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ABSTRACT
Objectives: To provide a critical update identifying the knowledge gaps and controversies in

medication-related osteonecrosis of the jaw (MRONJ) within the Belgian healthcare context 2023

and outline opportunities for improvement and research in these areas. Qgggpted 29 November
Methods: A literature review was performed to identify guidelines from international clinical

societies in oncology or oral and maxillofacial surgery on diagnosing, preventing, and treating KEYWORDS

MRONJ. The recommendations were critically assessed in light of recent developments in the Osteonecrosis; bone

field and confronted with the clinical experience of experts.
Results: Despite progress in the diagnostic criteria of MRONJ, the continued need for an
8-week timeout period should be reconsidered. Furthermore, 3D imaging techniques should

density conservation
agents; neoplasm
metastasis; osteoporosis;
prevention; therapeutics

be introduced to improve diagnosis and staging. The staging system remains ambiguous
regarding Stage 0 MRONJ, and ongoing confusion exists regarding the term non-exposed
MRONJ. The prevention of MRONJ should be tailored, considering the individual patient’s risk
of MRONJ, frailty, and life expectancy. More research seems needed into the efficacy and
safety of drug holidays, considering the risks of rebound remodeling on fractures. With
renewed interest in surgical and adjunct management techniques, adequately designed clini-
cal studies are needed to help translate trial outcomes into universally applicable treatment
guidelines taking into account individual patient characteristics.

Conclusions: Important knowledge gaps remain and hamper the development of clinical
guidelines. Several controversies were identified where consensus is lacking, and further har-
monization between stakeholders is necessary. Finally, the need for randomized controlled
comparative clinical trials in MRONJ resonates harder than ever to identify the best treatment
for individual patients.

Introduction Subsequent reports identified MRONJ cases in
patients receiving bisphosphonates for non-cancerous
conditions such as osteoporosis, albeit with a con-
siderably lower risk [3].

Although MRONJ is considered an infrequent
condition, the potential impact on patients’ quality

of life and oral health necessitates a comprehen-

Bone modifying agents (BMA), such as bisphospho-
nates and denosumab are prescribed for skeletal
disorders, including osteoporosis, bone metastases,
and multiple myeloma [1,2]. Medication-related
osteonecrosis of the jaw (MRONJ) associated with

their use has a relatively recent history, with the
first reports emerging in the early 2000s. The initial
cases were observed in cancer patients receiving
high-dose intravenous bisphosphonate therapy.

sive approach to its diagnosis and management
and effective preventive strategies. The recommen-
dations for diagnosing and treating MRONJ have
shifted over the years, but some controversies and
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knowledge gaps remain. A state of equipoise in
the various treatment options for MRONJ still exists
due to the lack of good-quality comparative clinical
trials. In addition to the optimal initial approach,
the sequencing of available treatments also remains
uncertain. As a result, clinical decision-making is
often based on the preference and expertise of
the treating healthcare professionals.

This review provides a critical update identifying
open issues and controversies in MRONJ within
the Belgian healthcare context. Furthermore, we
will outline opportunities for improvement and
research in these areas, highlighting the gaps in
knowledge and practice.

Epidemiology and pathophysiology

MRON!J risk with high-dose BMA treatment in
cancer

Randomized controlled clinical trials with high-dose
BMAs in advanced cancer patients show an inci-
dence of MRONJ (adjusted for patient-year expo-
sure) of 1.1% in the first year, 3.7% in the second
year, and 4.6% after that, highlighting the increased
MRONJ risk with more prolonged exposure [4]. This
risk was slightly higher in multiple myeloma
patients, with an incidence of 2.0% during the first
year of treatment, 5.0% in the second year, and
4.5% per year thereafter [5].

Data from Belgium confirms the higher MRONJ
risk with increasing cumulative exposure, with a
6% incidence beyond two years of treatment [6].
However, subgroups with higher MRONJ suscepti-
bility may exist, as a higher MRONJ risk of 11%
was reported in a cohort of renal cell cancer
patients treated with both BMA and anti-angiogenic
agents [7]. Similarly, sequential treatment with bis-
phosphonates and denosumab conferred a slightly
higher risk of MRONJ early after switching agents
compared to patients remaining on bisphospho-
nates [8].

