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Abstract:
Denosumab (DNB) is a human monoclonal antibody, successfully used for the treatment 

of  osteoporosis and some types of  malignant neoplasms. Nevertheless, medication-related 

osteonecrosis of  the jaw (MRONJ) is one of  its possible side effects. The aim of  this study 

was to summarize the etiology, characteristics, treatment options and prognosis of  MRONJ 

caused by DNB through a systematic review of  reported cases. A search was conducted on 

the Pubmed, Scopus, and Scielo databases, including case reports and case series articles, 

published until October 2019 about the effect of  this drug in the oral and maxillofacial 

area. Forty-three articles were included, totaling 145 reported cases of  MRONJ cases 

related to DNB. The mean age of  the patients was 68.3 years, and the mandible was more 

affected than the maxilla. The most common triggering factor was dental extractions (60%), 

although it could happen spontaneously. The prescription of  antibiotics and oral rinses, 

followed by removal of  necrotic bone were performed in most articles (106 cases, 73%). In 

68.9% of  these surgical cases, a total remission of  MRONJ was seen. Onset of  MRONJ led 

to discontinuation of  denosumab DNB in 42% of  the cases. Adjuvant therapies have also 

been reported to increase treatment success.  The increased use of  DNB in the treatment 

of  cancer, osteoporosis and other bone conditions highlights the importance of  knowing 

the characteristics DNB-related MRONJ, the possibility of  prevention and its treatment 

options. This review showed that this condition can be controlled with antibiotic therapy, 

mouthwashes and removal of  devitalized bone. Apparently, the use of  teriparatide or 

leucocyte- and platelet-rich fibrin could also contribute to its resolution. However, clinical 

studies have yet to be performed to support the findings of  this systematic review of  case 

reports.
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INTRODUCTION

Denosumab (DNB) is a human monoclonal IgG2 

antibody, successfully used for osteoporosis treatment1-3, 
for the control of  some types of  malignant neoplasms4,5 
and giant cell granulomas and tumors6,7. Its main effect 
is to prevent bone resorption by inhibiting the receptor 
activator of  nuclear factor-kappa B ligand (RANKL), 
an essential molecule for osteoclast differentiation, 
formation, activation and survival8. Blocking RANKL 
binding to its receptor results in significant gain in 
bone mineral density, rapid reduction in bone turnover 
markers, and reduced risk of  skeletal-related events9,10.

Clinical studies have shown that DNB has superior 
effects over zoledronic acid in preventing skeletal-related 
events in cancer patients4,10, and similar or slightly 
superior effects to bisphosphonates in the treatment 
of  osteoporosis2,3 and giant cell tumors7. In addition 
to its greater efficacy, DNB is believed to produce a 
more physiological action with fewer side effects than 
bisphosphonates. And even when present, adverse effects 
are most rapidly reversed after treatment discontinuation 
due to the fact that DNB remains in the extracellular 
matrix, with no evidence of  sustained bone binding 
(half-life of  approximately 26 days)11. On the other hand, 
bisphosphonates bind to bone mineral and penetrate 
osteoclasts, being released for several months or years 
after stopping bisphosphonate treatment8.

With the increasing use of  DNB around the 
world, reports of  side effects have also started to emerge, 
including infections (eg, cellulitis and erysipelas), 
hypocalcemia and medication-related osteonecrosis of  
the jaw (MRONJ)5,12, which is characterized by an area 
of  bone exposure that can be probed through intra 
or extraoral fistula, does not repair for up to 8 weeks 
and affects patients receiving or that have received 
angiogenic inhibitors or bone-modifying agents, such 
as DNB. These patients may not have a history of  
radiotherapy or evident bone metastasis in the region13,14.

If  misdiagnosed or poorly conducted, MRONJ 
can become potentially severe and debilitating, impairing 
patients’ quality of  life, and often leads to interruption 
of  the treatment of  the underlying condition15. To date, 
the DNB-related osteonecrosis of  the jaw has been little 
studied in comparison to the bisphosphonate related 
one. The aim of  this review was to summarize the 
clinicopathological characteristics, treatment options, 
and prognosis of  MRONJ induced by DNM through 
a systematic review of  cases reported in the pertinent 
literature.

MATERIAL AND METHODS

For this literature review, a systematic search 
was conducted in Pubmed, Scopus and Scielo databases, 
using an association of  words related to DNB and the 
maxillofacial region as search strategy (Table 1). A 
manual search was also performed in the reference list 
of  the selected articles and relevant reviews identified 
through the search. We included case reports or case 
series published until October 2019 about the effect 
of  this drug on the maxillofacial region. No language 
restrictions were imposed on the search. Studies that did 
not specify the use of  DNB as the only antiresorptive 
drug being used by the patient at the time of  MRONJ 
development, did not report a case of  osteonecrosis, 
and those that did not have the full text available were 
excluded.

Search Results 

(((((denosumab[Title/Abstract]) OR prolia[Title/Abstract]) 
OR xgeva[Title/Abstract]))) AND (((((((((((osteonecrosis 
of the jaw[Title/Abstract]) OR gengival[Title/Abstract]) 
OR mandib*[Title/Abstract]) OR teeth[Title/Abstract]) OR 
tooth[Title/Abstract]) OR maxill*[Title/Abstract]) OR oral 
care[Title/Abstract]) OR oral surgery[Title/Abstract]) OR 
periodont*[Title/Abstract]) OR oral implant*[Title/Abstract]) OR 
dent*[Title/Abstract])) NOT review[Publication Type]

233

Table 1. Example of search strategy (Pubmed)

The electronic search strategy was adapted and applied to Scopus and Scielo

RESULTS

We initially found 233 articles in the Pubmed 
database, 206 articles in Scopus, 24 articles in Scielo 
and 1 article in the manual search. After applying the 
inclusion and exclusion criteria, only 43 articles were 
included in the present review (Figure 1). Six articles 
were case series15-20 and thirty-seven were case reports. 
Most articles were published in English, except for 3: 
one published in Spanish21, one published in French22 
and one published in Italian23. United Kingdom, Japan 
and Spain were the countries with more publications 
selected for this review with 6 articles each. Germany 
and the United States published 5 articles each. Belgium 
and Brazil gave rise to 3 articles each. Two articles came 
from the Netherlands. Australia, Chile, France, Greece, 
Italy, Turkey and Korea published 1 article each. 

