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Bisphosphonates are the most widely prescribed drugs for the treatment of osteoporo-
sis, and are also used in malignant bone metastases, multiple myeloma, and Paget’s dis-
ease, and provide therapeutic efficacy on those diseases. However, it was reported that 
occurrence of osteonecrosis of the jaw (ONJ) could be related with bisphosphonate ex-
posures, and there have been many cases regarding this issue. Therefore, a clearer defi-
nition and treatment guidelines were needed for this disease. The American Society for 
Bone and Mineral Research (ASBMR) and American Association of Oral and Maxillofacial 
Surgeons (AAOMS) reported statements on bisphosphonate-related ONJ (BRONJ), and a 
revised version was recently presented. In the revised edition, the diagnosis BRONJ was 
changed to medication-related ONJ (MRONJ), which reflects a consideration of the fact 
that ONJ also occurs for denosumab, a bone resorption inhibitor of the receptor activa-
tor of nuclear factor-kappa B ligand (RANKL) antibody family, and bevacizumab, an anti-
angiogenesis inhibitor. In 2009, a statement on ONJ was also reported locally by a rele-
vant organization, which has served as basis for clinical treatment in Korea. In addition 
to the new official stance of the AAOMS and ASBMR, with an increasing pool of ONJ clin-
ical experience, a revised version of the 2009 local statement is needed. As such, the Ko-
rean Society for Bone and Mineral Research (KSBMR) and the Korean Association of Oral 
and Maxillofacial Surgeons (KAOMS) have collectively formed a committee for the prep-
aration of an official statement on MRONJ, and have reviewed recent local and interna-
tional data to propose guidelines customized for the local Korean situation.
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MRONJ CASE DEFINITION 

In order to differentiate medication-related osteonecrosis of the jaw (MRONJ) 
from other cases in which treatment is delayed due to other causes, MRONJ is de-
fined according to the following three conditions.
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1.  Current or past use of  antiresorptive or antiangiogenic 
agents

2.  Exposure of the jaw bone or intraoral or extraoral fis-
tula persisting for more than 8 weeks

3. No history of head and neck radiation therapy

EPIDEMIOLOGY

1. Prevalence
The prevalence of osteonecrosis of the jaw (ONJ) in os-

teoporosis patients who have used bisphosphonates is 
known to be 0% to 0.04%, and most reports show a low 
prevalence of less than 0.001%.[1-4] According to a joint 
study done by 15 hospitals in Korea with a total of 254 cas-
es of ONJ, in 2008, based on 600,000 patients who were 
prescribed with bisphosphonates, the frequency of bisphos-
phonate-related ONJ (BRONJ) was estimated to be 0.04% 
(1 in 2,300), but these results need to be updated with a 
follow up study.[5] The average age of patients was 70 years 
old (38 to 88 years old), and 21.8% were due to the intra-
venous bisphosphonates.[5] The prevalence was reported 
to be 0% to 0.186% for patients with bone metastases who 
have been treated with high dose bisphosphonates.[6-8] 

2. Incidence
1) Incidence in osteoporosis patients
(1) Oral bisphosphonates

In patients administered oral bisphosphonates for the 
treatment of osteoporosis, the incidence was 1.04 to 1.69 
per 100,000 patient-years, showing a great variability among 
the investigators.[2,3,9] 

(2) Intravenous bisphosphonates 
The incidence of ONJ when using intravenous bisphos-

phonates has been reported to be 0 to 90 per 100,000 pa-
tient-years.[10-12] In a clinical trial that administered zole-
dronate as a treatment for osteoporosis for three years, the 
incidence of ONJ was very low at 0.017%.The incidence did 
not differ greatly in a study that was extended for three 
more years. 

(3) Incidence according to the duration of treatment
In a survey study of Kaiser Permanente members, which 

included 13,000 subjects, the incidence of ONJ related to 
oral bisphosphonate use was 0.1%. However, the incidence 

increased to 0.21% in patients who took the drug for more 
than four years.[13] Also, the median duration of bisphos-
phonate use was 4.4 years in patients who experienced 
ONJ, which is longer than the 3.5 years in patients who did 
not. Summarizing the results of several studies leads to a 
conclusion that ONJ occurs 100 times more frequently in 
cancer patients with bone metastasis than in osteoporosis 
patients.

