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SUMMARY

Introduction: Medication-related osteonecrosis of the jaw, formerly known as
bisphosphonate-associated osteonecrosis of the jaw, is a syndrome first described in
2003. Prescription drugs such as bisphosphonates, denosumab and anti-angiogenic
agents, including monoclonal antibodies, have been implicated in the development
of medication-related osteonecrosis of the jaw (MRONYJ). Purpose: The aim of
this research was to investigate drugs related to osteonecrosis of the jaw. Method:
This were a quantitative, cross-sectional descriptive study, using a search of scientific
databases to collect information on the drugs associated with the development of
drug-related osteonecrosis of the jaw. Result: Bisphosphonates have been associ-
ated with the development of osteonecrosis of the jaw, as they inhibit osteoclastic
activity by altering bone remodeling. Denosumab was introduced as a more effective
alternative to bisphosphonates; however, it has also been linked to the production
of osteonecrosis of the jaw, as this drug induces a sustained decrease in bone turn-
over. Conclusions: Osteonecrosis of the jaw has been linked to some drugs, which
include bisphosphonates, especially zoledronic acid. Another drug that has been
implicated in osteonecrosis of the jaw is denosumab, which is used for the treatment

of osteoporosis and metastatic bone disease.

Keywords: Bisphosphonate—associated osteonecrosis of the jaw; osteonecrosis;

maxilla; mandible; drug effects; pharmaceutical preparation.
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RESUMEN

Osteonecrosis de la mandibula relacionada con medicamentos
(ONMRM)

Introduccidn: La osteonecrosis de la mandibula relacionada con la medicacién,
anteriormente conocida como osteonecrosis de la mandibula asociada a los bisfos-
fonatos, es un sindrome descrito por primera vez en 2003. Medicamentos recetados
como los bisfosfonatos, denosumab y agentes antiangiogénicos, incluidos los anti-
cuerpos monoclonales, han sido implicados en el desarrollo de la osteonecrosis de
la mandibula relacionada con la medicacién (MRONJ, por sus siglas en inglés).
Propésito: El objetivo de esta investigacion fue investigar los medicamentos relacio-
nados con la osteonecrosis de la mandibula. Método: Este fue un estudio descrip-
tivo cuantitativo, transversal, utilizando una busqueda en bases de datos cientificas
para recopilar informacién sobre los medicamentos asociados con el desarrollo de la
osteonecrosis de la mandibula relacionada con la medicacién. Resultado: Los bisfos-
fonatos han sido asociados con el desarrollo de osteonecrosis de la mandibula, ya
que inhiben la actividad osteocldstica al alterar la remodelacién ésea. El denosumab
fue introducido como una alternativa més efectiva a los bisfosfonatos; sin embargo,
también ha sido relacionado con la produccion de osteonecrosis de la mandibula,
ya que este medicamento induce una disminucién sostenida en el recambio 6sco.
Conclusiones: La osteonecrosis de la mandibula ha sido relacionada con algunos
medicamentos, que incluyen los bisfosfonatos, especialmente el 4cido zoledrénico.
Otro medicamento que ha sido implicado en la osteonecrosis de la mandibula es el
denosumab, que se utiliza para el tratamiento de la osteoporosis y la enfermedad ésea

metastdsica.

Palabras clave: Osteonecrosis de la mandibula asociada a los bifosfonatos; osteone-

crosis; maxilar; mandibula; efectos de medicamentos; preparacion farmacéutica.

REsumo

Osteonecrose da mandibula relacionada a medicamentos

(ONMRM)

Introdugio: A osteonecrose da mandibula relacionada a medicamentos, anterior-
mente conhecida como osteonecrose da mandibula associada a bifosfonatos, é uma

