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I. Introduction

Bisphosphonates (BPs) have antiresorptive, antiangiogenic 
and antitumoral effects and have been widely used to man-
age osteoporosis, metastatic bone diseases and lytic lesions 
in multiple myeloma1-4. From the first use of BPs to date, 
many adverse effects such as acute inflammatory reactions, 
ocular, renal and nephrotic problems, electrolyte imbalance, 

osteonecrosis of the jaws and atypical femoral fracture have 
been reported, especially following the long-term use of these 
drugs5,6. BP-related osteonecrosis of the jaw (BRONJ) is a 
common published adverse event that decreases the quality 
of life. The American Association of Oral and Maxillofacial 
Surgeons (AAOMS) changed the nomenclature of BRONJ 
after the increase in osteonecrosis cases due to the other 
antiresorptive and antiangiogenic drugs and recommended 
use of the term medication-related osteonecrosis of the jaw 
(MRONJ)7.

The pathogenesis of MRONJ depends on a multifactorial 
process, including suppression of bone remodeling, inhibition 
of angiogenesis, local trauma, and infection, so the incidence 
of MRONJ is significantly variable by country8. The inci-
dence is higher in cancer patients administered intravenous 
(IV) zoledronate and was reported to be between 0.3% and 
5% in a recent systematic review9. Moreover, the updated 
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AAOMS guideline reported that the incidence of MRONJ 
may increase up to 18% among cancer patients10. The higher 
incidence is associated with higher bone affinity5, potency11, 
and cumulative dose of zoledronate in cancer patients. In a 
clinical study, the mean IV BP injections per year was found 
to be almost four times higher in cancer patients compared 
to osteoporotic patients, revealing that the cumulative dose is 
higher in cancer patients12. In addition, the use of additional 
immunosuppressive drugs such as corticosteroids in cancer 
patients increases the risk of developing MRONJ by affecting 
wound healing12,13. However, MRONJ does not develop in 
every cancer patient using IV BPs. When Marx first reported 
BP-related osteonecrosis in the jaw, it was stated that most 
cases developed after the removal of painful teeth14. The cur-
rent studies have also emphasized that leaving an infected 
tooth in the oral cavity for a long time rather than extracting 
it induces the development of MRONJ8,14,15.

Some preventive treatment strategies have been recom-
mended to minimize the risk of developing MRONJ follow-
ing tooth extraction since tooth extraction can be sometimes 
necessary in patients receiving IV BPs. Antibiotic prophy-
laxis, atraumatic dental extraction, removal of bony edges, 
and primary closure are the most common methods that are 
routinely performed as preventive approaches. Drug holidays 
are controversial according to the current guideline10 but are 
still recommended to reduce the incidence of MRONJ in 
various studies. The concept of a drug holiday is based on 
the decrease in serum level of free BP and, accordingly, its 
effect on wound healing after BP cessation. The objective of 
this study is to evaluate the incidence of MRONJ after tooth 
extraction in cancer patients using IV BP and to assess the 
effect of drug holiday on the development of MRONJ. The 
hypothesis is that drug holiday does not affect the incidence 
of MRONJ in cancer patients receiving IV BP.

II. Patients and Methods

This retrospective study was conducted in the Department 
of Oral and Maxillofacial Surgery, Faculty of Dentistry at 
Hacettepe University and approved by the Ethics Committee 
of Hacettepe University (No. GO 22/605). Informed consent 
was obtained from all participants.

A search of the database was undertaken to identify pa-
tients who applied for tooth extraction and had a history of IV 
BP use between January 2012 and June 2022. Patients receiv-
ing radiotherapy from the head and neck region, significant 
malignancy and/or metastasis to the jaws and receiving oral 
BPs and denosumab were excluded from the study. Fifty-one 
cancer patients over 18 years old using IV BPs were included 
in this study. The detailed demographic data including age, 
sex, primary disease, presence of diabetes, use of corticoste-
roid or other immunosuppressive drugs, IV BP type, duration 
of BP use, duration of drug holiday, number of extracted teeth 
and extraction area, whether MRONJ developed after tooth 
extraction and follow-up duration were recorded.