MRONUJ risk with low-dose BMA treatment in
osteoporosis

With low-dose treatment for osteoporosis, the inci-
dence of MRONJ in randomized controlled trials
was considerably lower, with 0.04% at 3years,
0.06% at 5years, and 0.44% at 10years [9]. While
no specific data is available for Belgium, a recent
large cohort study in Switzerland reported MRONJ
in 0.55% [10]. In the same study, previous bisphos-
phonate therapy before switching to denosumab

was an additional risk factor for ONJ development,
similar to the findings with high-dose treatment.

Patient risk factors for MRONJ

The risk of MRONJ is associated with cumulative
exposure to BMAs. In contrast, the route of admin-
istration (IV versus PO) of the BMA is no longer
considered a risk factor for MRONJ [11]. Focusing
on modifiable risk factors in light of preventing
MRONJ, poor periodontal and dental health,
ill-fitting dentures, uncontrolled diabetes mellitus,
and tobacco use deserve special attention. Data
from Belgian cohorts have consistently demon-
strated that the risk of developing MRONJ more
than doubles in active smokers compared to never
or former smokers, underscoring the need for
smoking cessation [6,7,12]. Whether risk factors
differ between low-dose and high-dose treatment
has not been established.

Impact of the COVID-19 pandemic

The COVID-19 pandemic significantly impacted
oncology care due to efforts to minimize exposure
to the virus. In an international online survey con-
ducted over the summer of 2020, 94.6% and 78.8%
of respondents reported a decreased administra-
tion of bisphosphonates and denosumab, respec-
tively [13]. While efforts were undertaken to
minimize the adverse patient impact by switching
to home administration or oral treatment routes,
BMAs have likely been underused over the last
two years. As a result, an artificially lower incidence
of MRONJ may present in the coming years, but
prevention should continue unchanged as the use
of these agents is restored to pre-pandemic levels.

Understanding MRONJ pathophysiology

The pathophysiology of MRONJ is considered mul-
tifactorial but remains incompletely understood [14].
All BMAs share the ability to suppress osteoclast
activity, reducing bone turnover that can affect
bone-healing capacity. In MRONJ, the prolonged
suppression of osteoclast function is hypothesized
to result in an accumulation of microdamage. This
compromised bone healing capacity and the sub-
sequent accumulation of unrepaired microcracks has
been shown to contribute to the development of
MRONJ in preclinical models [15].

Preclinical studies have confirmed the role of
(chronic) trauma and infection in the development



and progression of MRONJ [16]. Dental infections can
stress the local defense mechanisms of the jaw and
initiate a cascade leading to osteonecrosis. Trauma,
including tooth extractions or chronic irritation by
ill-fitting dental prostheses, subsequently promotes
the development of MRONJ. In addition, the impair-
ment of wound healing caused by anti-angiogenic
drugs further contributes to MRONJ [17].

Interestingly, post-COVID-19-related osteonecro-
sis of the jaw was recently reported. This condition
only affects the maxilla, and most patients have
comorbidities, including diabetes, or were treated
with corticosteroids or other immune modulators
[18]. Like MRONJ, the pathophysiologic mechanism
remains unknown, but SARS-CoV-2 promotes a
hyperinflammatory state, with elevated cytokines
and immune dysregulation, in addition to micro-
vascular thromboses and a hypercoagulability state
[18]. These findings suggest that mucosal immune
homeostasis and osteoimmunity may be more
important than previously recognized.

Diagnosis and staging
Diagnostic criteria of MRONJ

Early case definitions were put forward by the
American Association of Oral and Maxillofacial
Surgeons (AAOMS) (Table 1) [19], the American
Society for Bone and Mineral Research (ASBMR)
[20], and later also by the Task Force on
Osteonecrosis of the Jaw (TFONJ) [21]. An arbitrary
timeout period of eight weeks is included to rule
out other conditions that can be expected to heal
within this timeframe to avoid overdiagnosis.
Notably, the 8-week interval only starts at the time
that exposed bone is first documented by a health-
care provider [19,20].

