
merits, it has also created clinical uncertainty. Previous Ko-
rean position statements were published in 2015 and 2021
to address local needs™®. The unique epidemiological trends,
healthcare system, and clinical practice patterns in Korea—
where clinicians often prefer more prescriptive guidance to
navigate complex decisions—necessitate a dedicated national
consensus that reflects both global evidence and local clinical
realities.

The primary objective of this position statement is to
develop a practical, evidence-based clinical guideline for
MRONI that is directly applicable in the healthcare setting.
This document is the culmination of a Korean multi-society
collaboration involving 20 experts from five key academic
societies: the Korean Association of Oral and Maxillofacial
Surgeons, the Korean Association of Maxillofacial Plastic
and Reconstructive Surgeons, the Korean Society of Osteo-
porosis, the Korean Society for Bone and Mineral Research,
and the Korean Endocrine Society. This task force established
a consensus through a rigorous process of in-depth literature

reviews and three rounds of formal surveys, ensuring that



the recommendations are grounded in the latest scientific
evidence while also reflecting the collective expertise of Ko-
rean clinicians. This paper aims to provide a clear, integrated
framework for the definition, diagnosis, prevention, and
treatment of MRONJ, with the goal of standardizing care and
serving as an essential guide for clinicians managing patients

on antiresorptive therapies.

[I. Definition, Diagnosis, and Staging
1. Diagnostic criteria for MRONJ

The term MRONJ was adopted by the AAOMS in 2014 to
encompass osteonecrosis associated not only with BPs but
also with other antiresorptive (e.g., denosumab) and antian-
giogenic agents’. While other terms such as “denosumab-
related osteonecrosis of the jaw” or “antiresorptive agent-re-
lated osteonecrosis of the jaw” are used in some contexts, this
committee has adopted MRONIJ as the standard terminology
unless a specific agent needs to be distinguished’.

Based on a comprehensive review of recent literature and
international guidelines, this committee defines MRONIJ by
the following three criteria™'*'":

(1) Current or previous treatment with an antiresorptive
agent alone, or in combination with an immune modu-
lator or antiangiogenic medication.

(2) Exposed bone, or bone that can be probed through an
intraoral or extraoral fistula, in the maxillofacial region
that has persisted for more than 8 weeks. However, if
necrotic bone is confirmed clinically or radiographi-
cally, the condition can be diagnosed as MRONJ even
if the 8-week criterion has not been met.

(3) No history of radiation therapy to the jaws or evidence
of primary or metastatic malignant diseases to the jaws.

The addendum to the second criterion is crucial clarifica-
tion. It acknowledges that definitive clinical or radiographic
evidence of bone necrosis should not be disregarded simply
because the 8-week observation period is incomplete, allow-
ing for earlier diagnosis and intervention.

2. Imaging and other diagnostic aids

While the diagnosis of MRONIJ is primarily based on
clinical history and examination, various diagnostic aids are
essential for assessing the extent of the disease, guiding treat-
ment, and performing differential diagnosis.

* Imaging: Radiographic evaluation is a cornerstone of

2025 Korean MRONJ position statement: MRON. evidence-based guidelines

MRON]J assessment.

- Panoramic radiography: May reveal features such as
osteolytic lesions, sequestrum formation, thickening of
the lamina dura, or widening of the periodontal ligament
space. However, these findings are often present only in
mid-later stages and are not specific to MRONJ".

Computed tomography/cone-beam computed tomography
(CT/CBCT): Provides superior three-dimensional detail,
allowing for visualization of bone sclerosis, osteolysis,
and periosteal reactions. These findings, while character-
istic, are not pathognomonic and may be absent in early-
stage disease'. Some reports suggest that BP-related
lesions exhibit more pronounced sclerosis on CBCT com-
pared to those associated with denosumab'*.

Magnetic resonance imaging (MRI): Is particularly useful
for evaluating soft tissue involvement and bone marrow
changes. In MRONJ, MRI may show decreased T1 and
increased T2 signal intensity, indicative of marrow in-

. 15,16
flammation and edema ™"

Nuclear medicine: Bone scintigraphy and single photon
emission computed tomography (SPECT/CT) provide
functional information on bone metabolism and can
help delineate the extent of the necrotic lesion with high
sensitivity, often more clearly than anatomical imaging

17-20
alone .

Biomarkers: The use of serum bone turnover markers,
particularly C-terminal telopeptide (CTX), was once pro-
posed as a tool for assessing MRONTJ risk™. However,
subsequent large-scale clinical studies and meta-analyses
have demonstrated that CTX levels are not a reliable pre-
dictor of MRONTJ development™ ™, Therefore, in align-
ment with international consensus, this committee does
not recommend the use of CTX testing for MRONJ risk
assessment. Other potential markers related to angiogen-
esis (e.g., VEGF) or bone metabolism (e.g., TRACP 5b,
RANKL/OPG) have been investigated but are not yet

clinically validated™™’.

Biopsy: A bone biopsy provides a definitive histopatho-
logical diagnosis but is generally not recommended for
MRONIJ confirmation. The surgical trauma from the bi-
opsy procedure itself can exacerbate the necrotic process
or create a new non-healing lesion™. Its primary role is
reserved for cases where there is a clinical suspicion of
metastatic disease or primary malignancy that must be
ruled out.

* Differential diagnosis: MRONJ must be differentiated
from other conditions that present with similar clinical

335



J Korean Assoc Oral Maxillofac Surg 2025;51:333-353

or radiographic features™. These include alveolar osteitis
(“dry socket™), sinusitis, advanced periodontitis, periapi-
cal lesions, and fibro-osseous lesions. Other forms of jaw-
bone necrosis, such as osteoradionecrosis (distinguished
by a history of radiation therapy) and osteomyelitis of
odontogenic origin, must also be considered”’. In patients
with a history of cancer, metastatic disease to the jaw is a

critical differential diagnosis’.

3. Clinical staging system and the rationale for retaining
Stage 0

Accurate staging is essential for guiding treatment and
predicting prognosis. This committee has adopted the widely
used AAOMS staging system, which is based on clinical
signs and symptoms’. MRONT staging system and treatment
recommendations are detailed in Table 1.

A significant point of debate in the international commu-
nity has been the validity and utility of Stage 0°'. This stage
is characterized by non-specific symptoms (such as unex-
plained jaw pain, altered sensation, or tooth mobility) and
radiographic changes, but without clinical evidence of ex-
posed bone’. The argument against its inclusion is that these
symptoms are non-specific and can overlap with common
dental conditions like periodontitis or temporomandibular
disorders, potentially leading to over-diagnosis of MRONJ*".
Such a diagnosis could cause undue patient anxiety and lead
to the inappropriate discontinuation of essential antiresorptive
therapy, thereby increasing fracture risk™”.