sindrome descrita pela primeira vez em 2003. Medicamentos prescritos como bifos-
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fonatos, denosumabe ¢ agentes antiangiogénicos, incluindo anticorpos monoclonais,
tém sido implicados na desenvolvimento de osteonecrose da mandibula relacionada
a medicamentos (MRONJ, na sigla em inglés). Objetivo: O objetivo desta pesquisa
foi investigar medicamentos relacionados 4 osteonecrose da mandibula. Método:
Este foi um estudo quantitativo, transversal e descritivo, utilizando uma busca em
bases de dados cientificas para coletar informagdes sobre medicamentos associados
ao desenvolvimento de osteonecrose da mandibula relacionada a medicamentos.
Resultado: Os bifosfonatos tém sido associados ao desenvolvimento de osteone-
crose da mandibula, pois inibem a atividade osteocldstica alterando a remodelacio
4ssea. O denosumab foi introduzido como uma alternativa mais eficaz aos bifosfo-
natos; No entanto, também tem sido relacionado com a produgao de osteonecrose
da mandibula, uma vez que este medicamento induz uma diminuicao sustentada da
remodelacao dssea. Conclusdes: A osteonecrose da mandibula tem sido associada a
alguns medicamentos, incluindo os bifosfonatos, especialmente o dcido zoledrénico.
Outro medicamento implicado na osteonecrose da mandibula ¢ o denosumabe,

usado para tratar a osteoporose e doengas dsseas metastdticas.

Palavras-chave: Osteonecrose da mandibula associada a bifosfonatos; osteonecrose;

maxilar; mandibula; efeitos de medicamentos; preparagao farmacéutica.

INTRODUCTION

Drug-related osteonecrosis of the jaw, formerly known as bisphosphonate-associated
osteonecrosis of the jaw, is a syndrome first described in 2003 by Marx; it is characterized
by the exposure of necrotic bone in the maxilla or mandible and is, triggered by the per-
formance of an intraoral surgical procedure at the same time that the patient is under
medical treatment with antiresorptive drugs such as bisphosphonates [1, 2].

Since the publication of its discovery, 19 years have passed, during which little scientific
information has generated misinformation and certain fears among patients and doctors
or dentists. Drug-related osteonecrosis of the jaw is undoubtedly a serious disease that
can lead to a radical change in the daily habits of the patient [3].

The Food and Drug Administration (FDA) approves the use of bisphosphonates for
administration in postmenopausal women with osteoporosis, men with osteoporosis,
and patients with glucocorticoid-induced osteoporosis, hypercalcemia of malignancy,
Pagt’s disease, malignancy with bone metastasis, giant cell tumors or fibrous dysplasia.
However, it should be reported that the same association (FDA) does not approve the
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use of these drugs for the treatment of osteogenesis imperfecta in children and adults
as a prevention of glucocorticoid-induced osteoporosis [4-6].

Bisphosphonates are antiresorptive drugs, that regulate the bone metabolism of cal-
cium (Ca) and phosphorus (P) by binding to the hydroxyapatite of the mineralized
matrix, remaining in the skeleton for a prolonged period, and exerting antiresorptive
activity. These drugs, in turn, are classified into two categories: those containing nitro-
gen, such as alendronate, risedronate, ibandronate, pamidronate and zoledronic acid,
and those without nitrogen, such as etidronate disodium, clodronate disodium and

tiludronate disodium [5, 7-9].

The mechanism of action of bisphosphonates is to inhibit bone resorption by bind-
ing to hydroxyapatite binding sites in bones, particularly in areas of active resorp-
tion. Those drugs that contain nitrogen will inhibit farnesyl diphosphate, which is
important for promoting osteoclast binding to bone and, as a result, the osteoclast
will become detached from the bone surface, which inhibits bone resorption. Non-
nitrogen-containing drugs result in osteoclast apoptosis, which, in turn, leads to an
overall decrease in bone degradation [7, 8, 10].

The eflicacy of bisphosphonates is based on improving the bone mineral density in
postmenopausal women with osteoporosis. Thus, alendronate reduces the risk of ver-
tebral fractures by 50% and hip fractures and other non-vertebral fractures by 30%;
risedronate reduces vertebral and non-vertebral fractures by 40%; zoledronic acid
reduces vertebral fractures by 70% and hip fractures and other non-vertebral fractures
by 35%; and ibandronate reduces vertebral fractures by 50%. It is important to point
out that alendronate, risedronate and ibandronate are administered orally, while zole-
dronic acid and pamidronate are administered intravenously. Denosumab acts as an
antiresorptive agent by inhibiting osteoclast function and bone resorption because it
does not bind to bone, and its effects on bone remodeling mostly diminish within six
months after the discontinuation of treatment. This drug is effective at reducing meta-
static bone disease from solid tumors when administered monthly subcutaneously, as
it significantly reduces the risk of vertebral, non-vertebral and hip fractures in patients
with osteoporosis [8, 11-13].

