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ABSTRACT

Antiresorptive agents such as bisphosphonates, denosumab and zoledronic acid may induce medication-related 
osteonecrosis of the jaw (MRONJ). MRONJ is a rare but serious side effect caused by medications such as bisphosphonate 
and denosumab, which are used as antiresorptive medications in malignancies related to bone metastases and bone 
metabolism diseases. Since the major predisposing factor of this side effect may be tooth extraction, our aim in this review 
is to show that preventing the emergence of pathology in dental hard tissues and treating it when it occurs with a preventive 
and therapeutic strategy, providing adequate oral hygiene, and motivating the patient for its continuity could reduce the 
risk of the occurrence of MRONJ by reducing the need for oral surgery in terms of restorative dental treatment.
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INTRODUCTION

Antiresorptive agents such as bisphosphonates, 
denosumab and zoledronic acid may induce medication-
related osteonecrosis of the jaw (MRONJ). MRONJ can 
occur as a side effect of high doses of agents that modify 
bone metabolism, such as zoledronic acid and denosumab, in 
patients with multiple myeloma and in cancer patients with 
bone metastases. Although MRONJ can occur in both jaw 
bones (4.5%) in the maxillofacial region, it has been observed 
that it is a pathological process that can be seen in the 
mandible (75%) rather than the maxilla (25%).1-3 It has been 
reported that MRONJ, which is rarely seen, is characterized by 
progressive bone destruction, usually with exposed necrotic 
bone in the oral cavity or skin, accompanied by swelling, 
pain, and a fistula lasting for 8 weeks or longer.4 Studies have 
suggested that invasive procedures such as tooth extraction 
may be a major risk factor for the onset of MRONJ, and it has 
been suggested that tooth extraction should be avoided in the 
patient group using drugs that cause MRONJ.5-7

In studies conducted among patients with MRONJ, 
it was reported that tooth extraction played a role as a 
predisposing factor in the occurrence of osteonecrosis, with 
rates ranging from 62% to 82%.2,3,8 Although the reasons for 
tooth extraction include dental caries, periodontal problems, 
endodontic reasons, eruption failures, and part of prosthetic 

planning, the main reason is dental caries.9-16 Our aim in this 
review is to show that preventing the occurrence of dental 
pathology and treating it when it occurs by using preventive 
and therapeutic strategies in terms of restorative and dental 
treatment, providing adequate oral hygiene, and motivating 
the patient to maintain oral hygiene can reduce the risk of 
MRONJ by reducing the need for oral surgery.

HISTORY

Osteonecrosis developing in the jaws due to 
bisphosphonates was first described by Marx and Stern in 
2002 as a condition in which “bone is exposed, which does 
not heal with debridement and worsens and expands in 
area,” which is the classical approach to surgery.19 And this 
condition was reported to those concerned in 2003 in the 
“Journal of Oral and Maxillofacial Surgery” with a medical 
alert in which 36 cases of Pamidronate or Zoledronate-
related cases were described.20 Later, a similar condition 
was reported by Ruggiero et al.21 in 2004, and by 2009, this 
pathologic event was reported as bisphosphonate-related 
osteonecrosis of the jaw bones (BRONJ) by the American 
Society for Maxillofacial Surgery.In 2014, upon the realization 
that not only bisphosphonates but also antiresorptive and 
antiangiogenic drugs can cause osteonecrosis, the new 
nomenclature was updated as drug-associated osteonecrosis 
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of the jaw bones (MRONJ), according to the current 
status report published by the American Association for 
Maxillofacial and Facial Surgery.1 MRONJ is the terminology 
we have used throughout this review.

MEDICINES CAUSING MRONJ

The first group of drugs associated with MRONJ were the 
bisphosphonates pamidronate (Aredia®) and zoledronic acid 
(Zometa®). By blocking osteoclasts, these drugs were used to 
treat people whose cancer had spread to their bones. Later, 
new cases of MRONJ were reported after the discovery of 
denosumab (XGeva®), a humanized monoclonal antibody 
that works in a similar way on osteoclasts. Denosumab 
blocks RANK-RANKL binding and inhibits osteoclast 
function by inhibiting osteoclast inhibition. Administered 
subcutaneously every 6 months, it has been reported to 
provide a significant reduction in the risk of vertebral and 
hip fractures in osteoporosis patients.22 It has also been 
reported that denosumab reduces bone metastases and 
the metastatic spread of solid tumors when administered 
monthly.23-25 Romosozumab, another monoclonal antibody 
used subcutaneously, prevents fractures by increasing 
bone formation and decreasing resorption in osteoporotic 
women.26