Among the 43 articles included, 145 cases of  
MRONJ related to DNB were reported. The two articles 
published by Neuprez et al.24,25 are a sequence of  the same 
case, so it was counted only once. Table 2 presents the 
main characteristics of  the included articles.
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Figure 1. Flow chart of the studies selected for the systematic review.

The average age of  the patients with DNB-related 
MRONJ was 68.3 years, with reports of  patients between 
19 and 86 years old. Fifty-five of  the 145 reported cases 
(37.9%) had a history of  bisphosphonate use prior to 
initiation of  DNB therapy. The mandible was more 
affected than the maxilla, and the most frequent possible 
triggering factor was tooth extraction (60% of  cases).

In 105 cases (72.4%), DNB was used for cancer 
treatment (metastatic solid tumors and multiple 
mieloma). The types of  cancer most often treated with 
DNB were metastatic breast (36.5%) and prostate cancer 
(27.6%). In 36 cases (24.8%) DNB was used to treat 
advanced osteoporosis, and in four cases (2.7%) to treat 
giant cell tumors.

In the majority of  included articles, conservative 
approaches including antibiotic therapy and the use of  
mouthwashes with chlorhexidine15,18,19,21,26-40, benzethonium 
chloride41 or povidone-iodine mouthwash42 were employed. 
Only in five articles the use of  some conservative therapy was 
not reported11,43-46. Also, in 61 cases (42%), discontinuation of  
DNB therapy after MRONJ diagnosis was reported. Within 
the 26 reported cases treated exclusively with conservative 
therapies (no surgical approaches), seven (27%) showed total 
remission of  DNB-related MRONJ, five (19%) presented 
improvement with no total cure within the follow-up period, 
11 (42.4%) presented no improvement or worsening of  
symptoms, two (7.8%) patients lost follow-up and in 1 (3.8%) 
case the treatment outcome was not reported.
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Table 2. Characteristics of the included articles 

Author, year 
(Number of cases) Country Disease 

(n)
 Dosage (n) 

(Doses before ONJ)
Affected area 

(n) Triggering factor (n) Stage* 
(n)

Şahin, 201926

(1 case) Turkey OP 50 mg; 6/6 months 
(14 doses) Maxilla Tooth extraction 2

Bujaldón-Rodríguez, 201927

(1 case) Spain OP 60 mg
(1 dose) Mandible Tooth extraction 2

Yapijakis, 201962

(1 case) Greece CA 120 mg; 4/4 weeks 
(6 doses) Mandible Tooth extraction -

de Sales Lima, 201844 
(1 case) Brazil OP 60 mg; 6/6 months 

(6 doses) Maxilla Tooth extraction 2

Aljohani, 201816

(63 cases) Germany OP (9)
CA (54)

120 mg; 4/4 weeks (49)
60 mg; 6/6 months (10) 

Other therapeutic schemes (3)
(Mean: 16,4 ± 12,6 doses)

Mandible (40)
Maxilla (17)

Both (6)

Tooth extraction (35)
Unknown (13)

Periodontitis (6)
Denture trauma (4)

Implant (3)
Other (2)

0 (3)
1 (7)
2 (49)
3 (10)

Diniz-Freitas, 201828 
(1 case) Spain OP 60 mg 6/6 months 

(2 doses) Mandible Periodontal scaling 1

Uday, 201847

(1 case) Great Britain GCT
120 mg at days 1, 8, 15 and 28 + 

120 mg every 4 weeks
(44 doses)

Mandible Tooth extraction 2

Ohga, 201841

(1 case) Japan CA 120 mg monthly
(10 doses) Mandible Periodontal scaling 2

Sánchez-López, 201829

(1 case) Spain OP 60 mg 6/6 months 
(4 doses) Maxilla Unknown 2

Martini, 201823

(1 case) Italy CA 120 mg monthly
(19 doses) Mandible Denture trauma 1

Badr, 201715 
(4 cases) Great Britain CA 120 mg 6/6 weeks (1)

(24 doses) (1)
Mandible (3)
Maxilla (1)

Tooth extraction (3)
Denture trauma (1)

3 (3)
1 (1)

Yoshimura, 201730

(1 case) Japan CA 120 mg monthly
(7 doses) Maxilla Unknown 3

Petkova, 201731

(1 case) Belgium CA Not reported 
(13 doses) Mandible Tooth extraction 1

Pichardo, 201617

(11 cases) Holland OP (4)
CA (7)

Monthly CA (7)
6/6 months OP (4)

(? doses)

Mandible (7)
Maxilla (3) Both (1)

Tooth extraction (10)
Peri-implantitis (1)

2 (2)
3 (9)

After or concomitant with the use of  conservative 
therapies, most authors employed surgical treatments as 
bone spicule regularization (1 case22), sequestrectomy (17 
cases11,15,20,25,27,30,32,34,35,40,42,44,47-49) or open debridement with 
primary closure (88 cases). Total remission of  MRONJ was 
seen after surgical procedures for necrotic bone removal 
in most studies (73 patients; 68.9% of  the surgical cases).

Four articles have reported the use of  adjuvant 
therapies such as injectable teriparatide21,24 and 
leucocyte- and platelet-rich fibrin26,33. In two articles 
the fluorescence technique was used to guide bone 
debridement16,50 and in two reports a piezo-electric motor 
for debridement was used23,26.

Within the 145 cases summarized in the present 
review, 25 cases (17.2%) showed no improvement or 
remission of  ONM. Two articles reported severe 
complications: brain abscess48 and sepsis accompanied 
by soft palate necrosis51. Table 3 presents the treatment 
strategies and outcomes presented in the included articles.