Despite these valid concerns, this committee, after exten-

Table 1. MRONJ staging system and treatment recommendations

sive discussion and formal surveys, has decided to retain
Stage 0 in its staging system. This decision is rooted in a
clinical philosophy that prioritizes early detection and pro-
active prevention. Stage 0 serves as a crucial clinical alert,
prompting heightened surveillance for high-risk patients who
present with suggestive symptoms. By identifying patients
at this preclinical stage, clinicians can implement preven-
tive measures, provide patient education, and perform closer
monitoring to potentially avert the progression to frank bone
exposure”. Retaining Stage 0 empowers clinicians to inter-
vene at the earliest possible moment, which is fundamental to
minimizing the morbidity associated with advanced MRONJ.

lll. Epidemiology

1. Osteoporosis
1) Bisphosphonates

According to a systematic literature review conducted for
this position meeting, the prevalence of MRONJ in osteo-
porosis patients treated with BPs is reported to be 0.01%-
0.10%**. The incidence is reported to be between 10 and
45.06 per 100,000 person-years *’. A 2008 multi-center
study in Korea involving approximately 600,000 patients
prescribed BPs identified 254 cases of MRONJ, estimating
an incidence of 0.04%°. A 2012 cohort study using data from
the National Health Insurance Service, which followed about
330,000 individuals for four years, reported a cumulative
incidence of 20.9 per 100,000 person-years’ . An analysis of

Stage Definition

Recommended management

At-risk
antiresorptive or antiangiogenic agent use.

No exposed or necrotic bone in a patient with a history of No treatment required. Patient education on risks and symptoms.

Regular dental follow-up and maintenance of oral hygiene.

therapy. Early surgical intervention can be considered to achieve

rinse. Surgical debridement or resection is strongly recommended

Stage 0 No clinical evidence of necrotic bone, but presents with non- Symptomatic treatment (e.g., analgesics), management of other
specific clinical findings (e.g., unexplained jaw pain, altered dental conditions. Close clinical and radiographic monitoring.
sensation, tooth mobility) or radiographic changes.

Stage 1  Exposed and necrotic bone, or a fistula that probes to bone, in Antimicrobial mouth rinse. Regular clinical follow-up. Patient
patients who are asymptomatic and have no evidence of infection. education and review of indications for continued antiresorptive

resolution.

Stage 2 Exposed and necrotic bone, or a fistula that probes to bone, with Symptomatic treatment with oral antibiotics. Antimicrobial mouth
evidence of infection (erythema, purulent drainage) and pain.

to control infection and resolve the lesion.
Stage 3 Exposed and necrotic bone, or a fistula that probes to bone, Antimicrobial mouth rinse, antibiotic therapy, and pain control.

in patients with pain and infection, and one or more of the Surgical resection of necrotic bone and potential reconstruction
following: exposed necrotic bone extending beyond the alveolar 1is indicated to manage infection and functional/esthetic
region (e.g., inferior border, ramus, maxillary sinus), pathologic compromise.

fracture, extraoral fistula, or oro-antral/oro-nasal communication.

(MRONI: medication-related osteonecrosis of the jaw)

Jin-Woo Kim et al: Medication-related osteonecrosis of the jaw: an evidence-based 2025 position statement from a Korean multidisciplinary task force. J Korean Assoc Oral Maxillofac

Surg 2025
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74,491 individuals from the National Health Insurance Ser-
vice between 2004 and 2015 reported an MRONIJ incidence
of 45.06 per 100,000 person-years, with a gradual increase
corresponding to the cumulative duration of use’*”.

For osteoporosis patients on oral BPs, the prevalence of
MRON!J is reported as 0.10%, and the incidence as 36.6 per

40,41

100,000 person-years™ . While large-scale, population-
based studies on intravenous (IV) BPs alone are limited com-
pared to oral agents, the prevalence of MRONJ in patients
receiving IV BPs for osteoporosis is reported to range from
0.06% to 0.13% , with an incidence of 0-9.6 per 100,000
person-years~*. A pooled analysis of the Health Outcomes
and Reduced Incidence with Zoledronic acid Once Yearly-
Pivotal Fracture Trial (HORIZON-PFT) and four other
randomized controlled trials reported an MRONI incidence
of less than 8 per 100,000 person-years (<1 per 14,200) in os-
teoporosis patients receiving 5 mg of zoledronate annually™.
However, a recent 2025 systematic review and meta-analysis
of literature from 2015 to 2020 reported a mean incidence of
0.58% in osteoporosis patients (from an analysis of 498,443
individuals)*. This may indicate a continuing upward trend
in MRONJ incidence but also suggests heterogeneity among
studies, highlighting the need for future research with suf-
ficient patient numbers and standardized reporting systems.

(Supplementary Table 1)

2) Denosumab

In patients treated with denosumab, the prevalence of
MRON! varies widely compared to BP-treated patients, rang-
ing from 0% to 0.18%". The incidence of MRONJ in deno-
sumab users also varies, from 0 to 283 per 100,000 patient-
years***. In the 10-year FREEDOM-extension trial, 13 cases
of osteonecrosis (0.3%) were reported among 4,550 patients,
corresponding to an incidence of 5.2 per 10,000 patient-
years™. Of these, six cases occurred in the crossover group
(placebo for the first 3 years, then denosumab for 7 years)
and seven in the long-term group (denosumab for 10 years),
showing no clear relationship between the duration of deno-
sumab exposure and MRONY risk*. The 2022 AAOMS posi-
tion paper stated that the cumulative incidence of MRONJ
related to denosumab in osteoporosis patients is 0.3%, ap-
proximately 10 times higher than that of BPs’. Furthermore,
the risk of MRONJ is reported to be significantly higher in
patients who switch from BPs to denosumab compared to
those on monotherapy™.

Current research does not provide a definitive conclusion
on whether denosumab or BPs carry a higher risk of MRONIJ.

2025 Korean MRONJ position statement: MRON. evidence-based guidelines

A large retrospective cohort study in Taiwan comparing 3,823
denosumab users with 5,139 BP users among 84,102 osteo-
porosis patients reported a lower incidence of MRONJ in the
denosumab group (147 vs. 249 per 100,000 patient-years)™.
However, this study’s longer observation period for deno-
sumab compared to BPs should be considered. Conversely,
a large cohort study in Switzerland reported a significantly
higher incidence of MRONJ in denosumab users compared to
BP users (283 vs. 45 per 100,000 patient-years)*’. It is impor-
tant to note that 9 of the 12 patients who developed MRONJ
had previously used BPs before switching to denosumab,
with only 3 on denosumab monotherapy. Additionally, the BP
group included patients on less expensive oral agents, making
a direct comparison of risk difficult”’. While several animal
studies have reported that denosumab induces MRONJ at
a rate similar to or higher than zoledronate, clinical studies
suggesting a relatively higher risk for denosumab are mainly
from single-center studies with limited patient numbers®.
Thus, there has been not enough evidence to conclude that

denosumab carries a higher risk than BPs.

