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aBstract

introduction
Recently, an increasing number of cases of medication related osteonecrosis of the jaws (MRONJ) 

have been reported. It is still debated whether the presence or placement of dental implants can 

lead to MRONJ. The aim of this study is to investigate whether dental implants are a risk factor 

for MRONJ.

Methods
From January 2003-January 2019 180 patients with MRONJ were seen at the Leiden University 

Medical Center. Retrospectively, luxating moments for the onset of MRONJ were determined. 

Clinical data and details of anti-resorptive medication use were collected; 22 patients with dental 

implants and MRONJ were found. In 18 patients the implants were located in the region of the 

MRONJ.

results
18 patients were included in this study. 77.8% received dental implants prior to anti-resorptive 

drug use and 22.2% had anti-resorptive drug use before or at the time of implant placement. 

The median time between the placement of implants and the diagnosis of MRONJ in these two 

groups was 24 months and 6 months respectively. Among 47 implants present in these patients, 

30 were located in the necrotic region. All these 30 implants were either lost spontaneously or 

had to be removed during treatment of MRONJ.

discussion
This cohort study shows an increased risk for developing MRONJ in patients with dental implants. 

Both peri-implantitis around previously placed implants and insertion of dental implants can be 

seen as risk factors. Therefore, prevention of peri-implantitis and caution when indicating dental 

implants in patients that use anti-resorptive medication are important.
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introduction

Bisphosphonates and denosumab have become very common in the oncologic field, both as 

anti-resorptive medication and as neoadjuvant therapy. They are also still the drugs of choice in 

the treatment of osteoporosis. Although the exact mechanism of action differs, bisphosphonates 

as well as denosumab are responsible for a direct and strong decrease in osteoclast activity and 

thus in bone resorption. One of the most debated side-effects of this type of anti-resorptive 

medication is medication related osteonecrosis of the jaws (MRONJ). MRONJ can be difficult to 

treat and further insight in its cause and approach to treatment are needed. Ever since the first 

publication on MRONJ there has been discussion on its origin1-4, especially whether it is spon-

taneous or related to dental procedures and/or pathology. There have been reports showing 

that the presence or the placement of dental implants can initiate MRONJ, especially in patients 

with intravenous bisphosphonate use4-10. Studies have been published that describe MRONJ in 

patients who use oral bisphosphonates6, 7, 10. Several authors9, 11-16 however found no increased 

risk for implant failure in patients with oral bisphosphonate use.

The association between MRONJ and dental implants is still unknown. It is not yet clear 

whether the use of anti-resorptive medication is a contra-indication for the placement of dental 

implants. The aim of this study was to investigate implants as a possible risk factor for MRONJ in 

patients seen in our center. All MRONJ patients in this study were surgically treated according to 

our previously reported protocol17-19.

Methods

180 consecutive patients presenting with MRONJ at the department of Oral and Maxillofacial 

Surgery of the Leiden University Medical Center between January 2003 and January 2019 were 

studied.

For inclusion in this study a diagnosis of MRONJ according to the criteria of the American 

Association of Oral and Maxillofacial Surgeons (AAOMS) was a required. MRONJ was diagnosed 

when there was exposed bone present for more than 8 weeks, current or previous anti-resorptive 

drug use and no history of radiation therapy in the head and neck region20.

Patients
All patients with dental implants and MRONJ from our cohort were collected. Only patients 

with one or more dental implants in the necrotic region were included. Their implant history 

was studied and protocolled clinical and radiographic analysis was performed. Possible peri-

implantitis was studied. This was described as local gingivitis, an infrabony pocket and an angular 

bony defect around the implant.
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The following patients characteristics were analyzed as well: sex, age, medication use, co-

morbidity, type and duration of anti-resorptive medication and the type of treatment of MRONJ 

prior to referral of the patient to our department.

treatment
The patients were treated following our previously reported17-19 protocol with a combination of 

surgery and antibiotics. The surgical outcomes were studied. Healing was defined as a closed 

mucosa without a fistula or pain.