Antiresorptive drug administration may cause adverse gastrointestinal effects, such as
gastrointestinal reflux, esophagitis, esophageal/gastric ulcers and gastritis; intravenous
infusion reactions, as they are associated with an acute phase reaction characterized
by flu-like symptoms, fever, myalgia, arthralgia and headache; hypocalcemia, which is
more common from intravenously administered bisphosphonates and in patients with
a vitamin D deficiency, a deficient calcium intake or hypoparathyroidism; arthralgia

834



Medication-related osteonecrosis of the jaw

and myalgia; ocular conditions, such as uveitis, conjunctivitis and scleritis; atypical
femur fractures due to a rare effect that generally affects the diaphysis or the subtro-
chanteric region of the femur; and osteonecrosis, since most cases occur in patients
with multiple myeloma or breast cancer that are treated with high doses of intravenous

bisphosphonates [14, 15].

Invasive dental procedures, dental trauma, periodontal disease, exodontia, exostoses
and dental implants are important risk factors for the development of osteonecrosis in
patients with osteoporosis, with a percentage of 0-0.15% for bisphosphonate and 1%
for denosumab. In patients with a history of cancer after exodontia, the percentage is
1.6% - 14.8% when consuming bisphosphonates. Osteonecrosis of the jaw occurs three
times more frequently in the lower jaw (75%) than in the upper jaw (25%) due to ana-
tomical factors, while patients with breast cancer, multiple myeloma or prostate cancer
have a higher risk of developing osteonecrosis [11, 16, 17].

Patients receiving chemotherapy or corticosteroids, older adults, and Caucasians are at
agreater risk of developing osteonecrosis; in addition, genetic factors (suchas CYP2C8
gene polymorphism in patients with multiple myeloma who receive treatment with
zoledronic acid and pamidronate) and smoking are risk factors for the development of
osteonecrosis with bisphosphonate therapy [18].

There are several hypotheses that can explain the pathophysiology of drug-associated
osteonecrosis. Among them is the inhibition of bone remodeling, since antiresorp-
tive drugs, including bisphosphonates and denosumab (DMB), have direct effects on
the formation, differentiation or function of osteoclasts; inflammation or infection,
since, although extraction is the main triggering event for osteonecrosis, most teeth
that are extracted have periodontal disease or an infection; the inhibition of angiogen-
esis, since bisphosphonates and denosumab inhibit the angiogenesis that is normally
seen in post-extraction alveolar healing, and they also reduce the arterial area, venous
area and general vascularization of periodontal tissues; dysfunction of the innate and
acquired immune systems, as patients with comorbidities such as diabetes and rheu-
matoid arthritis or an immunocompromised state have a significantly increased risk
of drug-associated osteonecrosis, as confirmed in animal studies where chemotherapy,
steroids and antirheumatic drugs combined with antiangiogenic and antiresorptive
drugs increased the prevalence of drug-associated osteonecrosis; and, finally, genetic
factors, since there are some polymorphisms that are associated with the development
of osteonecrosis, with most of these polymorphisms being located in genes associated
with bone turnover and collagen formation [11, 19-21].
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The American Association of Oral and Maxillofacial Surgeons states that patients are
considered to have drug-related osteonecrosis of the jaw if they have certain specific
characteristics, as can be seen in Table 1 [7, 8].

There is also drug-related, or spontaneous, mandibular necrosis without a predispos-
ing event, which represents the second most common group responsible for triggering
mandibular osteonecrosis. Spontaneous medication-related osteonecrosis of the jaw
(MRONY]) is related to certain anatomical sites such as the torus, exostosis, and mylo-
hyoid ridges. On the other hand, a bony protrusion contradicts the term spontaneous,
as it represents a higher risk of trauma [11-13].

Drug-associated osteonecrosis of the jaw occurs and is classified according to the con-
ditions present, which is why it can be classified into four stages, as can be seen in Table

2 [22-24].

Table 1. Characteristics required to consider a patient to have drug-associated osteonecrosis of the

mandible.

Current or previous treatment with antiresorptive or anti-angiogenic
agents.