3) Romosozumab

Case reports have described osteonecrosis associated with
romosozumab, but most of these patients had a prior history
of BP use, making it difficult to determine the role of romo-
sozumab alone™™”'. In the FRAME randomized controlled tri-
al, two cases of MRONIJ were reported among 3,591 patients
in the romosozumab group, an incidence of 0.03%-0.05%,
which is similar to the risk associated with alendronate™”.
An analysis of the U.S. Food and Drug Administration Ad-
verse Event Reporting System (FAERS) also reported an
association between romosozumab use and an increased risk
of MRONJ™. Further investigation is needed to clarify this

association.

4) Selective estrogen receptor modulators (SERMs)

SERMs, which are antiresorptive agents, are known to
have a relatively lower risk of MRONJ compared to BPs or
denosumab due to their less potent inhibition of bone resorp-
tion. Cases of MRONIJ in osteoporosis patients using SERMs
have mostly been reported as case studies, often involving
patients with a prior history of BP use or other risk factors.
However, some case reports have described MRONI in os-
teoporosis patients using only raloxifene without any prior
use of other osteoporosis medications™. A study analyzing
the Korean National Health Insurance Service sample cohort
from 2002 to 2019 reported 14 cases of MRONJ among
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3,101 patients who used only SERMs*. This study, however,
did not account for other MRONJ risk factors in its analysis,
limiting the interpretation of its findings™. Due to the lack of
studies analyzing precise prevalence, a definitive conclusion
on the association between SERMs and MRONIJ cannot be

drawn at this time.

2. Malignant tumors with bone metastases or multiple
myeloma

In patients with bone metastases from malignant tumors,
the incidence of MRONJ with zoledronate use is reported to
be 0.7%-4.0%, which is much higher than in osteoporosis

patients’”*

. The incidence is slightly higher in multiple my-
eloma patients, at 2.4%-4%""". This increased incidence is
thought to be due to higher cumulative doses from frequent
administration (12-15 times higher), with a relatively high
incidence of 0.3%-0.7% reported even with oral BPs*"*. This
is also related to concomitant medications (anticancer drugs,
steroids, antiangiogenic agents), poor general health, and oral
hygiene®. Christodoulou et al.** analyzed 116 patients with
ONIJ receiving IV BPs and found that while the incidence
of MRONIJ was 1.1% in patients receiving IV BPs alone, it
increased to 16% in patients also receiving antiangiogenic
agents such as bevacizumab and sunitinib.

The duration of BP therapy, especially at high doses, can
influence the development of MRONJ, with incidence vary-
ing by duration®. A recent systematic review reported that
in cancer patients treated with zoledronate, the incidence of
MRONIJ was 1.6%-4% within the first two years of treat-
ment, increasing to 3.8%-18% with more than two years of
treatment®. Similarly, for denosumab, the incidence was 1.9%
within two years and rose to 6.9% after two years”. The inci-
dence of MRONJ can also vary by cancer type, and interpre-
tation of incidence in these patient populations requires cau-
tion due to their relatively shorter follow-up periods related
to life expectancy®. In some studies with follow-up periods
of about 8 years, the incidence of MRONIJ in patients with
metastatic cancer was reported to be as high as 30%°*".

In cancer patients, particularly those being treated for bone
metastases, denosumab is administered at a dose of 120 mg
every 4 weeks, which is about 12 times more potent than the
osteoporosis treatment dose. In large-scale trials, the preva-
lence of MRONJ in denosumab users was reported to be
between 0.8% and 2%, and a recent domestic study of 1,278

68,69

patients reported an incidence of 2.66% . However, in real-

world clinical practice, the risk of MRONJ is reported to be
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even higher, ranging from 5% to 12.6% in patients receiv-

70,71
. An even

ing combination therapy with biologic agents
higher incidence was observed in patients who switched from
zoledronate to denosumab’. It is not yet clear whether the in-
creased incidence of MRONJ in the denosumab group is due
to denosumab itself or the total duration of therapy”.(Supple-

mentary Table 2)
3. Cancer treatment-induced bone loss (CTIBL)

In breast cancer patients receiving adjuvant zoledronate to
prevent or reduce treatment-induced bone loss, the incidence
of MRONI is reported to be 0%-1.34% compared to 0%-
0.24% in control groups, with rates up to 2.1% reported after

™76 When oral BPs are used

more than 6 years of follow-up
as adjuvant therapy in breast cancer patients, the incidence of
MRON!U is reported to be 0%-0.27% compared to 0%-0.24%

. 73,75
in controls

. For ibandronate, an incidence of up to 1.94%
has been reported when used in conjunction with endocrine

therapy’’.(Supplementary Table 3)
4. Nonmalignant bone disease

In patients with giant cell tumor of bone receiving deno-
sumab, the incidence of MRONI is reported to vary widely,
from 1%-13.8%"*"'". According to a systematic review, no
cases of MRONJ were reported in 486 pediatric patients with
osteogenesis imperfecta treated with BPs for 4.5-6.8 years".
Another systematic review also reported no cases of MRONJ
in patients under 24 years of age who used BPs for various
diseases*>*. With the expansion of indications for antiresorp-
tive agents, interest in the incidence of MRONJ in CTIBL
and nonmalignant bone diseases is growing, but data are still
limited, and further research is needed to clarify the risk in
these conditions.(Supplementary Table 4)

5. Other medications associated with MRONJ

In addition to osteoporosis treatments, MRONJ can also be
caused by steroids, immunomodulators, and anticancer drugs;
lenalidomide, pomalidomide, sunitinib, imatinib, cabozan-
tinib, sorafenib, bevacizumab, everolimus, temsirolimus,
palbociclib, nivolumab, docetaxel, paclitaxel, methotrexate,

letrozole, radium 223, prednisolone, and dexamethasone®*’.



IV. Pathogenesis and Risk Factors

1. Pathogenesis

The pathogenesis of MRONI is a complex, multifactorial
process precipitated by the intersection of systemic pharma-
cological effects and the unique local vulnerabilities of the

. 51,86
jawbone

. The foundational mechanism is the profound
suppression of bone remodeling induced by antiresorptive
agents, which severely compromises the physiological capac-

L8 This state of im-

ity for skeletal repair and maintenance
paired bone turnover creates a systemic susceptibility, where
local insults such as microbial infection, inflammation, or iat-
rogenic trauma can initiate a pathological cascade culminat-
ing in progressive, non-healing bone necrosis’. This process
is amplified by a self-perpetuating cycle wherein suppressed
repair, chronic infection, and a dysfunctional inflammatory
response reinforce one another, leading to the refractory clini-
cal presentation characteristic of MRONJ.