2) Incidence in cancer patients
The incidence of ONJ in cancer patients who were ad-

ministered zoledronate is about 1%, which is 50 to 100 
times higher than that seen in the control group (0% to 
0.019%; 0 to 1.9 per 10,000 cancer patients).[14,15] Even in 
these patients the incidence of ONJ after zoledronate use 
is 0.6% for 1 year after, 0.9% for 2 years after, and 1.3% for 
3 years after, showing an increase according to duration of 
use.[1,16,17]

PATHOPHYSIOLOGY

There have been many pre-clinical and clinical studies 
on the pathophysiology of MRONJ, but the exact mecha-
nism of why osteonecrosis occurs is under investigations. As 
shown in the definition of MRONJ, the exposure of bone 
plays an important role in determining the character of the 
disease.[18] In particular, there are many theories being 
presented on why this type of osteonecrosis only occurs 
on the jaw and not in other areas. Several review articles 
propose a relationship to excessive suppression of the jaw 
bone turnover, infection/inflammation, angiogenesis inhi-
bition, soft tissue toxicity, the immune system, and accu-
mulation of micro-fractures fractures.[19-28]

1. Suppression of bone turnover
Bisphosphonates inhibit the differentiation and promote 

apoptosis of osteoclasts, so that the resorption and forma-
tion of bone is decreased.[29] Based on the action mecha-
nisms of these medications, it had been reported that bone 
turnover plays an important role in osteonecrosis.[29-31] 
The reason why osteonecrosis occurs in the jaw rather than 
in other long bones is explained by the strong suppression 
of the bone turnover in jaw bone after experimental bispho-
sphonate administration in preclinical study,[32] and more 
rapid cortical bone turnover in the human alveolar bone 
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than in the long bones.[33] However, there is contradictory 
opinion based on the facts that bone turnover is not de-
creased in the ONJ lesion,[21] osteoclasts exist in the os-
teonecrotic areas, and that active bone resorption is occur-
ring in these areas.[22,34,35]

2. Infection/inflammation
It is not clearly defined whether osteonecrosis occurs 

first and then the necrotic lesion becomes to be infected, 
or infected lesion becomes to undergo osteonecrosis. Since 
the active resorption does not occur in bisphosphonate-
containing bone, the infected tissue is not readily removed 
completely and can easily progress to chronic osteomyeli-
tis.[36-38] There are also experimental evidences which 
show that infection and bisphosphonate administration 
are necessary and serve as sufficient conditions for osteo-
necrosis.[39] Moreover, bisphosphonates are known to have 
an effect on the formation of a bacterial biofilm in the le-
sion.[21,36] However, it was difficult to find the specific in-
fection focus in many of reported MRONJ cases.[40-43] 
Therefore, it is not clear whether the osteonecrosis devel-
ops after the progression of infection. 

3. Angiogenesis inhibition 
Bisphosphonates have an anti-angiogenic effect.[44-46] 

Osteonecrosis is regarded as a result of the deficiency in 
blood supply, therefore, it has been suggested that the an-
giogenic inhibition may explain pathophysiology of the 
osteonecrosis.[26,28] However, in animal studies, experi-
mentally induced MRONJ-like lesions did not show the 
vascular insufficiency.[21,35,47] Moreover, it is difficult to 
explain why the osteonecrosis develops in circulation-rich 
upper jaw rather other long bones. Recently, there are sev-
eral reports about osteonecrosis of the jaw which happen-
ed after administration of anti-angiogenic agents (suni-
tinib or be vacizumab) in cancer patients.[48-51] Additional 
clinical studies are needed to verify whether angiogenesis 
inhibition can directly increases the incidence of osteone-
crosis.

4. Soft tissue toxicity 
Although bisphosphonates primarily act on osteoclasts, 

they also have direct toxicity towards soft tissues such as 
oral epithelial cells. Bisphosphonates suppress the prolifer-
ation and transportation of oral keratinocytes, [26,52,53] 

which can increase the chances of latent bone exposure 
and subsequent infection. Thus, various types of tissue 
trauma, such as tooth extraction, may create an intraoral 
lesion and may lead to osteonecrosis.[22,54] However, af-
ter reaching the bloodstream, bisphosphonates are mostly 
excreted through the kidneys after a few hours, and the 
concentration of bisphosphonates in tissues other than the 
bone are reported to be quite low.[55] 

5. Immune-related, or hair-line fracture-related 
theories

Bisphosphonates control the activity of various cells which 
involve in the immune response.[56,57] The risk of osteo-
necrosis after tooth extraction becomes significantly high-
er if steroids [17] or chemotherapeutic agents,[58,59] which 
may influence the innate/acquired immune system, are gi-
ven during bisphosphonate administration.

