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Abstract
Background The justification for this consensus is the absence of local protocols on Medication-Related Osteonecrosis of the
Jaws (MONJ), for prevention, evaluation, and treatment, involving physicians and dentists, leading to suspension of
antiresorptive treatments, despite their benefit in the prevention of fragility fractures (40–70%). These fractures cause disability
and mortality (80% and 20–30%, respectively), as opposed to the low risk associated with MONJ in osteoporotic (0.01–0.03%)
and oncological patients (1.3–1.8%).
Purpose To provide management recommendations through algorithms that guide health professionals to prevent, diagnose, and
treat MONJ in different clinical scenarios.
Method A technical multidisciplinary team composed of specialists with extensive experience in osteoporosis or
osteonecrosis of the jaw from Fundación Santa Fé (Bogotá, Colombia) and the Asociación Colombiana de Osteoporosis
y Metabolismo Mineral was selected. Three rounds were carried out: definition of questions, answers using Delphi
methodology, and the discussion of questions in order to have an agreement. The whole group participated in two phases,
and the developer group in the total number of rounds. A literature review was conducted to obtain academic support to
design questions with clinical relevance.
Results and conclusions The consensus group generated definitions and recommendations useful for doctors and dentists,
following clinical algorithms involving four scenarios: osteoporosis patient who requires dental procedures and has not received
antiresorptives, osteoporosis patient who are under treatment with antiresorptives, cancer patients, and MONJ-instituted patients.
The therapeutic approach in osteoporosis and cancer patients, in invasive dental procedures, must be relied on the risk-benefit
treatment.
Keywords Osteoporosis . Bisphosphonate-associated osteonecrosis of the jaw . Osteonecrosis . Consensus . Denosumab .
Algorithms
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Introduction
The aim for this consensus is to provide management recommendations through algorithms that guide dentists and physicians to prevent, diagnose, and treat MONJ in different clinical scenarios, due to the absence of local protocols on
Medication-Related Osteonecrosis of the Jaws (MONJ),
which has led to stop the antiresorptive treatments, despite
the benefit in the prevention of fragility fractures in the context
of dental procedures. These fractures cause a high morbidity
and mortality as opposed to the low risk associated with
MONJ in older adults. The low incidence of this complication
and the lack of knowledge of the risk-benefit of osteoporosis
treatment by health professionals have led to underestimation
in daily practice.
Osteoporosis is a systemic skeletal disease characterized by
a low bone mass and a decline in bone microarchitecture,
which leads to an increase in bone fragility, itself associated
with an increase in fracture risk [1]. In Europe and the USA,
30% of postmenopausal women have osteoporosis. The probability of fracture for women over 50 years of age is around
40%, and for men, is around 15–30% [2]. Osteoporotic fractures affect 1 out of 3 women and 1 out of 5 men over the age
of 50 [3]. Besides, fractures cause death in 20-30% within the
first year after a fracture, with a disability varying from 3080% [4]. In the oncologic patient, antiresorptives (such as
bisphosphonates and denosumab) have improved quality of
life and a decrease in related skeletal events, like pathologic
fracture, spinal cord compression and pain. They can reduce
the risk of tumor recurrence and metastasis [5].
In the patient with osteoporosis, vertebral fracture prevention with bisphosphonates varies between 40 and 70%, and in
hip between 20 and 42% [6]. Likewise, with denosumab, the
effect in vertebral and hip fractures is 68% and 40%, respectively [7], and the hip fracture prevention in patients over 75
years of age is 62% [8].
The antiresorptive effect of bisphosphonates and
denosumab is different. Bisphosphonates are analogs of pyrophosphate, that adhere to the hydroxyapatite crystals of bone,
so that when they are taken up by the osteoclast, they inhibit
the enzyme farnesyl pyrophosphate synthase, which turns
mevalonate into cholesterol in the cell, causing osteoclast apoptosis [9]. Denosumab is a monoclonal antibody that adheres
to the ligand of receptor activator of nuclear factor-kB
(RANKL) produced by the osteoblast, blocking its union with
its receptor (RANK) in osteoclast precursor cells, thus
avoiding formation and maturation of osteoclasts and bone
resorption, without any apoptosis being involved [10].
Bisphosphonates are small molecules that are incorporated
into the bone matrix and stay in the skeleton for a long time, in
contrast with denosumab, a monoclonal antibody, whose action lasts only 6 months, after which the antiresorptive effect is
lost [11].

Arch Osteoporos

(2020) 15:101

Both bisphosphonates and denosumab are potent
antiresorptives. One of the adverse effects is the development
of MONJ. There are several risk factors for this complication;
thus, it is necessary to balance risk-benefit when determining
if the antiresorptive should be suspended or not, in a patient
who requires a dental procedure [12].
The risk of maxilla osteonecrosis in patients treated with
antiresorptives for osteoporosis is very low (1/1500–1/
100,000 patients/year, according to the trials), and its development is associated with poor ora l hygiene
(periodontitis) and having sustained dental trauma. The
incidence of MONJ in osteoporosis patients treated with
zoledronic acid is 0.017–0.35%, for alendronate is 0.02–
0.21% and for denosumab, 0.04–0.3%; the proportion
varies with presence of comorbidities, dose, and time of
treatment. For oncological patients, the incidence increases
to 1.30% for ZA and 1.8% for denosumab. The incidence
has a high variability because of the type and characteristics of the available studies [5, 12].

Materials and methods
The consensus group was shaped by the initiative of a multidisciplinary group of experts in bone and dental health from
the Fundación Santa Fe (Bogotá-Colombia), with support of
the Asociación Colombiana de Osteoporosis y Metabolismo
Mineral (ACOMM), involving two rheumatologists, two endocrinologists (one of them an oncological endocrinologist),
two orthopedists, a maxillofacial surgeon, a geriatrician, and a
general practitioner.
The methodological process was performed in three
phases: definition of questions, answer using Delphi methodology, and the discussion of questions not agreed. The development of the project was performed in three phases (Fig. 1).
In phase 1, the developer group structured the questions which
were submitted to experts. Ten questions were grouped into 4
main topics: definition and epidemiology, risk factors, diagnosis, and treatment. In phase 2, questions from phase 1 were
sent via email to the authors; Delphi methodology was used to
keep the process blind. Fifteen days later, the group of experts
was informed of the results in order to provide feedback and to
give opportunities to adjust initial responses. The rating system for each option was given on the Likert scale between 1
and 9 (1—extremely inappropriate; 2 and 3—usually inappropriate; 4, 5, and 6—wrong; 7 and 8—usually appropriate; and
9—extremely appropriate). In this round, a matrix of information was built to analyze the answers by means of median and
interquartile ranges (IQRs). The answers scored with median
and IQR from 1–3 to 7–9 were considered consensual, and the
remaining were presented at the nominal group to define consensus. In phase 3 (nominal), all experts were invited to discuss and argue the nonconsensual answers. At the end of the
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Fig. 1 Phases of consensus
methodological process

nominal consensus, the experts provided the reviewed literature for inclusion in this manuscript.
All of the articles published in PUBMED and GOOGLE
SCHOLAR about MONJ were included, as well as review
articles, clinical trials, prospective and retrospective studies,
cohort studies, case-control studies, consensus, and case reports from 1991 in Spanish, English, and German (last date of
review, Oct 2018).

Surgeons (AAOMS) proposed an update that included the
following diagnostic criteria [14]:
&
&

&

Results and discussion
Definition, diagnosis, and incidence of MONJ
This consensus recommends a change in nomenclature,
adopting the name of “medication-related osteonecrosis of
the jaws” (MONJ) instead of “osteonecrosis of the jaw” so
that conditions arising in superior maxillary, and not only
those in the jaw, may be included; additionally, it could include conditions related to other drugs that are not
bisphosphonates, such as denosumab, antiangiogenic drugs
used in oncologic therapy —including bevacizumab—and
some immunosuppressive drugs.
The first reference to the MONJ denomination was published in 2003 and due to the use of bisphosphonates [13].
The most accepted definitions of MONJ are basically two:
on one hand, the American Society of Bone and Mineral
Research (ASBMR) defines it as the presence of exposed
bone in the maxillofacial region that has not healed after 8
weeks from the first moment a health practitioner documented the lesion in a patient who has been exposed to
bisphosphonates and has not received radiation in the craniofacial region [14].On the other hand, in 2014, the
American Association of Oral and Maxillofacial

Current or previous treatment with antiresorptives and/or
antiangiogenic agents.
Exposed bone in maxillofacial region that has persisted for
more than 8 weeks or the presence of intraoral or extraoral
fistulas in the maxillofacial region lasting that same
period.
No previous radiotherapy of the jaw or metastatic disease
in maxilla bones.

