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Since  Marx  reported  on  osteonecrosis  of the  jaw  caused  by  the  injectable  bisphosphonates  (BPs)
pamidronate  and zoledronate,  there  have  been  numerous  reports  not  only  in Western  countries,  but
in Japan  as well,  of  bisphosphonate-related  osteonecrosis  of the  jaw  (BRONJ)  as  a pathology  similar  to
radiation-related  osteonecrosis/osteomyelitis  of the jaw,  which  is accompanied  by exposure  of  the  bone.
Osteonecrosis  of  the  jaw  similar  to  that  occurring  with  BPs  is also  produced  with  the  anti-receptor  acti-
vator  of nuclear  factor  kappa-B  ligand  (RANKL)  antibody  denosumab,  a  bone resorption  inhibitor  that
has  a different  mode  of action  from  BPs,  and  there  is  also  a report  of  osteonecrosis  of  the  jaw  related  to
he jaw
edication-related osteonecrosis of the jaw
steoporosis
osition paper

bevacizumab,  an  angiogenic  inhibitor.  Because  of  this,  in  its newest  position  paper  (2014),  the  AAOMS
changed  the  nomenclature  from  BRONJ  to “medication-related  osteonecrosis  of  the  jaw”  (MRONJ).  This
article presents  an  overview  of the  position  paper  on  medication-related  osteonecrosis  of  the  jaw  and
the current  status  of  the MRONJ  in Japan.

©  2019  Published  by Elsevier  Ltd on  behalf  of  The  Japanese  Association  for  Dental  Science
This  is  an  open  access  article  under  the CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-
. Introduction

Radiation-related osteonecrosis/osteomyelitis of the jaw is a
elayed-onset disorder of radiation therapy that has long been
nown in the field of oral and maxillofacial surgery, and tooth
xtraction or implant therapy within the irradiation field is gen-
rally considered to be contraindicated. Since Marx reported on
steonecrosis of the jaw caused by the injectable bisphosphonates
BPs) pamidronate and zoledronate [1], there have been numer-
us reports not only in Western countries, but in Japan as well,
f bisphosphonate-related osteonecrosis of the jaw (BRONJ) as a
athology similar to radiation-related osteonecrosis/osteomyelitis
f the jaw, which is accompanied by exposure of the bone.

In response to the increase in BRONJ patients, the American
ssociation of Oral and Maxillofacial Surgeons (AAOMS) published

 paper setting out the position of the Association on the subject in

006 (AAOMS 2006), and this was subsequently revised in 2009 and
014. In Japan as well, a joint investigative commission into BRONJ
omprising five academic societies (the Japanese Society for Bone

∗ Corresponding author at: Department of Oral and Maxillofacial Surgery, Tokyo
ental College, 2-9-18 Kanda-Misakicho Chiyoda-ku, Tokyo 101-0061, Japan.

E-mail address: sibahara@tdc.ac.jp

ttps://doi.org/10.1016/j.jdsr.2018.11.003
882-7616/© 2019 Published by Elsevier Ltd on behalf of The Japanese Association for De
http://creativecommons.org/licenses/by-nc-nd/4.0/).
nc-nd/4.0/).

and Mineral Research, the Japan Osteoporosis Society, the Japanese
Society for Oral and Maxillofacial Radiology, the Japanese Society
of Periodontology, and the Japanese Society of Oral and Maxillofa-
cial Surgeons) released its position paper in 2010, with an abridged
version of the Japanese text (partially revised edition) published
in 2012 and a fully revised edition published in 2017. This has
come to be one of the clinical guidelines for ARONJ (anti-resorptive
agents-related osteonecrosis of the jaw) in Japan [2].

Osteonecrosis of the jaw similar to that occurring with BPs is
also produced with the anti-receptor activator of nuclear factor
kappa-B ligand (RANKL) antibody denosumab, a bone resorption
inhibitor that has a different mode of action from BPs [3], and there
is also a report of osteonecrosis of the jaw related to bevacizumab,
an angiogenic inhibitor [4]. Because of this, in its newest position
paper (2014), the AAOMS changed the nomenclature from BRONJ
to “medication-related osteonecrosis of the jaw” (MRONJ).

In the present position paper, the following changes are made
with respect to the AAOMS 2009 diagnostic criteria: (1) the criteria
are expanded to include “bone resorption inhibitors or angiogenic
inhibitors,” rather than only BPs; (2) “bone that can be probed

through an intra- or extra-oral fistula” is also included, rather than
only bone exposure; and, of course, (3) it is specified that “there is
no metastasis to the jawbone.”
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Table 1
BRONJ trends according to a survey in Japan.