Bone tissue is constantly undergoing the repetitive mi-
cro-fractures and healing process throughout the life, and 
such micro-trauma is slowly accumulated by age.[60] Mi-
cro-fractures caused by normal mastication are slowly ac-
cumulated due to the suppressive effect of bisphospho-
nates on osteoclasts or osteoblasts, resulting in latent os-
teonecrosis lesions.[61] Bacterial invasion of these lesions 
may cause progression to a deeper infection.[24,32] The 
results of various animal studies would support above-
mentioned hypotheses. However, there are also many con-
tradictory evidences that do not support such theories. 
Therefore, MRONJ is probably caused by multiple, com-
bined factors that cannot be explained by a single patho-
physiologic mechanism.

RISK FACTORS

1. Systemic factors
Risk factors of MRONJ can be divided into local or sys-

temic factors. Studies on systemic risk factors for MRONJ 
are mostly through retrospective analysis, so there are limi-
tations on drawing a definite conclusion. Prospective stud-
ies are needed to report on the causality, and factors that 
have been suggested through studies are as listed below. 

1) Duration of bisphosphonate use
The increase of bisphosphonate use duration increases 

the risk of MRONJ. The reported incidence in the first one 
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or two years of use is 0%, but this increases after four years 
of use to about 0.21%. While the average duration of bis-
phosphonate use in the non-MRONJ group was 3.5 years, 
it was 4.4 years in the MRONJ group.[62] In Korean studies, 
MRONJ occurred 2 to 10 years after the use of bisphospho-
nates for the treatment of osteoporosis.[1,63,64] 

2) Use of steroids 
The risk of MRONJ increases in patients on steroids.[65,66] 

The reason for this is thought to be due to decreased im-
mune cells and delayed wound healing related to steroid 
use, which in turn exacerbates oral inflammation and in-
creases the risk of MRONJ. However, the difference in inci-
dence of MRONJ caused by the use of medications is most-
ly based on the results of retrospective studies, therefore, 
further prospective studies are needed.

3) Old age 
MRONJ shows an increasing trend in patients of old age. 

It has been reported that the prevalence increases in pa-
tients older than 65 years of age,[67] and a similar trend 
has been reported in local studies, with the highest preva-
lence seen in patients 75 to 79 years of age.[5] 

4) Diabetes
The risk of MRONJ is increased in diabetes patients.[68,69] 

This is thought to be due to decreased bone quality fol-
lowing ischemia of capillaries, decreased function of vas-
cular endothelial cells, and increased apoptosis of osteo-
blasts and osteocytes caused by diabetes, in addition to 
decreased function of immune cells and increased inflam-
mation seen in diabetes.

5) Suppressed bone turnover markers
The relation between excessive suppression of C-termi-

nal telopeptides of type I collagen (CTX), a bone resorption 
mar ker, and MRONJ incidence has been reported in several 
studies. However, a correlation between CTX level and se-
verity of MRONJ has not been observed. There is still much 
controversy on whether a relationship exists between CTX 
levels and MRONJ incidence.[70-72] Ultimately, CTX de-
crease can be used as marker for the excessive use of bone 
resorption inhibitors, and although some studies have re-
ported that there is a relation to MRONJ risk increase, there 
is still not enough evidence to conclude that the degree of 

CTX suppression has diagnostic value or is a risk factor of 
MRONJ.

6) Genetic factors
There are reports that certain single nucleotide polymor-

phisms (SNPs) are related to the incidence of MRONJ. What 
has been elucidated so far is that most of the relevant SNPs 
are in genes related to bone turnover, collagen formation, 
or certain metabolic bone diseases, such as collagen type I 
alpha1 (COL1A1), receptor activator of nuclear factor-kap-
pa B (RANK), matrix metallopeptidase 2 (MMP2), osteopro-
tegerin (OPG), and osteopontin (OPN).[73] As such, through 
reports on the significant relationship between certain SNPs 
and MRONJ incidence, the possibility of genetic suscepti-
bility to MRONJ incidence is being suggested. 

7) Other systemic factors
Besides the factors outlined above, anemia,[68] hyper-

thyroidism,[58] dialysis,[17] etc. have been reported as sys-
temic factors that increase the risk of MRONJ. 

2. Local factors
There is limited information on the local factors of MRONJ 

incidence. However, MRONJ is reported to occur more fre-
quently in the mandible rather than the maxilla, and the 
use of dentures can also increase the risk of incidence. Oth-
er reported local factors are listed below.