All tooth extractions were performed with an atraumatic 
extraction technique under local anesthesia. Perioperative an-
tibiotic prophylaxis (Amoxicillin clavulanic acid, 1 g, 2×1; if 
the patient is allergic to penicillin, clindamycin 150 mg, 4×1) 
was administered to all patients, starting 2 days before the 
procedure and continuing for 3 days postoperatively. Primary 
wound closure was provided using a resorbable suture in all 
extraction areas. Sutures were removed 7-10 days later fol-
lowing tooth extraction. Patients were followed for at least 8 
weeks postoperatively to assess whether MRONJ developed 
after tooth extraction. The diagnosis of MRONJ was deter-
mined according to the criteria of the AAOMS7 and the ne-
crotic bone was confirmed by histopathological examination.
(Table 1)

The statistical analysis was accomplished using IBM SPSS 

Table 1. Tooth extraction protocol for patients using intravenous bisphosphonates

Full medical and dental history

• Consultation phase
• �Pre-extraction phase: Oral amoxicillin and clavulanic acid (1,000 mg, 2×1) 2 days preoperatively. If allergic to penisillin, use clindamycin  

(150 mg, 4×1).
• Extraction phase: Atraumatic extraction with primary wound closure.
• �Postoperative phase: Keep on antibiotic therapy for 3 days, anti-inflammatory drug and chlorhexidine gluconate (0.12%) mouthwash 3 times 

daily for 7 days postoperatively.
• Follow-up period: Remove the sutures on day 10 and follow-up at 8 weeks postoperatively.
• Diagnosis of MRONJ: AAOMS criteria and histopathological examination.

(MRONJ: medication-related osteonecrosis of the jaw, AAOMS: American Association of Oral and Maxillofacial Surgeons)
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Statistics (ver. 24.0; IBM) in the Department of Biostatistics 
at Hacettepe University. Descriptive statistics were used to 
express the medians, the minimum and maximum values and 
percentage distributions in the groups. The quantitative dif-
ferences between the test group and the control group were 
analyzed using Mann–Whitney U test; the qualitative dif-
ferences between the test group and the control group were 
examined using Fischer’s exact chi-square test. The level of 
significance was set at P<0.05.

III. Results

Fifty-seven jaws in fifty-one (37 female and 14 male) 
patients who ranged in age from 33 to 74 years (mean age, 
57.21±10.21 years) were evaluated in this study. Stage 1 
MRONJ developed in 3 patients. The incidence of MRONJ 
was 5.3% in 57 jaws. The mean age of patients who devel-
oped MRONJ was 40.33±8.08 years. A statistically signifi-
cant difference was found between patient age and MRONJ 
development (P=0.002). MRONJ developed in 4.8% of all 
female patients and 6.7% of male patients (P>0.999).

Breast cancer (CA) was the most common primary dis-
ease (49.1%), followed by multiple myeloma (21.1%) and 
prostate CA (10.5%). The distribution of the diseases that 
resulted in IV BP use is presented in Fig. 1. The median 
duration of IV BP use was 24 months (range, 3-96 months) 
in all patients. While 61.4% of all patients were using IV 
BP for ≥24 months, the remaining 38.6% were using IV BP 
for <24 months. MRONJ was detected in 2 of the patients 
who used IV BP for <24 months and one patient who used 
IV BP for ≥24 months. No statistical difference was found 
between the duration of IV BP use and development of 

MRONJ (P=0.553). Zoledronate was the most widely used 
IV BP (96.1%), followed by ibandronate (3.9%). However, 
there was no statistical difference between IV BP type and 
MRONJ development (P>0.999).