The jawbone is the principal, and often exclusive, site of
MRONJ due to a confluence of distinct anatomical, metabol-
ic, and environmental characteristics that render it uniquely
vulnerable’. The alveolar bone of the mandible and maxilla
possesses a metabolic turnover rate that is up to ten times
higher than that of long bones. This heightened metabolic
activity results in a disproportionately greater local accumu-
lation of antiresorptive agents, particularly bone-seeking BPs,
which leads to a more profound and localized suppression of
remodeling where it is most needed to repair microdamage
from masticatory forces™’. This pharmacologically com-
promised bone is covered by a thin, often friable, mucosal-
periosteal barrier that is easily breached by dentoalveolar
surgery, trauma from prosthetics, or chronic inflammatory

Table 2. Summary of major risk factors for the development of MRONJ
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conditions like periodontitis. Such breaches provide a direct
portal of entry for the complex oral microbiome, facilitating
the establishment of persistent, low-grade infections by vari-
ous organisms"",

The primary pathogenic mechanisms are exacerbated by
several synergistic factors. Drug-induced inhibition of an-
giogenesis, while mechanistically debated for certain drug
classes, can further compromise the limited vascular supply
to necrotic bone, impairing both nutrient delivery and im-
mune cell trafficking®™*. Concurrently, antiresorptive agents
can induce immune dysregulation by altering macrophage
polarization and T-cell function, which fosters a chronic, non-
resolving inflammatory state rather than effective pathogen
clearance’. Direct soft tissue toxicity from certain agents on
oral keratinocytes and fibroblasts can delay mucosal healing,
thereby perpetuating bone exposure™. While several genetic
polymorphisms have been investigated as potential predis-
posing factors, their role appears to be contributory rather

. 91,92
than causative”

. Collectively, these factors converge on the
uniquely susceptible jawbone to create the pathological cas-

cade of MRONI.
2. Risk factors

The risk of developing MRONIJ is determined by a com-
plex interplay of drug-related, local, and systemic factors''.
Key systemic and local co-factors that modify MRONJ risk
are summarized in Table 2. A comprehensive risk assessment
requires a thorough evaluation across all three domains to ac-
curately stratify patients and guide preventive clinical strate-
gies’.

While drug exposure and local trauma are primary deter-
minants, a range of systemic and other local factors act as

Category

Risk factor

Drug-related

- High potency/IV route: Intravenous BPs (e.g., zoledronate), high-dose denosumab (120 mg).

- Long duration of therapy: Cumulative exposure, especially >4 years for BPs.
- Concomitant therapies: Systemic corticosteroids, antiangiogenic agents (e.g., bevacizumab), chemotherapy.

Systemic - Demographics: Advanced age (>65 years).
- Comorbidities: Malignancy (multiple myeloma, bone metastases), diabetes mellitus, rheumatoid arthritis, chronic kidney disease/
dialysis, anemia, hypothyroidism.
- Lifestyle: Smoking, obesity, poor oral hygiene.
Local - Dentoalveolar surgery: Tooth extraction (most common trigger), dental implant placement, periapical surgery, periodontal

surgery involving bone.

- Pre-existing dental disease: Periodontitis, periapical pathology, dental abscesses.
- Anatomical factors: Mandibular or palatal tori, prominent mylohyoid ridge.
- Prosthetic trauma: Ill-fitting dentures causing chronic mucosal irritation.

(MRONI: medication-related osteonecrosis of the jaw, IV: intravenous, BP: bisphosphonate)
Jin-Woo Kim et al: Medication-related osteonecrosis of the jaw: an evidence-based 2025 position statement from a Korean multidisciplinary task force. J Korean Assoc Oral Maxillofac
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significant co-factors that compound a patient’s overall risk
profile”. Tooth extraction remains the single most frequent
trigger, precipitating up to 61% of all MRONJ cases™. The
risk is magnified when the procedure involves substantial
bone trauma, such as ostectomy, or is performed in a site of
pre-existing infection™. A patient’s systemic health status and

concomitant medications also play a pivotal role™.

1) Drug-related risk

The pharmacological profile of the antiresorptive therapy
is the most critical determinant of MRONTJ risk’. This risk
is not a binary state but exists on a continuum modulated by
the cumulative dose, duration of exposure, drug potency, and

% Recent evidence indicates that risk

route of administration
increases progressively with the duration of therapy, particu-
larly beyond 12 months of use, challenging earlier risk mod-
els based on fixed 3- or 4-year thresholds™.

The clinical indication for therapy functions as a powerful
risk multiplier”’. High-potency IV BPs, such as zoledronate,
and high-dose denosumab regimens (120 mg monthly for
oncologic indications) confer a substantially greater risk than
lower-potency oral agents or low-dose osteoporosis regimens
(e.g., denosumab 60 mg every 6 months)’. Patients with
malignancy not only receive drug dosages that are an order
of magnitude higher and administered far more frequently,
but they are also often exposed to synergistic risk factors,
including concomitant corticosteroids, antiangiogenic agents,
and chemotherapy''. This convergence of factors results in an
exponential, rather than merely additive, increase in overall
risk, explaining why MRONI incidence can be up to 100-
fold higher in oncology populations (1%-15%) compared
to osteoporosis populations (0.01%-0.10%)”. Furthermore,
switching from a BP to denosumab may also elevate risk due
to the combined and cumulative suppressive effects on bone
turnover™.

2) Local risk factor

Dentoalveolar surgery is the most common precipitating
event for MRONJ, and especially, tooth extraction and dental
implant procedures represent a unique and significant cat-
egory of iatrogenic risk’. The surgical trauma associated with
implant placement, including osteotomy and flap elevation,

. . - 100
can directly trigger necrosis

. This risk is particularly acute
in high-risk oncology patients, for whom elective implant
therapy is generally considered contraindicated'”'. In low-risk
osteoporosis patients, while evidence suggests that early im-

plant failure rates are not significantly elevated, the potential
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for MRONUJ induction remains a critical consideration that
necessitates thorough informed consent prior to the proce-
dure'”,

Furthermore, MRONJ can manifest years after successful
implant osseointegration, a phenomenon termed “late im-
plant-associated MRONIJ.'"” This condition is pathologically
distinct from conventional peri-implantitis, although it is of-

'%_Chronic inflammation at the implant-

ten precipitated by it
bone interface can breach the mucosal seal, introducing the
oral microbiome to the pharmacologically compromised peri-
implant bone'”. Consequently, the presence of an osseointe-
grated implant, particularly one with suboptimal oral hygiene,
constitutes a long-term local risk factor that requires meticu-

lous professional maintenance and patient surveillance'®.