Statistics
For continuous variables median and range were recorded. Statistical analyses were performed 

in SPSS (Version 25; SPSS Inc., Chicago, IL, USA). Data are reported in median unless reported 

otherwise.

results

Among the 180 MRONJ patients, 22 patients had dental implants and 18 (10%) had implants in 

the necrotic area and were included in our study. The clinical characteristics for the 18 patients 

are listed in table I-III.

clinical features
There were 15 female patients and 3 male. Age varied from 52-86 with a mean of 68,5±9 years.

Eleven patients (57,8%) used anti-resorptive drugs for osteoporosis and the remaining for 

cancer (42,2%). Five patients used anti-resorptive drugs for metastasized breast cancer, 2 for 

multiple myeloma and 2 for metastasized prostate cancer.

Stage II was seen in 50% (n=9) of the patients and no statistical difference was found between 

stage and indication (p=0.629), (see table I).

The median duration of use of anti-resorptive medication in the oral bisphosphonate group was 

60 months (range 18-120). The intravenous bisphosphonate users and the denosumab users 

respectively had a median duration of 18 and 24 months. Oncologic patients seem to have 

a shorter time of anti-resorptive medication use until development of MRONJ. However, the 

data was not normally distributed, therefore further statistical analysis was not conducted. The 

specific durations can be seen in table III.

Duration of symptoms had a median of 6 months (3-48) for cancer patients and a median of 

8 months (2-84) with osteoporosis patients.

Preservation of implants was found in 28,6% (n=2) in cancer patients and in 71,4% (n=5) in 

osteoporosis patients. The location of preserved implants was mostly seen in the mandible in 
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Table I clinical features

cancer osteoporosis total p-value

Gender 0.280c

female 5 10 15

Male 2 1 3

7 11 18

Indication 18

osteoporosis 11 11

cancer 7 7

Breast cancer 5

Prostate cancer 2

Anti-resorptive medication 18

Bisphosphonates 15

intravenous use 5

Zolendronic acid monthly 1

Zolendronic acid yearly 1

Pamidronic acid monthly 3

oral use 10

alendronic acid 70mg weekly 8

risedronic acid 35 mg weekly 2

denosumab-subcutaneous use 3

Xgeva 120mg monthly 3

Prolia 60mg every 6 months

stage1 0.629c

ii 3 6 9

iii 4 5 9

7 11 18

Duration of medication (months) 18 (7-24) 60 (18-168)

Duration of symptoms (months) 6 (3-48) 8 (2-84)

Preservation of implants 0.513c

loss 5 6 11

survival 2 5 7

7 11 18

Location of preserved implant 0.468c

Mandible 2 4 6

Maxilla 1 1

7

2 5
c=Chi-square-test, not statistically significant
1=staging according to definition MRONJ AAOMS (Ruggiero et al 2014)
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85,7% (n=6), but also in osteoporosis patients in 71,4% (n=5). No statistical difference was found 

between the groups (see table I).

implant features
Fourteen patients (77,8%) were implanted before the use of anti-resorptive drugs. These patients 

had osseointegrated and functioning dental implants before the onset of MRONJ. However, they 

developed peri-implantitis around the implants which evolved into MRONJ after some time of 

anti-resorptive drug use. The median time of onset of MRONJ in this group was 24 months (range 

7-120) after the start of anti-resorptive medication. In some patients implants had already fallen 

out at presentation due to the extensive peri-implantitis and bone loss. Other patients had typi-

cal peri-implantitis with bleeding on probing, deep pockets and mobile implants.

Four patients (22.2%) received dental implants during anti-resorptive medication use. They 

developed MRONJ shortly after insertion of the implants. The median time of onset of MRONJ 

in this group was 6 months (range 3-6). The median use of anti-resorptive medication in this 

Table II Patient characteristics

nr Indication Location implants/MRONJ cause Mronj
lost implants

(placed implants)

1 oP Mand ant P 4 (4)

2 MM Mand ant P 2 (2)

3 Bc Max post P 2 (2)

4 oP Mand ant t 1 (2)

5 Bc Max ant P 1 (1)

6 oP Max post t 1 (6)

7 oP Max post P 2 (2)

8 oP Max ant t 1 (1)