One hundred nine teeth were removed in 51 patients (33.3% 
of all patients from only the maxilla, 54.9% of them from 
only the mandible, and 11.7% from both maxilla and man-
dible). Multiple tooth extractions were performed in 47.1% 
of all patients, and only one tooth was removed in 52.9% 
of all patients. The median number of tooth extractions in 
patients who developed MRONJ was one tooth (minimum 
1-maximum 1 tooth extraction), and in those who did not 
develop MRONJ it was 2 teeth (minimum 1-maximum 10 
teeth extraction). No statistical difference was found between 
the number of teeth extracted and development of MRONJ 
(P=0.117). Tooth extractions were performed in 31 patients 
after a drug holiday, while in 20 patients, they were per-
formed without a drug holiday.

The median duration of drug holiday was 2 months (range, 
0-96 months) in all patients. While 59.1% of the patients 
who used IV BP for <24 months had a drug holiday, 65.7% 
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Fig. 1. The distribution of the diseases shows that the most com-
mon reason resulted in intravenous bisphosphonate use was 
breast CA. (CA: cancer, SCC: squamous cell carcinoma)
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Fig. 2. A. The preoperative panoramic radiograph shows the 
extracted third molar in the right maxilla (arrow). B. The exposed 
necrotic bone was determined on the buccal aspect 1 year after 
tooth extraction (arrow). C. Surgical treatment was performed to 
remove the necrotic bone and bony edges.
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of those who used IV BP for ≥24 months had a drug holiday. 
There was no statistically significant difference between the 
duration of IV BP use and drug holiday (P=0.614). Only one 
of the 3 patients who developed MRONJ had a drug holiday 
for 2 months. This patient had used IV BP for <24 months, 
and MRONJ developed 1 year after right maxillary third 
molar extraction (Fig. 2). Among these 3 patients, no signifi-
cant difference between the patients with and without a drug 
holiday and MRONJ development was found (P=0.315). 
Also, 50% of the patients without a drug holiday developed 
MRONJ in the maxilla. There was no statistical significance 
between drug holiday and MRONJ localization (P>0.999). 
Table 2 shows the characteristics of the patients who devel-
oped MRONJ. In all MRONJ patients, surgical treatment was 
performed to remove the necrotic bone areas, and complete 
healing was achieved after the surgical treatments.

IV. Discussion

Osteonecrosis is defined as the death of bone cells and 
is histopathologically diagnosed as empty lacunae without 
osteocytes in the bone. BPs cause osteoclast-mediated bone 
necrosis that is identified by tissue dehiscence, hypocellular-
ity, hypovascularity, and lytic radiographic features16. In clini-
cal practice, various preventive measures are implemented 
to reduce the risk of MRONJ. One of them is drug holiday, 
although there is limited data on the effectiveness and ap-
propriate duration. Theoretically, the cessation of BP is sup-
posed to enhance osteoclast function, bone remodeling and 
bone healing5,17. Damm and Jones18 suggested that a 2-month 
drug holiday before an invasive dental procedure would be 
sufficient to reduce the level of free oral BP within the serum. 
However, pharmacological differences among most oral and 
IV BPs cause them to be metabolized by various pathways of 
the drug19, and the half-life of each BP is thought to change 
due to the pathway. In addition, BPs bind to mineral surfaces 

of bone, and their affinity levels to bone are different from 
each other. It is thought that when BPs release during bone 
resorption, they recirculate and bind again to the bone, or 
they are internalized by osteoclasts, causing apoptosis of os-
teoclasts5. Thus, they maintain their biological effects for a 
long time.