V. Prevention of MRONJ

1. The critical role of pre—treatment dental evaluation and
management

The most effective strategy for mitigating the risk of
MRONYJ is prevention™'”. A cornerstone of this strategy is a
comprehensive dental evaluation and the completion of any
necessary dental treatment before a patient initiates high-
risk antiresorptive therapy®. Numerous studies have demon-
strated that implementing a preventive dental care protocol
can significantly reduce the incidence of MRONJ'™'®. One
meta-analysis reported that pre-treatment dental evaluation
and preventive care reduced MRONJ incidence by 77.3% in
cancer patients receiving high-dose BPs'".

The preventive protocol should include a thorough clinical
and radiographic examination to identify and eliminate po-
tential sources of infection and inflammation. Key manage-
ment steps include’:

* Extraction of non-restorable teeth or teeth with a poor

prognosis”*.

« Treatment of active periodontal and periapical disease'"’.

* Adjustment or replacement of ill-fitting prostheses to pre-
vent mucosal trauma’.

* Patient education on the importance of maintaining
excellent oral hygiene and the signs and symptoms of
MRONJ".

For patients scheduled to receive high-dose antiresorptives
for oncologic indications, this dental evaluation is considered
mandatory and should be completed ideally before therapy
begins. For osteoporosis patients starting low-dose therapy,
a pre-treatment evaluation is not essential but is strongly



recommended, either before treatment or within the first 6
months of initiation’.

2. Prophylactic drug holiday

The practice of temporarily discontinuing antiresorptive
therapy before invasive dental procedures—a “prophylactic
drug holiday”-remains one of the most controversial issues
in MRONJ management’. In 2022, the AAOMS position pa-
per—citing insufficient clinical evidence—deliberately offered
no fixed time-based drug holiday recommendations, a change
that has left many clinicians uncertain about how best to pro-
ceed’. In contrast, 2024 Italian position paper recommended
that any prophylactic holiday for oral BP users be kept very
short under 1 week™.

Current evidence remains inconclusive on whether prophy-
lactic drug holidays reduce MRONT risk'". A 2022 system-
atic review concluded that the available data are not strong
enough to either support or refute the routine use of a drug
holiday; in pooled analysis, the relative risk of MRONJ in
patients who took a holiday was 0.73 (95% confidence inter-
val: 0.51-1.06) compared to those who did not—a difference
that was not statistically significant'"'. Likewise, a systematic
review in 2023 reported that short-term interruption of anti-
resorptive therapy prior to tooth extraction did not lower the
incidence of MRONIJ'". However, a more recent study sug-
gested that among patients with over 2 years of antiresorptive
exposure, those who had a holiday of over 3 months expe-
rienced a significantly lower MRONIJ risk than those with a
holiday under 3 months'".

Interpreting these findings is complicated since many
earlier studies pooled oral and IV BPs despite major pharma-
cokinetic differences between these agents''*. For example,
zoledronic acid has a much higher antiresorptive potency and

2025 Korean MRONJ position statement: MRON. evidence-based guidelines

a far longer skeletal half-life than other BPs, a profile that
could plausibly necessitate a more prolonged drug holiday'"’.
Supporting this agent-specific perspective, a Korean nation-
wide cohort study of IV BP users found that MRONJ risk
after a dental procedure began to decline around 90 days fol-
lowing the last ibandronate dose, whereas after zoledronate
the risk did not begin to decrease until 6 months and only
became significant after >1 year since the last dose''. Collec-
tively, these data imply that if a drug holiday is considered,
its optimal duration is likely to be drug-specific, reflecting
differences in pharmacologic persistence and potency'''. De-
finitive guidance, however, will require prospective studies
that balance any benefit in MRON]J risk reduction against the
potential increase in fracture risk from interrupting therapy.

The Korean Multi-Society Task Force, recognizing this
clinical need through its formal survey process, has devel-
oped a pragmatic, drug-specific guideline based on pharma-
cokinetic principles and expert consensus. This approach
provides a structured framework that balances the theoretical
benefit of reducing MRONI risk with the distinct pharmaco-
logical profiles and systemic risks associated with each drug
class. The committee’s recommendations are summarized in
Table 3.

1) Recommendations for bisphosphonates

BPs have an extremely long skeletal retention, binding to
bone and remaining present for months to years; this endur-
ing presence complicates the concept of a meaningful drug
holiday'"’. Nevertheless, the rationale for a temporary pause
is that reducing or halting therapy may limit the amount of
drug available at sites of active bone healing during the post-

procedure remodeling phase'"

. For low risk patients with
short exposure on BP and no additional risk factors, in gen-

eral, no alteration of the antiresorptive regimen is necessary

Table 3. Prophylactic drug holiday recommendations before invasive dental procedures

Drug class Recommended Recommended Key clinical consideration
g pre-procedure holiday post-procedure healing period (wk) y
Bisphosphonates 2 months (consider for patients 6-8 Decision should be individualized based on

(alendronate, risedronate, with long-term use or other

and ibandronate PO & IV)  systemic risk factors)
IV zoledronate 6-12 months

Denosumab Perform dentoalveolar surgery

3-4 months after last injection

fracture risk vs. MRONJ risk.

6-8 High potency and long skeletal retention
necessitate a significantly longer holiday.
6-8 This timing minimizes both MRON]J risk and

the risk of rebound vertebral fractures by
fitting the procedure and healing within the
6-month dosing interval.

(PO: oral administration, IV: intravenous, MRONIJ: medication-related osteonecrosis of the jaw)
Jin-Woo Kim et al: Medication-related osteonecrosis of the jaw: an evidence-based 2025 position statement from a Korean multidisciplinary task force. J Korean Assoc Oral Maxillofac
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Alendronate, risedronate, ibandronate

|6

—

Preventive antiresorptives
discontinuation (2 mo)

Invasive dental intervention

Zoledronate

| -

Healing period (6-8 wk)

— Fig. 1. Prophylactic drug holiday of
bisphosphonate considering the medi-

Preventive antiresorptives
discontinuation (6-12 mo)

Invasive dental intervention

Healing period (6-8 wk)

| cation-related osteonecrosis of the jaw
risk.

Jin-Woo Kim et al: Medication-related osteonecrosis
of the jaw: an evidence-based 2025 position statement
from a Korean multidisciplinary task force. J Korean
Assoc Oral Maxillofac Surg 2025

Denosumab 2nd dose (inject within the window;

Denosumab 1st dose

17 17

if delayed, do not exceed 9 months from 1st dose)

Fig. 2. Denosumab administration and
dental treatment considering risk of re-

3-4 mo Healing period
(6-8 wk)

Invasive dental intervention

prior to dental treatment. Invasive procedures can proceed
without a drug holiday, though the patient should be informed
(through an appropriate consent process) of the small long-
term risk of implant failure or MRONIU.

* Alendronate, risedronate, ibandronate: For patients with
prolonged BP therapy or significant risk factors, a drug
holiday of 2 months before an invasive dental procedure
may be considered.