The only difference between the two definitions is that the
one from the AAOMS adds the presence of a fistula without
exposed bone. This definition accepts that an exposed bone is
not always required as a sign of the presence of the disease.
The appearance of a fistula indicates the existence of a chronic
and persistent bone infection, which requires a differential
diagnosis of odontogenic foci causing the fistula [15].
Currently, the accepted definition is the one proposed by
the AAOMS, and it is used in clinical and epidemiological
studies. For that reason, it will be adopted as a reference by
this consensus.
The “non-exposed MONJ variant,” reported in 2008,
is characterized by diffuse pain in the mandible or superior maxillary of unknown origin; sensitive alteration
in the lower lip and chin (Vincent’s symptom); presence
of fistulas, loose teeth, swelling, and even pathologic
fracture of the jaw. However, these clinical manifestations are not specific; therefore, it is necessary to rule
out other frequent maxillary diseases associated with
these symptoms, among others odontogenic infections
and other bone diseases such as metastasis and
osteopetrosis [16].

101

Page 4 of 21

Arch Osteoporos

The manifestations mentioned may additionally present
non-specific radiographical changes such as widening in the
periodontal ligament space, increase in bone density in the
alveolar lamina dura, and alternating radiolucent and radiopaque areas in the dentoalveolar portion of the maxilla [17].
In the staging produced by the AAOMS (Table 1), the
presence of the clinical manifestations exposed above was
recognized, and a non-exposed variant was included in stage
0 (first mentioned by Mawardi et al.). This stage consists of all
suspicious cases of MONJ suggested by subjective clinical
and radiological signs, in absence of bone exposure in the oral
cavity, since it was observed how some cases with these clinical signs would progress to advanced cases of MONJ. The
lack of a diagnosis of “non-exposition” at this stage could be
responsible for an underestimation in the incidence of MONJ.
On the other hand, it should be reminded that some similar
conditions, characterized by radiological signs and clinical
symptoms, do not correspond to MONJ, which, if wrongly
diagnosed, may lead to an overestimation of the cases. The
previous statements prove the importance of a differential diagnosis in order to rule out other causes [14, 15].

What is the physiopathology of MONJ?
The physiopathology of MONJ is not clearly understood yet,
but it is known that multiple factors contribute to it like periodontal disease, local infection, bone turnover inhibition, angiogenesis inhibition, microtrauma, immunomodulatory effects, antiresorptive potency, toxicity of bisphosphonates on
soft tissue, cancer, and genetic predisposition [18].
N o r m a l l y , bo ne s h av e a co nt i nu ou s tu r n ov er .
Dentoalveolar bone, in particular, is being continuously
remodeled. As a consequence, the suppression of bone remodeling increases the risk of harm accumulation in bone, aggravating the risk in an area already associated with high trauma
levels given the forces involved in masticatory activity, speaking, and bruxism [18].
Besides, bacterial accumulation in the gingival sulcus
causes damage as it generates chronic inflammation. Caries
and periodontal disease are diseases of the oral cavity caused
by bacteria that destroy dental structure and teeth-supporting
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tissue, requiring a surgical intervention to eradicate theses
infectious foci. In periodontal disease, the mechanism of bone
loss progression involves complex interactions between
periodontopathic bacteria (such as some strains of
Actinomyces) and immune cells of the host. These interactions lead to the secretion by the host cells of several cytokines, including interleukin-1β, tumor necrosis factor -α, and
bone matrix metalloproteinases. Therefore, trauma and infection increase the demand for bone healing that hypodynamic
bone is not able to fulfill, thus causing MONJ [18].
Zoledronate acts on the receptors of vascular endothelial
growth factor (VEGF), inhibiting chemotaxis of endothelial
cells in areas where new capillaries are required. Besides, it
decreases the production of osteopontin whose effects are important in regulation of bone remodeling and angiogenesis.
Although in general the antiangiogenic effects of
bisphosphonates are documented, these do not constitute the
most important factor in the physiopathology of MONJ [19].
Some comorbidities do produce additional antiangiogenic
effects that boost that antiresorptive effect, such as diabetes
mellitus, cancer, and use of other agents with antiangiogenic
action like glucocorticoids, thalidomide, proteasome inhibitors, bortezomib, sunitinib, and bevacizumab. Smoking has
negative effects, since it reduces angiogenesis and contributes
to an environment that promotes bacterial growth [19].
The risk of MONJ increases with a prolonged
antiresorptive therapy and high dosage; the presence of infectious foci in the oral cavity; smoking; and the use of
antiangiogenic drugs such as glucocorticoids [19].
Genetic predisposition could explain why not every person
with comorbidities and typical handling develops MONJ. The
polymorphism in farnesyl pyrophosphate synthase or in cytochrome P450 (CYP2C8) genes was associated with a higher
risk of developing MONJ. Several case-control studies surveyed the whole genome in cancer patients, but more evidence
is required at this time [20, 21]. Also, several single nucleotide
polymorphisms (SNP) have been described, which are located
in genetic areas associated with bone remodeling, the synthesis of collagen, or several metabolic bone diseases involved in
the development of MONJ. In a genome-wide association
study (GWAS), the inheritance of specific polymorphisms of

Table 1 Staging of MONJ
Stage

Characteristics

0

Risk factors with symptoms and non-specific clinical findings without clinical or radiological evidence
of bone necrosis

1
2
3a
3b

Asymptomatic patient with exposed bone and necrosis
Infection, pain, and/or erythema with exposed bone and necrosis
Infection, pain, and/or erythema with bone necrosis that extends beyond alveolar bone
Infection, pain, and/or erythema with bone necrosis that extends to the inferior border of the jaw or sinus
floor

Adapted from: Ruggiero S L et al. J Oral Maxillofac Surg 2014; 72:1938-1956 [14].
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the gen RBMS3 (RNA union protein that interacts with a
single chain) was associated with a 6-fold increase in the development of MONJ [20, 21].

What is the incidence of MONJ?
MONJ is a relatively new and uncommon disease, which is
why a direct relationship was not established in the first casecontrol studies. Although the first reports of the complication
were produced by three maxillofacial surgeons in three different locations in the USA, Marx was the one who described 36
cases of bone exposure that did not respond to conventional
treatment in patients who had been exposed to pamidronate
and zoledronate [22]. It was not until 2006 that, with postmarketing surveillance, Merck® received 170 reports of
MONJ associated to alendronate use among approximately
20 million patients/year (0.7 reports per 10 000 patients/year
of exposure). Novartis also received reports of 352 cases of
MONJ among 1.9 million patients/year treated with
pamidronate and 1719 cases among 1.15 million patients/
year treated with zoledronate [22].
Antiresorptives are drugs used in the context of osteoporosis and in patients with multiple myeloma, or in bone metastasis of solid tumors. The exposures to the drug are different,
and thus the incidence of the complication, differ in each clinical scenario. The literature reports show that the incidence of
MONJ varies from 0.8 to 11% in patients treated with
bisphosphonates in the context of associated malignant disease, while in patients with osteoporosis, the reported incidence is between 0.01 and 0.04% [23, 24] (see Table 2).
The limitations in information are due to the lack of available studies and a specific code in the International Statistical
Classification of Diseases (ICD-10), a low reporting rate in the
pharmaco-surveillance programs, the lack of protocols that
involve prevention of the disease, and the difficulty in
obtaining incidence rates in the long run. In addition, since
many factors converge in the pathogenesis of the complication
(some due to the medication such as exposure time, dosage,
route of administration among others, and local factors,
Table 2
MONJ

systemic and even genetic factors), the incidence of the complication must be analyzed under the influence of those
factors.
A decrease in the number of reports has been observed
since 2012. It is considered that this is associated with the
presence of standardized criteria to define and diagnose
MONJ, and the adequate prevention before pharmacological
treatment is started [25].
The level of evidence for the incidence of MONJ is 4,
including case series, poor-quality cohort, and case-control
studies. Most of the studies are retrospective, this is a multifactorial condition, and it is related to each patient systemic
and local factors. Pooled between studies of osteonecrosis of
the jaw suggest significant publication bias.