In animal studies, the importance of drug holidays has 
been revealed to reduce the risk of developing MRONJ17,20. 
Although the philosophy of drug holidays is correct, it is still 
controversial in clinical practice whether or for how long a 
drug holiday will be implemented due to the mechanisms 
of BPs. In a multicenter retrospective study, the efficacy of 
drug holiday and primary wound closure on the development 
of MRONJ was investigated in patients using oral BPs. The 
duration of the holiday in the patients included in the study 
varied from 1 to 246 months. The results revealed that there 
was no association between drug holiday and development 
of MRONJ; also, MRONJ did not develop in patients who 
performed primary wound closure after tooth extraction21. In 
a different clinical study, the incidence of MRONJ in patients 
who used IV BP was found to be 13.1% after tooth extrac-
tion. The duration of the drug holiday ranged from 1 to 63 
months (mean, 17.6 months). The authors reported that the 
percentage of MRONJ was superior to patients undergoing 
IV BP than in those who had a drug holiday or completed 
their IV BP therapy. However, they did not find any statistical 
significance between the two groups22.

In our study, cancer patients using IV BPs were evaluated 
to determine the incidence of MRONJ and the efficacy of a 
drug holiday. The incidence of MRONJ was found to be 5.9% 
in all patients. The duration of IV BP use is accepted as a risk 
factor for development of MRONJ and it is stated that the du-
ration of IV BP use for more than 2 years increases the risk of 
MRONJ development7,10. Therefore, the patients were divid-
ed into two groups according to their IV BP use duration in 
our study. Although 61.4% of all patients were using IV BPs 

Table 2. Characteristic of the patients developed MRONJ

Patient 
No.

Sex
Age 
(yr)

Primary disease Type of BP
Use of 

duration 
(mo)

Frequency
Drug 

holiday
Additional 

immunosuppressive
Extraction 

area

1 F 33 Breast CA Zoledronate 24 Monthly None None Maxilla
2 M 49 Multiple myeloma Zoledronate 6 Monthly None Dexamethasone and 

Bortezomib
Mandible

3 F 39 Breast CA Zoledronate 19 Once every 3 mo 2 mo Ribociclib  
(kinase inhibitor)

Maxilla

(MRONJ: medication-related osteonecrosis of the jaw, F: female, M: male, CA: cancer, BP: bisphosphonate)
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for ≥24 months, no statistical difference was found between 
the duration of IV BP use and development of MRONJ. The 
duration of drug holiday varied between 1 and 96 months and 
no significant difference was found between drug holiday 
and wound healing. In our study, 1 of 3 patients who devel-
oped MRONJ had a drug holiday, but this period was only 2 
months. In addition, the regimen of IV BP was administered 
once every 3 months for 48 months in this patient. The tooth 
extraction was performed 2 months after the last dose of BP 
administration and the patient restarted the drug schedule 1 
month after complete mucosal healing was detected. How-
ever, exposed necrotic bone was found in the right maxillary 
buccal area 1 year after tooth extraction, and Stage 1 MRONJ 
was diagnosed following clinical and radiological exami-
nation. Jung et al.12 evaluated 1,569 patients with MRONJ 
to determine the contributory risk factors to formation of 
MRONJ. As a result, they stated that MRONJ occurred most 
commonly within 2-3 years after the discontinuation of BPs, 
and even 4 years later, there were patients who developed 
MRONJ12. The current opinion regarding drug holidays for 
patients before invasive dental procedures is that a short-term 
drug holiday does not have a positive effect on the treatment 
results12,23,24. Black et al.25 compared the bone mineral den-
sity in osteoporotic patients using zoledronate for 9 years to 
those with a 3-year drug holiday after using zoledronate for 6 
years in a multicenter, randomized, double-blind study. They 
suggested that patients who used zoledronate annually for 6 
years can have a drug holiday for up to 3 years with similar 
benefits25. Similarly, Adler et al.26 recommended 2-3 years of 
drug cessation following 3-5 years of BP therapy for osteo-
porotic women that were not at high fracture risk. It is clearly 
understood that the long-term use of BPs can preserve their 
effectiveness for a long period. The AAOMS guideline has 
emphasized the importance of awareness and maintenance of 
oral hygiene in patients using IV BPs and reported that drug 
holidays are still controversial. For this reason, it is recom-
mended to avoid invasive dental procedures if possible and 
consider root retention techniques rather than tooth extrac-
tion10. A different position paper suggested a drug holiday fol-
lowing 1-2 years of BP therapy in multiple myeloma patients 
with a low risk of skeletal-related events27. However, BPs 
not only have antiresorptive effects but also have antiangio-
genic activity and inhibition of proliferation and migration 
of epithelial cells. For this reason, although its effect on bone 
tissue lasts for a long time, it is believed that a drug holiday 
increases the healing capacity of the overlying mucosa21,28. 
In our study, tooth extractions were performed in 2 patients 