* IV zoledronic acid: Owing to this drug’s high potency
and prolonged effect, a substantially longer holiday of
approximately 6-12 months is recommended before any
elective invasive dental procedure. A recent Korean co-
hort study showed that MRONJ risk after zoledronate
does not appreciably decline until at least 6 months (and
is significantly reduced only after >12 months) since the
last infusion'"’.

* Post-intervention period: Following a dental extraction
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bound fracture and medication-related
osteonecrosis of the jaw risk.

Jin-Woo Kim et al: Medication-related osteonecrosis
of the jaw: an evidence-based 2025 position statement
from a Korean multidisciplinary task force. J Korean
Assoc Oral Maxillofac Surg 2025

or other jaw surgery, resumption of BP therapy should be
delayed for about 6-8 weeks to allow soft tissue and bone
to heal without drug-related inhibition.

Any prophylactic drug holiday should be individualized
based on the patient’s MRONJ risk and fracture risk, and
planned with close communication between the dentist and
the prescribing physician.(Fig. 1)

2) Recommendations for denosumab
Denosumab, unlike BPs, does not bind to bone. Its suppres-
sion of bone remodeling is reversible and dissipates within
about 6 months after each injection”. This pharmacokinetic
characteristic makes the timing of invasive dental procedures
in relation to denosumab dosing both more feasible and more
critical* (Fig. 2)
* Timing of intervention: Schedule invasive dental proce-
dures ideally 3-4 months after the last denosumab dose.



At 3-4 months post-injection, the drug’s effect on bone

turnover has begun to decrease, while this timing still

precedes the period of elevated risk for rebound vertebral
fractures which typically starts around 6-9 months after
an injection' ',

* Post-intervention period: Do not resume denosumab for
approximately 6-8 weeks after intervention to allow prop-
er mucosal and bony healing. By ensuring that the pro-
cedure and initial healing occur within a single 6-month
dosing interval, this strategy minimizes the risk of rapid
bone loss or fractures due to denosumab’s rebound ef-
fect upon delayed dosing. If an extended drug holiday is
necessary in a high—fracture-risk patient, consider interim
therapy with a SERM (e.g. raloxifene) to partially miti-
gate the rebound effect, although this approach may not

97,121,122

fully prevent it

VI. Management of Established MRONJ
and Recurrence

The treatment of established MRONJ is guided by the
stage of the disease, with the primary goals being to eliminate
pain, control infection, and prevent the progression of bone
necrosis’. The committee’s stage-based treatment recommen-
dations are outlined in Table 1. Conservative, non-operative
management is the foundation of treatment for all stages and
may be the definitive therapy for early-stage disease’. This
includes the use of antimicrobial mouth rinses (e.g., 0.12%
chlorhexidine), systemic antibiotic therapy for stages with ac-
tive infection (Stage 2 and 3), pain management, and debride-
ment of loose bony sequestra®’.

While past guidelines often reserved surgical intervention
for advanced, refractory disease (Stage 3), a paradigm shift
has occurred based on accumulating evidence'”. Recent stud-
ies consistently demonstrate that surgical treatment yields
significantly higher rates of complete and long-term resolu-
tion compared to conservative management alone'**'*’. Suc-
cess rates for surgical resection are reported to be in the range
of 60%-90%, whereas conservative therapy often results in
disease stabilization at best, with complete healing rates re-
ported from 0% to 54%"**"*>'**. One study found that among
92 Stage 1 lesions managed conservatively, 91.3% still had
exposed bone, and many progressed to a higher stage requir-
ing eventual surgery'**.

Therefore, this committee recommends that surgical in-
tervention should be considered for all stages of MRONJ,
including Stage 1, particularly if the lesion persists or if the

2025 Korean MRONJ position statement: MRON. evidence-based guidelines

patient’s quality of life is affected'*. The surgical principle is
the complete resection of all necrotic bone back to healthy,
bleeding bone margins, followed by a tension-free primary
soft tissue closure'”. Early surgical management can prevent
the progression to more extensive lesions, reduce long-term

morbidity, and improve patient quality of life'**.

1. Adjunctive therapies: the role of teriparatide and other
modalities

* Teriparatide: Among various adjunctive therapies, teripa-
ratide, a recombinant human parathyroid hormone analog
(rhPTHJ[1-34]), has the most robust evidence supporting

130-136 .
". As a bone anabolic

its use in MRONJ management
agent, it stimulates bone formation and increases bone
remodeling, directly counteracting the suppressed bone
turnover state induced by antiresorptive drugs"”™"**. A
placebo-controlled, randomized trial demonstrated that a
6-month course of daily teriparatide (20 pg) significantly
promoted the resolution of MRONJ lesions when com-

bined with surgical treatment'”’

. Both daily and weekly
formulations have shown efficacy*”'*’. It is important
to note, however, that transitioning from denosumab to
teriparatide is generally not recommended for osteopo-
rosis management due to a risk of transient bone density
loss; therefore, its use in denosumab-related MRONJ
requires careful multidisciplinary assessment of fracture

risk'"*.(Supplementary Table 5)

Other adjunctive therapies: Several other modalities have
been explored to enhance healing in MRONU, though the
evidence for their efficacy is less compelling.

- Recombinant human bone morphogenetic protein-2:
Can induce bone formation and may be beneficial when
applied to surgical defects, particularly in combination
with other carriers like platelet concentrates'*'™*.

- Hyperbaric oxygen therapy: May promote angiogenesis
and stimulate bone turnover, but clinical trials have
shown mixed results, with no significant benefit over
standard care in some studies'*.

- Low-level laser therapy: May aid in pain reduction and
promote mucosal healing, but its effect on bone necrosis
is limited, especially in advanced stages'*"'*.

- Autologous platelet concentrates: Preparations like
platelet-rich plasma and platelet-rich fibrin can be ap-
plied to surgical sites to deliver a high concentration of
growth factors, potentially enhancing soft tissue and

bone healing. However, systematic reviews have found
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the evidence for their efficacy in treating or preventing
MRONTJ to be inconsistent'*""'*,

- Furthermore, preliminary studies on polydeoxyribonu-
cleotide suggest it may be a promising agent for enhanc-
ing soft tissue and bone healing in MRONJ, warranting
further investigation.

2. Therapeutic drug holiday and resumption of
antiresorptive therapy

Once MRONJ is diagnosed, the decision of whether to
continue or temporarily halt antiresorptive therapy—a “thera-
peutic drug holiday”—is complex. This decision places the
localized need for jaw healing in direct conflict with the sys-
temic risk of skeletal-related events (SREs) or osteoporotic
fractures'™. The existing body of literature presents a divided
view on the efficacy of a therapeutic drug holiday for estab-
lished MRONJ'". The conflicting findings are not arbitrary
but rather reflect significant heterogeneity across studies in
terms of patient populations (oncology versus osteoporosis),
the specific antiresorptive agents used, and the primary treat-
ment modalities employed for MRONJ"*.