DISCUSSION 

The first case reports of  MRONJ were published 
in the early 2000s as a complication of  bisphosphonates 
therapy. Subsequently, MRONJ was also related to the 
use of  DNB13,16 and the first reports came from phase III 
clinical trials testing the effectiveness of  DNB in cancer 
patients4,10. In the present work, we proposed a literature 
review of  case reports due to the lack of  longitudinal 
studies focused on diagnosis or treatment of  MRONJ 
caused by DNB.

Previous reviews relating DNB and MRONJ 
have extracted data from randomized clinical trials 
whose main objective was to that evaluate the use of  
this drug on the treatment of  giant-cell tumors and 
cancer patients and reported MRONJ only as an adverse 
event52,53. Qi et al. (2014) analyzed the incidence of  
developing MRONJ on 8,963 patients with a variety 
of  solid malignant tumors from 7 clinical trials and 
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de Souza Póvoa, 201663

(1 case) Brazil CA 120 mg monthly 
(42 doses) Mandible Tooth extraction 1

Lyttle, 201632

(1 case) Great Britain CA Monthly 
(? doses) Mandible Tooth extraction 2

Maluf, 201633

(2 cases) Brazil CA - Mandible Implant (1)
Paraendodontic surgery (1) 2

Bagan, 201618 
(10 cases) Spain OP 60 mg 6/6 months 

(Mean: 3,4 ± 2,2 doses)
Mandible (7)
Maxilla (3)

Tooth extraction (6)
Implant (1)

Denture trauma (1)
Spontaneous (2)

1 (8)
2 (2)

Owosho, 201619

(13 cases) United States CA 120 mg each 4 – 6 weeks
(Mean: 15 doses)

Mandible (9)
Maxilla (3)

Both (1)

Tooth extraction (7)
Spontaneous (6)

1 (7)
2 (6)

Matsushita, 201643

(2 cases) Japan CA 120 mg 
(? doses)

Mandible (1)
Maxilla (1)

Tooth extraction (1)
Endodontic treatment (1) 2

Qaisi, 201651

(1 case) United States OP Not reported 
(1 dose) Mandible Tooth extraction 3

Yamagata, 201648

(1 case) Japan CA 120 mg 
(4 doses) Both Unknown 2

Kouketsu, 201664

(1 case) Japan CA 120 mg monthly
(14 doses) Mandible Tooth extraction 2

Kyriakidou, 201620

(4 cases) Great Britain CA Not reported Mandible (3)
Maxilla (1) Tooth extraction 2 (2)

3 (2)

You, 201534

(1 case) Korea CA
120 mg 3/3 weeks 

(7 doses) + 120mg 3/3 months 
(2 doses)

Mandible Tooth extraction 1

Ohga, 201542

(1 case) Japan CA 120 mg 4/4 weeks 
(7 doses) Mandible Tooth extraction 2

Garcia Garcia, 201521

(1 case) Spain OP 60 mg 
(1 dose) Mandible Immediate load implant 2

Campos, 201545

(1 case) United States CA 120 mg monthly
(11 doses) Mandible Not reported Not reported

Bodard, 201522

(1 case) France GCT 120 mg monthly
(20 doses) Mandible Spontaneous 3

O'Halloran, 201435

(2 cases) Australia CA 120 mg monthly 
(Mean: 5 doses)

Mandible (1)
Maxilla (1)

Tooth extraction (1)
Unknown (1)

2 (1)
3 (1)

Olate, 201436

(1 case) Chile CA 60 mg 
(? doses) Mandible Tooth extraction 2

Neuprez 2014a 25, 2014b24

(1 case) Belgium OP 60 mg 6/6 months 
(1 dose) Mandible Tooth extraction 2

Vyas, 201446

(1 case) Great Britain OP 60 mg 6/6 months 
(10 doses) Mandible Tooth extraction 2

Aghaloo, 2014 49

(1 case) United States GCT
120 mg 3/3 months (3 doses) + 
120 mg each 1–2 months for 1 

year  (? doses)
Mandible Unknown 0

Moysich, 201465

(1 case) Germany CA Not reported Mandible Tooth extraction 2

Rashad, 201366

(1 case) Germany OP 60 mg 6/6 months 
(6 doses) Mandible Tooth extraction + denture 

trauma 0

Otto, 201350

(2 cases) Germany OP 60 mg 6/6 months 
(? doses) Mandible Tooth extraction (1)

Implant (1) 2

Pichardo, 201311

(1 case) Holland CA Not reported Mandible Unknown 3

Rachner, 201367

(1 case) Germany OP 60 mg 
(1 doses) Mandible Unknown -

Diz, 201238

(1 case) Spain CA 120 mg 4/4 weeks
(17 doses) Mandible Tooth extraction 2

Aghaloo, 201039

(1 case) United States GCT
120 mg weekly for 3 weeks + 

120 mg 4/4 weeks
(? doses)

Mandible Endodontic treatment 2

Taylor, 201040

(1 case) Great Britain CA Not reported Mandible Unknown 2

continuation...

OP: osteoporosis, CA: cancer, GCT: Giant cell tumor, DNB: denosumab, ONJ: osteonecrosis of the jaw; * Staging according to Ruggiero et al., 201413 and Yarom 
et al., 201914.
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Author, year 
(Number of cases) Treatment (n) Outcome (n)

Şahin, 201926

(1 case)

Surgical treatment (necrotic bone removal with piezo-electric motor + leucocyte- and 
platelet-rich fibrin application + primary closure) 

Chlorhexidine mouthwash
Antibiotic therapy (amoxicillin/clavulanic acid 1000 mg + metronidazole 500 mg)

Resolution within 3 weeks

Bujaldón-Rodríguez, 
201927

(1 case)

Spontaneous sequestrectomy
Resolution within 2 weeksChlorhexidine mouthwash (3 times/day)

Antibiotic therapy (clindamycin 3 x 300 mg/day for 14 days)
Yapijakis, 201962

(1 case)
Surgical debridement

Antibiotic therapy (ciprofloxacin 2 x 500 mg/day + metronidazole 3 x 500 mg/day) -

de Sales Lima, 201844 
(1 case) Sequestrectomy Resolution without recurrence within 8 

months

Aljohani, 201816

(63 cases)

Surgical treatment (antibiotic therapy + necrotic bone removal + primary closure) (60): 
- fluorescence guided surgery (27) 

- conventional surgery (38) 
- curettage (1)

Conservative treatment (3)
DNB suspension (42)

Surgical treatment led to resolution in 
71.7%, improvement in 11.3%, and no cure 

in 17% of the cases.
Complete resolution in 2 out of 3 conserva-

tively-treated cases. No cure in 1 case.