However, some patients presented with
non-specific symptoms or suspicious radiographic
changes without exposed bone and did not fit
these criteria [22]. With the introduction of Stage
0 in 2009, the AAOMS attempted to fit patients
without exposed bone but with non-specific symp-
toms or (imaging) findings within the staging

Table 1. Case definition of MRONJ according to the AAOMS [25].
Mandatory criteria for the diagnosis of MRONJ

Current or previous treatment with antiresorptive therapy alone or
in combination with immune modulators or anti-angiogenic
medications.

Exposed bone or bone that can be probed through an intraoral
or extraoral fistula(e) in the maxillofacial region that has persisted
for more than eight weeks.

No history of radiation therapy to the jaws or metastatic disease
to the jaws.
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system of MRONJ [23]. Somewhat confusingly,
Stage 0 MRONJ continues to be interpreted as a
potential prodromal stage of MRONJ by the AAOMS
and ITFONJ, even though it is listed as an actual
stage of MRONJ, but not included in the actual
MRONJ case definition [24,25]. Another major
change occurred with the 2014 update, adding
bone that can be probed through an intraoral or
extraoral fistula to the diagnostic criteria. In addi-
tion, treatment with an anti-angiogenic agent was
added to the list of culprit medications. In 2022,
immune modulators were included [26]. However,
it has become ambiguous whether using an
anti-angiogenic agent alone remains sufficient to
meet the diagnosis of MRONJ under the new
AAOMS definition [25].

Staging system for MRONJ

Three staging systems have been frequently used
in the literature, put forward by the AAOMS (Table
2) [25], the TFONJ [20], and by Weitzman et al.
[27]. The latter was designed to be compatible
with the Common Toxicity Criteria (CTC) adverse
event reporting system from the National Cancer
Institute (NCI). Other clinical societies have aligned
with the AAOMS system [20,28].

Difficulties emerged with the AAOMS system in
classifying patients presenting with chronic sinus
tracts without evidence of exposed bone at the
initial visit. The term non-exposed MRONJ was
coined to describe this phenotype [29]. According
to some authors, up to 25% of cases may have been
missed in clinical trials up to that time, where adju-
dicators strictly adhered to the AAOMS definition
[30]. Bagan et al. proposed to include patients with
an oral fistula and without apparent bone exposure
in Stage 1 [31]. In contrast, Woo et al. created a
new Stage 0 MRONJ, defined as patients without
exposed bone but with sinus tracts or localized
deep periodontal pockets [32]. The 2014 update of
the AAOMS staging system addressed this open
issue by adding ‘a fistula that probes to the bone’
to the description of exposed bone in Stages 1-3.
In addition, this update clarified that Stage 0 is con-
sidered a prodromal and non-exposed state [26].
However, this interpretation is markedly different
from that used earlier in the literature, where the
non-exposed variants were not considered prodro-
mal but actual clinical manifestations similar to
Stages 1-3 and requiring treatment.

Remarkably, the case definitions for MRONJ used
by the ASBMR and the TFONJ have not mirrored
these changes. In particular, the TFONJ has not
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Table 2. AAOMS staging system for MRONJ [25].

Category

Description

At risk
Stage 0
findings, such as:
Symptoms
- Odontalgia not explained by an odontogenic cause.

No apparent necrotic bone in asymptomatic patients who have been treated with IV or oral antiresorptive therapy.
Patients with no clinical evidence of necrotic bone but who present with non-specific symptoms or clinical and radiographic

«  Dull, aching bone pain in the jaw, which may radiate to the temporomandibular joint region.
« Sinus pain, which may be associated with inflammation and thickening of the maxillary sinus wall.

+  Altered neurosensory function.
Clinical findings

+ Loosening of teeth not explained by chronic periodontal disease.

+ Intraoral or extraoral swelling.
Radiographic findings

« Alveolar bone loss or resorption not attributable to chronic periodontal disease.