Survey year 2006 2008 2015

Period of survey ∼2006 2006–2008 2011–2013
No.  of institutions surveyed 239 248 501
Response rate, % 64.0 75.8 70.3
Patients with BRONJ 28 263 4,797
Age  at onset of BRONJ, mean years 68.1 68.1 74.6
Sex,  male/female 3/25 44/219 1,404/3,393
Site  of onset, % maxilla/mandible/both 14.3/82.1/3.6 30.8/60.8/8.4 28.1/64.7/7.2
BRONJ stage, % 1/2/3/unknown 7.1/71.4/14.4/7.1 16.0/71.1/12.1/0.8 20.7/61.4/16.8/1.1

/7.1 57.8/39.5/2.7 49.4/49.2/1.4
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Route of BP administration, %, parenteral/oral/both 60.7/32.2

. MRONJ is a side effect of medication

MRONJ is listed on the package inserts of BPs and denosumab as
 “major side effect,” and it states that “the patient should be care-
ully observed and appropriate measures such as discontinuation
f administration should be taken in the case of any abnormal-
ty.” Thus, discontinuing the injections is one option when MRONJ
ccurs as a side effect.

MRONJ due to angiogenic inhibitors is viewed as a problem in
AOMS 2014, but there have as yet been few reports in Japan.

MRONJ is on the increase in Japan. The system of reporting drug
ide effects not only by pharmaceutical companies, but also by med-
cal institutions has been legislated in this country. However, this
oes not mean that institutions diagnosing MRONJ have reported
very case to the Ministry of Health, Labour and Welfare, and it
s not easy to gain an accurate picture of the number of MRONJ
atients at present.

The Research Planning Committee of the Japanese Society of
ral and Maxillofacial Surgeons published a national survey in
008 (survey period: April 2006–June 2008) [5], in which there
ere 568 recorded cases. After exclusion of those in which the
resence of bone exposure and the name or administration period
f the BP agents was not known, 263 cases remained and were
egarded as BRONJ patients. As noted above, the position paper in
apan was published in 2010, and since prevention measures were
ut forward in this paper, increases or decreases in the number of
ew patients are a matter of concern. However, in a national sur-
ey in 2015 (https://www.jsoms.or.jp/medical/work/study/bronj/,
n Japanese), there were 4797 cases (1,599 cases in 1 year), which
hows a worrying increase of 19.3 times the 2008 figure and 17.3
imes the 2006 figure (Table 1). These results indicate the rapidity of
he increase in the number of MRONJ patients and the inadequacy
f the response in recent years [6].

It was initially believed that MRONJ did not readily occur in
steoporosis patients with oral BPs. In fact, a study based on 2400
RONJ cases listed in PubMed from 2003 to 2009 showed that

njectable BPs were given in approximately 90% of cases [7]. How-
ver, a national survey in Japan in 2008 showed that injectable
Ps were given in 62% of cases and oral BPs were given in 38%,
o that Japan was  characterized by a different pattern of use than
ther countries [6]. The results of the 2015 national survey showed
hat the proportion of oral BP drugs had risen to 49.2%. This indi-
ates that the importance of oral BPs should not be underestimated
Fig. 1).

The number of patients currently using oral BPs is estimated to
e over 1.3 million, and the number of patients looks set to rise with
he expected increase in the elderly population. This surely cannot
e ignored by private clinicians working in general dental practice.

hile there appears to have been a steady increase in the number

f MRONJ cases due to oral BPs, a surprisingly high increase of just
ver 10% has been found in serious stage 3 cases (cutaneous fistula
r pathological fracture of mandible, etc.).
Fig. 1. Route of BP administration.

3. MRONJ countermeasures through coordination between
doctors and dentists

The drugs that are suspected of being related to osteonecro-
sis/osteomyelitis of the jaw are prescribed by doctors, and it is
mainly dentists that are responsible for MRONJ prevention, diag-
nosis, and treatment. With the patients as the focus, a great many
professionals are involved, including not only doctors and den-
tists, but also pharmacists, nurses, dental hygienists, etc. However,
a shared understanding of MRONJ among these professionals is
essential to ensure smooth cooperation.