Diniz-Freitas, 201828 

(1 case)

Surgical treatment (necrotic bone removal + primary closure)
Chlorhexidine mouthwash (twice a day)

Antibiotic therapy (doxycycline 200 mg/day for 4 weeks)

Resolution without recurrence at 6-month 
follow-up

Uday, 201847

(1 case)
Ohga, 201841

(1 case)

Antibiotic therapy (amoxicillin + metronidazole)
Mouthwash

Sequestrectomy
DNB suspension

Antibiotic therapy
Benzethonium chloride mouthwash

Resolution without recurrence at 18-month 
follow-up

Resolution 36 weeks after DNB interrup-
tion

Sánchez-López, 201829

(1 case)

DNB suspension
Antibiotic therapy (amoxicillin 3 x 1 g/day for 7 days)

Chlorhexidine mouthwash (3 times/day)

Improvement with no total cure within 1 
year of follow-up

Martini, 201823

(1 case)

DNB suspension
Non-use of the prosthesis

Antibiotic therapy (amoxicillin with clavulanic acid 3 x 1 g/day + metronidazole 4 
x 250 mg/day for 10 days)

Surgical treatment (necrotic bone removal + primary closure)

Resolution

Badr, 201715 
(4 cases)

Lost follow up (1)
Antibiotic therapy (3)

Chlorhexidine mouthwash (2)
Sequestrectomy (2)
DNB suspension (2)

Clinical improvement (1)
Not reported (3)

Yoshimura, 201730

(1 case)

Antibiotic therapy (amoxicillin 750 mg/day for 7 days)
Chlorhexidine mouthwash

Sequestrectomy (patient denied more invasive surgical treatment)
Decreased pain at 30-month follow-up

Petkova, 201731

(1 case) Chlorhexidine mouthwash Not reported

Pichardo, 201617 
(11 cases)

Antibiotic therapy (penicillin G 6 x 1 million IU/day + metronidazole 3 x 500 mg/day 
IV + oral amoxicillin 3 x 500 mg/day + metronidazole 3 x 500 mg/day for 3 weeks).

Surgical treatment (necrotic bone removal + primary closure)

Resolution after 4 weeks of treatment (9)
No resolution (2)

de Souza Póvoa, 201663

(1 case)

DNB suspension
Surgical treatment (necrotic bone removal + primary closure)

Antibiotic therapy (amoxicillin 3 x 500 mg/day for 7 days)
Local chlorhexidine gel

Resolution without recurrence at 26-month 
follow-up

Lyttle, 201632

(1 case)

DNB suspension
Antibiotic therapy (amoxicillin 3 x 500 mg/day + metronidazole 3 x 200 mg/day for 5 days)

Chlorhexidine mouthwash
Sequestrectomy

Resolution

Table 3. Treatments and outcomes described the included articles 
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Maluf, 201633

(2 cases)

DNB suspension
Antibiotic therapy (Penicilin/Clavulanate 875 mg)

Chlorhexidine mouthwash (Twice a day)
Surgical treatment (necrotic bone removal + leucocyte- and platelet-rich fibrin 

application + primary closure)

Improvement with no total cure within 6 
months of follow-up

Bagan, 201618 
(10 cases)

Chlorhexidine mouthwash (10)
Antibiotic therapy (9) (doxycycline 2 x 100 mg/day for 10 days)

Surgical debridement (1)

Resolution (5)
No resolution (2)

Loss of follow up (2)
Rejected treatment (1)

Owosho, 201619

(13 cases)
Chlorhexidine mouthwash (2 to 3 times per day)

Antibiotic therapy when indicated

Death (1)
Loss of follow up (2)

Resolution (3)
Improvement with no total cure (1)

Unchanged condition (2)
Disease progression (4)

Matsushita, 201643

(2 cases) Surgical resection of necrotic bone Resolution without recurrence at 6-month 
follow-up

Qaisi, 201651

(1 case)
Antibiotic therapy (vancomycin, levofloxacin, and meropenem + 4-week ampi-

cillin/sulbactam + oral amoxicillin/clavulanate) Improvement with no total resolution

Yamagata, 201648

(1 case)
Antibiotic therapy (ceftriaxone 2 x 2 g/day + metronidazole 3 x 500 mg/day for 50 days)

Sequestrectomy Not reported

Kouketsu, 201664

(1 case)

Abscess drainage
Antibiotic therapy (penicillin G 6 × 40,000 U/day)

Surgical debridement
Improvement with no total resolution

Kyriakidou, 201620

(4 cases)

Not reported (1)
DNB suspension (2)

Antibiotic therapy (2)
Sequestrectomy (1)

Surgical debridement (1)

Not reported (2)
Resolution (1)

Improvement with no total resolution (1)

You, 201534

(1 case)
Chlorhexidine mouthwash (Twice a day)

Sequestrectomy Resolution without recurrence

Ohga, 201542

(1 case)

DNB suspension
Povidone-iodine mouthwash

Antibiotic therapy (Cefditoren pivoxil)
Sequestrectomy 

Resolution

Garcia Garcia, 201521

(1 case)

DNB suspension
Antibiotic therapy (amoxicillin with clavulanic acid 3 x 875 mg/day for 15 days)

Chlorhexidine mouthwash (2-3 times/day)
Subcutaneous teriparatide 20 mg/day for 6 months 

Resolution after 8 months of treatment 

Campos, 201545

(1 case) Not reported Not reported

Bodard, 201522

(1 case)
Antibiotic therapy (itraconazole, pristinamycin and ertapenem)

Bone spicule regularization No resolution

O'Halloran, 201435

(2 cases)

DNB suspension
Antibiotic therapy

Chlorhexidine mouthwash
Sequestrectomy

Resolution (1)
Improvement with no total resolution (1)