Several retrospective analyses and case series suggest a tan-
gible benefit to discontinuing therapy. An analysis by Hinson
et al." reported that patients who stopped BP treatment at the
time of MRONIJ diagnosis experienced symptom resolution
approximately six months sooner than those who continued
the medication. Similarly, a Korean retrospective study of 54
MRONUJ patients found a statistically significant correlation
between a longer drug holiday (median 9 months) and a more
favorable prognosis following surgical treatment'”. Further
supporting this view, a meta-analysis involving 13 clinical
studies reported a substantially higher complete cure rate in
patients who underwent a drug holiday (85%) compared to
those who did not (56.4%)".

Conversely, an equally compelling set of studies has failed
to demonstrate a significant correlation between drug discon-
tinuation and improved MRONJ outcomes'”. For instance,
large retrospective studies from Japan, which analyzed out-
comes in both osteoporosis and oncology patients, found that
drug holidays of various durations (ranging from 60 to 180
days) did not lead to better surgical results'”. Other clinical
reports have similarly concluded that discontinuing potent
agents like zoledronate or denosumab did not resolve estab-
lished MRONYJ lesions'’. These disparate findings highlight
that the potential benefit of a drug holiday is likely influenced
by a confluence of factors, including the underlying dis-
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ease, the specific drug’s pharmacology, and the stage of the
MRONTJ lesion"".

The decision to implement a therapeutic holiday must be
informed by the distinct pharmacological properties of BPs
and denosumab®. BPs are characterized by their extremely
long skeletal retention; they bind avidly to hydroxyapatite
and can remain embedded in the bone matrix for months to
years'’. This prolonged biological presence means that even
after therapy is discontinued, the drug continues to exert its
antiresorptive effects locally''. Consequently, the biologi-
cal impact of a short-term drug holiday on the healing of
an established MRONI lesion is likely limited. While some
position papers suggest a modest benefit, the prevailing view,
grounded in pharmacokinetics, is that discontinuation offers a
marginal, if any, immediate advantage for healing’. Nonethe-
less, a short-term perioperative discontinuation as suggested
in Italian guidelines™, may be considered a pragmatic strat-
egy to limit the accumulation of additional drug at a surgical
site during the critical healing phase, even if this approach is
not supported by robust evidence.

Unlike BPs, denosumab does not bind to bone, and its po-
tent antiresorptive effect is fully reversible, dissipating within
approximately six months of the last injection'”’. While this
reversibility theoretically creates an opportunity for a drug
holiday to facilitate jaw healing, it is inextricably linked to a
risk of rebound fractures'”. Cessation of denosumab leads to
a rapid surge in bone turnover that overshoots baseline levels,
resulting in accelerated bone loss and a high risk of multiple,

119
spontaneous fractures .

1) Recommendations for resumption of therapy

Given the clinical equipoise and the need for practical
guidance, the decision to halt or continue therapy must be
individualized, weighing the severity and symptoms of the
MRONIJ lesion against the patient’s systemic risk for frac-
tures or SREs.

A foundational principle is the establishment of a minimum
post-operative healing period. Following surgical interven-
tion for MRONJ, the committees recommend to delay the re-
sumption of any antiresorptive therapy for a minimum of 6-8
weeks. This period allows for initial soft tissue epithelializa-
tion and maturation, providing a window for healing without
the inhibitory effects of the medication’.

For high risk patients with oncologic disease receiving
high-dose therapy or osteoporosis patients with a very high
imminent fracture risk, antiresorptive therapy should be re-
sumed promptly after the initial 6-8 week healing period is
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Table 4. Therapeutic drug holiday and resumption recommendations for MRONJ treatment

Recommended minimum

Patient risk group

Criteria for resuming medication

healing period (wk)
High-risk patients (e.g., patients with oncologic 6-8 Resume promptly after the initial healing period upon
disease, very high imminent fracture risk) confirmation of stable soft tissue coverage.
Lower-risk patients (e.g., osteoporosis patients with 6-8 Consider extending the holiday until complete clinical and
a lower fracture risk) radiographic resolution of the MRONJ lesion.
Patients on denosumab 6-8 Any planned delay should not exceed 3 months from the

originally scheduled date (i.e., a maximum of 9 months from
the last injection).

(MRONIJ: medication-related osteonecrosis of the jaw)

Jin-Woo Kim et al: Medication-related osteonecrosis of the jaw: an evidence-based 2025 position statement from a Korean multidisciplinary task force. J Korean Assoc Oral Maxillofac

Surg 2025

complete and stable soft tissue coverage is confirmed. The
primary goal is to minimize the duration of systemic skeletal
vulnerability'™. For osteoporosis patients with a lower frac-
ture risk, a more extended therapeutic holiday, potentially
until the MRONJ lesion has demonstrated complete clinical
and radiographic resolution, may be considered'”’.

For patients on denosumab, a highly specific guideline is
necessary to mitigate the risk of rebound phenomena. Any
planned delay in the next scheduled dose to facilitate MRONJ
treatment should not exceed 3 months from the originally
scheduled date. This corresponds to a maximum interval of 9

months from the last injection'"™.(Table 4)
3. Risk factors for recurrence

Despite successful initial treatment, MRONIJ has a signifi-
cant rate of recurrence. The most significant predictors of
recurrence are associated with the intensity of the antiresorp-
tive therapy and the patient’s underlying disease state. The
cumulative dose and duration of antiresorptive therapy are
strongly correlated with recurrence risk. For potent agents
like zoledronate, continuous use for over 18 months has been
identified as a significant risk factor. Perhaps the most critical
and modifiable factor is the early resumption of antiresorp-
tive therapy after the initial MRONJ lesion has been treated.
A 13-year cohort study from Hong Kong provides a compel-
ling illustration: the only two cases of recurrence occurred
in patients who resumed potent antiresorptive therapy within
months of treatment'”. This suggests that an aggressive re-
sumption of therapy can directly trigger a recurrence.

The clinical presentation of the initial MRONIJ episode is
also predictive. Patients who present with an advanced stage
of disease (Stage 2 or 3) are at a higher risk of recurrence
compared to those with Stage 1 lesions. Furthermore, lesions

located in the maxilla have been consistently associated with

a greater likelihood of recurrence. Finally, the underlying
diagnosis remains a powerful determinant; patients receiv-
ing high-dose IV therapy for metastatic bone disease have a
significantly higher recurrence risk than osteoporosis patients
on low-dose regimens. This is likely a reflection of the syner-
gistic effect of higher drug potency, longer duration, and the
frequent use of concomitant corticosteroids or chemotherapy
in the oncology setting.