Other drug groups, including antiangiogenic drugs, 
targeted therapy, and biological immunomodulators, have 
also been associated with MRONJ. It has been suggested 
that cancer patients treated with bisphosphonates and 
antiangiogenic drugs in combination may have an increased 
risk of MRONJ.27

Mechanism of Action of Medicines That Cause MRONJ

Drugs causing MRONJ to accumulate in the bone matrix 
depending on the repeated dose amount, duration, and route 
of administration. Since bisphosphonates are resistant to 
hydrolytic degradation, their half-life in the bone matrix is 
longer than 11 years.28 They are stored in the bone matrix by 
binding to hydroxyapatites and then released and absorbed 
by osteoclasts.29 This group of drugs has a toxic effect on 
osteoclasts, suppressing their functions and reducing 
their population by causing apoptosis.30 As a result, there 
is a decrease in bone formation and destruction.31 This is a 
human monoclonal antibody called denosumab. It works 
against the receptor activator of the Nuclear Factor Kappa B 
ligand. It inhibits RANK-RANKL binding and prevents its 
function by providing osteoclast inhibition.26

Why are MRONJ-Related Medicines Used?

Bone metastases may cause several of skeletal-related 
problems, including clinically defined pathologic fractures, 
spinal cord compression, hypercalcemia, and pain severe 
enough to require radiotherapy or surgery.32 Bisphosphonates 
are antiresorptive drugs and are used to stabilize osteolysis, 
which allows the metastatic spread of malignancies associated 
with bone metastases such as breast cancer, prostate 
cancer, lung cancer, and multiple myeloma, and to reduce 
hypercalcemia associated with malignancies.2

Multiple myeloma is a pathology of plasma cells and 
is a rare but serious disease that leads to the uncontrolled 
production of these cells and their destruction by spreading 

to the surrounding bone tissue. It accounts for about 1% of 
all tumors and typically occurs in older people. These tumors 
can cause bones to become weaker and more susceptible to 
fracture. Patients affected by multiple myeloma have been 
found to have a higher risk of developing MRONJ due to 
the bisphosphonate used for treatment compared to patients 
treated with bisphosphonates for other diseases (for example, 
patients with bone metastases from advanced breast or 
prostate cancer).33

Metastatic Breast Cancer; Bone is the most common site of 
metastasis in patients with breast cancer. Approximately 65-
75% of advanced-stage patients may develop bone metastasis. 
Bone-modifying bisphosphonates play an important role in 
the treatment of women with early and advanced metastatic 
breast cancer. When bisphosphonates are added to standard 
treatment for women with metastatic breast cancer, the risk of 
problems with their bones goes down by 15%. There are also 
delays in the start of these problems and less pain.32 Prostate 
cancer, this type of cancer also metastasizes, especially to 
bone, with 90% of patients in the metastatic stage having bone 
metastases.34 In addition, the MRONJ-related drug group is 
also used in the treatment of osteoporosis, osteopenia, the 
prevention of osteoporosis-related fractures, Paget’s disease, 
and osteogenesis imperfecta.35-37

MRONJ DIAGNOSTIC CRITERIA 

MRONJ is a side effect of antiresorptive drugs 
characterized by an exposed necrotic jawbone in the jaws in 
patients who have used or are using one or more of the drugs 
associated with the complications. The diagnosis of MRONJ 
is based on clinical findings rather than histopathology and 
radiographic data. Clinical findings and anamnesis are the 
most important tools for differential diagnosis. The following 
three criteria should be considered when diagnosing 
MRONJ:38

1. There is no history of radiotherapy to the jaws and no 
history of metastatic disease in the jaws.

2. The person has been or is currently being treated with 
bone-modifying drugs (such as bisphosphonates, denosumab, 
or antiangiogenics).

3. Exposed necrotic bone detected intraoral or extraoral 
in the maxilla or mandible for more than 8 weeks.

WHY DOES MRONJ OCCUR IN THE JAWS?