Olate, 201436

(1 case)
DNB suspension

Chlorhexidine mouthwash (daily) No resolution within 6 months of follow-up

Neuprez 2014a25, 2014b24

(1 case)

DNB suspension
Antibiotic therapy
Sequestrectomy 

Subcutaneous teriparatide 20 mg/day for 6 months

Improvement after130 days of treatment

Vyas, 201446

(1 case) DNB suspension Resolution in 1 month

Aghaloo, 201449

(1 case)

DNB suspension
Sequestrectomy

Antibiotic therapy (amoxicillin 3 x 500 mg/day)
Chlorhexidine mouthwash (twice a day)

Not reported

Continuation...
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Moysich, 201465

(1 case)
Antibiotic therapy

Surgical treatment (necrotic bone removal + primary closure) Resolution

Rashad, 201366

(1 case) Antibiotic therapy (ampicillin/sulbactan) Slight pain improvement in 2 months

Otto, 201350

(2 cases)
Antibiotic therapy (doxycycline 2 x 100 mg for 10 days preoperatively)
Fluorescence-guided surgery (necrotic bone removal + primary closure) Resolution after months of treatment 

Pichardo, 201311

(1 case) Sequestrectomy No resolution

Rachner, 201367

(1 case)
Surgical debridement

Antibiotic therapy
Resolution without recurrence at 14-month 

follow-up

Diz, 201238

(1 case)

Antibiotic therapy (amoxicillin)
Chlorhexidine mouthwash

Surgical debridement
Periodic sequestrectomies

Surgery (necrotic bone removal + primary closure)

Resolution without recurrence

Aghaloo, 201039

(1 case)
Antibiotic therapy (clindamycin 4 x 300 mg/day)

Chlorhexidine mouthwash (twice a day) No remission until date of death

Taylor, 201040

(1 case)

DNB suspension
Antibiotic therapy (amoxicillin 3 x 500 mg/day for one week)

Chlorhexidine mouthwash
Sequestrectomy

Resolution without recurrence at 15-month 
follow-up

Continuation...

DNB: denosumab  

observed a 1.7% incidence of  MRONJ52. Boquete-Castro 
et al. (2016) also included 7 clinical trials, 1 in giant-
cell tumor patients and the other in oncologic patients, 
observing the same 1.7% incidence of  MRONJ53. Both 
studies found that the use of  denosumab was associated with 
a significantly increased risk of  MRONJ in comparison with 
bisphosphonates. None included patients using DNB in the 
osteoporosis protocol.

In the present work, it was observed that in most 
cases MRONJ started from surgical dental procedures 
(extraction, implant installation, periodontal scaling, 
paraendodontic surgery), however, the appearance of  
MRONJ in prosthetic trauma sites, after endodontic 
treatment and even spontaneously developed cases were 
observed. The appearance of  MRONJ in the absence of  
previous surgical procedures can be corroborated in the 
literature. Watts et al. (2019) found a MRONJ incidence 
of  0.68% (11/1621 patients) in DNB-treated women 
with osteoporosis who reported previous invasive oral 
procedures, and a 0.05% incidence (1/1970 patients) in 
women who reported no previous invasive procedure54. 
In another case-control study it was found that non-
surgical and surgical dental treatments, such as dental 
extractions, were significantly associated with the 
development of  MRONJ55.

We also observed that the therapeutic 
recommendations of  Ruggiero et al. (2014)13 according to 
the disease’s stage, are not followed by many professionals. 
While some authors insert surgical procedures already 

in stage I, others prefer conservative treatments even in 
more advanced stages. Despite these treatment differences, 
only 18% of  the reported cases showed no improvement.

The use of  supporting techniques and materials 
was also observed in this review. Leucocyte- and 
platelet-rich fibrin were used in two case reports in 
conjunction with the removal of  necrotic bone to treat 
stage II MRONJ26,33. This is a physiological material 
that incorporates leukocyte and platelet concentrate, 
allowing the release of  growth factors over a prolonged 
time, accelerating the healing and remodeling rate of  soft 
and hard tissues, and reducing the contamination risk, 
edema and postoperative pain56. In the study of  Maluf  et 
al. (2016) both cases showed improvement, but without 
total cure in 6 months of  follow-up33. In the case reported 
by Sahin et al. (2019), complete epithelialization was 
achieved within 3 weeks26. In another article, Kim et al. 
(2019) treated 39 bisphosphonate MRONJ patients with 
surgical debridement and leucocyte- and platelet-rich 
fibrin application. They found that 77% of  patients had 
complete resolution, 18% had late resolution and 6% did 
not resolve within 4 months of  follow-up57.

Teriparatide, a human peptide consisting of  amino acids 
present in parathyroid hormone, was also used as an adjuvant 
in two cases of  stage II MRONJ. An intermittent infusion of  
teriparatide results in anabolic effects in bone, increasing bone 
formation earlier and to a greater degree than resorption, leading 
to positive bone balance58. In the present work, we saw 
that one case showed cure after 8 months of  treatment21 
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and the other showed improvement after approximately 
4 months of  teriparatide treatment24. Positive effects 
have also been reported in the literature with the use of  
teriparatide. Kim et al. (2014) observed a more favorable 
response in cases of  intracTable MRONJ conducted with 
teriparatide, compared to patients who did not receive 
this hormone59. Kakehashi et al. (2015) evaluated the 
effect of  daily teriparatide injections on the treatment of  
bisphosphonate-related jaw osteonecrosis and observed 
improvement in 7 of  10 treated cases60.

We also saw that the onset of  MRONJ led to 
discontinuation of  DNB treatment in 43% of  cases. In 
these articles it was not reported whether the suspension 
of  DNB caused any damage or progression of  the 
underlying disease. Studies show that after discontinuation 
of  denosumab for more than 6 months, bone turnover 
rebound increases and bone density decreases rapidly, 
leading to an increased risk of  fractures61.