Characteristics to be
Exposed bone or bone that can be probed by an extrabuccal or

intrabuccal fistula, that is located in the maxillofacial region, and that
has been maintained for more than eight weeks.

considered according
to AAOMS

No history of radiation to the jaws or metastases in the jaws.

Table 2. Stages of drug-associated osteonecrosis of the mandible.

Absence of necrotic bone, without bone exposure, but with specific clinical or radiographic
findings.

-SYMPTOMS

Odontalgia.

Pain in the mandibula that may radiate to the TMJ.

Sinus pain.

- CLINICAL FINDINGS

Tooth mobility due to chronic periodontal disease.

Stage 0

Intraoral or extraoral inflammation.
-RADIOLOGICAL FINDINGS

Bone loss not attributable to chronic periodontal disease.
Absence of new bone in the alveoli post-extraction.

Regions of osteonecrosis involving alveolar bone.

(Continued)
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Table 2. Continuation.

Bone exposure and necrotic bone tissue or fistula where bone can be explored by probing;
asymptomatic patients with the absence of an infection.

Infection, pain and/or erythema with necrotic bone exposure or fistula when probing bone.

Extension of necrotic bone and infection beyond the alveolar ridge, pathological fracture
or oral-antral/oral-nasal communication, or an extraoral fistula.

Stage 3 | Stage 2 | Stage 1

The management of patients on bisphosphonate therapy prior to oral surgery should
be performed under a protocol that includes asking all patients about their current or
past bisphosphonate use and mode of administration, because intravenous bisphospho-
nates have a longer half-life and therefore pose a greater risk of the patient developing
osteonecrosis than oral bisphosphonates. Patients who have not yet begun bisphos-
phonate therapy should first be examined to determine whether they require surgical
dental procedures prior to therapy. A comprehensive treatment should be performed
to minimize the need for future dental treatment. For patients who have already
started therapy, any elective procedures should be avoided, if possible, to avoid the
risk of bisphosphonate-induced osteonecrosis of the jaw. Root canal therapy should
be performed in lieu of tooth extraction when possible. Patients should be educated
about the importance of good oral hygiene, regular dental checkups and the symptoms
of osteonecrosis of the jaw so that the patient can report early if symptoms develop.
Patients in whom extractions are unavoidable should first consult with the treating
physician to discontinue bisphosphonate therapy temporarily. The patient should be
maintained on a chlorhexidine mouth rinse twice daily for two months and should be
followed up postoperatively for 2 months [16, 25].

The most important therapeutic method is the prevention of drug-related osteonecro-
sis of the jaw by performing dental extractions or surgical interventions prior to the
administration of antiresorptive and anti-angiogenic drugs. Prolonged perioperative
antibiotic prophylaxis, adequate wound closure, and atraumatic procedures are impor-
tant during dental treatment, as they minimize the risk of drug-related osteonecrosis

of the jaw [26-31].

Asymptomatic lesions can be treated with antibacterial mouth rinses and prolonged
antibiotic therapy. In cases where the patient presents with less severe symptoms, they
can be treated by the removal of necrotic bone tissue, the smoothing of sharp bony edges,
adequate wound closure and postoperative antibiotics. Those with symptomatic lesions
are treated using a surgical approach, which may include a partial mandibulectomy
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followed by bridging with reconstruction plates or a reconstruction with vascularized
bone grafting in compromised patients [32-34].

The C-terminal telopeptide cross-linking (CTX) assay is used as a monitoring method
in patients undergoing antiresorptive therapy, using a biological index (pg/ml) to mea-
sure bone remodeling and resorption as a parameter of osteoclastic activity. As bone
resorption proceeds, osteoclastic enzymes digest the organic bone matrix and release
type I collagen products, which include C-terminal telopeptide fragments of type I
collagen called CTX and structural rings called pyridinoline crosslinks. During nor-
mal bone metabolism, mature type 1 collagen is degraded, and small fragments pass
into the blood and are excreted through the kidneys. As a control, it has been sug-
gested to measure CTX before starting bisphosphonate therapy, since the level will
be reduced by 60% at 6 weeks when using the conventional dose. Whenever there is
more rapid bone turnover, the CTX level will be higher, as in Paget’s disease, but if
the bone resorption rate is low, the CTX will also be low. It has been established that
CTX values below 100 pg/ml represent a high risk of OMIB, values between 100 and
150pg/ml represent a moderate risk and values above 150 pg/ml represent minimal or
no risk. CTX has been used in medicine to measure the bone turnover in diseases such
as osteoporosis and bone metastases in response to bisphosphonates and is used as a
parameter to assess the efficacy of oral bisphosphonate therapy [35].