+ Changes to trabecular pattern sclerotic bone and no new bone in extraction sockets.

+ Regions of osteosclerosis involving the alveolar bone and/or the surrounding basilar bone.

+  Thickening/obscuring of periodontal ligament (thickening of the lamina dura, sclerosis and decreased size of the periodontal

ligament space).
Stage 1

Exposed and necrotic bone or fistula that probes to the bone in patients who are asymptomatic and have no evidence of

infection/inflammation. These patients also may present with radiographic findings mentioned for Stage 0 that are localized to

the alveolar bone region.
Stage 2

Exposed and necrotic bone or fistula that probes to the bone, with evidence of infection/inflammation. These patients are

symptomatic. These patients also may present with radiographic findings mentioned for Stage 0 localized to the alveolar bone

region.
Stage 3

Exposed and necrotic bone or fistulae that probes to the bone, with evidence of infection, and one or more of the following:

+  Exposed necrotic bone extending beyond the region of alveolar bone (i.e. inferior border and ramus in the mandible,

maxillary sinus and zygoma in the maxilla).
« Pathologic fracture.
+  Extraoral fistula.
+ Oral antral/oral-nasal communication.

+  Osteolysis extending to the inferior border of the mandible or sinus floor.

Table 3. Controversies and challenges in the diagnosis and staging of MRONJ.

«  Reconsider the diagnostic 8-week window: Intended as a gatekeeper to improve the specificity of the diagnostic criteria for MRONJ by
excluding other conditions expected to resolve within an 8-week timeframe, this arbitrary window may lead to delays in referral and

treatment.

Resolve uncertainty regarding Stage 0 MRONJ: It should be resolved whether Stage 0 MRONJ is considered an early non-specific disease
state or an actual stage of MRONJ. The clinical relevance of Stage 0 MRONJ should be studied further.

Unify the definition of non-exposed MRONJ: Non-exposed MRONJ is inconsistently interpreted, either as a prodromal stage of MRONJ where
the necrotic bone is still fully covered or as an overt stage of MRONJ, but where the necrotic bone can only be probed through a fistula.
Incorporate advanced imaging tools: Advanced imaging, such as CBCT, should be incorporated into the MRONJ diagnosis and staging

guidelines to improve early detection and determine disease extent.

broadened the stage definition to include fistulas
that probe to bone and does not recognize a pre-
clinical variant of MRONJ [33]. Similarly, the MASC/
ISOO/ASCO considers Stage 0 only as an indicator
of increased MRONJ risk, but not true MRONJ [28].
Their main concern is that Stage 0 terminology may
lead to MRONJ overdiagnosing because these same
presenting symptoms may ultimately lead to an
alternative diagnosis [24]. A harmonization effort is
needed to resolve these conflicting views (Table 3).

Imaging criteria

The radiographic changes in MRONJ include a per-
sisting alveolar socket, osteosclerosis, osteolysis,
thickening of the lamina dura, narrowing of the
mandibular canal, widening of the periodontal lig-
ament space, and sequestrum formation.
Unfortunately, only a limited role is attributed to
imaging to improve the early diagnosis, staging
and management of MRONJ in current guidelines,
despite evidence suggesting that imaging can con-
tribute in these areas. Indeed, cone beam

computed tomography (CBCT) could contribute to
a more specific differential diagnosis between con-
ditions that can mimic MRONJ while providing
more detailed information on disease extent in
patients with overt disease [34]. Despite these
potential advantages, some clinical societies do
not support including CBCT findings, out of con-
cern that this may lead to overdiagnosis [28,35].

Prevention

Multidisciplinary collaboration among healthcare
providers is fundamental in identifying high-risk
individuals (Figure 1(A)), educating patients, and
implementing preventive measures [36]. Educational
leaflets, websites with dedicated patient informa-
tion (e.g. www.kaaknecrose.be), or other educa-
tional materials can contribute to these goals.

Before the start of BMA

Preventive dental care in patients starting
high-dose BMA treatment reduces the risk of


http://www.kaaknecrose.be

Figure 1. Risk stratification and prevention of MRONJ.