Many possible factors, such as trauma, surgical extraction, 
inadequate wound healing, changes in oral bacterial biofilm 
profile, and impaired immune response specific to the 
oral cavity, have been considered possible reasons for the 
occurrence of MRONJ, mostly in the jaws.39 However, despite 
many years of research, it is still not fully understood why 
MRONJ occurs mostly in the jaws.40 Nevertheless, several 
hypotheses have been proposed in the literature. First, it has 
been suggested that anti-resorptive drugs, which slow down 
bone metabolism, can cause necrosis. These drugs can reach 
higher concentrations in the jaw bones because they are 
used up and replaced so quickly. Secondly, anti-resorptives 
such as bisphosphonates administered intravenously in 
clinically high doses impair oral mucosal healing processes 
by inhibiting the proliferation of oral mucosal keratinocytes, 
while the jaw bones, covered by a thin mucous membrane, 
are particularly prone to injury during dental prosthetics or 
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dental treatments, In addition, it has been suggested that the 
antiangiogenic properties of anti-resorptives impair healing, 
allowing microorganisms to penetrate into the underlying 
bone and secondary infection to occur, and that the weakened 
immune response of patients undergoing chemotherapy also 
promotes infection.41

RISK FACTORS OF MRONJ 

MRONJ has emerged as a complication of antiresorptive 
drugs, and its etiology is multifactorial.1 Risk factors shorten 
the time to the onset of MRONJ and increase the rate and 
severity of development. Early reports on MRONJ indicated 
the pathologic condition as a specific side effect of high-
dose, intravenous, and nitrogen-containing formulations 
of bisphosphonates. The risk of MRONJ in patients taking 
bisphosphonates was found to be significantly higher, 
especially in patients taking intravenous bisphosphonates 
such as Zoledronate. This difference has been attributed to 
the higher efficacy, bioavailability, and longer accumulation 
in bone compared to oral bisphosphonates.42

Invasive procedures

It has been reported that dentoalveolar operations may 
be the most common predisposing factor and that tooth 
extraction increases the susceptibility to MRONJ among 
patients with MRONJ at rates ranging from 62% to 82%.2,3,8 
Since invasive procedures such as tooth extraction may be a 
major risk factor for the onset of MRONJ, it has been shown 
that tooth extraction should be avoided in these patients.5-7 
However, some clinical data have shown that the risk of 
MRONJ goes down if the infected tooth is removed, even if 
antiresorptive therapy is not stopped.43 Nevertheless, several 
studies have found that the risk of MRONJ occurrence is 
very high, with dental trauma associated with local infection, 
abscess, and poor oral hygiene.44,45

Periodontal and dentoalveolar infections

Otto et al.33 stated that local infections rather than tooth 
extraction may be an important risk factor in the development 
of MRONJ, and dentoalveolar surgery should not be avoided 
in cases that cannot be treated with conservative measures.In 
many studies, mice with experimentally induced rheumatoid 
arthritis showed more severe MRONJ, with large areas of 
exposed bone and severe necrosis.46

Poor oral hygiene has been frequently emphasized as a 
fundamental factor in the prevention of infections in drug-
treated patients at risk of osteonecrosis. Poor oral hygiene 
conditions may lead to various opportunistic infections. 
Inadequate oral hygiene has been listed among the factors 
affecting the occurrence of MRONJ.47

Trauma, excess occlusal force due to incompatible 
prosthesis use, and secondary trauma. Studies have 
revealed that the risk of jaw necrosis in naive patients using 
antiresorptive drugs increases due to factors such as bacterial, 
viral, and fungal infections, trauma, smoking, steroid use, a 
weakened immune system, autoimmune diseases, diabetes, 
and chemotherapy.48

CAN MRONJ DEVELOP SPONTANEOUSLY?

In a small percentage of patients on antiresorptive 
medication, osteonecrosis of the jaw occurs spontaneously 
(spontaneous). “Spontaneous” cases of MRONJ have been 
associated with specific anatomical sites, including the torus, 
exostoses, and mylohyoid ridges. The exostoses, torus, and 
mylohyoid ridges are particularly at risk of ulceration due 
to trauma because of their physical prominence, reduced 
circulatory ability, and thickness of overlying tissue. If 
“spontaneous” MRONJ is associated with anatomical sites 
at risk of oral trauma, perhaps the term “spontaneous” may 
be a misleading nomenclature, and there may in fact be a 
low level of trauma to the delicate oral mucosa. Given this 
circumstance, it might be necessary to explain to patients 
during patient education that oral food intake trauma can 
also predispose to the development of MRONJ.49

MRONJ STAGING SYSTEM

Stage 0
Patients without clinical evidence of necrotic bone but 

with vague symptoms or clinical and radiographic findings.
Stage 1
Presence of an exposed and necrotic bone or fistula 

in asymptomatic patients with no signs of infection/
inflammation.