However, since the 2014 American Association of Oral and Maxillofacial Surgery
(AAOMS) paper, there has been a move away from bone turnover markers, so there are
no validated biomarkers for clinical decision makingand a test cannot be considered as
a tool to estimate the ONJ risk [11].

For the performance of a surgical procedure on a patient that has been administered
denosumab, a dentoalveolar surgery should be performed 3-4 months after the last
dose, when the level of osteoclast inhibition is decreasing, and then the dose should be

restored 6-8 weeks after surgery [36, 37].

For the management of patients who have already developed osteonecrosis due to
medication, a panoramic radiograph is recommended to determine the extent of the
necrosis and the position of the sequestration or osteomyelitis. Microbial cultures of
soft tissue inflammation or the associated purulent discharge should be performed
to identify any superinfection and the appropriate antimicrobial therapy; any dental
trauma should be avoided, as it may further delay wound healing, and it should also

be properly classified so that the appropriate treatment can be performed [16, 38, 39].

The treating physician may consider the non-invasive management of osteonecrosis of
the jaw, initially with the administration of FDA-approved pentoxifylline for the treat-
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ment of peripheral arterial disease, such as ischemic heart disease, since pentoxifylline
has a mechanism of action that improves the peripheral blood flow by increasing vaso-
dilatation, reducing blood viscosity, improving the arrival of erythrocytes, inducing
effects against tumor necrosis factor alpha, inhibiting inflammation and decreasing

fibrosis [40, 41].

This research focuses on describing the medications that produce mandibular osteone-
crosis and the way in which these medications act on the bone tissue of each person,
since it is very important for the dentist to know the side effects of these medications
in order to look for alternatives when performing dental treatments.

METHODS

A quantitative, cross-sectional, descriptive study was conducted by searching scientific
databases for information on drugs associated with the development of drug-related
osteonecrosis of the jaw. A literature search was carried out in databases and documen-
taries such as Pubmed, Scielo and Google Scholar; Boolean operators such as “AND”,
“OR”and “NOT” were applied with the keywords “bisphosphonate-associated osteo-
necrosis of the jaws”, “osteonecrosis’, “maxilla’, “mandible”, “drug effects” and “phar-
maceutical preparation”. In the bibliographic search, 127 articles were found, to which
some inclusion criteria were applied, including the following: published between 2006
and 2023 and related to drugs that cause osteonecrosis of the jaw. Some bibliographies
were discarded using exclusion criteria such as articles published earlier than 2014
and publications that did not contribute significant information to our search. This
resulted in 103 articles of interest to us, which were classified by their year of publica-
tion (Figure 1).

Figure 1. Analysis of study articles by year of publication.
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REsuLTS

Once the information had been analyzed, in Table 3 we describe the mechanism of
action of these drugs on the bone and the way in which they affect and produce osteo-
necrosis, and in turn, in Table 4 we proceeded to classify the drugs related to osteone-
crosis of the jaw according to the family to which they belonged.

Osteonecrosis of the jaw has been linked to certain drugs, with bisphosphonates being
the most commonly linked to the production of osteonecrosis of the jaw, as these drugs
inhibit osteoclastic activity by altering bone remodeling. Denosumab was introduced
as a more effective alternative to bisphosphonates. By introducing this drug, it was
hoped that it would reduce the side effects; however, it has also been linked to the pro-
duction of osteonecrosis of the jaw, as this drug induces a sustained decrease in bone
turnover. With less scientific evidence, other drugs have been shown to be involved
in the production of osteonecrosis of the jaw, including: Lenvatinib, tyrosine kinase
inhibitors, monoclonal antibodies, mI'OR inhibitors and immunosuppressants, ima-
tinib, sunitinib, everolimus, temsirolimus, antiangiogenic drugs (bevacizumab, afliber-
cept), mammalian target of rapamycin limiters, aflibercept and thalidomide. These
drugs have been used to treat certain malignancies by acting as inhibitors of vascular
tissue construction and impeding the differentiation cascade in angiogenesis.