1) Intraoral surgery that invades the alveolar bone, 
such as tooth extraction

2) Local anatomical factors
Protruded bone surfaces are covered by relatively thin 

mucous membranes, so that continuous irritation by den-
tures, etc. can lead to exposure of the surface and contrib-
ute to the pathogenesis of MRONJ. Other anatomical land-
marks such as a mandibular torus, the mylohyoid ridge, or 
a palatine torus can be vulnerable anatomic structures and 
act as local risk factors.

3) Concomitant oral disease
In cases with other gingival diseases, dental or gingival 

abscesses, etc., MRONJ is known to occur more frequently. 
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MANAGEMENT

1. Prevention of MRONJ
A multidisciplinary approach is recommended for the 

management of MRONJ. When considering bisphospho-
nate treatment, there are cases which warrant a dental 
consult, and appropriate consultation not only decreases 
the incidence of MRONJ, but also has the advantage of se-
curing the patient’s oral health.[52,74-80] Compared to 
retrospective studies on patients who did not receive den-
tal examination before bisphosphonate administration, 
there are numerous prospective studies that show a de-
crease in MRONJ when a dental examination is performed 
before treatment.[65,81-84] Education about the risk of 
MRONJ and dental consultation could be helpful to reduce 
the risk of MRONJ in patients taking bisphosphonates who 
are at high risk for the development of MRONJ.
①  Though minimal, there is a risk of MRONJ occurrence 

in patients taking bone resorption inhibitors such as 
bisphosphonates. 

②  The importance of oral healthcare is emphasized to 
the patients for the prevention of MRONJ.

Drug holiday
Regarding the necessity of a drug holiday in patients 

scheduled for dental procedures that require bone recov-
ery such as tooth extraction

1)  Patients taking oral bisphosphonates for the treat-
ment of osteoporosis

In the 2011 revised guidelines of the American Dental As-
sociation (ADA) Council on Scientific Affairs, the recommen-
dation is that for patients with a bisphosphonate treatment 
period of less than 2 years, invasive dental procedures be 
performed without a drug holiday,[77] while in the Interna-
tional ONJ Task Force guidelines, if the bisphosphonate 
treatment period is more than 4 years or if there are con-
comitant risk factors, a drug holiday is recommended until 
the bone is completely healed.[85] However, according to 
the 2011 report, the U.S. Food and Drug Administration 
(FDA)’s stance is that there is not enough evidence yet on 
the necessity of drug holidays to draw a conclusion. Ameri-
can Association of Oral and Maxillofacial Surgeons (AAOMS) 
recommends a drug holiday of 2 months based on a report 
[86] with evidence in bone physiology and pharmacodynam-

ics, therefore, clinical validation is necessary. This committee 
conclusively recommends a drug holiday of 2-4 months. 

2) Patients taking intravenous bisphosphonates as  
anticancer treatment

The risk of MRONJ after dental treatment is greatly in-
creased in cases of high dose intravenous bisphosphonate 
treatment compared to low dose oral treatment. However, 
although the necessity of a drug holiday is clear in cases of 
MRONJ, there is little evidence on whether a drug holiday 
is needed in advance for prevention, therefore, it is difficult 
to come to a definite conclusion.

2. Management strategies
1) Patients scheduled for bisphosphonate administra-

tion for the treatment of osteoporosis
(1) Educate the patient on the fact that the risk of MRONJ 

is low for the time being, but becomes higher if treatment 
is maintained for more than 4 years. 

(2) Although it is not mandatory, dental consult would 
be helpful to lower the risk of MRONJ by discovering con-
ditions in which inflammation can easily occur in patients 
scheduled to receive bone resorption inhibitors such as 
bisphosphonate. Specific guidelines for dental specialists 
are as follows.[87] 
① Motivation of the patient on maintaining oral health
②  Oral healthcare education, such as dental care, fluo-

rine coating, antibacterial oral rinse, etc. for patients
③  Evaluation of mobile teeth, gingival disease, root rem-

nants, dental caries, periapical lesions, edentulous states, 
and denture stability

2) Patients receiving bisphosphonates for the treat-
ment of osteoporosis with no symptoms of MRONJ

Important factors to consider are the duration of bisphos-
phonate treatment and the presence of clinical risk factors. 
There is an increased risk of ONJ in patients who have receiv-
ed oral bisphosphonates for more than 4 years.[88] Although 
the risk is lower than that seen in cancer patients receiving 
high dose intravenous bisphosphonates, ONJ can also occur 
in patients receiving low dose oral bis phosphonates for os-
teoporosis.[88] Because these patients generally show mild-
er symptoms compared to intravenous treated patients, and 
show a better response to treatment given according to 
stage,[62,89] elective dentoalveolar surgery is not prohibit-
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ed. If the oral treatment period is over 4 years, or even if the 
treatment period is less than 4 years if there are concomitant 
risk factors such as steroid use,[51,65,90] the patient should 
be considered at high-risk for ONJ. If the patient’s perfor-
mance status allows it, drug holiday before elective dental 
surgery should also be considered.[66,86] 

Because the value of bone turnover markers, which al-
low us to estimate the degree of bone formation and re-
sorption, has not been proved yet,[70,71,91-93] it is not 
recommended as a tool for estimating risk factors, but fur-
ther studies are needed.