Risk factors for developing MONJ
There are determining factors in the development of MONJ:
comorbidities, some genetic variants, older age, and the use of
medications, the latest being the most relevant factor
(Table 3).
Drugs: treatment duration and antiresorptive potency
Observational studies in cancer patients show that zoledronic
acid compared with pamidronate has a higher statistical risk of
MONJ. A direct comparison between zoledronic acid and other bisphosphonates has not been performed due to the lack of
sufficient data, and there is a possibility that risk is lower with
the use of ibandronate and clodronate. This would mean that
certain characteristics of bisphosphonates, such as its capacity
to adhere to the mineral and permanence in bone or
antiresorptive potency, play an important role in the development of complications [22].
Another variable in the pathogenesis of MONJ is the route
of administration, as there are oral and parenteral options.
Drugs administered on the parenteral route present an increased risk, such as is the case in cancer patients, in whom
dose, and duration of treatments are significantly higher in

Incidence of MONJ: comparison between denosumab and bisphosphonates dosage to treat osteoporosis and cancer, and their association with

Osteoporosis dosage

Parenteral bisphosphonates
zoledronic acid

Oral bisphosphonates
(alendronate)

Denosumab

5 mg IV/year for 3–6 years

70 mg SC/week for 3–5 years

60 mg SC/6 months for 5–10 years

Dose to prevent skeletal events due to cancer

4 mg IV/month for 3 years

Does not apply

120 mg SC/month for 3 years

MONJ, 89 out of 5723 (NS) in cancer
MONJ in osteoporosis

1.30%
0.017–0.35%

Does not apply
0.02–0.1% (< 4 years) 0.21%
(> 4 years)

1.80%
0.04–0.3%

NS not significant, IV intravenously, SC subcutaneous
Adapted from: Saad F et al. Ann Oncol. 2012; 23:1341-7 [5] and Chan BH et al. Singapore Med J. 2018 Feb;59 [12]
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Summary of risk factors associated with MONJ

Factor

Description

Age
Drugs

≥ 55 years
Oral bisphosphonates
Intravenous bisphosphonates
Denosumab (RANKL inhibitor)
Bevacizumab
Pazopanib
Sunitinib
Sorafenib
mTOR inhibitors
Glucocorticoids
Other chemotherapy agents
Head and neck radiotherapy
Periodontal disease
Poor oral hygiene
Loose dentures
Tooth extraction
Dental implants

Radiation
Dental lesions

Bad habits
Comorbidities

Genetic

Smoking
Diabetes mellitus
Anemia
Rheumatoid arthritis
Dialysis
Erythropoietin therapy
Cancer
Genes related with bone remodeling and collagen

comparison with those in osteoporotic patients. Regarding
duration of oral bisphosphonates, in a review produced by
Palaska et al., most of the reported cases happened in patients
diagnosed with osteoporosis and treated for a long time [26].
As for the cumulative duration of the exposure in the patient with osteoporosis, independently of the route of administration (whether oral or parenteral), the risk of developing
the complication is low during the first four years of administration (0.1%) as long as the patient does not present any
additional risk factors. After that period, the risk increases to
0.21% [14]. In the cancer patient, the risk is higher since the
beginning, because there is exposure to other drugs that are
toxic to the bone, the patient is potentially immunosuppressed,
and exposure is much higher, given the dose and the frequency of administration of antiresorptives compared with that of
the patient with osteoporosis [27].
Palaska et al. described that the minimum time before the
onset of MONJ is between 10 months and 1.8 years for zoledronic acid and between 1.5 and 2.8 years for pamidronate.
However, after tooth extraction, cases of MONJ have been
reported after the drug has been administered for few months
and in low dose [26].
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When it comes to dentoalveolar surgical procedures, it has
been observed that an altered healing process after surgery, in
a bone with modified remodeling, is a necessary factor for
necrosis, yet the risk level will depend on the degree of decreased bone remodeling caused by each medication [28].
The procedure which is most associated with MONJ is
tooth extraction. This may become a variable of confusion,
since it is a procedure used to eradicate infectious foci in the
mouth (periodontal and/or endodontic) [29]. For example,
Bagan et al. produced a study showing that 60% of cases
associated with MONJ occurred after tooth extraction [30].
The simultaneous treatment with an antiresorptive and
antiangiogenic drug or a tyrosine kinase inhibitor has also
been associated with the onset of MONJ. There are reports
of MONJ associated with the use of bevacizumab, sunitinib,
and sorafenib [31].
Comorbidities
The role of inflammation and local infection in MONJ
risk is supported by several studies in which patients
have undergone educational programs in which efficient
oral hygiene techniques are performed that reduce bacterial count, along with elimination of infectious foci.
Education on these techniques was offered prior to the
procedure, and the reduction in MONJ risk was impressive [32]. This is confirmed by the fact that among 79–
84% of all MONJ cases occur concomitantly with periodontal disease. This is defined as the destruction of
support tissues of the teeth by inflammatory processes
caused by bacterial invasion of the oral cavity. The
initial compromise occurs in the gingival zone that surrounds the tooth neck with a posterior dissemination to
bone supporting tissue, which destroys it. Given that
periodontal disease is especially prevalent in people
over 40 years of age, this becomes a confusion factor
when it comes to analyzing statistical association between these two diseases [33, 34]. Anatomical differences between maxilla and jaw determine a differential
compromise. An incidence of 73% in the jaw, 22.5% in
the maxilla, and 4.5% in both [5, 14] has been reported.
Another identified local factor is the use of removable
dentures. A study with 1621 cancer patients reported
that using these prosthetics doubled the risk of MONJ
[35].
Diabetes mellitus, anemia, cancer, smoking, and rheumatoid arthritis have been associated with an increased risk of
MONJ [31, 36]. However, the question is whether these diseases are capable of inducing necrosis of the maxilla by themselves, or whether on the other side, it is their effect added to
the treatments received (chronic treatment with steroids in
case of rheumatoid arthritis) that increase the risk of developing a complication. The evidence in this regard is limited [36].
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Genetic susceptibility

which alter healing and can be associated with lesions in the
mouth identical to the ones of MONJ [31].

On this matter, the number of studies is low. Bone metabolism
involves several modifying genes; the expression of a candidate gene predisposing to a higher MONJ risk has been evaluated [21]. One study, including 94 patients of MONJ, suggests that there are possible polymorphisms in the major histocompatibility complex II that behave as candidates for the
development of this disease [36]. Genes involved with the
pathway of WNT have been identified, along with genes in
the farnesyl pyrophosphate synthase pathway, which also increase the risk. However, the available information is limited
[37].