CONCLUSION 

The increased use of  DNB in the treatment of  cancer, 
osteoporosis and other bone conditions and, therefore, the 
increased incidence of  osteonecrosis of  the jaw caused 
by this drug, highlights the importance of  knowing 
the characteristics of  this pathology, the possibility of  
prevention and its treatment options. This review showed 
that DNB-related MRONJ can occur even in the absence of  
surgical procedures in the oral cavity and is more common 
in the mandible. In most cases, DNB-related osteonecrosis 
of  the jaw can be controlled with antibiotic therapy, 
mouthwashes and removal of  devitalized bone. Apparently, 
the use of  teriparatide or leucocyte-and platelet-rich fibrin 
could contribute to resolution of  the condition. However, 
clinical studies have yet to be performed to support the 
findings of  this systematic review of  case reports.

CONFLICT OF INTEREST

There are no conflicts of  interest regarding the 
publication of  this paper.

REFERENCES

 1. Bone HG, Wagman RB, Brandi ML, Brown JP, Chapurlat R, 
Cummings SR, et al. 10 years of denosumab treatment in 
postmenopausal women with osteoporosis: results from the 
phase 3 randomised FREEDOM trial and open-label extension. 
Lancet Diabetes Endocrinol. 2017 Jul;5(7):513-23.

 2. Sheedy KC, Camara MI, Camacho PM. Comparison of the 
efficacy, adverse effects, and cost of zoledronic acid and 
denosumab in the treatment of osteoporosis. Endocr Pract. 
2015 Mar;21(3):275-9.

 3. Choi NK, Solomon DH, Tsacogianis TN, Landon JE, Song HJ, 
Kim SC. Comparative safety and effectiveness of denosumab 
versus zoledronic acid in patients with osteoporosis: a cohort 
study. J Bone Miner Res. 2017 Mar;32(3):611-7.

 4. Fizazi K, Carducci M, Smith M, Damiao R, Brown J, Karsh 
L, et al. Denosumab versus zoledronic acid for treatment of 
bone metastases in men with castration-resistant prostate 
cancer: a randomised, double-blind study. Lancet. 2011 
Mar;377(9768):813-22.

 5. Stopeck AT, Fizazi K, Body JJ, Brown JE, Carducci M, Diel 
I, et al. Safety of long-term denosumab therapy: results from 
the open label extension phase of two phase 3 studies in 
patients with metastatic breast and prostate cancer. Support 
Care Cancer. 2016 Jan;24(1):447-55.

 6. Kim TS, Usera GL, Ruggiero SL, Weinerman SA. 
Improvement of giant cell lesions of the jaw treated with 
high and low doses of denosumab: a case series. JBMR 
Plus. 2017 Oct;1(2):101-6.

 7. Li S, Chen P, Yang Q. Denosumab versus zoledronic acid 
in cases of surgically unsalvageable giant cell tumor of 
bone: a randomized clinical trial. J Bone Oncol. 2019 
Jan;15:100217.

 8. Baron R, Ferrari S, Graham G, Russell G. Denosumab and 
bisphosphonates: different mechanisms of action and effects. 
Bone. 2011 Apr;48(4):677-92.

 9. Wensel TM, Iranikhah MM, Wilborn TW. Effects of denosumab 
on bone mineral density and bone turnover in postmenopausal 
women. Pharmacotherapy. 2011 May;31(5):510-23.

10. Stopeck AT, Lipton A, Body JJ, Steger GG, Tonkin K, Boer 
RH, et al. Denosumab compared with zoledronic acid for the 
treatment of bone metastases in patients with advanced breast 
cancer: a randomized, double-blind study. J Clin Oncol. 2010 
Dec;28(35):5132-9.

11. Pichardo SEC, Kuypers SCC, Van Merkesteyn JPR. Denosumab 
osteonecrosis of the mandible: a new entity? A case report. J 
Craniomaxillofac Surg. 2013 Jun;41(4):e65-9.

12. Yasuda Y, Iwama S, Arima H. Severe hypocalcemia following 
denosumab treatment in a patient with secondary osteoporosis 
associated with primary sclerosing cholangitis. Endocr J. 
2019;66(3):271-5.

13. Ruggiero SL, Dodson TB, Fantasia J, Goodday R, Aghaloo 
T, Mehrotra B, 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 Oct;72(10):1938-56.

14. Yarom N, Shapiro CL, Peterson DE, Van Poznak CH, Bohlke 
K, Ruggiero SL, et al. Medication-related osteonecrosis of the 
jaw: MASCC/ISOO/ASCO clinical practice guideline. J Clin 
Oncol. 2019 Sep;37(25):2270-90.

15. Badr M, Kyriakidou E, Atkins S, Harrison S. Aggressive 
denosumab-related jaw necrosis - a case series. Br Dent J. 
2017 Jul;223(1):13-6.

16.Aljohani S, Gaudin R, Weiser J, Tröltzsch M, Ehrenfeld M, 
Kaeppler G, et al. Osteonecrosis of the jaw in patients treated 
with denosumab: a multicenter case series. J Craniomaxillofac 
Surg. 2018 Sep;46(9):1515-25.

17. Pichardo SEC, Van Merkesteyn JPR. Evaluation of a surgical 
treatment of denosumab-related osteonecrosis of the 
jaws. Oral Surg Oral Med Oral Pathol Oral Radiol. 2016 
Sep;122(3):272-8.



10

Journal of oral Diagnosis 2020

18. Bagan J, Peydró A, Calvo J, Leopoldo M, Jimenez Y, Bagan L. 
Medication-related osteonecrosis of the jaw associated with 
bisphosphonates and denosumab in osteoporosis. Oral Dis. 
2016 May;22(4):324-9.

19. Owosho AA, Blanchard A, Levi L, Kadempour A, Rosenberg 
H, Yom SK, et al. Osteonecrosis of the jaw in patients 
treated with denosumab for metastatic tumors to the bone: 
a series of thirteen patients. J Craniomaxillofac Surg. 2016 
Mar;44(3):265-70.

20. Kyriakidou E, Badr M, Atkins S, Harrison S. Denosumab-
associated osteonecrosis of the jaw; a case series and literature 
review. Br J Med Pract. 2016 Jan;9(4):a930.