MRONJ by 68-77% [37]. In other words, one
needs to send approximately 25 patients for pre-
ventive dental care to avoid one MRONJ case in
this group. Broad consensus exists that a dental
and periodontal examination should be per-
formed, including panoramic or intraoral radio-
graphs, before starting BMA therapy (Figure 1(B))
[28]. However, it is currently unclear how aggres-
sive preventive dental care should be and how

ACTA CHIRURGICA BELGICA (&) 5

each intervention reduces the MRONJ risk (Table
4). Moreover, there seems to be a need for indi-
vidually tailoring prevention, as all medically indi-
cated dental care might not be feasible,
considering the patient’s frailty, the limited life
expectancy, and the urgency of prompt initiation
of a BMA (Table 5). When dental extractions are
performed, BMA therapy can be started after
mucosal coverage has occurred [28].
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Table 4. Controversies and challenges in the prevention of MRONJ.

- Standardize risk stratification protocols: Standardized protocols to identify and categorize patients according to their risk of developing
MRONJ should be developed. These can be based on the type and dosage of BMA, duration of treatment, concurrent use of other
medications, and the patient’s overall health status and risk factors. Smoking cessation should be prioritized.

« Risk-based preventive dental screening protocols: Dental screening protocol should take into account the patient’s risk of developing MRONJ
and life expectancy to maximize the benefits and limit the potential burden of dental interventions.

« Identify subgroups that benefit from drug holidays: More research is needed to identify subgroups that may benefit from temporarily
interrupting BMA treatment before an intervention, taking into account the potential risk of rebound remodeling after stopping BMA.

- Safeguard access to dental care: Policymakers must ensure patients have access to high-quality, timely and affordable dental care in order

not to delay MRONJ prevention.

Table 5. Descriptions of complete, partial and minimal dental evaluation and treatment protocols.

Protocol type

Dental pathology Complete

Partial Minimal

Caries Restore all teeth

Severe caries/pulp involvement/ Root canal treatment OR extract
dental abscess

Apical periodontitis + Retreat

+ Apicoectomy

« Extract

Extract teeth with
- probing depth > 6mm
« furcation |, I, 1l

Advanced periodontal disease

Extract teeth with >50% root
resorption
Extract

Mobile primary teeth

Partially erupted third molars

Mild/moderate caries were restored if time
permitted; otherwise these lesions were left
alone and observed.

Intervention only
if symptomatic

« Symptomatic lesions and lesions > 5mm were
treated

« Asymptomatic lesions and lesions < 5mm
were observed

Extract teeth with

« Probing depth > 8mm

+ Mobility Il

- Severe inflammation

Extract teeth with severe mobility and expected
to exfoliate within a few weeks.

« Asymptomatic teeth were observed

« Partially erupted third molars with purulence
of pericoronitis were extracted.

Reproduced with permission from Hong CHL, et al. A systematic review of dental disease management in cancer patients. Support Care Cancer,
26, 155-74, 2018, Springer Nature. The Creative Commons license does not apply to this content. Use of the material in any format is prohibited
without written permission from the publisher, Springer Nature. Please contact journalpermissions@springernature.com for further information.

In patients starting low-dose BMA therapy, in
the absence of other risk factors or history of treat-
ment with another BMA, the MRONJ risk is so lim-
ited that universal prevention measures are more
difficult to justify, as the number needed to submit
to prevention would increase to 334 to avoid one
case of MRONJ on a 10-year horizon. Nevertheless,
an annual dental check-up is advised for every
patient, as in the general population, to maintain
and improve oral hygiene [36]. If a patient has not
complied with this general advice, a preventive
dental visit is still recommended.