While pharmacological factors create systemic suscepti-
bility, the primary local driver of recurrence is the incom-
plete surgical resection of necrotic bone during the initial
treatment. This observation suggests that many instances of
“recurrence” are not truly new disease events but rather the
clinical manifestation of a persistent, inadequately treated pri-
mary lesion. The boundary between necrotic, non-remodeling
bone and healthy, viable bone is often difficult to discern
with the naked eye, leading to the unintentional retention of
microscopic foci of compromised bone. These residual areas
can act as a nidus for subsequent infection and breakdown,
leading to clinical recurrence months or years later. To help
address this surgical challenge, emerging technologies such
as biofluorescence-guided systems are being investigated as
intraoperative adjuncts to aid in the differentiation of viable
bone from necrotic margins.

This concept is supported by multiple lines of evidence.
Studies have shown significantly higher recurrence rates in
patients with postoperative radiographic evidence of residual
osteolysis or irregular periosteal reactions'. Furthermore, pa-
tients who undergo a conservative debridement or marginal
resection have a recurrence rate that is three to four times
higher than those who receive a complete resection with
wide, healthy margins'. This reframes the problem of recur-
rence from being an inherent patient characteristic to being,
in large part, a consequence of the initial treatment’s thor-

oughness. It places immense importance on optimizing the
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primary surgical intervention.
4. Strategies for recurrence prevention and management

Preventing MRONJ recurrence requires a multi-pronged,
proactive strategy that begins with comprehensive initial
treatment and extends to careful, personalized long-term
pharmacological management. The most effective way to
prevent recurrence is to ensure the complete and definitive
resolution of the primary MRONIJ episode.

Thorough Primary Treatment reinforces the recommenda-
tion for early and aggressive surgical intervention. The goal
should be a complete resection of all non-viable bone with
sufficiently wide margins to reach healthy, bleeding bone,
thereby removing the nidus for potential recurrence. Evi-
dence consistently shows that this approach yields higher
rates of complete mucosal healing and lower recurrence rates
compared to more conservative methods.

The implementation of a standardized pre- and post-
operative antibiotic protocol has been shown to be an effec-
tive adjunctive measure. Studies have reported that the use
of perioperative antibiotics can reduce MRONJ recurrence
rates from approximately 30%-35% to 18%-20%""*. After an
MRON!J episode has been treated, regular oral examinations
at 6- to 12-month intervals are crucial for detecting any early
signs of recurrence, allowing for prompt intervention.

It is crucial to establish an optimal treatment plan by com-
prehensively considering the patient’s underlying disease, the
specific medication used, and the duration of therapy'*"'*.
For instance, this may involve shortening the duration of
zoledronate administration or implementing continuous mon-
itoring for high-risk patients'®.

According to recent reports, switching to teriparatide
monotherapy is not a panacea for MRONJ that develops dur-

. 164
ing denosumab treatment'®

. As recommended in the guide-
lines for atypical femoral fractures'®, an alternative strategy
such as sequential therapy with teriparatide followed by
raloxifene may be considered to minimize recurrence after
MRON]J treatment. However, upon discontinuing denosumab
and transitioning to teriparatide, different patterns of change
in spine and hip bone mineral density are observed; therefore,
DXA follow-up at 6-month intervals is recommended'"®. A
strategy of switching to alendronate or raloxifene after dis-
continuing denosumab'® contributes to the maintenance of
systemic BMD but may offer limited hip protection, warrant-
ing caution in high-risk patients.

In the previously report from Hong Kong'”, 7 out of 8 pa-
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tients (87.5%) who underwent sequential therapy transition-
ing from teriparatide to raloxifene (for 18-24 months) after
an MRONJ episode showed stabilization or improvement in
BMD, with no reported recurrences. Conversely, two patients
who immediately resumed treatment with an antiresorptive
agent of the same class following MRONJ treatment both ex-
perienced recurrence. Therefore, for patients with a relatively
low fracture risk (T-score >-2.5 or FRAX major osteoporotic
fracture risk <20%), a short-term drug holiday or low-dose/
intermittent therapy should be considered first. For high-risk
patients, an approach that manages fracture risk while avoid-
ing excessive re-administration, such as teriparatide-based

sequential therapy, may be considered.

VII. Conclusion and Future Directions

This 2025 Korean Position Statement on MRONIJ was
developed to provide clear, evidence-based, and clinically
practical guidelines for a growing health concern. The com-
mittee, representing five key medical and dental societies,
has established a consensus that emphasizes a proactive and
comprehensive approach. Key recommendations include:

(1) Definition and staging: Adherence to the standard di-
agnostic criteria, with the crucial addition of allowing
diagnosis based on definitive radiographic or clinical
findings prior to 8 weeks, and the retention of Stage 0
to facilitate early detection.

(2) Prevention: A strong emphasis on pre-treatment dental
evaluation and management as the most effective pre-
ventive measure.

(3) Prophylactic drug holidays: Provision of specific, drug-
class-dependent recommendations for temporary dis-
continuation of antiresorptives around invasive dental
procedures, offering pragmatic guidance where inter-
national consensus is lacking (see IV. Pathogenesis and
Risk Factors, 1. Pathogenesis for details).

(4) Treatment: Early surgical intervention can be recom-
mended as the primary treatment modality for all stages
of MRONJ, based on superior long-term resolution
rates.

(5) Recurrence: Identification of key risk factors and advo-
cacy for personalized post-treatment management, in-
cluding advanced sequential therapy strategies for high-

risk patients.



1. Identifying knowledge gaps and proposing a research
agenda

Despite significant advances, many questions regarding
MRON]J remain unanswered. This committee has identified
several key areas that require future research to further refine
clinical practice:

* Prospective comparative studies: There is a pressing need
for large-scale, prospective cohort studies to directly
compare the long-term outcomes (resolution, recurrence,
quality of life) of different treatment strategies, including
conservative vs. surgical management and the efficacy of

various adjunctive therapies.

Biomarker discovery: Research is needed to identify
and validate reliable blood or salivary biomarkers that
can accurately predict an individual’s risk of develop-
ing MRONI or experiencing a recurrence. Such markers
would enable truly personalized risk stratification and

management.

Long-term impact of drug holidays: The long-term ef-
fects of both prophylactic and therapeutic drug holidays
on systemic outcomes—namely, fracture risk and cancer
progression—are not well understood. Multidisciplinary,
long-term follow-up studies are essential to clarify the

risk-benefit balance.

Risk of newer agents: While this paper focuses on BPs
and denosumab, the MRONJ risk associated with newer
osteoporosis medications, such as romosozumab, needs to
be evaluated in large, prospective clinical studies.

Pharmacogenomics: Investigating the genetic basis of
MRONI susceptibility is a critical frontier. Identifying
genetic polymorphisms related to bone metabolism, im-
munity, or angiogenesis could allow for the screening of
high-risk individuals and the development of personalized
preventive strategies.

It is the hope of this committee that these guidelines will
standardize and improve the care of patients with MRONJ,
and that the proposed research agenda will stimulate further
investigation to address the remaining uncertainties in this

complex field.
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