9 oP Mand ant P 2 (2)

10 Pc Mand post P 1 (3)

11 oP Mand ant t 1 (4)

12 Bc Max post P 1 (1)

13 oP Mand ant P 2 (2)

14 Pc Mand ant P 1 (1)

15 oP Mand ant P 1 (4)

16 oP Mand ant P 2 (2)

17 oP Mand ant P 1 (4)

18 Bc Mand ant P 4 (4)

Nr= Patient number,
Indication of anti-resorptive medication: OP= osteoporosis, MM= multiple pyeloma, BC= breastcancer, PC= prostate cancer
Location of implants/MRONJ, mand= mandible, max=maxilla, ant=anterior, post=posterior
Cause of MRONJ: P= peri-implantitis; T=traumatic with insertion of implants
number of lost and placed implants
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group was 72 months (range 36-168). The 18 patients in our study group initially had a total of 

47 implants. 30 (64%) of the implants were lost. Most of the implants were already lost before 

referral. The remaining implants involved in the necrosis were removed during surgery.

treatment outcome
Fifteen patients were admitted to our hospital, underwent sequestrectomy and remained hospi-

talized for one week for intravenous antibiotic therapy followed by two weeks of oral antibiotics. 

Three patients were treated in the outpatient clinic. The period of follow-up was at least 3 

months postoperatively. One case is shown in figures 1-3.

Seventeen patients had a closed and healed mucosa and were free of complaints after a 

minimum follow-up of 3 months. The follow-up had a median duration of 12,5 months (range 

3-36). One patient died during follow-up after three months due to metastasized disease.

In seven patients a total of 17 implants, close to but not involved in the necrosis, could 

be preserved. There was a stage III MRONJ patient who developed a pathologic fracture after 

surgery where fixation was carried out and a pseudarthrosis could be achieved without further 

complaints.

Table III Characteristics risk factors MRONJ

cause Mronj Administration manner Duration of complaints Duration of AR therapy

Peri-implantitis
(n=14)

Po
(n=6)

10 (2-84) 56 (18-120)

iV
(n=5)

20 (5-48) 18 (12-60)

sc
(n=3)

6 (3-6) 24 (7-24)

total P
(n=14) 9 (2-84) 24 (7-120)

trauma
(n=4) Po

(n=4)
5 (3-13) 72 (36-168)

total t (n=4) 5 (3-13) 72 (36-168)

Risk factors MRONJ: P= peri-implantitis, T=Trauma due to insertion of implants
Administration manner: po=oral bisphosphonates, iv= intravenous bisphosphonates, sc=subcutaneous denosumab
Duration of complaints in months: median (range)
Duration of AR therapy until MRONJ in months: AR= anti-resorptive, median (range)
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Figure 1 Patient with BRONJ of the mandible
case female 65 years old with osteoporosis and dental implants inserted in the region of the lower cuspids 8 years before and 
anti-resorptive medication use since 48 months. At presentation in our hospital she had a history of 4 years of complaints of 
the implants with recurring infections and abcesses. The implants had recently been removed elsewhere.

Pre-op panoramic radiograph shows osteolysis and sequestration in the mandibular symphysis

Figure 2 Panoramic radiographs of immediately postoperative from patient fig 1

Panoramic radiographs immediately postoperative after saucerization with visible smooth contours of the bone

Figure 3 Panoramic radiographs 2 years postoperative from patient fig 1

Panoramic radiograph shows smooth edges and healing of bone. There is a suggestion for regeneration of the bone in the 
mandible.
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discussion

The purpose of this study was to establish whether dental implants could be a cause for MRONJ. 

The hypothesis is that dental implants can be related to MRONJ. Further clinical & implant 

features were studied and the treatment outcomes were analyzed.

The results of this study confirm the hypothesis that dental implants can be related to the 

development of MRONJ. We found 2 major risk factors: peri-implantitis (77.8%) and insertion of 

dental implants (as a surgical trauma) (22.2%). Peri-implantitis leading to MRONJ was observed 

with the anti-resorptive drug use after insertion of implants. With placement of implants MRONJ 

was seen during or after anti-resorptive therapy.