Drugs related to ONJ
Which drugs are related to ONJ?
Antiresorptives are a group of drugs associated with the
highest number of MONJ cases. However, reports about other
drugs state that, used in monotherapy or in association with
antiresorptives, those drugs have been associated with exposed bone in the maxilla. One report by the College of
Pharmacy, Dentistry, and Medicine from the University of
Florida describes MONJ cases reported to the Adverse
Event Reporting System (FAERS) of the Food and Drug
Administration (FDA). This report assesses odd ratios of
MONJ that may probably be due to associated drugs:
bisphosphonates, RANKL inhibitors, antiangiogenic inhibitors, and mTOR inhibitors [25].
Table 4 contains the number of cases associated with different drugs, out of a total of 17,119 cases of MONJ [25]. In
literature about MONJ, there are 6 reported cases in patients
who have not received bisphosphonates, denosumab, or
antiangiogenic drugs. These cases considered “rare” were associated with the use of corticosteroids, infection, trauma,
chemotherapy, and coagulation disorders [31]. Rheumatoid
arthritis was present in 3 out of the 6 cases. These patients
received drugs usually used to treat this disease, like prednisone, methotrexate, etanercept, adalimumab, and rituximab,

Table 4

Are there differences among antiresorptives
for the appearance of MONJ?
With regard to MONJ risk, we must establish differences between bisphosphonates of low and high bone affinity, since
there are differences in potency, dosage, treatment duration,
and affinity for bone remodeling sites, as well as for bone type
[38–40]. We face a selection bias with the higher use of
alendronate and zoledronate. The drugs most associated with
the development of MONJ are the amino-bisphosphonates,
especially intravenous. In cancer patients, potent
antiresorptives are used with more frequent dosage and higher
accumulated doses, so that these patients show a higher prevalence of MONJ compared with patients with osteoporosis
[39, 40]. The incidence of MONJ in patients with intravenous
bisphosphonates for osteoporosis varies from 0 to 90 in
100,000 patients/year [40].
In the zoledronic acid pivotal study (HORIZON) that
involved 7765 patients who received zoledronic acid
5 mg per year or placebo for 3 years, just one case of
MONJ occurred in each treatment arm [41]. Those two
patients, who had additional risk factors (use of prednisolone in the placebo arm and diabetes with a dental
abscess in the patient who received zoledronate) received antibiotic and debridement surgery [42].
Additional studies with zoledronic acid treatment were
evaluated to determine possible cases of MONJ:
&
&
&
&

HORIZON RFT with 2127 participants with recent hip
fracture.
Glucocorticoid-Induced Osteoporosis Trial that involved
833 subjects and compared zoledronate 5 mg/year with
risedronate 5 mg/day.
Male Osteoporosis Trial with 302 subjects who received
zoledronate 5 mg/year or oral alendronate 70 mg/week.
Prevention of Osteoporosis Trial that evaluated 581 subjects with zoledronic acid 5 mg/year versus placebo.

MONJ cases due to drugs associated with MONJ

Bisphosphonates n (%)

RANKL inhibitor n (%)

Antiangiogenic agents n (%)

mTOR inhibitor n (%)

Zoledronate, 11,490 (67.1%)
Alendronate, 7307 (42.7%)
Pamidronate, 5251 (30.7%)
Risedronate, 827 (4.8%)
Clonodronate, 33 (0.2%)
Etidronate, 28 (0.2%)

Denosumab, 1184 (6.9%)

Bevacizumab, 703 (4.1%)
Sunitinib, 418 (2.4%)
Sorafenib, 90 (0.5%)
Pazopanib, 10 (0.1%)
Axitinib, 9 (0.1%)

Everolimus, 84 (0.5%)
Temsirolimus, 28 (0.2%)

Adapted from: Zhang X et al. J Bone Miner Res. 2016 Feb;31(2):336-40 [25]
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In these studies, the adjudicated incidence of MONJ was <
1 in 14,200 patients/year in treatment with intravenous zoledronic acid at a dose of 5 mg [43].
In the extension studies of denosumab, MONJ cases have
been reported under the following circumstances:
&
&
&

In patients prescribed with denosumab, the range of incidence of MONJ is 0–30.2 per 100,000 patients/year [43].
In the denosumab treatment (FREEDOM), with 7808 patients, there was no case of MONJ in 3 years [44, 7].
In the FREEDOM extension study, with denosumab, in
postmenopausal women with osteoporosis, there were 8
cases of MONJ in 4550 participants [45].

The available data shows a very low incidence of MONJ in
patients with osteoporosis: going from 0.15 to less than
0.001% patients/year of exposure to bisphosphonates or
denosumab [43]. In the initial reports of MONJ associated
with bisphosphonates (2003), a great majority of the cases
(> 90%) occurred in cancer patients who had received a dose
of bisphosphonate 6 to 10 times higher compared with that of
the dose used to treat osteoporosis [13] (see Table 4).

Degree of exposure to the medication that leads to
MONJ
The type of antiresorptives, mainly zoledronic acid and
denosumab in cancer patients, has established that the potency
of the antiresorptive, dose, frequency of the dose, and time of
treatment constitutes the degree of exposure to these drugs,
and their association with MONJ, unlike the doses and frequency of these used in osteoporosis, which are clearly lower.
Most of the studies that support this information are retrospective, and within prospective studies, some without ONJ clinical diagnostic support or methodological biases. Within cancer patients, the presence of MONJ is more common in patients with multiple myeloma and bone metastatic breast cancer [43, 46, 47].
The level of evidence for the exposure degree of
antiresorptives and incidence of MONJ is 4, including case
series, poor-quality cohort, and some randomized controlled
trials (in cancer). Most of the studies are retrospective, and the
prospective trials suggest significant publication bias.
Which exposure to drugs does lead to MONJ in patients
with osteoporosis?
MONJ risk induced by bisphosphonates increases whenever
the duration of therapy exceeds 3–4 years. In general, it is
estimated that from the fourth year on the risk increases significantly [13, 22].
In patients who have been exposed to oral bisphosphonates
to treat osteoporosis, it has been estimated that the risk of
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developing MONJ after a dental extraction is 0.5% (1 per
every 200) [48].
The appearance of MONJ in osteoporosis is very rare while
using bisphosphonates with an exposure of less than 4 years.
Patients with osteoporosis with a longer duration and higher
doses of these drugs present a higher risk, although the correlation of MONJ and accumulated dose of bisphosphonates is
still a controversial topic [48].
Reports of MONJ with denosumab exposure in osteoporosis are more limited. However, it has been demonstrated that
with 2 years of exposure, the incidence of MONJ is 0.09% and
0.2% after 6 years of exposure [12, 49].
Which exposure to drugs does carry an increased risk
of MONJ in patients with cancer?
MONJ was initially described in cancer patients, and to this
day, it continues to be an adverse event more frequently associated within the context of cancer, with an incidence of 1–
15% [34] given the administration of potent resorption inhibitors, higher doses, and a higher frequency of administration.
Lately, it has been reported that the risk with denosumab and
zoledronic acid is different, with a ratio of 1.4:1 (p < 0.05).
The mandible in both cases is the most frequent area of MONJ
onset [46, 47].
It is estimated that MONJ risk in patients with cancer exposed to zoledronic acid is 50 to 100 times higher compared
with that of participants with cancer in the placebo group [13,
46]. MONJ risk is higher in cancer patients who use combined
antiresorptives with antiangiogenic. When zoledronic acid is
used in concomitance with bevacizumab, the risk is 0.9% (9
cases per 1000) [50]. In a study with oral ibandronic acid in
women with breast cancer, an incidence of 0.7% was reported
[51]. In cancer subjects exposed to denosumab, MONJ risk is
between 0.7 and 1.7% [52].
Among patients exposed to intravenous bisphosphonates in
treatment of multiple myeloma or cancer, around 1% may
develop MONJ after the first year of treatment, but the risk
increases to 13% after the fourth year of use [53].
It is estimated that MONJ risk in cancer patients exposed to
denosumab is 50 times higher compared with those with cancer in the placebo group [54, 55]. In the mentioned studies,
MONJ may appear 2 months after starting the antiresorptive
treatment (denosumab or zoledronic acid), but the risk increases with higher exposure (time and/or dose). The average
time of exposure is 13 months (range 2.1–92.6) [14].
The average exposure time for the development of MONJ
reported in the literature is 12–24 months for zoledronic acid,
19–30 months for pamidronate, and 13–21.5 months for
ibandronate [34, 35, 55, 56].
The greater frequency of MONJ in patients with breast
cancer and myeloma bone disease is the longer survival and
higher cumulative doses of bisphosphonates observed in these
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patients when compared with patients with other types of cancer; however, there is a poor evidence in this regard (47).