DiscussionN

Based on the data collected, drug-associated osteonecrosis of the jaw is increasing due
to the frequent use of bisphosphonates, and the AAOMS recommends prior drug
restriction for three months before dental procedures. Considering the half-life of
these drugs, when treatments with bisphosphonates are prescribed for prolonged peri-
ods of time, it is essential to maintain constant vigilance to rule out adverse effects.
Once the drug enters the body, it penetrates directly into the bone, accumulating in
areas of increased resorption. When osteoclasts begin to act in areas with bisphospho-
nates, they enter and inhibit their activity, promoting their apoptosis and producing
antiresorptive effects, which can be used in a variety of clinical situations: tumor hyper-
calcemia, Paget’s disease, osteogenesis imperfecta, bone metastasis and osteoporosis.
Long-term treatment with bisphosphonates inhibits bone remodeling, which is essen-
tial for repairing physiologically occurring micro-injuries, causing them to persist and
resulting in hypo-dynamic and avascular bones.

Walton ez al. [100] mentioned in 2019 that there are significant differences in the
clinical appearance of drug-related osteonecrosis of the jaw depending on the underly-
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ing primary disease condition in less advanced cancer patients, along with a tendency
towards the dentate areas of the mandible. Radiographic findings often increase in par-
allel with the clinical staging, but not unequivocally, confirming that imaging provides
additional information on the bone disease burden that the current clinical staging
system does not provide. Klingelhoffer ez 2/. [101] demonstrated that, in alveolar bone
dynamics, there is a greater range of bone remodeling when compared to the different
bone tissues of the appendicular or axial human body, which explains the incidence of
necrosis in the maxillary bones.

Matsuda ez al. [102] conducted a multicenter observational study on drug-induced
osteonecrosis of the jaw in patients with advanced cancer and myeloma in northwest
Italy in 2020 and stated that the primary diseases were breast cancer (46%), prostate
cancer (21%), multiple myeloma (19%) and other types of carcinomas (14%). In the
same study, they mentioned that dental treatment prior to the administration of intra-
venous bisphosphonates helps to reduce the prevalence of drug-associated osteonecro-
sis of the jaw. Ogawa et a/. [103] stated in 2021 that dental extraction and local hard
and soft tissue trauma are the main factors and triggers for the development of maxil-
lary and mandibular osteonecrosis, and that these triggers, in addition to antiresorptive
or antiangiogenic treatments, are responsible for producing bone necrosis of the jaws.
However, in some cases, it has not been possible to identify a relationship to a specific
triggering event. Blus ez a/. [104] stated in 2016 that bone remodeling is significantly
delayed in the presence of bisphosphonates and antiresorptive agents, as they suppress
normal bone turnover. Therefore, in the presence of certain drugs, a delay in healing is
observed after a surgical procedure that alters tissue homeostasis and bone remodeling.
Such procedures are considered a precipitating or triggering event for osteonecrosis of
the jaw. Dental extractions have been identified as the triggering factor in 60-87% of
cases. To further reiterate this, a study on ON]J patients with bone neoplasms reported
that tooth extractions are the main trigger in 73% of cases. In addition to wound heal-
ing complications such as bleeding, postoperative infection and postoperative pain,
certain medications, when administered, can alter the physiological phases of heal-
ing, e.g., anti-angiogenic and antiresorptive agents. Therefore, in the field of dentistry/
oral surgery, dental extractions and dentoalveolar surgical procedures should be well
planned, especially in patients receiving bisphosphonates and other antiresorptive

drugs.