who developed MRONJ without a drug holiday. One of 
them was also using bortezomib, an antiangiogenic drug, and 
dexamethasone, which affects wound healing. The use of ad-
ditional immunosuppressive drugs with BPs is a strong risk 
factor for development of MRONJ. Therefore, it is difficult 
to say that the development of MRONJ in this patient was 
caused by the use of BP alone.

Invasive dental procedures are sometimes inevitable in 
cancer patients using IV BPs despite the importance of oral 
hygiene maintenance. As a consequence, all preventive 
measures should be taken to decrease the risk of developing 
MRONJ in these patients. The drug holiday can be challeng-
ing in patients with progressing bone metastases; therefore, it 
should be taken into consideration for patients whose cancer 
progresses relatively slowly and whose general condition is 
better with the approval of an oncologist. The tooth extrac-
tion protocol was standardized for each patient included in 
this study, but the cumulative dose of BPs and additional im-
munosuppressive drugs taken by the patients and the duration 
of the drug holiday differed from each other. The other limi-
tation of this study is the small number of participants. Stan-
dardized multicenter clinical studies with a large sample size 
are needed to confirm the efficacy of drug holidays because 
the drug-related risk factors are important in the development 
of MRONJ.

V. Conclusion

Invasive dental procedures are sometimes inevitable in 
cancer patients using IV BPs despite the importance of oral 
hygiene maintenance. As a consequence, all preventive 
measures should be taken to reduce the risk of developing 
MRONJ in these patients. The long duration of action of BPs 
may not be effective on bone healing during a short-term 
drug holiday. However, drug holidays may be a precaution 
especially in mucosal healing and may be considered for pa-
tients receiving IV BPs with the approval of an oncologist.

ORCID

Çiğdem Karaca, https://orcid.org/0000-0003-3524-0007
Göknur Topaloğlu-Yasan, https://orcid.org/0000-0002-

0039-6688
Selen Adiloğlu, https://orcid.org/0000-0002-5007-9867
Ecem Usman, https://orcid.org/0000-0003-0536-042X

https://orcid.org/0000-0003-3524-0007
https://orcid.org/0000-0002-0039-6688
https://orcid.org/0000-0002-0039-6688
https://orcid.org/0000-0002-5007-9867
https://orcid.org/0000-0003-0536-042X


Drug holiday

73

Authors’ Contributions

G.T.Y., S.A., and E.U. participated in data collection. Ç.K. 
and G.T.Y. participated in the study design. Ç.K. wrote the 
manuscript. All authors read and approved the final manu-
script.

Funding

No funding to declare.

Acknowledgements

The authors thank to Dr. H. Yağmur Zengin, Department of 
Biostatistics, Faculty of Medicine, Hacettepe University for 
statistical analysis of the study.

Ethics Approval and Consent to Participate

This study approved by the Ethics Committee of Hacettepe 
University (No. GO 22/605). Informed consent was obtained 
from all participants.

Conflict of Interest

No potential conflict of interest relevant to this article was 
reported.