There are many areas of MRONJ that are yet to be clarified,
but the expertise from basic and clinical research to date was
set out in AAOMS 2014. Realistically, application of this exper-
tise in clinical settings is most likely to be on a case-by-case basis
through cooperation mainly between doctors and dentists. Below
is an exploration of matters that can easily produce misunder-
standing and should be discussed between medical doctors and
dentists.

Prospective studies of the intravenous bone-modifying agents
(zoledronate and denosumab) used for bone lesions in patients
with malignant tumors have shown that MRONJ occurs in 1–2%
of patients with either drug [3]. At the same time, the preva-
lence of MRONJ due to oral BPs is generally reported to be lower
in osteoporosis patients with osteoporosis than in patients with
malignant tumors [8]. Bone exposure (osteonecrosis) does occur
even in patients not using bone resorption inhibitors, although this
is extremely rare (<0.001%). Some people therefore consider that, if
the prevalence of MRONJ is extremely low, it cannot be attributed
to bone resorption inhibitors.

MRONJ due to oral BPs is more common in Japan than in other
countries, although the reasons for this are not clear (a higher

population aging rate than other countries and a large number
of patients with teeth with apical periodontitis due to inadequate
dental treatment are possible causes). The prevalence is estimated

https://www.jsoms.or.jp/medical/work/study/bronj/
https://www.jsoms.or.jp/medical/work/study/bronj/
https://www.jsoms.or.jp/medical/work/study/bronj/
https://www.jsoms.or.jp/medical/work/study/bronj/
https://www.jsoms.or.jp/medical/work/study/bronj/
https://www.jsoms.or.jp/medical/work/study/bronj/
https://www.jsoms.or.jp/medical/work/study/bronj/
https://www.jsoms.or.jp/medical/work/study/bronj/
https://www.jsoms.or.jp/medical/work/study/bronj/
https://www.jsoms.or.jp/medical/work/study/bronj/
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Fig. 2. Primary indications for BP therapy.

t 0.01–0.02% in the position paper, and this probably reflects the
umber of cases in the national survey.

The risk with using injectable BPs in patients with malignant
umors is unmistakably greater than with using oral BPs in patients
ith osteoporosis, but an intravenous BP for osteoporosis has gone

n sale in Japan. The risk with an injectable BP for osteoporo-
is is conjectured to be about the same as with an oral BP (an
njectable BP does not have the same problem as oral BPs of the
atient forgetting to take it, and this is estimated to make up
or the slightly higher prevalence), and the anti-RANKL antibody
enosumab is also an injectable drug. Therefore, rather than clas-
ifying in terms of oral or injection administration route, surely
t is more appropriate to classify in terms of the primary disease,

hether the drug is for osteoporosis or for a malignant tumor
Fig. 2).

With the exception of etidronate, which does not contain nitro-
en and is considered to have an extremely low risk of MRONJ, there
s currently no evidence to indicate any differences between drugs
uch as, for example, whether alendronate or risedronate has the
igher risk of MRONJ (it was predicted that risedronate, which is
onsidered to have stronger avidity for bone, would have a higher
isk, but there are currently no studies of this).

With regard to angiogenic inhibitors, concomitant use with a
one resorption inhibitor is believed to present the same or higher
isk of MRONJ as use of other antitumor agents, but the risk with
se in monotherapy is probably lower than the risk with bone
esorption inhibitors.

Incidentally, in the case of non-hospital prescription of an oral
rug, the name of the drug can easily be checked in the drug diary.
owever, injectable drugs are not recorded in the drug diary and

hus need to be checked with the prescribing doctor.

. MRONJ risk factors

The overall dose (roughly approximating the administration
eriod) of the drug is the biggest problem. In particular, this is

mportant for the amount of BP that accumulates in the bone, and
he AAOMS 2014 makes 4 years a cut-off point for oral BPs [9]. While
here is no cut-off period shown for injectable BPs, the prevalence
ncreases with time. It is particularly interesting that denosumab
ppears to reach a peak at 2–3 years.

Further, zoledronate is used for both malignant tumors and
steoporosis, but the dosage is 10 or more times higher for malig-

ant tumors. A simple comparison of the prevalence of MRONJ
the ratio of MRONJ patients to patients using the drug) between

alignant tumor and osteoporosis is not possible because of the
ifferences in patient background characteristics (age, ability to
Fig. 3. Trigger for onset BRONJ.

defend against infection, drugs used, etc.), but it may  be conjec-
tured that differences in the dosage are reflected in the difference
in prevalence.