Stage 2
Patients with exposed and necrotic bone or bone-related 

fistula and signs of infection/inflammation.
Stage 3
Exposed and necrotic bone or bone-associated fistula, 

showing signs of infection, may include one or more of the 
following:

Exposed necrotic bone extending beyond the alveolar 
bone region (e.g., lower border and ramus of the mandible, 
maxillary sinus, and zygoma of the maxilla)

• Pathologic fracture
• Extraoral fistula
• Oral antral/oral-nasal communication
• Osteolysis extending to the lower border of the 

mandible or sinus floor48

HOW TO REDUCE THE RISK OF MRONJ 
OCCURRENCE?

The dentist should learn the patient’s medication, duration 
of use, frequency, and dose and be in contact with the medical 
oncologist with a detailed anamnesis. The dentist should be 
able to identify the patient who is at risk. Since MRONJ, which 
develops as a side effect in patients using anti-resorptives, 
is specific to the jaws, many procedures have been listed to 
potentially reduce the risk of MRONJ.50 At the very beginning 
of a preventive approach to MRONJ, one should be aware that 
antiresorptive drugs alter the healing capacity of bone. Whether 
the major factor is tooth extraction or local infection, the dentist 
should be aware of the risk, be able to educate the patient about 
it, maintain oral hygiene, and conservative treatments have an 
important role in preventing dental caries and treating existing 
caries.5-7,51 Despite being a side effect of anti-resorptives, MRONJ 
is a “disease” whose risk factors are treatable by the dentist just 
like any other disease by Marx et al.52 
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In a study conducted among patients who developed 
MRONJ, active periodontitis was found in 84% of patients, 
dental abscess in 13%, dental caries in 29%, and failed root 
canal treatment in 11%.52 Failure of debridement, which is 
indispensable for surgical treatment in patients with MRONJ, 
complicates the treatment of osteonecrosis and negatively 
affects the patient’s quality of life. Therefore, eliminating 
the risk factors that facilitate the occurrence of MRONJ 
constitutes an indispensable part of the treatment.

Before Starting Medication: 

Since the likelihood of MRONJ occurring after invasive 
dental procedures is high, medical oncologists should refer 
all patients with MRONJ-related drug group indications to 
the dentist for evaluation and consultation.2,3,8 The dental 
team should prioritize practices that can prevent future tooth 
extractions and periodontal disease elimination, and teeth 
with abscesses and teeth that cannot be restored should be 
extracted in advance to allow time for wound healing.17,18,51,53 
Since MRONJ may develop due to mechanical trauma of 
large or multi-lobed lingual torus and large palatal torus with 
thin mucosa, it is recommended to remove them before drug 
treatment.49-50,52

DURING MEDICATION THERAPY 

If the patient cannot be kept waiting due to the stage of 
cancer and the medical oncologist has to start drug treatment 
urgently, if there is no time for the treatments that the dentist 
should administer, the patient should be referred to the dentist 
for evaluation while the patient is under drug treatment since 
MRONJ develops depending on the repeated dose amount, 
duration, and route of administration of drugs.28 Although 
tooth extraction is not recommended, fluoride application, 
supragingival scaling, restorative procedures, and root canal 
treatment have been recommended.52

The Importance of Treating Carious Teeth 

Dental caries is an important health problem affecting 
most children and adults in many industrialized countries.37 
In the Global Burden of Disease study, in which 291 medical 
conditions were evaluated, untreated dental caries, affecting 
3.1 billion people, was ranked as the most common among 
these diseases.38-39 Although the reasons for tooth extraction 
include dental caries, periodontal problems, endodontic 
reasons, eruption failures, orthodontic treatment, and as part 
of prosthetic planning, the main reason is dental caries.9-16 
It has been reported that preventing the emergence of 
pathology in the hard tissues of the teeth with a preventive 
and therapeutic strategy, treating it when it occurs, providing 
adequate oral hygiene, and motivating the patient for its 
continuity will reduce the risk of MRONJ by reducing the 
need for oral surgery.17,18

In cancer patients, it has been suggested that there is a 
significant relationship between the condition of the oral 
cavity and the development of MRONJ. In MRONJ, high 
carious teeth, missing teeth, and filled teeth index (DMFTI) 
values have been associated with advanced stages of jawbone 
complications.53 Advanced dental caries or periodontal 
disease requires invasive procedures that predispose to 
MRONJ. 