References

1.	 Berenson JR, Hillner BE, Kyle RA, Anderson K, Lipton A, Yee 
GC, et al.; American Society of Clinical Oncology Bisphospho-
nates Expert Panel. American Society of Clinical Oncology clini-
cal practice guidelines: the role of bisphosphonates in multiple 
myeloma. J Clin Oncol 2002;20:3719-36. https://doi.org/10.1200/
jco.2002.06.037

2.	 Hillner BE, Ingle JN, Berenson JR, Janjan NA, Albain KS, Lipton 
A, et al. American Society of Clinical Oncology guideline on the 
role of bisphosphonates in breast cancer. American Society of 
Clinical Oncology Bisphosphonates Expert Panel. J Clin Oncol 
2000;18:1378-91. https://doi.org/10.1200/jco.2000.18.6.1378

3.	 Hillner BE, Ingle JN, Chlebowski RT, Gralow J, Yee GC, Janjan 
NA, et al.; American Society of Clinical Oncology. American So-
ciety of Clinical Oncology 2003 update on the role of bisphospho-
nates and bone health issues in women with breast cancer. J Clin 
Oncol 2003;21:4042-57. https://doi.org/10.1200/jco.2003.08.017

4.	 Watts NB. Bisphosphonate treatment of osteoporosis. Clin 
Geriatr Med 2003;19:395-414. https://doi.org/10.1016/s0749-
0690(02)00069-1

5.	 Anagnostis P, Stevenson JC. Bisphosphonate drug holidays--when, 
why and for how long? Climacteric 2015;18 Suppl 2:32-8. https://
doi.org/10.3109/13697137.2015.1099092

6.	 Tanvetyanon T, Stiff PJ. Management of the adverse effects associ-

ated with intravenous bisphosphonates. Ann Oncol 2006;17:897-
907. https://doi.org/10.1093/annonc/mdj105

7.	 Ruggiero SL, Dodson TB, Fantasia J, Goodday R, Aghaloo T, 
Mehrotra B, et al.; American Association of Oral and Maxillofa-
cial Surgeons. 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. 
https://doi.org/10.1016/j.joms.2014.04.031

8.	 Otto S, Aljohani S, Fliefel R, Ecke S, Ristow O, Burian E, et al. 
Infection as an important factor in medication-related osteonecrosis 
of the jaw (MRONJ). Medicina (Kaunas) 2021;57:463. https://doi.
org/10.3390/medicina57050463

9.	 Beth-Tasdogan NH, Mayer B, Hussein H, Zolk O, Peter JU. In-
terventions for managing medication-related osteonecrosis of the 
jaw. Cochrane Database Syst Rev 2022;7:CD012432. https://doi.
org/10.1002/14651858.cd012432.pub3

10.	 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;80:920-43. https://
doi.org/10.1016/j.joms.2022.02.008

11.	 Ruggiero SL, Dodson TB, Assael LA, Landesberg R, Marx RE, 
Mehrotra B; Task Force on Bisphosphonate-Related Osteonecro-
sis of the Jaws, American Association of Oral and Maxillofacial 
Surgeons. American Association of Oral and Maxillofacial Sur-
geons position paper on bisphosphonate-related osteonecrosis of 
the jaw - 2009 update. Aust Endod J 2009;35:119-30. https://doi.
org/10.1111/j.1747-4477.2009.00213.x

12.	 Jung SY, Suh HS, Park JW, Kwon JW. Drug holiday patterns 
and bisphosphonate-related osteonecrosis of the jaw. Oral Dis 
2019;25:471-80. https://doi.org/10.1111/odi.12966

13.	 Otsuru M, Soutome S, Omori K, Suyama K, Morishita K, Hayas-
hida S, et al. Relationship between drug holidays of antiresorptive 
agents and surgical outcomes in cancer patients with medication-
related osteonecrosis of the jaw. Int J Environ Res Public Health 
2022;19:4624. https://doi.org/10.3390/ijerph19084624

14.	 Marx RE. Pamidronate (Aredia) and zoledronate (Zometa) in-
duced avascular necrosis of the jaws: a growing epidemic. J Oral 
Maxillofac Surg 2003;61:1115-7. https://doi.org/10.1016/s0278-
2391(03)00720-1