Local factors can be seen as closely related to the question of why
drug-related osteonecrosis occurs specifically in the jaw and not in
other bones. Among such factors, tooth extraction and periodon-
titis (apical or marginal) are important. With tooth extraction, the
bone is temporarily exposed, and reduced resistance to infection is
a risk (there have been a number of studies trying primary closure
of the wound or platelet-rich plasma (PRP) injection for prevention
of infection, but the effectiveness of these measures is unclear).
At the same time, periodontitis is naturally a risk factor because
it is a cause of osteomyelitis of the jaw, but also BPs readily accu-
mulate at the inflamed site, and considering the dose-dependency
mentioned above, this accumulation will also increase the risk of
MRONJ (Fig. 3).

The majority of extractions are carried out as treatment of peri-
odontitis. Therefore, rather than the invasive extraction procedure,
it may  perhaps be the underlying periodontitis that is important
as a risk factor. This is supported by the fact that MRONJ does not
frequently occur following surgical procedures to place implants in
healthy jaws.

Diabetes, smoking, and steroid administration are important
risk factors. While studies may  be found that contradict the rela-
tionship with smoking, diabetes and smoking are both factors that
exacerbate periodontal disease, and as with patients with osteo-
porosis, care should be taken if the risk of MRONJ increases over
the long term.

Steroids have long been known to be a risk factor for (asep-
tic) osteonecrosis, they decrease bony tissue and reduce resistance
to infection, and long-term use is believed to increase the risk of
MRONJ (Fig. 4).

Use of the angiogenic inhibitor bevacizumab, as well as anti-
cancer drugs and immunosuppressive agents, can readily aggravate
dental infections, and from this perspective, they present a risk for
MRONJ.

5. Can MRONJ be prevented by avoiding extraction?

The idea that MRONJ developed as a result of extraction is
a common one, and there is consequently a strong tendency to
avoid invasive dental treatment. However, a considerable number
of cases have been seen recently in which excessive avoidance of

invasive dental treatment has led to neglect of the source of infec-
tion, resulting in the frequent appearance of MRONJ. Invasive dental
treatments that are judged to be necessary from a dental medical
point of view should not be avoided due to excessive concern.
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There have been reports stating that there should be a tempo-
rary cessation of oral BPs about every 5 years or so, and that with
the injectable BP zoledronate, there is no difference in effect with
monthly administration or with 3-monthly administration. The evi-
Fig. 4. Risk factor for onset of BRONJ.

With implant therapy, which is one of the invasive dental treat-
ents, it has been reported that the success rate is no different
hen BPs are administered to patients, and that MRONJ did not

ccur with invasive treatments carried out on areas with no ini-
ial osteomyelitis (implying that MRONJ onset comes not from the
reatment, but from the underlying infection).

There are cases in which MRONJ pathology has become estab-
ished as a result of dental infection, but diagnosis may  be difficult
f X-ray examination does not show the characteristic sequestrum
ormation and bone exposure. There is probably a common pattern
hereby the presence of MRONJ is not noticed, and inflammatory

ymptoms such as pain are diagnosed as the result of marginal or
pical periodontitis. If the tooth close to the MRONJ pathology is
hen extracted, the socket in which osteonecrosis is produced nat-
rally does not heal, and the MRONJ diagnosis is finally made due
o the persisting bone exposure. Not only in the case of extraction,
ut also if marginal or apical periodontitis is diagnosed and peri-
dontal surgery or apicectomy is performed, the wound will not
eal if osteonecrosis has already occurred.

A similar situation may  be seen with gingival cancer, since there
re many cases that unfortunately are only detected because of
ncomplete healing following extraction or periodontal treatment.
aturally, the gingival cancer did not occur as a result of extrac-

ion or periodontal treatment. The tooth was extracted because a
iagnosis was made of periodontitis or apical periodontitis, which
as effectively a misdiagnosis. It is not the case at all that gingi-

al cancer or BRONJ would not have occurred if the tooth had not
een extracted. In the case where the condition progresses with
one of the characteristic pain of the so-called “dry socket” even
hough the bone was exposed following extraction, it would be
atural to suppose that latent MRONJ, which is hard to diagnose,
as already present, and the diagnosis was established as a result

f incomplete healing following extraction. If extraction is avoided
nd efforts are made to conserve the tooth when BRONJ is already
resent, diagnosis and the start of treatment will be delayed, thus
imply prolonging the period during which the patient suffers the
ondition.

. Can MRONJ be improved only through conservative
reatment?