Hallmer ez 4l. [49] mentioned in 2020 that the pathophysiology of drug-associated
osteonecrosis of the jaw is still debated, with related causes including infection, inflam-
mation, the impairment of bone tissue remodeling and resorption, and the inhibition
of angiogenesis. Related factors for the development of drug-associated osteonecrosis
of the jaw include the length of time the patient is on antiresorptive therapy. Local fac-
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tors include tooth extractions and periodontal and dentoalveolar surgeries. An inves-
tigation in southern Sweden showed that the prevalence of mandibular and maxillary
osteonecrosis associated with intravenous bisphosphonates was 2.8%. Over the course
of time and with the implementation of antiresorptive drugs and the introduction of
denosumab treatment, it has become necessary to study the predisposing factors for the
development of drug-associated osteonecrosis of the jaw. On the other hand, Tkesue ez
al. [91] mentioned in 2021 that various factors have been suggested as predisposing
factors for the development of osteonecrosis, including the factor of drugs; however,
the drugs that have been most associated with osteonecrosis of the jaw are zoledronic
acid and denosumab, although their mechanisms of action are different. Zoledronic
acid has a greater aflinity for the hydroxyapatite in bone tissue, which is why this drug
is used to combat bone metastasis. In contrast, denosumab is considered a humanized
monoclonal antibody with a high affinity for the RANKL ligand of nuclear factor B
(NFkB). Another characteristic that differentiates them is the time of the effect on the
bone, since zoledronic acid has a greater effect on the bone than denosumab, which has
a temporary effect on the bone.

Dupic ez al. [66] stated in 2015 that bisphosphonates are drugs used to treat malignant
diseases, to prevent pathological fractures and spinal cord compression and to treat
hypercalcemia, as well as to treat benign diseases such as Paget’s disease and osteopo-
rosis. Bisphosphonates have been implicated in the production of osteonecrosis of the
jaw, with a prevalence of between 0 and 27.5% and an estimated 7% when adminis-
tered via the venous route. In oncology patients, the prevalence increases, ranging from
1 to 15%, and in the case of administration via the venous route, it may increase even
more, depending on the type of cancer. Denosumab has also been implicated in the
production of osteonecrosis of the jaw. Similarly, Wasserzug e a/. [61] stated in 2017
that bisphosphonates are antiresorptive drugs and that they prevent the resorption
of trabeculated bone tissue by osteoclasts, which will lead to increased bone density.
The most important effect of bisphosphonates is drug-associated osteonecrosis of the
jaw. Two very important predisposing factors for osteonecrosis of the jaw are the route
of drug administration and the cumulative dose of the drug. Studies have shown that
there is a higher incidence of osteonecrosis of the jaw when the drug is administered
intravenously rather than orally (0.88 to 1.15% versus 0.01 to 0.04%), and the time
in which patients presented with osteonecrosis of the jaw was shorter in those treated
with intravenous bisphosphonates.

Maluf ez al. [63] mentioned in their 2016 research that denosumab has a different
mechanism of action to bisphosphonates, mentioning that bisphosphonates inter-
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vene in mature, active osteoclasts while denosumab acts on osteoclasts by inhibiting
RANKL, thus preventing their function, differentiation and formation, and above all,
intervening in bone resorption. Among the most important side effects of bisphos-
phonates is osteonecrosis of the jaw, which has a prevalence ranging from 0.9 to 5%;
osteonecrosis of the jaw associated with denosumab is similar to that associated with
bisphosphonates, ranging from 1 to 2%. Similarly, Voss ez al. [62] noted in 2017 that
the prevalence of drug-induced osteonecrosis of the jaw ranges from 0.001 to 1% in
drugs prescribed for the treatment of osteoporosis and up to 20% in patients undergo-
ing treatment for malignant pathologies.

CONCLUSION

The drugs that are related to adverse effects such as osteonecrosis are mainly bisphos-
phonates, especially zoledronic acid. Another drug that has been linked to osteone-
crosis of the jaw is denosumab, which is used for the treatment of osteoporosis and
metastatic bone disease. With less scientific evidence, other drugs that are also associ-
ated with osteonecrosis of the jaw have been described, including: Lenvatinib, tyrosine
kinase inhibitors, monoclonal antibodies, m'OR inhibitors and immunosuppressants,
imatinib, sunitinib, everolimus, temsirolimus, anti-angiogenic drugs (bevacizumab,
aflibercept), mammalian target of rapamycin inhibitors, aflibercept and thalidomide.
The severity of bone pathology will depend on the route of administration (oral or
parenteral) and the dose accumulated in the body. As this is an extremely important
topic in the field of dentistry, it is essential to keep up-to-date and to be aware of the
drugs that affect physiological bone turnover in the jaw.
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