Dental procedures associated with MONJ risk
Which dental procedures are associated with MONJ risk
in patients who receive antiresorptives or antiangiogenic?
Oral surgery is one of the major risk factors for MONJ. Tooth
extraction has been reported as a starting event in 52–61% of
patients with MONJ. MONJ risk in patients treated with oral
bisphosphonates after a tooth extraction is 0.5%; meanwhile,
in cancer patients treated with intravenous bisphosphonates,
the risk varies from 1.6 to 14.8% [57]. MONJ is more frequent
in the mandible, occurring in 73% of cases; in the maxilla, it
occurs in 22.5% of times, and in 4.5% both bones are compromised [5]. An additional risk factor to consider is that tooth
extraction is the surgical treatment directed to teeth that suffer
periodontal or endodontic compromise. This is a confusion
factor that has led to consider whether tooth extraction is in
reality the starting factor or it simply exposes necrotic bone
given the extraction [58].
Another local factor identified is trauma caused by fixed or
partially removable dentures, because when mucosa is
harmed, necrotic bone is exposed, which by being exposed
or contaminated, cannot be covered again by mucosa [58, 59].
Regarding dental implants, the evidence is controversial,
since it shows that bisphosphonates increase mechanical stability of the implants if used locally but may also increase
MONJ risk when systematically administered [60].
Dental implants are contraindicated in patients treated with
intravenous bisphosphonates, following AAOMS guidelines
[14]. Since this decision would leave many patients who receive osteoporosis treatment without any rehabilitation possibilities, Jacobsen et al. suggest that dental implant placement
would be contraindicated in cancer patients who receive intravenous bisphosphonates as part of their treatment, though not
in patients with osteoporosis who receive oral or parenteral
bisphosphonates [61].
Holzinger studied the interval of MONJ development in
patients who received dental implants. The study included
three groups: implants placed before treatment with
bisphosphonates, implants during treatment with
bisphosphonates, and implants placed after treatment.
Holzinger observed a faster development of MONJ in the
group with implants placed during or after therapy with
bisphosphonates [60].
A systematic review from 2014 that included 8 studies (6
retrospective and 2 prospective) with 1288 patients and 5462
dental implants showed that although the implants’ success
rate was unrelated with the use of bisphosphonates, there
was not enough evidence to determine the negative effect that
bisphosphonates may have in osseointegration [62]. A study
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with 515 implants placed in 203 patients with osteoporosis
treated with bisphosphonates did not show a risk of loss of
the implants, and there was no case of MONJ during the 7year follow-up [63].
Since the evidence is not based on randomized controlled
clinical trials and that the variability in studies and results is
considerable, the consensus proposes that the decision of placing implants in patients with osteoporosis should be based on
an individualized evaluation of risk-benefit for the patient, and
an informed consent should be filled out that presents the riskbenefit evaluation.

Prevention of MONJ
Prevention of MONJ starts from an early age, mainly through
education and public health policies promoting maintenance
of bone quality including promoting dairy products consumption, controlled sun exposure, and practice of impact sports
during the first two decades of life, in order to achieve the
highest bone mass possible. The objective is to maintain bone
mass through practicing a healthy life and controlling risk
factors that may lead to a decrease in bone mass. Ideally,
prescribing drugs that decrease the risk of fractures should
be done as lately as possible in life. However, the current
picture is that the decline in bone mass and the high risk of
fractures make it necessary to initiate early medical treatment,
and since it is a continuous process, it will generally have a
long duration. Consequently, health professionals face therapeutic dilemmas, since therapeutic options are sometimes few,
and associated complications arise with the chronic use of
medications. From this perspective and in the present situation, we must evaluate which measures decrease the risk of
MONJ.
In 2017, a systematic review was published in which 15
studies were analyzed (most of which were case series)
amongst 559 reviewed [64]. In one of the analyzed studies,
surveying 1243 patients with multiple myeloma, the incidence
of MONJ decreased from 4.6 to 0.8% thanks to periodical
appointments with the dentist and implementation of effective
oral hygiene measures. In a retrospective study, 7% of patients
who underwent tooth extraction without antibiotic prophylaxis developed MONJ, and in those who received antibiotic
prophylaxis, the incidence of MONJ was 0% [65].
Oral health to prevent and treat MONJ: consensus position
in relation to oral health
The approach we propose is through a communication channel between the treating physician and oral surgeon, promoting that patients about to begin a treatment with
antiresorptives implement preventive and adequate measures
that will considerably decrease the risk of oral complications.
In the case of patients who during their treatment with
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antiresorptives require an invasive dental procedure, a safe
environment must include changes in medical treatment and
an adherence to surgical protocols that will facilitate the
healing process. Finally, in the case of patients with MONJ,
a timely diagnosis and treatment to control infection are key,
as well as prevention of new foci of osteonecrosis, and bringing quality of life to each patient.
Strategies for MONJ prevention in patients who receive
antiresorptive therapy in the context of osteoporosis
or oncologic treatment: consensus position
regarding prevention
&
&
&

&
&

&
&
&

Clear explanation of MONJ risks and required effective
oral hygiene.
Oral exam that includes complementary images (according to each case) before starting the treatment [66].
Conservative dental treatment whenever possible.
Besides, invasive procedures and prosthesis should be
done before starting antiresorptives [14]. In this respect,
we consider it important to raise awareness among our
patients and the general public about the importance of
maintaining an adequate oral health in order to prevent
delaying the beginning of a therapy, which in many cases
cannot be delayed.
Avoid trauma of the oral mucosa due to poorly fitting
fixed or partially removable dentures [66]
Tooth extraction and any other surgical procedure in the
mouth have to be performed while taking antibiotics before, during, and after. Wound closure should aim at
protecting residual bone [14, 66, 67].
Regular dental check-up visits (every 6 months) during
therapy with antiresorptives [66]
Smoking should be stopped and proper control of comorbidities such as diabetes mellitus must be in place.
Fracture risk as well as making sure whether it is appropriate to continue with any treatment with antiresorptives
should be assessed on a regular basis [68].

In cancer patients who not only require antiresorptives but
also antiangiogenic drugs, it is important to keep in mind that
this type of drugs impairs healing of soft and bone tissue,
which is why it is recommended to discuss the case with the
oncologist to determine risk-benefit of suspending medication
before the procedure. If the condition of the patient allows it,
one should wait until after soft tissue has healed before resuming therapy.
The temporary suspension of drugs in patients who receive
oral bisphosphonates is a controversial issue. The AAOMS
consensus from 2006 recommended interruption of treatment
from 3 months before surgery and until after 3 months have
passed, if the patient’s condition allows it [69]. In the updated
2014 version, the suspension period was reduced to 2 months
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before tooth extraction and only in those patients who have
received bisphosphonates for a period longer than 4 years
[14].
There is no evidence that interrupting oral bisphosphonates
eliminates the risk of MONJ. Additionally, temporal suspension of the drugs could have a negative impact in fracture
prevention, which compels to determine whether or not the
invasive procedure is required (if no conservative options are
available), assess MONJ risk based on each particular case,
and discuss the possibility to suspend antiresorptive drugs
with the treating physician [70].
In the patient with osteoporosis, with a high risk of both
MONJ and fracture, the option of treatment with anabolic
drugs should be weighed. These drugs offer the advantage
of allowing bone healing, including maxilla, from accumulated harm during antiresorptive treatment. Its high cost is a
disadvantage, along with its approval for only 24 months,
and contraindication in cancer patients [71].
Regarding denosumab, it is important to bear in mind that
suspending it is not recommended given the known rebound
effect on bone resorption and increased risk of fracture during
the first year of suspension. The recommendation is that if
surgical procedure is unavoidable, it should be performed 6
months after the latest dose, moment in which bone resorption
has increased and may lead to better healing [72].