During treatment with a BMA

Restrictions apply only to patients treated with a
high-dose BMA, after prolonged therapy (>3 years)
with a low-dose BMA, or in the presence of other
risk factors. In these patients, elective invasive den-
tal procedures should be avoided (such as tooth
extractions, periodontal surgery, scaling and root
planing, or placement of implants) (Figure 1(C)).
For acute problems, an endodontic approach or a
root submergence technique is preferred, and, in
case surgery is deemed unavoidable, the prophy-
lactic use of antibiotics is indicated. In contrast,
extractions and dental implant placement can be

carried out for patients without risk factors, receiv-
ing short-term low-dose therapy and adhering to
regular dental visits [33]. Routine dental care is
allowed in all patients and should be performed
without soft tissue injury.

Drug holiday

Despite convincing preclinical evidence of the ben-
efit of a drug holiday, the clinical evidence is con-
tradictory [38]. Even though a recent retrospective
Belgian study suggested a relative reduction in
MRONJ risk by 17% for every month of drug hol-
iday with high-dose treatment, this effect was not
observed in the low-dose treatment cohort [12].
These effects were similar for the different BMAs.
On the other hand, a recent meta-analysis con-
cluded that drug holidays do not minimize the risk
of MRONJ [39].

Importantly, treatment with a BMA should never
be interrupted, even temporarily, without consulting
the prescribing physician. Indeed, a rapid rebound
of bone resorption may occur and can put patients
at an increased fracture risk, particularly after deno-
sumab treatment, due to its quickly reversible
effects [40]. Currently, the uncertainty regarding the
efficacy and safety of a drug holiday is reflected in
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Table 6. Controversies and challenges in the treatment of MRONJ.

Define individual treatment goals: MRONJ is a heterogeneous disease and affects a broad spectrum of patient profiles. Individual treatment
goals should be set, considering the stage of MRONJ, the patient profile, and life expectancy.

Improved guidelines for treatment selection: Clearer guidelines need to be established on when to choose conservative versus surgical
treatment options or how to sequence treatments. These guidelines should consider the disease stage, the patient’s overall health, and the

potential benefits and risks associated with each treatment option.

Improve treatment response criteria: More granular treatment response criteria should be defined, taking into account long-term outcomes

and residual functional limitations after MRONJ resolution.

Define meaningful trial endpoints: More insights are needed into the factors that drive patients’ oral quality of life to define meaningful
study endpoints aligned with patients’ expectations to compare treatment modalities.
Need for randomized comparative trials: Prospective randomized comparative trials are needed to assess the effectiveness of current MRONJ

treatment modalities.

the different guidelines, leaving the option to inter-
rupt the BMA to the treating physician [25,28,33].

Bone turnover markers

An equally contentious issue remains the use of
bone turnover markers reflecting the process of
bone remodeling. In particular, C-terminal telopep-
tide (CTX) is one of the resorption markers, reflect-
ing the activity of osteoclasts. It was hypothesized
that low CTX values (<0.10ng/mL) would indicate
a highly suppressed bone turnover and, thus, an
elevated risk of MRONJ [41]. Despite the appeal of
having a simple blood test for predicting MRONJ
risk, subsequent studies have failed to show suf-
ficient predictive value of CTX and its use is not
recommended, regardless of the dosing of BMA
treatment [33].

Dental care access

Lastly, patient access to high-quality, affordable
dental care within an acceptable timeframe is
essential for MRONJ prevention. In a recent report,
Belgium scores average in Europe on many metrics
relating to financing, access, and provision of oral
healthcare [42]. However, some trends may cause
barriers for patients to maintain optimal oral health
and obtain preventive dental care when starting
BMAs. In some regions, patient waiting times can
be long due to a local shortage of dentists. In
addition, given the partial statutory coverage sys-
tem of dental care in Belgium, interventions, such
as periodontal treatment, prosthodontics, dental
implants, or imaging have limited or no reimburse-
ment and require significant co-payment from the
patient. Estimates show that in 2019 out-of-pocket
payments represented 65% of the total expendi-
ture for dental care in Belgium. Moreover, the
unmet need for dental care has doubled over the
last decade, rising to approximately 8% among the
lowest quintile incomes [42]. Policymakers must
safeguard access to affordable preventive dental

care, particularly for the often frail population at
risk of MRONLJ. In the meantime, establishing ded-
icated referral pathways within the hospital can
help to improve the time to preventive dental care
and avoid treatment delays.