This study shows that osseointegrated and functioning dental implants, present at the 

start of anti-resorptive medication use may initiate the development of MRONJ when there is 

peri-implantitis. The insertion of dental implants during anti-resorptive medication use led even 

faster to the development of MRONJ.

More than sixty percent of the implants were lost. All lost implants were located in regions 

of MRONJ. In cases where not all implants were located in the region of osteonecrosis, early 

intervention seemed to save close implants. Based on these results, caution with placement of 

dental implants and a strict dental hygienic regiment and follow-up seems necessary, to prevent 

development of MRONJ.

In literature there are several possible risk factors for implant failure. Implant loss is reported 

to be more often seen in the mandible21-23, but our results could not confirm this. On the con-

trary, our results shows survival of implants in osteoporosis and the mandible. This suggests that 

when there is no peri-implantitis MRONJ will not develop spontaneously.

The time elapsing between implant insertion and the onset of MRONJ seemed more than 

3 times longer in the osteoporosis patients than in the cancer patients. High doses of anti-

resorptive medication is usually intravenously administered to oncologic patients. Together with 

the often compromised general medical condition of cancer patients it may explain the higher 

risk of MRONJ when dental implants are present or inserted.

The median time of anti-resorptive medication use in the peri-implantitis group reflects the 

time necessary for the bone to become susceptible or prone to MRONJ. This time is similar 

to the reported duration of medication use before development of MRONJ as stated by other 

authors1, 3. Patients with a shorter period of medication use may not have developed MRONJ yet 

and were therefore not seen with MRONJ. The period of time from insertion of the implant(s) to 

the initiation of the anti-resorptive drug therapy in the peri-implantitis group seems irrelevant, 

because implants were sometimes already functioning for more than 5 years in our patients 

before anti-resorptive medication was started.

Considering the increasing number of reports on implant related MRONJ an association 

between implants and the development of MRONJ becomes more evident7, 8, 10, 21, 22, 24. There is a 

tendency in the literature to focus on two main causes for MRONJ in relation to dental implants. 
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Firstly, MRONJ seems to be related to peri-implantitis around dental implants that were placed 

before anti-resorptive medication was started. Secondly, MRONJ seems related to the insertion 

of implants in patients with anti-resorptive medication use. These risk factors are confirmed in 

this study and in other reports7, 8, 10, 12, 22. It is still unclear which of these two factors are more as-

sociated to the risk of MRONJ. Further longitudinal research it is required to investigate whether 

peri-implantitis in patients that use anti-resorptive medication can be stabilized and so prevent 

development of MRONJ.

There is no consensus on placement of implants during bisphosphonate therapy. However, 

literature shows no hard contra-indications for placement of dental implants in combination with 

oral bisphosphonate use10. Several authors show good results of dental implants in combination 

with anti-resorptive therapy with even reports of large series of patients with oral bisphos-

phonate use and implant placement without or with just a few failed implants5, 11-16, 25-27. No 

increased risk was found for MRONJ in relation to dental implants. Madrid & Sanz (2009) report 

that it is safe to undergo dental procedures such as the insertion of dental implants with oral 

bisphosphonate use for a duration of less than 5 years5. In a few reports development of MRONJ 

in patients with implants after bisphosphonate use was not observed28. Due to the heterogeneity 

of the studies, however there is not enough evidence in literature to draw conclusions regarding 

implant insertion in patients with anti-resorptive medication or in relation to MRONJ16. This may 

suggest a possibly smaller risk for the development of MRONJ with oral bisphosphonate use than 

assumed earlier. The insertion of dental implants under the right circumstances and precaution 

measures seems justified.

This study among others5, 6, 10, 24, 29, 30 also reports extensive failure of implants and develop-

ment of MRONJ and possible loss of parts of the jaw(s) when anti-resorptive medication are 

used including users of oral bisphosphonates. In these “high risk” patients with anti-resorptive 

therapy reserve should be taken when planning dental implants and good dental hygiene and 

follow-up of dental implants is recommended. Early surgical intervention of MRONJ may save 

adjacent dental implants. Considering all the risks treatment in a specialised centre is advised.

conclusion

There is an increased risk for development of MRONJ due to the insertion of dental implants and 

due to peri-implantitis. These two risk factors seem to contribute to the overall risk of MRONJ. 