(1) Patients with a duration of oral treatment less than 4 
years and with no clinical risk factors

Most dental treatment schedules, including oromaxillo-
facial surgery, do not need to be altered. If a dental implant 
placement is scheduled and bisphosphonate treatment is 
continued, despite the low possibility, a informed consent 
explaining the increased risk of MRONJ due to bisphospho-
nate treatment is recommended.[94] The consent form 
should include an explanation that even if there are no prob-
lems at the time of placement, the implant may fail over a 
long period of time, and that although the risk of ONJ is very 
low. For a more thorough consent form, additional support-
ing clinical studies are needed in the future. Discussion on 
dose adjustment, drug holiday, or switching to another os-
teoporosis drug can take place between the bisphospho-
nate prescribing physician and the dental specialist.

(2) Patients with a duration of oral treatment less than 4 
years but with clinical risk factors such as concomitant 
use of steroids or angiogenesis inhibitors, diabetes, etc. 

Before dental treatment of a patient taking bisphospho-
nates, the bisphosphonate prescribing physician and the 
dental specialist, provided that the patient’s systemic con-
dition allows it, may order a drug holiday of more than 2 to 
4 months, and after the dental treatment, readministration 
of bisphosphonates should be done after bone healing is 
complete. Because the results of clinical studies so far are 
limited, accumulation of long term prospective studies are 
needed in the future.

(3) Patients with a duration of oral treatment longer than 4 
years regardless of clinical risk factors 

After consulting with the bisphosphonate prescribing 

physician, if the patient’s condition allows it, a drug holiday 
of at least 2 to 4 months should be taken before dental 
treatment. Before dental treatment of a patient taking 
bisphosphonates, the bisphosphonate prescribing physi-
cian and the dental specialist, provided that the patient’s 
systemic condition allows it, may order a drug holiday of 
more than 2 to 4 months, and after the dental treatment, 
readministration of bisphosphonates should be done after 
bone healing is complete. Further studies are needed on 
the long term effects of oral bisphosphonate treatment.

3) Patients scheduled for intravenous bisphospho-
nate administration for anticancer treatment

The goal of treatment is minimization of ONJ occurrence. 
The majority of patients taking bisphosphonates get ONJ 
after alveolar bone surgery,[65,67,95] therefore, bisphos-
phonate administration should be initiated after oral health 
conditions are optimized.[81,82] Drug administration and 
dental care should be dependent on consultation to the 
relevant specialists. Hemato-oncologists should care for 
patients scheduled for intravenous bisphosphonate treat-
ment as they do for patients scheduled for radiation thera-
py. Dental care that may help in optimizing oral health is 
as follows.
①  Extraction of teeth that are untreatable or have a bad 

prognosis and completion of all nonemergent dental 
treatment 
√  Things to check before bisphosphonate readminis-

tration after dental treatment
 Completion of bone healing of the area that was treat-
ed (re-epithelialization)

②  Necessary factors to maintain functionally healthy teeth 
Completion of appropriate preventive dental treatment 
Control of dental caries
Conservative restorative treatment

③ Care of patients with dentures
 Control of ill-fitting denture surfaces (especially the 
tongue surface) in order to minimize mucosal trauma 

④ Patient education
Oral hygiene 
Regular visits to the dentist
 Immediate notice in case of symptoms such as pain, 
swelling, alveolar bone exposure, etc. 
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4) Patients receiving intravenous bisphosphonates 
for anticancer treatment with no symptoms of ONJ

The most important thing is to avoid situations in which 
alveolar bone surgery is needed, and in order to do so, oral 
hygiene and control of dental caries is needed. Untreatable 
dental crowns should be boldly eliminated, and endodon-
tic treatment of the remaining root should be done. Alth-
ough there is not much known about the risk of ONJ due 
to dental implantation in patients receiving intravenous 
bisphosphonate treatment, it is better not to perform im-
plant treatment in these patients.