Resorption markers
Are resorption markers useful to establish MONJ risk?
MONJ is a complication associated with the use of therapies
(bisphosphonates or denosumab). Marx et al. suggested that
the quantification of bone resorption markers may be useful in
its prognosis [73]. Data of 30 women treated with oral
bisphosphonates to counter low bone density were produced,
who thereafter presented MONJ. Out of these women, 17
were still on oral bisphosphonates at the time of onset of
necrosis and had C telopeptide values (SCTX) of 30–102
pg/ml (median of 73 pg/ml). After 6 months without
bisphosphonates, the SCTX values were 162–343 pg/ml (median 228 pg/ml), which means an average increase of 25 pg/ml
per month. MONJ healed in all of the patients during the
following 18 months, and the authors concluded that this
was causally associated with the increased bone exchange
[73]. This is possible since the patients were no longer receiving bisphosphonates. The hypothesis could not be formally
proved since none of the patients who continued with bisphosphonate was evaluated.
There was no correlation between SCTX and clinical severity in this cohort, or in other 60 patients with MONJ who
received intravenous bisphosphonate. It was concluded that if
SCTX is higher than 150 pg/ml in patients who receive oral
bisphosphonates, the invasive oral surgeries may be
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performed with a minimal risk of MONJ, although there are
no data that support this assertion (Marx criteria, SCTX < 100
pg/ml was high risk; 100–150 pg/ml was moderate risk; and >
150 pg/ml was low risk) [73].
The usefulness of SCTX has been evaluated considering its
capacity to predict results in patients with MONJ. In different
studies, a great number of patients were “at risk” considering
the Marx criteria. Atalay et al. found that SCTX did not predict prognosis in 20 patients with cancer, despite a wide range
of basal values of SCTX [74].
SCTX values in patients treated with bisphosphonate have
been evaluated as a risk predictor of MONJ after oral surgery.
Kunchur et al. measured SCTX in 222 bisphosphonate users
who underwent tooth extraction. Just one patient developed
MONJ and had a moderate risk of SCTX (126 pg/ml) [75].
Lee and Suzuki evaluated SCTX in 54 patients treated with
oral bisphosphonates who underwent oral surgery, and despite
the wide range of SCTX values before surgery (39 to 330 pg/
ml, median of 161 pg/ml), none of the patients developed
MONJ [76].
In a similar study, O’Connell et al. measured SCTX values
in 23 patients who received bisphosphonates, 21 with osteoporosis, and 2 with cancer, before oral surgery (range SCTX,
50 to 370 pg/ml, median of 180 pg/ml). After observing them
for 5 months, none of the patients had developed MONJ [77].
An example of inconsistency between the relationship between SCTX and the development of MONJ is the HORIZON
study, with one case of MONJ in 5903 patients treated with
zoledronic acid and a second case out of the 5140 subjects
treated with placebo [78]. In this study, 43% of patients had a
serum SCTX below 100 pg/ml 6 months after receiving zoledronic acid, which means that almost half of the patients
would have been considered “at high risk” by Marx criteria.
However, MONJ risk was not higher than that of the placebo
group [42]. The very low incidence of MONJ in subjects with
osteoporosis indicates that even very large studies are not
sufficient to answer this question, or that there is definitely
no association between resorption markers and the development of MONJ.
Other bone resorption markers have been evaluated for the
development of MONJ and very few have been considered
useful in the decision process about the individual risk of this
complication. A study found that neither n-telopeptide
(sNTX) nor alkaline phosphatase was associated with the development of MONJ [79]. Lehrer et al. performed two studies
and did not find an association between MONJ and sCTX,
sNTX, bone alkaline phosphatase, or osteocalcin [80].
Consensus recommendation
Considering the previous statements, although sCTX is a bone
turnover marker whose levels rapidly decrease with exposure
to antiresorptive, current data do not attribute to it a useful role
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in treatment of patients at risk of MONJ or in those suffering
the disease. For this reason, its use in general population is not
recommended.
Resorption markers have not been recommended as a diagnostic tool by any guideline on osteoporosis treatment, or
by the II Colombian Consensus of Postmenopausal
Osteoporosis [81]. Its routine use while monitoring response
to the treatment has not been recommended either, despite its
obvious usefulness to determine treatment adherence and
antiresorptive response (when it decreases by 30% over a 6month period); additionally, it can help detect concomitant
secondary osteoporosis [82].
This consensus does not consider that resorption markers
are useful to predict the onset of MONJ; however, in selected
clinical scenarios such as for patients at high risk due to exposure time (more than 4 years with antiresorptives), the use
of steroids, and clinical conditions such as diabetes mellitus,
smoking, and cancer, the physician and dentist may consider
resorption markers, always keeping in mind that they offer no
determined nor reliable prediction value.

Other recommendations
Recommendations regarding patients managing
at the physician’s office
The physician who prescribes antiresorptives should evaluate
fracture risk and comorbidities. In patients with moderate or
high-risk fracture, therapy should be started trying to reduce
the risks associated with fracture and risks related to adverse
effects of the therapy.
The patient should be advised about the importance of controlling inflammation and trauma in the oral cavity in order to
reduce the risk of complications. Also, the patient should be
taught to identify warning signs that require urgent treatment
and consultation with the oral and maxillofacial surgeon:
&
&
&
&
&

Maxillary pain
Sensitive alteration in the lower lip or chin
Appearance of fistulas
Purulent drainage
Bone exposure

It is important to establish the patient’s risk of complications according to a medical history that includes tooth loss,
extensive treatment, dental implants, and clinical signs of poor
oral hygiene. The physician must insist on the necessity of
controlling all these local factors as soon as possible.
The consensus emphasizes that it is not necessary to
delay the start of treatment for osteoporosis, but it is
wise to ensure that the patient understands the effect
of these conditions on the risk of developing maxillofacial complications.
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Agreements must be reached with the oral surgeon for the
benefit and safety of the patient.
It is important to keep in mind the impact caused by complications not only on the patient’s quality of life but also on
the proposed therapeutic objectives. Likewise, it is fundamental to maintain a whole view over the patient, since comorbidities, drugs, and habits might increase the risk of
complications.
Recommendations regarding patients managing
at the dentist’s office
The surgeon or dentist should know the benefits that therapy
with antiresorptives brings to the patient with regard to fracture prevention and quality of life. The prescription should not
be modified neither without a previous discussion with the
treating physician nor without knowing the patient's fracture
risk. The risk of altered healing must be included in the informed consent to all patients with antiresorptives who require
an invasive procedure. Techniques of oral hygiene should be
explained to the patient, making sure the patient is able to
perform them and understands their importance in preventing
complications. Appropriate treatment to counter any arising
situation should be undertaken, always seeking the patient’s
benefit, following safe surgical protocols, and through efficient communication with the treating physician. The importance of calcium and vitamin D intake (in case they are required), must be emphasized, as well as physical activity towards enhancing bone health, and optimizing drugs’ effects
on the skeleton. Finally, the dentist has a responsibility to
educate the patient about controlling other comorbidities (such
as diabetes and smoking, among others) that could compromise the results of medical treatment and increase MONJ risk.
Use of teriparatide in MONJ and its recommendation
Teriparatide is a human recombinant parathyroid hormone
that is used as a bone-forming drug. It acts by increasing
resorption in old bone and as a bone-forming agent, this last
effect being the one that predominates. There are reports that
involve the off-label use of teriparatide in the treatment of
MONJ, as an adjuvant therapy to antibiotics and local measures, since it is a bone-forming agent. Normally, teriparatide
is approved for the treatment of osteoporosis. In a report about
10 cases, 8 cases showed improved symptoms and progression of the sequestrum [83].
Although conservative treatment is an option in early
stages of MONJ, in patients with stage 3 MONJ, the only
alternative is a complex surgery that will probably include a
reconstruction with conditioned effectiveness, leaving functional, esthetic, and psychological sequels. In this context,
teriparatide use has been documented along with antibiotic
treatment to improve clinical aspects from the first week of
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treatment and complete healing from the third up to the sixth
month [84].
In some cases, teriparatide has been used on a weekly basis,
but the recommendation is of a daily subcutaneous dose of 20
mcg with a treatment duration of 2 years when handling osteoporosis [85].
The use of teriparatide in cancer patients is more controversial than with osteoporosis patients, since that drug is contraindicated in cancer, previous history of skeletal radiation, or
active bone metastasis, and thus is not recommended in these
cases [86].
The consensus recommends the use of teriparatide in the
following clinical scenarios:
&
&

In a patient with osteoporosis with previous use of
antiresorptives, doing switch or sequential therapy. The
recommended dose is 20 mcg daily for 24 months.
In a patient with osteoporosis who has not received previous antiresorptives, for whom the only indication is treatment of MONJ, or treatment of severe MONJ in order to
limit the requirement of surgical procedure. This indication should be approved by a multidisciplinary board,
even more if this situation occurs in cancer patients, where
this medication in contraindicated.