Overall, the use of intravenous anti-resorptive medication is more likely to lead to implant failure 

and MRONJ than the use of oral anti-resorptive medication. MRONJ due to these two risk factors 

can lead to considerable morbidity including loss of parts of the jaw. Therefore prevention is 

important. Further research regarding dental implants as a risk factor for the development of 

MRONJ is recommended.



|  53

dental implants as a risk factor for Mronj  |  Chapter 3

3

references

 1. 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: 1567-75.

 2. Otto S, Schreyer C, Hafner S, Mast G, Ehrenfeld M, Sturzenbaum S, et al. Bisphosphonate-related 
osteonecrosis of the jaws - characteristics, risk factors, clinical features, localization and impact on 
oncological treatment. J Craniomaxillofac Surg. 2012; 40: 303-9.

 3. Pichardo SE, van Merkesteyn JP. Bisphosphonate related osteonecrosis of the jaws: spontaneous or 
dental origin? Oral Surg Oral Med Oral Pathol Oral Radiol. 2013; 116: 287-92.

 4. Nisi M, La Ferla F, Karapetsa D, Gennai S, Miccoli M, Baggiani A, et al. Risk factors influencing BRONJ 
staging in patients receiving intravenous bisphosphonates: a multivariate analysis. Int J Oral Maxil-
lofac Surg. 2015; 44: 586-91.

 5. Madrid C, Sanz M. What impact do systemically administrated bisphosphonates have on oral implant 
therapy? A systematic review. Clin Oral Implants Res. 2009; 20 Suppl 4: 87-95.

 6. Holzinger D, Seemann R, Matoni N, Ewers R, Millesi W, Wutzl A. Effect of dental implants on 
bisphosphonate-related osteonecrosis of the jaws. J Oral Maxillofac Surg. 2014; 72: 1937 e1-8.

 7. Kwon TG, Lee CO, Park JW, Choi SY, Rijal G, Shin HI. Osteonecrosis associated with dental implants in 
patients undergoing bisphosphonate treatment. Clin Oral Implants Res. 2014; 25: 632-40.

 8. Giovannacci I, Meleti M, Manfredi M, Mortellaro C, Greco Lucchina A, Bonanini M, et al. Medication-
Related Osteonecrosis of the Jaw Around Dental Implants: Implant Surgery-Triggered or Implant 
Presence-Triggered Osteonecrosis? J Craniofac Surg. 2016; 27: 697-701.

 9. Tallarico M, Canullo L, Xhanari E, Meloni SM. Dental implants treatment outcomes in patient under 
active therapy with alendronate: 3-year follow-up results of a multicenter prospective observational 
study. Clin Oral Implants Res. 2016; 27: 943-9.

 10. Troeltzsch M, Cagna D, Stahler P, Probst F, Kaeppler G, Troeltzsch M, et al. Clinical features of peri-
implant medication-related osteonecrosis of the jaw: Is there an association to peri-implantitis? J 
Craniomaxillofac Surg. 2016; 44: 1945-51.

 11. Fugazzotto PA, Lightfoot WS, Jaffin R, Kumar A. Implant placement with or without simultaneous 
tooth extraction in patients taking oral bisphosphonates: postoperative healing, early follow-up, and 
the incidence of complications in two private practices. J Periodontol. 2007; 78: 1664-9.

 12. Grant BT, Amenedo C, Freeman K, Kraut RA. Outcomes of placing dental implants in patients taking 
oral bisphosphonates: a review of 115 cases. J Oral Maxillofac Surg. 2008; 66: 223-30.

 13. Bell BM, Bell RE. Oral bisphosphonates and dental implants: a retrospective study. J Oral Maxillofac 
Surg. 2008; 66: 1022-4.

 14. Goss A, Bartold M, Sambrook P, Hawker P. The nature and frequency of bisphosphonate-associated 
osteonecrosis of the jaws in dental implant patients: a South Australian case series. J Oral Maxillofac 
Surg. 2010; 68: 337-43.