21. Garcia BG, Ferrer AD, Jimenez ND, Granados FJA. 
Osteonecrosis de los maxilares asociada a denosumab en 
una paciente con osteoporosis: un caso clínico. Rev Esp Cir 
Oral Maxilofac. 2015;37(3):148-52.

22. Bodard AG, Desoutter A, Salino S. Extensive osteochemonecrosis 
of the mandible in a patient treated with denosumab for a 
sphenoidal osseous tumor. Med Buccale Chir Buccale. 
2015;21(3):199-201.

23. Martini V, Bonacii RM, Varani EM, Manenti G, Curren R, 
Mariani U, et al. Medication-related osteonecrosis of the jaw 
and denture: a case series from a single center. Dent Cadmos. 
2018;86(1):51-60.

24. Neuprez A, Rompen E, Crielaard JM, Reginster JY. Teriparatide 
therapy for denosumab-induced osteonecrosis of the jaw 
in a male osteoporotic patient. Calcif Tissue Int. 2014 
Jul;95(1):94-6.

25. Neuprez A, Coste S, Rompen E, Crielaard JM, Reginster JY. 
Osteonecrosis of the jaw in a male osteoporotic patient treated 
with denosumab. Osteoporos Int. 2014;25(1):393-5.

26. Sahin O, Odabasi O, Ekmekcioglu C. Ultrasonic piezoelectric 
bone surgery combined with leukocyte and platelet-rich 
fibrin and pedicled buccal fat pad flap in denosumab-
related osteonecrosis of the jaw. J Craniofac Surg. 2019 
Jul;30(5):e434-6.

27. Bujaldón-Rodríguez R, Gómez-Moreno G, Leizaola-Cardesa 
IO, Aguilar-Salvatierra A. Resolution of a case of denosumab-
related osteonecrosis of the jaw after tooth extraction. Eur 
Rev Med Pharmacol Sci. 2019 Mar;23(6):2314-7.

28. Diniz-Freitas M, Fernández-Feijoo J, Dios PD, Pousa X, Limeres 
J. Denosumab-related osteonecrosis of the jaw following non-
surgical periodontal therapy: a case report. J Clin Periodontol. 
2018 May;45(5):570-7.

29. López JDS, Cariati P, Tara MPP. Maxillar osteonecrosis 
associated to denosumab in a patient with systemic 
mastocytosis. Med Clin. 2018 Jun;151(2):81-2.

30. Yoshimura H, Ohba S, Yoshida H, Saito K, Inui K, Yasui R, et 
al. Denosumab-related osteonecrosis of the jaw in a patient 
with bone metastases of prostate cancer: a case report and 
literature review. Oncol Lett. 2017 Jul;14(1):127-36.

31. Petkova M, Stanimirov P. Denosumab-related osteonecrosis 
of the jaws: a case report. J IMAB. 2017 Mar;23(1):1483-7.

32. Lyttle CV, Patterson H. Denosumab: a case of MRONJ with 
resolution. Br Dent J. 2016 Jun;220(12):623-5.

33. Maluf G, Pinho MC, Cunha SRB, Santos PSS, Fregnani ER. 
Surgery combined with lprf in denosumab osteonecrosis of 
the jaw: case report. Braz Dent J. 2016 May;27(3):353-8.

34. You T, Lee KH, Lee SH, Park W. Denosumab-related 
osteonecrosis of the jaw: a case report and management 
based on pharmacokinetics. Oral Surg Oral Med Oral Pathol 
Oral Radiol. 2015 Nov;120(5):548-53.

35. O’Halloran M, Boyd NM, Smith A. Denosumab and 
osteonecrosis of the jaws - the pharmacology, pathogenesis 
and a report of two cases. Aust Dent J. 2014 Dec;59(4):516-
9.

36. Olate S, Uribe F, Martinez F, Almeida A, Unibazo A. 
Osteonecrosis of the jaw in patient with denosumab therapy. 
Int J Clin Exp Med. 2014 Oct;7(10):3707-9.

37. Aghaloo TL, Cheong S, Bezouglaia O, Kostenuik P, Atti E, 
Dry SM, et al. RANKL inhibitors induce osteonecrosis of the 
jaw in mice with periapical disease. J Bone Miner Res. 2014 
Apr;29(4):843-54.

38. Diz P, López-Cedrún JL, Arenaz J, Scully C. Denosumab-
related osteonecrosis of the jaw. J Am Dent Assoc. 2012 
Sep;143(9):981-4.

39. Aghaloo TL, Felsenfeld AL, Tetradis S. Osteonecrosis of the 
jaw in a patient on Denosumab. J Oral Maxillofac Surg. 2010 
May;68(5):959-63.

40. Taylor KH, Middlefell LS, Mizen KD. Osteonecrosis of the jaws 
induced by anti-RANK ligand therapy. Br J Oral Maxillofac 
Surg. 2010 Apr;48(3):221-3.

41. Ohga N, Sato J, Asaka T, Morimoto M, Yamazaki Y, Kitagawa 
Y. Successful conservative treatment of jaw osteonecrosis 
caused by denosumab in patients with multiple bone 
metastasis. J Oral Sci. 2018;60(1):159-62.

42. Ohga N, Yamazaki Y, Tsuboi K, Kitagawa Y. Healing of 
osteonecrosis of the jaw (ONJ) after discontinuation of 
denosumab in a patient with bone metastases of colorectal 
cancer: a case report and hypothesis. Quintessence Int. 2015 
Jul/Aug;46(7):621-6.

43. Matsushita Y, Hayashida S, Morishita K, Sakamoto H, 
Naruse T, Sakamoto Y, et al. Denosumab-associated 
osteonecrosis of the jaw affects osteoclast formation and 
differentiation: pathological features of two cases. Mol 
Clin Oncol. 2016 Feb;4(2):191-4.

44. Lima MVS, Rizzato J, Marques DVG, Kitakawa D, Peralta FS, 
Scherma AP, et al. Denosumab related osteonecrosis of jaw: 
a case report. J Oral Maxillofac Res. 2018 Sep;9(4):e5.