Scenarios for prevention and treatment of MONJ
Prevention and treatment of MONJ is multidisciplinary, and
decisions must be made in partnership with the physician and
the dentist. It is important that the patient knows the benefits
of treatments with antiresorptives and/or antiangiogenic, understands how the benefits outweigh the risks, and that those
risks decrease considerably when comorbidities are controlled, and oral hygiene is optimized. In case of MONJ’s
onset, treatment offers different options. Early diagnosis and
close communication between treating physicians should be
encouraged, which will allow an effective control of symptoms, avoid progression of the injury, and bring elements that
will improve the patient’s quality of life.
Patient with osteoporosis who has not been exposed
to antiresorptives with or without comorbidities
The first scenario takes into account a patient who will benefit
from treatment with antiresorptives for osteoporosis or
osteopenia, who has not received previous treatment with
these drugs, and who, additionally, does not have comorbidities or risk factors such as use of antiangiogenics or chronic
use of steroids, among others [5, 87].
A dentist appointment will be of great benefit to this patient, who will learn in detail about techniques in oral hygiene,
tooth brushing techniques specific to the patient’s needs,
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dental flossing and threaders, and interproximal toothbrushes
among others [87, 88]. Additionally, during this appointment,
the dental treatment requirements should be assessed, and a
plan should be made that guarantees predictable treatments in
the long run together with occlusal stability. Also, consideration should be given to whether it is necessary to provide
stabilization splints or a myorelaxant to control bruxism and
to protect the dent-maxillofacial structures, in order to reduce
trauma on those structures [5, 89]. Initial imagenologic files
should be based on the dentist’s criteria and should focus on
ruling out infectious foci. It is important to keep in mind that
flat images, because of image overlap, may conceal inflammatory lesions that could be destroying bone, which is why, in
case of suspicion, a CT scan should be done.
Odontological treatment and elimination of infectious foci
may be carried out in parallel with the initiation of medical
treatment, since the dose accumulated in the first years is not
high, which allows bone turnover and bone healing. It is very
important to request the patient to maintain a registry including start date of the treatment, name, and dosage. Follow-ups
should be programmed that verify conditions in the oral cavity, especially gingival swelling. Appointment intervals will
depend on each case.
Likewise, it is important to educate the patient about calcium intake from diet, and, depending on vitamin D levels,
evaluate the need for supplementation. The benefits of exercise for bone health should be explained, and some physical
activity should be suggested.
In the patient with comorbidities, clinical judgment must
establish what impact the disease will have on bone healing
process, if an invasive procedure is required. Comorbidities
like diabetes mellitus and anemia should be controlled at its
best by the physician, and stopping smoking should be encouraged. In the case of glucocorticoids, the effect of this drug
on bone healing process should be explained to the patient, but
given the rapid decline in bone mass and risk of fracture in
these patients, antiresorptives should not be delayed and, at
the discretion of the physician, treatment with bone-forming
agents should be started right away.
In this scenario, given the low risk of MONJ, invasive oral
procedures can be performed without delaying or suspending
medical treatment (see Fig. 2).
Patient who has already begun treatment
with antiresorptives for osteoporosis
Patients who already started treatment with antiresorptives
for osteoporosis, according to the literature, present a low
risk of developing MONJ after an oral surgical procedure,
as long as treatment period is less than 4 years and surgical technique is adequate with microbiological control of
the oral cavity (antibacterial mouthwash and antibiotics).
In this case, antiresorptive treatment should not be
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suspended [90]. Despite a low risk, the consensus group
makes emphasis on the importance of including the risk of
MONJ in all the informed consents required for these
types of procedures.
In case of patients whose treatment with antiresorptives has
been longer than 4 years, or shorter but who present comorbidities (treatment with antiangiogenic or corticosteroids) [5,
87], it is important to follow adequate surgical procedures
(antibiotics before, during, and after the surgical procedure;
oral antiseptics, alveolectomy, or alveoloplasty; gingival margin remodeling or regularization; rotation and advancement of
flap, in order to promote healing by primary intention of soft
tissue, covering residual bone and isolating it from the oral
environment), and control bacterial contamination in order to
decrease the risk of developing MONJ. It is neither necessary
nor prudent to suspend antiresorptives before this procedure,
but antiangiogenic has to be stopped, since it will not allow
healing of the tissues. It must be clear that treatments cannot
be stopped without physician agreement and that the period of
suspension should be just enough to allow healing of soft
tissue that isolates bone from the oral environment.
With denosumab, that is given every 6 months and does not
adhere to bone, bone resorption markers increased above
baseline within 3 months (sCTX) after denosumab discontinuation (9 months after the last denosumab injection), and
returned to baseline by 48 months [91], following dose administration, which may ultimately be postponed, in order to
do the procedure allowing adequate healing of soft tissue (15
days), and then, proceed with the next dose. It is important to
take into account the microdamage accumulated during the
antiresorptive therapy and the additional risk factors for
MONJ.
In the case of a patient who received denosumab recently
(less than 6 months) and has an acute infectious focus that
requires treatment, non-invasive procedures are suggested
(medical management, endodontic therapy, occlusal trauma
control), to control the infectious focus until its surgical eradication, after 6 months have passed from the last dose intake
[91].
With bisphosphonates, the risk for each patient should be
discussed with the treating physician, and a drug holiday
should be considered (after 3 years with zoledronate and 5
years with alendronate). This will allow recovering of bone
turnover. The exact time depends on each treatment, and after
that, surgical procedure may be performed.
Unfortunately, as opposed to what occurs with denosumab,
the resolution of antiresorptive action with bisphosphonates is
more complex. For risedronate, resorption markers like urinary SNTX and alkaline phosphatase go back to placebo
levels up to 1 year after stopping treatment. For alendronate
and zoledronic acid, markers return to baseline after several
years from stopping the treatment [92]. The report of Grey
et al. shows continuous effects in resorption bone markers
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Fig. 2 Algorithms of prevention and management of MONJ. Scenario 1: patient with osteoporosis who has not received antiresorptives, and scenario 2:
patient with osteoporosis who comes receiving antiresorptives and requires invasive odontological treatment

up to 5 years after a single dose of 5 mg of zoledronic acid
[93].
If the patient has a high risk and requires extension
or sequential treatment with bisphosphonates (that is,
the patient is not a candidate for drug holiday), resorption markers, even with a single dose, can remain low
for 2–5 years due to the transfer of bisphosphonates to
the bone [11]. This is why it is not indicated to stop
treatment before dental procedures. The AAOMS does
not recommend stopping therapy before an invasive
dental procedure. Instead, it is recommended to correct
poor dental hygiene before invasive oral surgery, and to
use intraoral antimicrobial therapy at the time of the
procedure to reduce the risk of MONJ in patients who
receive bisphosphonates [92].

After 4 years of medical treatment with antiresorptives, the
risk of developing MONJ increases, and in spite of the fact
that it is minimal, it is important that the patient understands
the importance of bacteriological control in the oral cavity
through adequate oral hygiene, and in case of a surgical procedure that involves the dentoalveolar bone, the surgical protocol described above should be followed [93] (see Fig. 2).