15.	 Soutome S, Otsuru M, Hayashida S, Murata M, Yanamoto S, 
Sawada S, et al. Relationship between tooth extraction and devel-
opment of medication-related osteonecrosis of the jaw in cancer 
patients. Sci Rep 2021;11:17226. https://doi.org/10.1038/s41598-
021-96480-8

16.	 Sarin J, DeRossi SS, Akintoye SO. Updates on bisphosphonates 
and potential pathobiology of bisphosphonate-induced jaw osteo-
necrosis. Oral Dis 2008;14:277-85. https://doi.org/10.1111/j.1601-
0825.2007.01381.x

17.	 Zandi M, Dehghan A, Ghadermazi K, Malekzadeh H, Akbarzadeh 
M. Perioperative discontinuation of intravenous bisphosphonate 
therapy reduces the incidence and severity of bisphosphonate-relat-
ed osteonecrosis of the jaw: a randomized, controlled, prospective 
experimental study in rats. J Craniomaxillofac Surg 2015;43:1823-
8. https://doi.org/10.1016/j.jcms.2015.08.008

18.	 Damm DD, Jones DM. Bisphosphonate-related osteonecrosis 
of the jaws: a potential alternative to drug holidays. Gen Dent 
2013;61:33-8.

19.	 Wang HL, Weber D, McCauley LK. Effect of long-term oral 
bisphosphonates on implant wound healing: literature review and a 
case report. J Periodontol 2007;78:584-94. https://doi.org/10.1902/
jop.2007.060239

20.	 Otto S, Pautke C, Arens D, Poxleitner P, Eberli U, Nehrbass D, et 
al. A drug holiday reduces the frequency and severity of medica-
tion-related osteonecrosis of the jaw in a minipig model. J Bone 
Miner Res 2020;35:2179-92. https://doi.org/10.1002/jbmr.4119

21.	 Hasegawa T, Kawakita A, Ueda N, Funahara R, Tachibana A, Ko-

https://doi.org/10.1200/jco.2002.06.037
https://doi.org/10.1200/jco.2002.06.037
https://doi.org/10.1200/jco.2000.18.6.1378
https://doi.org/10.1200/jco.2003.08.017
https://doi.org/10.1016/s0749-0690(
https://doi.org/10.1016/s0749-0690(
https://doi.org/10.3109/13697137.2015.1099092
https://doi.org/10.3109/13697137.2015.1099092
https://doi.org/10.1093/annonc/mdj105
https://doi.org/10.1016/j.joms.2014.04.031
https://doi.org/10.3390/medicina57050463
https://doi.org/10.3390/medicina57050463
https://doi.org/10.1002/14651858.cd012432.pub3
https://doi.org/10.1002/14651858.cd012432.pub3
https://doi.org/10.1016/j.joms.2022.02.008
https://doi.org/10.1016/j.joms.2022.02.008
https://doi.org/10.1111/j.1747-4477.2009.00213.x
https://doi.org/10.1111/j.1747-4477.2009.00213.x
https://doi.org/10.1111/odi.12966
https://doi.org/10.3390/ijerph19084624
https://doi.org/10.1016/s0278-2391(
https://doi.org/10.1016/s0278-2391(
https://doi.org/10.1038/s41598-021-96480-8
https://doi.org/10.1038/s41598-021-96480-8
https://doi.org/10.1111/j.1601-0825.2007.01381.x
https://doi.org/10.1111/j.1601-0825.2007.01381.x
https://doi.org/10.1016/j.jcms.2015.08.008
https://doi.org/10.1902/jop.2007.060239
https://doi.org/10.1902/jop.2007.060239
https://doi.org/10.1002/jbmr.4119


J Korean Assoc Oral Maxillofac Surg 2023;49:68-74

74

bayashi M, et al.; Japanese Study Group of Cooperative Dentistry 
with Medicine (JCDM). A multicenter retrospective study of the 
risk factors associated with medication-related osteonecrosis of the 
jaw after tooth extraction in patients receiving oral bisphosphonate 
therapy: can primary wound closure and a drug holiday really 
prevent MRONJ? Osteoporos Int 2017;28:2465-73. https://doi.
org/10.1007/s00198-017-4063-7