45. Campos H, Mahdian M, Hegde U, Lurie A, Tadinada A. 
Denosumab-associated osteomyelitis of the jaw in a prostate 
cancer patient--is this a new beast?. J Mass Dent Soc. 
2015;64(3):34-7.

46. Vyas S, Hameed S, Murugaraj V. Denosumab-associated 
osteonecrosis of the jaw--a case report. Dent Update. 2014 
Jun;41(5):449-50.

47. Uday S, Gaston CL, Rogers L, Parry M, Joffe J, Pearson J, et 
al. Osteonecrosis of the jaw and rebound hypercalcemia in 
young people treated with denosumab for giant cell tumor 
of bone. J Clin Endocrinol Metab. 2018 Feb;103(2):596-603.

48. Yamagata K, Nagai H, Baba O, Uchida F, Kanno N, Hasegawa 
S, et al. A case of brain abscess caused by medication-related 
osteonecrosis of the jaw. Case Rep Dent. 2016;2016:7038618.

49. Aghaloo TL, Dry SM, Mallya S, Tetradis S. Stage 0 osteonecrosis 
of the jaw in a patient on denosumab. J Oral Maxillofac Surg. 
2014 Apr;72(4):702-16.



11

Journal of oral Diagnosis 2020

50. Otto S, Baumann S, Ehrenfeld M, Pautke C. Successful surgical 
management of osteonecrosis of the jaw due to RANK-ligand 
inhibitor treatment using fluorescence guided bone resection. 
J Craniomaxillofac Surg. 2013 Oct;41(7):694-8.

51. Qaisi M, Hargett J, Loeb M, Brown J, Caloss R. Denosumab 
related osteonecrosis of the jaw with spontaneous necrosis 
of the soft palate: report of a life threatening case. Case Rep 
Dent. 2016;2016:5070187.

52. Qi WX, Tang LN, He AN, Yao Y, Shen Z. Risk of osteonecrosis 
of the jaw in cancer patients receiving denosumab: a meta-
analysis of seven randomized controlled trials. Int J Clin Oncol. 
2014 Apr;19(2):403-10.

53. Boquete-Castro A, Gómez-Moreno G, Calvo-Guirado JL, 
Aguilar-Salvatierra A, Delgado-Ruiz RA. Denosumab and 
osteonecrosis of the jaw. A systematic analysis of events 
reported in clinical trials. Clin Oral Implants Res. 2016 
Mar;27(3):367-75.

54. Watts NB, Grbic JT, Binkley N, Papapoulos S, Butler PW, Yin 
X, et al. Invasive oral procedures and events in women with 
postmenopausal osteoporosis treated with denosumab for up 
to 10 years. J Clin Endocrinol Metab. 2019 Jun;104(6):2443-52.

55. McGowan K, Ware RS, Acton C, Ivanovski S, Johnson NW. 
Both non-surgical dental treatment and extractions increase 
the risk of medication-related osteonecrosis of the jaw: case-
control study. Clin Oral Investig. 2019 Nov;23(11):3967-75.

56. Cano-Duran JA, Peña-Cardelles JF, Ortega-Concepción D, 
Paredes-Rodríguez VM, García-Riart M, López-Quiles J. The 
role of leucocyte-rich and platelet-rich fibrin (L-PRF) in the 
treatment of the medication-related osteonecrosis of the jaws 
(MRONJ). J Clin Exp Dent. 2017 Aug;9(8):e1051-9.

57. Kim JW, Kim SJ, Kim MR. Leucocyte-rich and platelet-
rich fibrin for the treatment of bisphosphonate-related 
osteonecrosis of the jaw: a prospective feasibility study. Br J 
Oral Maxillofac Surg. 2014 Nov;52(9):854-9.

58. Kwon YD, Kim DY. Role of teriparatide in medication-related 
osteonecrosis of the jaws (MRONJ). Dent J (Basel). 2016 Dec;4(4):41.

59. Kim KM, Park W, Oh SY, Kim HJ, Nam W, Lim SK, et 
al. Distinctive role of 6-month teriparatide treatment on 
intracTable bisphosphonate-related osteonecrosis of the jaw. 
Osteoporos Int. 2014 May;25(5):1625-32.

60. Kakehashi H, Ando T, Minamizato T, Nakatani Y, Kawasaki 
T, Ikeda H, et al. Administration of teriparatide improves the 
symptoms of advanced bisphosphonate-related osteonecrosis 
of the jaw: preliminary findings. Int J Oral Maxillofac Surg. 
2015 Dec;44(12):1558-64.

61. Chapurlat R. Effects and management of denosumab 
discontinuation. Joint Bone Spine. 2018 Oct;85(5):515-7.

62. Yapijakis C, Papakosta V, Vassiliou S. ACE gene variant 
causing high blood pressure may be associated with 
medication-related jaw osteonecrosis. In Vivo. 2019 Mar/
Apr;33(2):559-62.

63. Póvoa RCS, Marlierè DAA, Silveira HM, Pires FR. Denosumab-
related osteonecrosis of the jaws: successful management 
with a conservative surgical approach. Spec Care Dentist. 
2016 Feb;36(4):231-6.

64. Kouketsu A, Hashimoto W, Cruz GM, Takahashi T. Septic 
shock associated with denosumab-related osteonecrosis of 
the jaw: a case report and literature review. J Oral Maxillofac 
Surg. 2016 May;28(3):228-33.

65. Moysich H, Neff A, Pitak-Arnnop P. Unhealed tooth 
extraction wound in a breast cancer patient. Presse Med. 2014 
Sep;43(9):1024-5.

66. Rashad A, Smeets R, Heiland M. RANK-Ligand inhibitor 
associated osteonecrosis of the jaw. GMS Interdiscip Plast 
Reconstr Surg DGPW. 2013;2:Doc17.

67. Rachner TD, Platzbecker U, Felsenberg D, Hofbauer LC. 
Osteonecrosis of the jaw after osteoporosis therapy with 
denosumab following long-term bisphosphonate therapy. 
Mayo Clin Proc. 2013 Apr;88(4):418-9.