According to a study by Kos, bisphosphonate users with 
MRONJ had poorer oral hygiene, more caries complications, 
and worse periodontal status compared to those without 
MRONJ.57

Eliminating the Effect of Reduced Saliva Flow 
(Hyposalivation) 

Not only local drugs but also many systemic drug groups 
affect the condition of the oral cavity, salivary composition, 
and properties. In the literature, decreased salivation has been 
reported in patients using antiresorptive drug.58 Saliva is not 
only an aid in digesting food, but also an important part of 
the oral cavity’s innate immune system and wound healing. 
However, reduced salivary flow may weaken the oral cavity 
defense system by decreasing the number of antimicrobial 
peptides. Poor salivary flow can lead to reduced removal of 
fermentable carbohydrates from the oral cavity, making teeth 
more susceptible to decay. As tooth decay progresses, it can 
lead to infection of the jawbone. In addition, dry mouth leads 
to reduced bacterial clearance from oral tissues. Prolonged 
low oral pH levels and decreased buffer capacity can also lead 
to a harmful imbalance of oral microbes and disrupt the oral 
microbial flora.59

Importance of Oral Hygiene 

It has been emphasized in many studies that Actinomyces 
species (species [spp.]) are colonizers that play an important 
role in oral biofilm formation, play an important role in the 
course of MRONJ, and are frequently detected in MRONJ 
lesions. When Actinomyces spp. crosses the mucosal barrier 
and passes into the submucosal region, only its pathogenic 
properties emerge, and at the same time, it can reach the 
anaerobic environment necessary to maintain its activity. In 
addition, the high distribution of Streptococcus spp. in MRONJ 
lesions has been frequently reported in recent studies.60 For 
acute and chronic wounds, beta-hemolytic Streptococcus spp., 
Pseudomonas aeruginosa, and Staphylococcus aureus have 
been recognized as the main causes of delayed wound healing.61 
In patients with osteonecrosis, necrotic bone is painless 
because there is no innervation, but secondary infection and 
pain occur as a result of the activities of microorganisms.

Should Medication be Discontinued When MRONJ 
Occurs?

Drugs causing MRONJ accumulate in the bone matrix 
depending on the repeated dose amount, duration, and route 
of administration. Since bisphosphonates are resistant to 
hydrolytic degradation, their half-life in the bone matrix has 
been found to be longer than 11 years.28 When osteonecrosis 
develops, it has been reported that necrosis does not regress 
with discontinuation of drug treatment.5 The dentist should 
not intervene in the decision to terminate drug treatment, 
dose amount, duration, and route of administration.
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CONCLUSION

MRONJ is a rare but potentially serious condition. The 
dentist has an important role in preventing osteonecrosis 
from occurring. Since treating drug-induced osteonecrosis of 
the jaw is hard and complicated, the dentist should be able to 
keep MRONJ from happening by lowering risk factors or, if 
that’s not possible, at least make it happen later. Since most 
cases of MRONJ reported in the literature are associated 
with tooth extraction and oral surgical procedures, patient 
education, oral hygiene, and conservative treatment should 
minimize the need for invasive procedures.

ETHICAL DECLARATIONS

Referee Evaluation Process: Externally peer-reviewed. 
Conflict of Interest Statement: The authors have no 

conflicts of interest to declare. 
Financial Disclosure: The authors declared that this 

study has received no financial support.
Author Contributions: All of the authors declare that 

they have all participated in the design, execution, and 
analysis of the paper, and that they have approved the final 
version. 

REFERENCES
1. Ruggiero, SL, Dodson TB, Fantasia J, et al. American association 

of oral and maxillofacial surgeons position paper on medication-
related osteonecrosis of the jaw-2014 update. J Oral Maxillofac Surg. 
2014;72(10):1938-1956.

2. Saad F, Brown JE, Van Poznak C, et al.  Incidence, risk factors, and 
outcomes of osteonecrosis of the jaw: integrated analysis from three 
blinded active-controlled phase III trials in cancer patients with bone 
metastases. Ann Oncol. 2012;23(5):1341-1347.

3. Hallmer F, Andersson G, Gotrick B, et al. Prevalence, initiating factor, 
and treatment outcome of medication-related osteonecrosis of the jaw-a 
4-year prospective study. Oral Surg Oral Med Oral Pathol Oral Radiol. 
2018;126(6):477-485.