Treatment

Almost 20years after the first reports of MRONJ
were published, the condition remains difficult to
treat, and there is still no defined treatment algo-
rithm (Table 6). Consensus exists that the treat-
ment of MRONJ should be tailored to the individual
patient in a multidisciplinary care setting, and clear
treatment goals should be agreed upon to facili-
tate communication, improve patient adherence,
and avoid disappointment [43].

Setting individual treatment goals

Patients with MRONJ can present with a broad
spectrum of signs and symptoms, ranging from a
small asymptomatic area of exposed bone to
uncontrolled infection and severe tissue loss.
Similarly, the patient’s prognosis — independent of
the presence of MRONJ - can be considerably dif-
ferent depending on the underlying condition. At
one end of the spectrum, treatment should focus
on symptom control in frail patients with limited
life expectancy or deemed unfit for more aggres-
sive surgical approaches. Conversely, young and fit
patients may be candidates for treatment
approaches aiming for superior cosmetic and func-
tional outcomes.

Importantly, the different treatment goals have
not yet translated into a consensus on appropriate
endpoints in clinical trials with MRONJ. Currently,
there is a strong focus on achieving mucosal clo-
sure as the primary outcome measure of efficacy.
Little attention has been paid to patient symp-
toms, quality of life, functioning and well-being
during treatment, even though the resolution of
MRONJ symptoms and limiting treatment-related
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adverse events may be equally important to
patients. Ideally, patient organizations and advo-
cacy groups should be involved to align endpoints
with meaningful outcomes.

Conservative treatment

The focus is the control of symptoms and infection
through maintaining optimum oral hygiene, elim-
inating active dental and periodontal disease, and
using topical antibacterial mouth rinses and sys-
temic antibiotic therapy [28]. In combination, lim-
ited surgical debridement and contouring of
MRONVJ lesions are typically performed to remove
sharp edges. While well tolerated, it can take a
long time before a sequester forms and can be
removed. After that, mucosal coverage of the bone
defect usually occurs. However, patients need to
be aware of the slow healing rate, and pertinent
questions on the effects of the long-term use of
antibiotics have not been well studied. In addition,
there is considerable heterogeneity regarding the
reported outcomes with conservative treat-
ment [44].

Minimally invasive surgery

Building on the backbone of conservative treatment,
a minimally invasive approach using the local appli-
cation of leukocyte and platelet-rich plasma (LPRF)
membranes to achieve primary wound closure has
shown promising results in treating MRONJ. A
Belgian cohort study using this approach showed
healing of the MRONJ lesion in 64-67% of patients
with Stage 1 or 2 diseases [45]. However, the value
of LPRF remains challenging to assess, given the lack
of randomized clinical trials. Further clinical research
is therefore needed to confirm the therapeutic signal
detected in these preliminary studies [46].

Primary surgical resection

Expanding insights into the role of infection and
selecting appropriate surgical techniques have
resulted in improved outcomes using this approach.
In particular, it was recognized that adequate anti-
biotic treatment should precede the surgical pro-
cedure to eliminate indolent infection to the
maximum extent possible before any invasive local
treatment is performed [47].

Marginal resection of the MRONJ lesion is per-
formed by elevating a full-thickness mucoperiosteal
flap which is extended to reveal the entire area of
exposed bone and beyond to disease-free margins;

resection of the affected bone to reach
healthy-appearing, bleeding bone; and finally
achieving primary soft tissue closure after smooth-
ing of sharp edges [43]. However, heterogeneous
outcomes with surgery across all stages of MRONJ
have been reported [44].

Salvage surgical treatment

In advanced stages, uncontrolled symptoms, or
disease progression despite the abovementioned
treatments, segmental mandibulectomy and bony
free flap reconstruction may be offered as a
last-resort option. In particular, when the disease
involves full-thickness mandibular destruction,
pathologic fracture, and fistulization, with chronic
pain and infection. A recent systematic review
found that for MRONJ stage Ill patients, extensive
bony resection up to the viable bleeding margins,
with or without a microvascular flap reconstruction
provided the best outcomes [48]. Nevertheless,
chronic infection and underlying medical comor-
bidities may predispose to substantial perioperative
complications [49].