5) Patients with symptoms of MRONJ
The efficacy of surgical [89,96-100] and conservative [101-

105] treatment has been reported for the various stages of 
ONJ. The treatment goal for patients who already have 
progressive ONJ is the alleviation of pain due to necrosis, 
infection control of the necrotic tissue, and prevention of 
osteonecrosis progression. MRONJ related to the adminis-
tration of oral bisphosphonates for osteoporosis patients is 
generally considered to have weaker, and to be more re-
sponsive symptoms to the treatment than  those derived 
from oncologic indication of bisphosphonates.[90] Surgi-
cal treatment is generally thought to be quite successful 
although further progress of necrosis might occur. In ad-
vanced stage 3 cases, surgical treatment should be careful-
ly considered. In cases where a sequestrum is formed, dis-
tinctly the necrotic tissue is easily separated from the sur-
rounding healthy tissue.[101,103] Regardless of the stage, 
osteonecrotic area that may irritate the soft tissue and loo-
sely attached necrotic bone fragments should be removed 
or grinded off so that soft tissue healing is normalized.[106] 
If symptomatic teeth (teeth that are the cause of pain or 
that are extremely loose) are attached to the necrotic bone, 
extraction should be considered, as it is believed not to ex-
acerbate the necrosis. A randomized controlled trial of hy-
perbaric oxygen (HBO) showed a possibility as an adjunct 
therapy,[107] but in the trial, statistical verification was not 
possible with regard to the major endpoint of the study of 
“complete healing of soft tissue”, due to a small sample 
size. Therefore, HBO therapy may not be recognized as a 
sole treatment method for MRONJ and further study re-
sults should be followed. There are numerous case studies 
being reported on adjunct methods such as platelet-rich 
plasma (PRP) treatment,[108,109] laser treatment,[110-112] 

parathyroid hormone (PTH) treatment,[113,114] bone mor-
phogenetic protein (BMP) treatment,[108,115] etc. but none 
are fully proven yet. 

6) Staging and treatment strategy for patients with 
MRONJ symptoms

After Stage 0 was newly added to the 2009 AAOMS Stag-
ing Guidelines, given that close to 50% of all cases in this 
stage progress to a higher stage,[34,116] the addition of 
Stage 0 appears to be valid. The addition of the ‘At risk stage’, 
considered by this committee, is meaningful in that it aims 
to include all patients on bisphosphonates in the ONJ care 
group for the purpose of prevention.

(1) At risk category
This category includes patients that are taking bisphos-

phonates or who, although have no symptoms of osteone-
crosis, are exposed to bisphosphonates or have a history of 
bisphosphonate exposure. Education on the risk of ONJ 
occurrence and oral hygiene should be emphasized. 

(2) Stage 0
With no clinical symptoms of osteonecrosis, but with 

nonspecific or clinical symptoms such as toothache, bone 
pain, dysesthesia, etc. and radiographic signs such as max-
illary sinus mucosal thickening, etc. occurring at the same 
time. 
√ Symptoms

•  Toothache that is judged to be not of dental origin, 
such as dental caries or gingivitis

•  Bone pain in the form of a deep, dull ache, that be-
gins in the mandibular body and moves to the tem-
poromandibular joint

•  Maxillary sinus pain that appears to be associated 
with maxillary sinus mucosal thickening or inflam-
mation 

• Dysesthesia
√ Clinical symptoms

• Tooth mobility not due to gingivitis
• Gingival fistula unrelated to pulp necrosis 

√ Radiographic signs
• Alveolar bone loss without chronic gingivitis
•  Change in trabecular form-sclerosis of spongy bone, 

tooth extraction and poor bone remodeling 
•  localized bone sclerosis that reaches the alveolar bone 
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or the basal bone 
•  Hypertrophy of the lamina dura and narrowing of 

the periodontal ligament space 
√ Treatment strategy
Conservative treatment such as pain control is needed, 

and localized causes such as dental caries or gingivitis is 
managed conservatively. Systemic treatment, such as drugs 
for chronic pain control or antibiotics, is needed. The dis-
ease may progress in up to half of all patients who only show 
radiographic signs, therefore, close monitoring is needed. 

(3) Stage 1
√ Symptoms
Osteonecrosis with no signs of infection or fistula that 

reaches the bone upon probing is seen. Radiographs may 
show signs that are seen in Stage 0.
√ Treatment strategy
Antibacterial oral rinse may help and immediate surgery 

is not needed. Patient education and re-evaluation is need-
ed on whether bisphosphonates are still necessary.