 15. Ata-Ali J, Ata-Ali F, Penarrocha-Oltra D, Galindo-Moreno P. What is the impact of bisphosphonate 
therapy upon dental implant survival? A systematic review and meta-analysis. Clin Oral Implants Res. 
2016; 27: e38-46.



Part I  |  diagnosis

54  |

 16. Stavropoulos A, Bertl K, Pietschmann P, Pandis N, Schiodt M, Klinge B. The effect of antiresorptive 
drugs on implant therapy: Systematic review and meta-analysis. Clin Oral Implants Res. 2018; 29 
Suppl 18: 54-92.

 17. Alons K, Kuijpers SC, de Jong E, van Merkesteyn JP. Treating low- and medium-potency bisphos-
phonate-related osteonecrosis of the jaws with a protocol for the treatment of chronic suppurative 
osteomyelitis: report of 7 cases. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2009; 107: e1-7.

 18. Pichardo SE, Kuijpers SC, van Merkesteyn JP. Bisphosphonate-related osteonecrosis of the jaws: 
Cohort study of surgical treatment results in seventy-four stage II/III patients. J Craniomaxillofac 
Surg. 2016; 44: 1216-20.

 19. Pichardo SE, van Merkesteyn JP. Evaluation of a surgical treatment of denosumab-related osteone-
crosis of the jaws. Oral Surg Oral Med Oral Pathol Oral Radiol. 2016; 122: 272-8.

 20. 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; 72: 1938-56.

 21. Jacobsen C, Metzler P, Rossle M, Obwegeser J, Zemann W, Gratz KW. Osteopathology induced by 
bisphosphonates and dental implants: clinical observations. Clin Oral Investig. 2013; 17: 167-75.

 22. Lazarovici TS, Yahalom R, Taicher S, Schwartz-Arad D, Peleg O, Yarom N. Bisphosphonate-related 
osteonecrosis of the jaw associated with dental implants. J Oral Maxillofac Surg. 2010; 68: 790-6.

 23. Lopez-Cedrun JL, Sanroman JF, Garcia A, Penarrocha M, Feijoo JF, Limeres J, et al. Oral bisphospho-
nate-related osteonecrosis of the jaws in dental implant patients: a case series. The British journal of 
oral & maxillofacial surgery. 2013; 51: 874-9.

 24. Pogrel MA, Ruggiero SL. Previously successful dental implants can fail when patients commence 
anti-resorptive therapy-a case series. Int J Oral Maxillofac Surg. 2018; 47: 220-2.

 25. Memon S, Weltman RL, Katancik JA. Oral bisphosphonates: early endosseous dental implant success 
and crestal bone changes. A retrospective study. The International journal of oral & maxillofacial 
implants. 2012; 27: 1216-22.

 26. Siebert T, Jurkovic R, Statelova D, Strecha J. Immediate Implant Placement in a Patient With Osteopo-
rosis Undergoing Bisphosphonate Therapy: 1-Year Preliminary Prospective Study. The Journal of oral 
implantology. 2015; 41 Spec No: 360-5.

 27. Matsuo A, Hamada H, Takahashi H, Okamoto A, Kaise H, Chikazu D. Evaluation of dental implants as a 
risk factor for the development of bisphosphonate-related osteonecrosis of the jaw in breast cancer 
patients. Odontology. 2016; 104: 363-71.

 28. Koka S, Babu NM, Norell A. Survival of dental implants in post-menopausal bisphosphonate users. 
Journal of prosthodontic research. 2010; 54: 108-11.

 29. Tam Y, Kar K, Nowzari H, Cha HS, Ahn KM. Osteonecrosis of the jaw after implant surgery in patients 
treated with bisphosphonates--a presentation of six consecutive cases. Clin Implant Dent Relat Res. 
2014; 16: 751-61.

 30. Fernandez Ayora A, Herion F, Rompen E, Reginster JY, Magremanne M, Lambert F. Dramatic osteo-
necrosis of the jaw associated with oral bisphosphonates, periodontitis, and dental implant removal. 
Journal of clinical periodontology. 2015; 42: 190-5.