Adjuvant treatments

Various adjuvant therapies have been investigated
in MRONJ. These include hyperbaric oxygen ther-
apy, low-level laser therapy, topical ozone, and
teriparatide (parathyroid hormone) treatment.
However, the evidence regarding their efficacy in
MRONJ management remains limited or anecdotal,
and further research is needed to establish their
role and effectiveness.

Treatment selection

Despite the various available treatment modalities,
the lack of randomized controlled comparisons
between these treatments severely hamper inter-
preting the results and ultimately choosing the
best and most appropriate treatment for patients
with MRONJ [43]. Nevertheless, according to
ClinicalTrials.gov (accessed 01/08/2023), only four
interventional trials comparing MRONJ treatments
are currently active. Of these studies, the BETCON
trial (BEst Treatment Choice of OsteoNecrosis of
the jaw; ClinicalTrials.gov: NCT04512638; www.
betcon.be) running in several Flemish hospitals is
the only study comparing the available standard-of-
care treatments for MRONJ in a randomized way
to establish their effectiveness, both regarding
mucosal healing and humanistic outcomes.
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Table 7. Proposed response assessment criteria for treatment of MRONJ.

Sign of infection/

Term Mucosal coverage Symptom/pain inflammation Radiographic
Resolved Complete healing No pain None Trabecular pattern,
formation lamina dura
resorbed
Improving Significant improvement Significant improvement Significant improvement (no  Improved trabecular pattern,
(>50% of mucosal (>50% reduction of pain, signs of infection/ signs of sequestra
coverage) VAS) inflammation)
Stable Mild improvement (<50% of Mild improvement (<50% Mild improvement (mild No changes

mucosal coverage)
Progressive No improvement or

worsening worsening

reduction of pain, VAS)

No improvement or

signs of infection/
inflammation)

No improvement Lytic changes, decreasing
trabeculation, increased
size of radiographic
lesion

Reproduced with permission from Yarom N, et al. Medication-Related Osteonecrosis of the Jaw: MASCC/ISOO/ASCO Clinical Practice Guideline. J
Clin Oncol. 2019;37(25):2270-90. An American Society of Clinical Oncology Journal. The Creative Commons license does not apply to this content.
Use of the material in any format is prohibited without written permission from the publisher, Wolters Kluwer Health, Inc. Please contact

permissions@lww.com for further information.

Treatment response assessment

The change in the AAOMS stage or mucosal heal-
ing is commonly used to report treatment out-
comes. However, more granular response
assessment criteria may be required to capture
clinical outcomes, including radiographic changes.
The MASCC/ISOO/ASCO expert panel has proposed
a 4-level response system incorporating clinical
signs, symptoms, and radiographic changes (Table
7). Nevertheless, patients with healed MRONJ
lesions can still suffer from significant sequellae
due to tissue loss or problems with dentition.

Conclusion

MRONJ poses significant challenges in clinical
practice, and knowledge gaps hamper its diag-
nosis, prevention, and treatment. Concerning
diagnosis and staging, we propose reconsidering
the mandatory diagnostic 8-week window, resolv-
ing the uncertainty regarding the conflicting
interpretation of stage 0 MRONJ, harmonizing the
definition of non-exposed MRONJ, and incorpo-
rating advanced imaging tools. In addition, the
prevention of MRONJ could benefit from stan-
dardized risk stratification protocols, risk-based
preventive dental screening protocols, the iden-
tification of subgroups that may benefit from
drug holidays, and policies to safeguard access
to dental care. Improvements in MRONJ manage-
ment require defining individual treatment goals,
treatment selection guidelines considering patient
characteristics, selecting relevant treatment
response criteria, and identifying meaningful trial
endpoints. Lastly, further prospective randomized
comparative trials in MRONJ are urgently needed
to generate high-quality evidence to support
these goals.
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