(4) Stage 2 
√ Symptoms
Osteonecrosis with signs of infection (pain and erythe-

ma of the area of osteonecrosis) and the presence of a fis-
tula is characteristic, and symptoms related to infection are 
typically present. Radiographs may show signs that are 
seen in Stage 0.
√ Treatment strategy
Antibacterial oral rinse and antibiotics must be prescrib-

ed. Although the infection is not the main cause of ONJ, 
bacterial accumulation in the necrotic area is commonly 
observed and is usually controlled by penicillin. The forma-
tion of a bacterial membrane in the mouth is common, 
and may also occur in the necrotic area. This membrane 
has been reported to interfere with the efficacy of systemic 
antibiotics.[54-56] Besides this, pain control with analge-
sics, and removal of bone fragments that irritate the soft 
tissue is also possible.

(5) Stage 3
√ Symptoms
Osteonecrosis with signs of infection (pain and erythe-

ma of the area of osteonecrosis) and the presence of a fis-
tula occurs with the following symptoms.

A.  The extension of osteonecrosis beyond the alveolar 
bone (mandibular inferior border, maxillary sinus, etc.)

B. Pathological fractures
C. Orocutaneous fistula
D. Oronasal- & oroantral fistula
E.  Osteolysis extending to the mandibular inferior border 

or the base of the maxillary sinus upon the panoramic 
radiograph

√ Treatment strategy
Pain control, antibacterial oral rinse, and infection control 

through antibiotic treatment is needed, and for the long 
term alleviation of infection or pain, surgical debridement 
or resection is necessary. If a sequestrum is distinctly form-
ed so that the tissue is easily separated from the surround-
ing heal thy tissue, or if there is a tooth in the middle of the 
sequestrum, the necrotic bone is not exacerbated by ex-
traction, therefore, any mobile bone fragments or teeth 
should be removed. Because there may be cancer metasta-
sis, the removed bone fragments should be examined.[117] 
Immediate reconstruction after surgical resection has been 
reported,[118-120] but clinicians must make a decision af-
ter thoroughly considering the patient’s condition. 

MEDICAL MANAGEMENT OF PATIENTS 
WITH MRONJ

1. Drug holidays and drug replacements 
Whether related to a malignancy or to osteoporosis, once 

ONJ occurs, it is inevitable that bisphosphonates are dis-
continued or the patient is entered into a drug holiday 
with no scheduled termination. Because one of the rea-
sons for ONJ occurrence is the excessive suppression of 
bone reformation by long term bisphosphonate use, by 
terminating bisphosphonates one must expect that the 
bone reformation process recovers. In a study by Marx et 
al.[89] the level of serum CTX, a bone resorption marker, of 
all ONJ patients was less than 100 pg/mL, and after a drug 
holiday of 3 months, the levels increased to more than 150 
pg/mL in all patients, showing that a drug holiday may be 
beneficial to the recovery of the bone formation process. 
Meanwhile, with the concern of recent severe adverse events 
such as ONJ and atypical fractures, there have been many 
recommendations by experts on having a drug holiday af-
ter 3 to 5 years of bisphosphonate treatment before such 
adverse events occur.[121] However, even in such cases, a 
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drug holiday is not recommended in all situations, and for 
cases that have a high risk of fracture, bisphosphonate 
treatment is maintained, as is for ONJ cases that have se-
vere pain due to bone metastasis in cancer patients, or 
that have severe hypercalcemia, or in osteoporosis patients 
who have a high risk of fracture. For pain related to malig-
nancies or for hypercalcemia, calcitonin can be given, and 
for osteoporosis patients, selective estrogen receptor mod-
ulators (SERMs) can be considered. However, the biggest 
problem is that for the drugs used as replacements during 
a bisphosphonate holiday, there are no large scale studies 
proving their efficacy, durability, or influence on ONJ. In 
cases related to malignancies, there have been some at-
tempts to carefully readminister bisphosphonate during or 
after recovery of ONJ. 