4. Schiodt M, Vadhan-Raj S, Chambers MS, et al. A multicenter case 
registry study onmedication-related osteonecrosis of the jaw in patients 
with advanced cancer. Support Care Cancer. 2018;26(6):1905-1915.

5. Barasch A, Cunha-Cruz J, Curro FA, et al. Risk factors for osteonecrosis of 
the jaws: A case-control study from the CONDOR Dental PBRN. J Dent Res. 
2011;90(4):439-444.

6. Kyrgidis A, Vahtsevanos K, Koloutsos G, et al. Bisphosphonate-related 
osteonecrosis of the jaws: a case-control study of risk factors in breast 
cancer patients. J Clin Oncol. 2008;26(28):4634-4368.

7. Vahtsevanos K, Kyrgidis A, Verrou E, et al. Longitudinal cohort study of 
risk factors in cancer patients of bisphosphonate-related osteonecrosis 
of the jaw. J Clin Oncol. 2009;27(32):5356-5362.

8. Aljohani S, Fliefel R, Ihbe J, Kühnisch J, Ehrenfeld M, Otto S.  What 
is the effect of antiresorptive drugs (ARDs) on the development of 
medicationrelated osteonecrosis of the jaw (MRONJ) in osteoporosis 
patients: A systematic review. J Craniomaxillofac Surg. 2017;45(9):1493-1502.

9. Alesia K, Khalil HS. Reasons for and patterns relating to the extraction 
of permanent teeth in a subset of the Saudi population. Clin Cosmet 
Investig Dent. 2013;30:5:51-56.

10. Anyanechi C, Chukwuneke F. Survey of the reasons for dental extraction 
in eastern Nigeria. Ann Med Health Sci Res. 2012;2(2):129-133.

11. Jovino-Silveira RC, Caldas A de F, de Souza EHA, Gusmao ES. Primary 
Reason for tooth extraction in a Brazilian adult population. Oral Heal 
Prev Dent. 2005;3(3):151-157.

12. Lee CY, Chang YY, Shieh TY, Chang CS. Reasons for permanent tooth 
Extractions in Taiwan. Asia-Pacific J Public Heal. 2015;27(2):NP2350-2357.

13. Lesolang RR, Motloba DP, Lalloo R. Patterns and reasons for tooth 
extraction at the Winterveldt Clinic: 1998-2002. SADJ. 2009;64(5):214-218.

14. Richards W, Ameen J, Coll AM, Higgs G. Reasons for tooth 
extraction in four general dental practices in South Wales. Br Dent J. 
2005;198(5):275-278.

15. Taiwo OA, Alabi OA, Yusuf OM, Ololo O, Olawole WO, Adeyemo WI. Reasons 
and pattern of tooth extraction among patients presenting at a Nigerian semi-
rural specialist Hospital. Nig Q J Hosp Med. 2012;22(3):200-204.

16. Taiwo AO, Ibikunle AA, Braimah RO, Sulaiman OA, Gbotolorun OM. 
Tooth extraction: pattern and etiology from extreme Northwestern 
Nigeria. Eur J Dent. 2017;11(3):335-339.

17. Rayman S, Almas K, Dincer E. Bisphosphonate-related jaw necrosis: a team 
approach management and prevention. Int J Dent Hyg. 2009;7(2):90-95.

18. American Association of Oral and Maxillofacial Surgeons position 
paper on bisphosphonate-related osteonecrosis of the jaws. J Oral 
Maxillofac Surg. 2007;65(3):369-376.

19. Marx RE, Stern DS. Biopsy principles and techniques. Oral and 
maxillofacial patology: a rationale for diagnosis and treatment. 
Chicago: Quintessence, 2002:36-38.

20. Marx RE. Pamidronate (Aredia) and zoledronate (Zometa) induced 
avascular necrosis of the jaws: a growing epidemic. J Oral Maxillofac 
Surg. 2003;61(9):1115-1117.

21. Ruggiero SL, Dodson TB, Assael LA, Landesberg R, Marx RE, Mehrotra 
B. American association of oral and maxillofacial surgeons. American 
association of oral and maxillofacial surgeons position paper on 
bisphosphonate-related osteonecrosis of the jaws-2009 update. J Oral 
Maxillofac Surg. 2009;67(5 Suppl):2-12.

22. Delmas PD, Meunier PJ. The management of Paget’s disease of bone. N 
Engl J Med. 1997 20;336(8):558-566.

23. Terpos E, Raje N, Croucher P, et al.  Denosumab compared with 
zoledronic acid on PFS in multiple myeloma: exploratory results of an 
international phase 3 study. Blood Adv. 2021;5(3):725-736.