Cancer patients who require antiresorptives as part of their
treatment
Given that MONJ is a complication related to dosage and
potency of the administered medication in cancer patients,
who in many cases also require co-adjuvant medications such
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as antiangiogenic and corticosteroids, MONJ risk is present
from the beginning [94].
In this case, it is ideal to be radical and eliminate all active
infectious foci before starting the medical treatment, and do it
in the shortest possible time, in order to allow complete
healing of soft tissues so that the patient can start the treatment, provided that the patient’s systemic conditions allow it
[14].
If medical treatment has to be started immediately, one
should wait until the patient’s medical conditions allow to
proceed to the eradication of infectious foci, since the sooner
the least amount of dose has accumulated, and thus the risk of
non-healing is the smallest.
Oral hygiene techniques by the patient should be encouraged to keep local inflammation in the oral cavity
at its lowest. As for osseointegration dental implants,
given the sum of factors increasing the risk of nonhealing of the bone, and that it is a long-term procedure
aiming mainly toward controlling the underlying disease, the consensus group considers it is wise to abstain
from placing implants until the clinical condition stabilizes, the disease has been controlled, and, based on a
personalized approach, to determine if the patient has a
reasonable risk which would allow for successful rehabilitation. This means evaluating local bone conditions
as well as systemic conditions.
If the patient already began the treatment and presents acute infectious foci in the oral cavity, it is necessary on one side, to control the infection according to
immunosuppressive level, since it could spread easily,
leading to systemic compromise, which puts the patient
at risk of major complications. The focus by itself could
lead to osteomyelitis and osteonecrosis; on the other
side, performing procedures under critical systemic conditions could lead to the same complications. This is
why for each particular case, the safest possible solution
should be sought in order to minimize risks for the
patient, and the team should be prepared for complications arising from treatment. Again, communication with
the treating physician is essential.
If it is possible to manage the infectious foci conservatively, it should be done. This implies a root canal
treatment with root isolation that seals access to canals.
If possible, it is necessary to surgically eliminate the
foci giving antimicrobial treatment before, during, and
after, in addition to eliminating contaminated bone and
bone spicules that are prone to necrosis or that could
harm soft tissue [95]. In some cases, it is not recommended to stop the treatment with antiresorptives, but
discontinuation of antiangiogenic medication could be
decided in agreement with the oncologist, in order allow
healing of soft tissues which is crucial to avoid MONJ
(see Fig. 3).

Page 15 of 21 101

Treatment scenarios in patients with established maxillary
osteonecrosis
Stage 0 In patients with MONJ stage 0, which means, those
with dull aching in the mandible that may present loose teeth
and altered sensitivity (paresthesia) of the lip or chin,
Vincent’s symptom [14], or specific radiographic evidence
such as loss of lamina dura, widening of the periodontal ligament space, osseous sclerosis around the tooth root, among
others, it is mandatory to rule out other local pathologies that
could generate these symptoms so as to establish a differential
diagnosis of MONJ.
Some reports show that approximately 50% of these patients progress to stage 1, 2, or 3 of MONJ [96]. Measures to
decrease local infection and dentoalveolar trauma should be
encouraged, along with constant follow up [14]. Although the
dentist might consider removing the loose tooth, in this case, it
should not be done; on the contrary, the dentist should choose
to evaluate the patient’s periodontal and endodontic condition,
and whenever possible, follow a conservative treatment, such
as splints to immobilize the tooth and thus avoid surgical
procedure. In many cases, the problem does not lie in the
tooth, but rather in the supporting alveolar bone. In those
cases, eliminating the trauma on the affected bone of a mobile
tooth, immobilizing with a synthetic splint, does improve the
patient’s symptomatology and discomfort.
A current trend considers MONJ as a form of chronic osteomyelitis which could be suppurative [97], which is why it
is considered very important in this phase to rule out this
possibility and if suspected, starting treatment with specific
antimicrobial.
As for suspending antiresorptives in this scenario, it will
depend on each individual case. In the context of osteoporosis,
there are drug holiday options, or the use of bone-forming
agents that will allow bone renewal with effects on the entire
skeleton, including dentoalveolar zone.
In the case of cancer patients, the risk-benefit ratio of
suspending antiresorptives should be evaluated, since the benefit in this scenario is not related with overall survival, but
rather with decreasing the risk of related skeletal events that
cause pain, functional limitation, and may compromise the
patient’s quality of life (see Fig. 4).
Stage 1 In stage 1, where there is exposed bone but neither
signs of an active infection nor pain, treatment should be
based on the one described by AAOMS, which prescribes
microbiological control with mouth washes, along with all
pertinent measures to control local inflammation as described
above. If there is cutting bone rim that could harm soft tissue,
or if it is very contaminated, it must be eliminated. The idea in
this stage is to facilitate the formation of sequestrum which
will allow elimination of necrotic and contaminated bone;
thus, this also requires close follow-up, since if such
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Fig. 3 Algorithms of prevention and management of MONJ. Scenario 3: oncologic patients

sequestrum is identified, it must be eliminated. In many cases,
when sequestrum is eliminated spontaneously, a healthy mucous membrane can be seen growing over residual bone [14].
In this scenario, it is recommended to suspend antiresorptive
treatment until the dentist performs treatment and soft tissues
are healed (see Fig. 4).
Stages 2 and 3 In stage 2, there is an active painful infection
with purulent discharge, which may be associated with local
intraoral swelling or with facial cellulitis depending on the
extension of the infectious process. In this case, besides all
the measures described for stage 0 and 1, systemic antibiotics
should be started since this is an established osteomyelitis that
comprises the dentoalveolar zone of the maxilla and/or jaw.
Culture samples should be collected with the respective
antibiogram, and a guided antibiotic treatment should be performed. Likewise, the idea is to ensure that the most contaminated bone forms sequestrum; however, if the process takes
too long, a resection of the bone that shows the highest signs
of contamination may be performed, to protect residual bone
from more bacterial contamination in the oral cavity [95]. It is
important to act quickly, because the extension of swelling

and necrotic bone that characterize stage 3 can lead to more
complex complications such as jaw fracture, which represents
a challenge for the surgeon who has to rely on aggressive
surgical treatments that involve resection and reconstruction
[14].
It is very important to plan clinical studies with adequate
design that will enable gathering evidence in the applications
of alternative treatments that have been used in anecdotal
cases and may be considered by the surgeon according to each
case, but in this consensus, it is impossible to make recommendations given the lack of evidence of those.
In this case, if antiresorptive treatment is suspended, and if
there is no contraindication, a switch to teriparatide is suggested. If it is not possible to continue with teriparatide, bone
healing should be awaited in order to start antiresorptive treatment upon guidance by the treating physician, while defining
the patient’s fracture risk and the possibility of switching from
parenteral route to oral route treatment involving lower risk. If
treatment suspension is required, then calcium, vitamin D, and
physical exercise should be encouraged.
The treatment of MONJ in cancer patients is based on the
severity of the disease, tumor polyostotic compromise,
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Fig. 4 Algorithms of prevention and management of MONJ. Scenario 4: patient with osteoporosis and osteonecrosis instituted

comorbidities, and the benefit of continuing antiresorptives,
along with patient’s life expectancy. There is no standardized
protocol accepted in the medical community for these patients. Available documents on the topic are limited to reports
with multiple and heterogeneous small trials, which prevents a
clear recommendation.
The MONJ related to denosumab can be solved more
quickly by suspending the drugs in comparison with

bisphosphonate, because bone turnover returns faster to
normal [98]. The prolonged half-life in the skeleton of
bisphosphonates can suppress bone turnover and its
markers for several years after stopping intravenous bisphosphonate IV, which suggests an extended effect on
bone homeostasis [99]. Finally, in some reports, it has
been found that a temporary suspension of denosumab
for 4 months associated with odontological handling is
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associated with clinical and radiological improvement
[100] (see Fig. 4).
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11.

Conclusion
12.

Prevention strategies must be adopted to avoid a rare complication, such as MONJ, which can compromise the quality of
life of patients, without leaving aside the prevention of fragility fractures associated with untreated osteoporosis, that affects not only the quality of life but also increases mortality.
The therapeutic approach in osteoporosis and cancer patients,
in invasive dental procedures, should be multidisciplinary and
based on the risk-benefit treatment.
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