22.	 Bodem JP, Kargus S, Eckstein S, Saure D, Engel M, Hoffmann 
J, et al. Incidence of bisphosphonate-related osteonecrosis of the 
jaw in high-risk patients undergoing surgical tooth extraction. J 
Craniomaxillofac Surg 2015;43:510-4. https://doi.org/10.1016/
j.jcms.2015.02.018

23.	 Hayashida S, Yanamoto S, Fujita S, Hasegawa T, Komori T, Ko-
jima Y, et al. Drug holiday clinical relevance verification for anti-
resorptive agents in medication-related osteonecrosis cases of the 
jaw. J Bone Miner Metab 2020;38:126-34. https://doi.org/10.1007/
s00774-019-01035-7

24.	 Kang SH, Park SJ, Kim MK. The effect of bisphosphonate dis-
continuation on the incidence of postoperative medication-related 
osteonecrosis of the jaw after tooth extraction. J Korean Assoc 
Oral Maxillofac Surg 2020;46:78-83. https://doi.org/10.5125/jka-
oms.2020.46.1.78

25.	 Black DM, Reid IR, Cauley JA, Cosman F, Leung PC, Lakatos P, 
et al. The effect of 6 versus 9 years of zoledronic acid treatment in 
osteoporosis: a randomized second extension to the HORIZON-

Pivotal Fracture Trial (PFT). J Bone Miner Res 2015;30:934-44. 
https://doi.org/10.1002/jbmr.2442

26.	 Adler RA, El-Hajj Fuleihan G, Bauer DC, Camacho PM, Clarke 
BL, Clines GA, et al. Managing osteoporosis in patients on long-
term bisphosphonate treatment: report of a task force of the Ameri-
can Society for Bone and Mineral Research. J Bone Miner Res 
2016;31:16-35. https://doi.org/10.1002/jbmr.2708

27.	 Lee OL, Horvath N, Lee C, Joshua D, Ho J, Szer J, et al. Bisphos-
phonate guidelines for treatment and prevention of myeloma bone 
disease. Intern Med J 2017;47:938-51. https://doi.org/10.1111/
imj.13502

28.	 Van den Wyngaert T, Huizing MT, Fossion E, Vermorken JB. 
Bisphosphonates in oncology: rising stars or fallen heroes. 
Oncologist 2009;14:181-91. https://doi.org/10.1634/theoncolo-
gist.2008-0209

How to cite this article: Karaca Ç, Topaloğlu-Yasan G, Adiloğlu 

S, Usman E. The effect of drug holiday before tooth extraction 

on the development of medication-related osteonecrosis of the 

jaw in cancer patients receiving intravenous bisphosphonates. J 

Korean Assoc Oral Maxillofac Surg 2023;49:68-74. https://doi.

org/10.5125/jkaoms.2023.49.2.68

https://doi.org/10.1007/s00198-017-4063-7
https://doi.org/10.1007/s00198-017-4063-7
https://doi.org/10.1016/j.jcms.2015.02.018
https://doi.org/10.1016/j.jcms.2015.02.018
https://doi.org/10.1007/s00774-019-01035-7
https://doi.org/10.1007/s00774-019-01035-7
https://doi.org/10.5125/jkaoms.2020.46.1.78
https://doi.org/10.5125/jkaoms.2020.46.1.78
https://doi.org/10.1002/jbmr.2442
https://doi.org/10.1002/jbmr.2708
https://doi.org/10.1111/imj.13502
https://doi.org/10.1111/imj.13502
https://doi.org/10.1634/theoncologist.2008-0209
https://doi.org/10.1634/theoncologist.2008-0209
https://doi.org/10.5125/jkaoms.2023.49.2.68
https://doi.org/10.5125/jkaoms.2023.49.2.68