24. Fizazi K, Carducci M, Smith M, et al.  Denosumab versus zoledronic 
acid for treatment of bone metastases in men with castration-
resistant prostate cancer: a randomized, doubleblind study. Lancet. 
2011;377(9768):813-822.

25. Stopeck AT, Lipton A, Body JJ, et al.  Denosumab compared with 
zoledronic acid for the treatment of bone metastases in patients with 
advanced breast cancer: a randomized, doubleblind study. J Clin Oncol 
28:5132, 2010

26. Saag KG, Petersen J, Brandi ML, et al.  Romosozumab or alendronate 
for fracture prevention in women with osteoporosis. N Engl J Med.  
2017;377(15):1417-1427.

27. Migliorati CA. Oral Complications in cancer patients-medication-related 
osteonecrosis of the jaw (MRONJ). Front Oral Health. 2022;3:866871. 

28. Glowacki J. Bisphosphosnates and bone. Ortho J Harvard Med School. 
2005;25:64-67.

29. Katz H, Endodontic implications of bisphosphonate-associated osteonecrosis 
of the jaws: a report of three cases. J Endod. 2005. 31(11):831-834

30.  Lam DK, Sándor GKB, Holmes HI, Evans AW, Clokie CML. A 
review of bisphosphonate-associated osteonecrosis of the jaws and its 
management. J Can Dent Assoc. 2007;73(5):417-422.

31. Russell RGG, Watts NB, Ebetino FH, Rogers MJ. Mechanisms of action 
of bisphosphonates: similarities and differences and their potential 
influence on clinical efficacy. Osteoporos Int. 2008;19(6):733-759.

32. Goldvaser H, Amir E. Role of Bisphosphonates in breast cancer therapy. 
Curr Treat Options Oncol. 2019;20(4):26. 

33. Bacci C, Cerrato A, Dotto V, et al. The importance of alliance between 
hematologists and dentists: a retrospective study on the development of 
bisphosphonates osteonecrosis of the jaws (bronj) in multiple myeloma 
patients. Dent J (Basel). 2021;9(2):11. 

34. Saad F, Sternberg CN, Mulders PFA, Niepel D, Tombal BF. The role 
of bisphosphonates or denosumab in light of the availability of new 
therapies for prostate cancer. Cancer Treat Rev. 2018;68:25-37. 

35. Delmas PD. The use of bisphosphonates in the treatment of 
Osteoporosis. Curr Opin Rheumatol. 2005;17(4):462-466.

36. Delmas PD, Meunier PJ. The Management of Paget’s disease of bone. N 
Engl J Med. 1997;336(8):558-566.

37. Letocha AD, Cintas HL, Troendle JF, et al. Controlled trial of pamidronate 
in children with types III and IV osteogenesis imperfecta confirms vertebral 
gains but not short-term functional improvement. J Bone Miner Res. 
2005;20(6):977-986.

38. Yarom N, Shapiro CL, Peterson DE, et al. Medication-related osteonecrosis 
of the jaw:MASCC/ISOO/ASCO clinical practice guideline. Clin Oncol. 
2019;37(25):2270-2290. 

39. Holtmann H, Lommen J, Kübler,NR, et al. Pathogenesis of medication-
related osteonecrosis of the jaw: a comparative study of in vivo and in 
vitro trials. J Int Med Res. 2018;46(10):4277-4296.

40. Kuehn S, Scariot R, Elsalanty M. Medication-related osteonecrosis: why 
the jawbone? Dent J (Basel). 2023;11(5):109.

41. Sobczak-Jaskow H, Kochańska B, Drogoszewska B. A study of oral health 
parameters and the properties and composition of saliva in oncological 
patients with and without medication-related osteonecrosis of the jaw 
who take bisphosphonates. Medicina (Kaunas). 2023;59(6):1073. 

42. Otto S, Aljohani S, Fliefel R, et al. Infection as an important factor 
in medication-related osteonecrosis of the jaw (MRONJ). Medicina. 
2021;57(5):463.

43. Soutome S, Otsuru M, Hayashida S, et al. Relationship between tooth 
extraction and development of medication-related osteonecrosis of the 
jaw in cancer patients. Sci. Rep. 2021;11(1):17226.



122

J Dent Sci Educ. 2023;1(4):117-122 Salık et al.