2. Recombinant human PTH 1-34 (teriparatide) 
treatment

Teriparatide is the only bone formation accelerator among 
all drugs used for the treatment of osteoporosis in Korea. It 
stimulates osteoblasts and osteoclasts while inhibiting the 
apoptosis of osteoblasts, showing an increase in bone den-
sity and excellent efficacy in preventing fractures.[122,123] 
The bone remodeling stimulatory effect of teriparatide has 
been shown to be effective even in patients with suppressed 
bone remodeling processes due to the use of bone resorp-
tion inhibitors such as bisphosphonates.[124-126] Recent-
ly, there have been many reports that teriparatide may play 
positive roles in the treatment of ONJ. In 2010 Cheung and 
Seeman [127] treated an ONJ patient with teriparatide for 
8 weeks, upon which the patient’s symptoms improved 
and the ONJ area healed completely, leading the authors 
to report that teriparatide is effective as a treatment for 
ONJ. Also, another study was reported in that similar peri-
od in which teriparatide injection treatment was given for 
6 weeks to patients with gingivitis who had pathological 
findings similar to ONJ, and the patients who received treat-
ment showed improvement of markers related to gingivitis 
recovery compared to those who did not receive treatment. 
[114] Afterwards, through several case reports, it has been 
reported that using short term teriparatide in ONJ patients 
showed large improvements in the disease.[128,129] Such 
effects of teriparatide on ONJ are expected to be due to 
the stimulation of bone remodeling through stimulation 
of osteoblasts and osteoclasts, and when used in ONJ pa-

tients, a significant recovery of suppressed bone turnover 
markers including bone resorption markers and bone for-
mation markers could be seen.[63] Recently, ONJ pati ents 
untreatable by conservative treatment methods were giv-
en subcutaneous teriparatide 20 μg daily for 6 months, 
and were compared with patients unable to receive teripa-
ratide for other reasons on ONJ treatment results after 6 
months.[130] Regarding the changes in bone markers, as 
expected, osteocalcin, the bone formation marker, began 
to increase significantly 1 month into treatment, and CTX, 
bone resorption marker, followed after 3 months, showing 
that teriparatide treatment is effective in reactivating the 
bone remodeling process that was suppressed due to bis-
phosphonate treatment.[130] Moreover, regarding the fi-
nal 6-month treatment results in ONJ status, while 40% of 
the patients who did not receive teriparatide did not show 
an improvement in disease, and only 60% showed partial 
improvement of the ONJ lesion, 62.5% of the patients who 
received teriparatide treatment showed complete resolu-
tion of the disease. There results show us that teriparatide 
is also effective for the treatment of severe ONJ patients 
who do not respond to conservative treatment.[130] Thr-
ough such various clinical studies, there is increasing evi-
dence on the positive role of teriparatide in the treatment 
of ONJ patients, and this effect is seen not only due to the 
stimulatory effect on bone remodeling of teriparatide, but 
also due to its stimulation of angiogenesis.[131] Further-
more, when taking into account the fact that ONJ patients 
are also osteoporosis patients, the use of teriparatide is 
also beneficial when seen from the perspective of osteo-
porosis treatment.

3. Vitamin D and calcium
Appropriate vitamin D and calcium intake is the basic 

fundamental of osteoporosis prevention and treatment. 
Therefore, although ONJ patients may discontinue bisphos-
phonate, appropriate vitamin D and calcium supplementa-
tion should be continued. Certain recent studies have shown 
that the concentration of serum vitamin D is positively cor-
related to the amelioration of gingivitis or the degree of 
recovery after gingival surgery, and the maintenance of an 
appropriate concentration of vitamin D is thought to be 
important for the recovery of ONJ.[132,133] Even when us-
ing the previously introduced teriparatide for ONJ treat-
ment, an appropriate vitamin D level has been reported to 
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be a factor that can increase the effect of the drug.[130] 
Therefore, ONJ patients must continue supplementation of 
vitamin D and calcium for the amelioration of gingivitis or 
the prevention of osteoporosis. 

CONCLUSION 

Bisphosphonates are effective drugs for treating osteo-
porosis and preventing fractures. Although the incidence 
rate is very low, MRONJ can occur when bisphosphonates 
are administered for long time period. Discontinuation of 
bisphosphonate treatment is recommended if MRONJ oc-
curs. In cases of bisphosphonate discontinuation, drug re-
placements may be considered according to individual pa-
tient conditions such as malignant bone metastasis or os-
teoporosis. However, the efficacy or relation to ONJ recov-
ery of such replacements has not been proven through 
large-scale clinical studies; therefore, a careful approach is 
necessary. Basic conservative treatment to surgery is pos-
sible for the treatment of ONJ. Despite such dental treat-
ments, if ONJ has progressed, teriparatide, a bone forma-
tion accelerator, can help with the recovery of ONJ. Vitamin 
D concentration is known to be related to gingivitis or gum 
recovery; therefore, vitamin D and calcium supplementa-
tion can prevent not only the exacerbation of osteoporosis, 
but should be continued in that it can also help in the treat-
ment of ONJ.
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