44. Kang SH, Park SJ, Kim MK. The effect of bisphosphonate discontinuation on 
the incidence of postoperative medication-related osteonecrosis of the jaw after 
tooth extraction. J Korean Assoc Oral Maxillofac Surg. 2020;46(1):78-83. 

45. Ruggiero SL, Dodson TB, Aghaloo T, Carlson ER, Ward BB, Kademani D. 
American association of oral and maxillofacial surgeons’ position paper on 
medication-related osteonecrosis of the jaws-2022 update. J Oral Maxillofac. Surg. 
2022;80(5):920-943.

46. de Molon RS, Hsu C, Bezouglaia O, et al. Rheumatoid arthritis exacerbates 
the severity of osteonecrosis of the jaws (ONJ) in mice. A randomized, 
prospective, controlled animal study. J Bone Miner Res. 2016;31(8):1596-607.

47. D’Agostino S, Valentini G, Dolci M, Ferrara E. Potential relationship 
between poor oral hygiene and MRONJ: an observational retrospective 
study. Int J Environ Res Public Health. 2023;20(7):5402. 

48. Ruggiero SL, Dodson TB, Aghaloo T, Carlson ER, Ward BB, Kademani 
D. American association of oral and maxillofacial surgeons’ position 
paper on medication-related osteonecrosis of the jaws-2022 update. J 
Oral Maxillofac Surg. 2022;80(5):920-943. 

49. Khominsky A, Lim M. “Spontaneous” medication-related osteonecrosis 
of the jaw; two case reports and a systematic review. Aust Dent J. 
2018;63(4):441-454. 

50. Vandone AM, Donadio M, Mozzati M, et al.  Impact of dental care in 
the prevention of bisphosphonate-associated osteonecrosis of the jaw: a 
single-center clinical experience. Ann Oncol. 2012;23(1):193-200.

51. Otto S, Tröltzsch M, Jambrovic V, et al. Tooth extraction in patients 
receiving oral or intravenous bisphosphonate administration: A Trigger 
for BRONJ development? J Craniomaxillofac Surg. 2015;43(6):847-854.

52. Marx RE, Sawatari Y, Fortin M, Broumand V. Bisphosphonate-induced 
exposed bone (osteonecrosis/osteopetrosis) of the jaws: risk factors, recognition, 
prevention, and treatment. J Oral Maxillofac Surg. 2005;63(11):1567-1575.

53. Jardim Caldas R, Spíndola Antunes H, de Oliveira Rodini Pegoraro C, 
Ribeiro Guedes F, da Silva Santos PS. Oral health condition in cancer patients 
under bisphosphonate therapy. Support Care Cancer. 2021;29(12):7687-7694.

54. Petersen PE, Bourgeois D, Ogawa H, Estupinan-Day S, Ndiaye C. The 
global burden of oral diseases and risks to oral health. Bull World 
Health Organ. 2005;83(9):661-669.

55. Marcenes W, Kassebaum NJ, Bernabe E et al. Global burden of oral conditions 
in 1990-2010: a systematic analysis. J Dent Res. 2013; 92(7): 592-597.

56. Kassebaum NJ, Bernabe E, Dahiya M, Bhandari B, Murray CJ, 
Marcenes W. Global burden of untreated caries: A systematic review 
and metaregression. J Dent Res. 2015;94(5):650-658.

57. Kos M. Association of dental and periodontal status with bisphosphonate-
related osteonecrosis of the jaws. A retrospective case controlled study. 
Arch Med Sci. 2014;10(1):117-123. 

58. Sobczak-Jaskow H, Kochańska B, Drogoszewska B. A study of oral health 
parameters and the properties and composition of saliva in oncological 
patients with and without medication-related osteonecrosis of the jaw 
who take bisphosphonates. Medicina (Kaunas). 2023;59(6):1073. 

59. Stockmann P, Ebker T, Bergauer J, Wehrhan F. Saliva diagnostics in patients 
suffering from bisphosphonate-associated osteonecrosis of the jaw: Results of 
an observational study. J Craniomaxillofac Surg. 2020;48(2):176-180. 

60. Zirk M, Wenzel C, Buller J, Zöller JE, Zinser M, Peters F. Microbial 
diversity in infections of patients with medication-related osteonecrosis 
of the jaw. Clin Oral Investig. 2019;23(5):2143-2151. 

61. Bowler PG, Duerden BI, Armstrong DG. Wound microbiology and associated 
approaches to wound management. Clin Microbiol Rev. 2001;14(2):244-269.