Regardless of whether BPs have been used, no improvement in
ecrotic bone (sequestra) can be expected through conservative
herapy, unless of course the necrotic bone is removed. There are
ases in which surgical treatment is difficult because it is a systemic

ondition, but, nonetheless, AAOMS 2014 [9] states that regardless
f the stage of the disease, “sequestra should be removed to facili-
ate soft tissue healing. The extraction of symptomatic teeth within
xposed, necrotic bone should be considered, since it is unlikely
Fig. 5. Therapy of BRONJ according to stage.

that the extraction will exacerbate the established necrotic pro-
cess.” Surgical treatment should be considered in line with the
position set out in AAOMS 2014 [9].

It should be borne in mind that bone resorption inhibitors are
prescribed because they are needed. Basically, medical prescrip-
tions should be given priority, and in many cases, cessation of bone
resorption inhibitors will therefore not be possible. However, there
are pathological cases where switching to a different medication
may  be a possibility, so it is always worth consulting with the
doctor.

First, the dentist should appreciate the disadvantages of drug
cessation, which are the risk of bone fracture or SRE onset. There
is a report that the risk of bone fracture increases by 20% with
drug cessation in patients with osteoporosis who  have taken bone
resorption inhibitors for 3 years or less. It has also been reported
that when patients switched to the selective estrogen receptor
modulator raloxifene, not only was  the fracture preventive effect
reduced, but the risk of venous thrombosis and stroke increased. In
addition, there is scant evidence for the effectiveness of short-term
(2–3 months) drug cessation, and taking into account the disad-
vantages of drug cessation, it should be considered that there are
many cases in which drug cessation for the purpose of MRONJ onset
prevention would be problematic.

On the other hand, MRONJ is a side effect (adverse event), and
the package inserts state that if this occurs, the patient should
be carefully observed and appropriate measures such as discon-
tinuation of administration should be taken in the case of any
abnormality. Drug cessation is therefore one possible option.
Fig. 6. Discontinuation and resumption of BP therapy.
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American Association of Oral and Maxillofacial Surgeons position paper on
Fig. 7. Invasive dental treatme

ence is far from complete, and the methods of administration used
o date may  well be revised in the future. Consequently, there may
erhaps be a greater range of cases in which drug cessation is a
ossibility.

Collaboration between doctors and dentists is desirable, so that
hen no side effects (MRONJ) occur, the dentist does not hinder

reatment by the doctor and gives the doctor all possible support;
hile the frequency of occurrence is low, if there should be any

ide effects, the doctor asks the dentist to take measures to address
he side effects and at the same time stops administration of the
esponsible drug (Figs. 5 and 6).

. Can MRONJ be cured?

There are limits to the response by conservative treatment
lone, and even at stage 2, proactive surgery is indicated, with
ecovery now becoming a possibility.

When surgical treatment is judged to be necessary, the pos-
ibility or otherwise of therapeutic cessation of the responsible
rug should be examined, regardless of the primary disease. This is
ecause sequestrum formation and separation can be facilitated by
essation of bone resorption inhibitors following MRONJ onset. If
he sequestra detach, they are expelled naturally or may  be treated
y surgical extirpation.

In patients with osteoporosis, the parathyroid hormone (PTH)
reparation teriparatide is useful for ensuring safer drug cessation
10]. The administration period for teriparatide can be extended to

 maximum of 2 years. Therapeutic drug cessation may  not always
e possible in patients with bone metastatic malignant tumors
ecause of the primary disease, but if drug cessation were possi-
le for a certain period through switching to a different anticancer
rug, sequestrum separation would be facilitated, and treatment
ould be carried out.

If there is no recovery despite these measures, resection of
he lesion site of the jaw (jawbone margin resection, jawbone
egmental resection) is required, but there is a risk of recur-
ence if the resection is insufficient [9]. In addition, the procedure
arries the risk of exposure of the reconstruction plate if the anti-
nflammatory effect is insufficient or if the segmental resection is
xtensive.

The establishment of therapeutic methods, including preven-

ion, to address MRONJ is now a matter of urgency. There is also a
eed for education and awareness activities to publicize the rapid

ncrease in MRONJ. Treatment of MRONJ when it occurs can be
ntrusted to the dentist, but diagnosis and prevention of MRONJ

[

ring the administration of BP.

need to be carried out through collaboration between doctors and
dentists. Prescribing doctors should encourage dental examina-
tions in advance for the prevention of MRONJ, and dentists, who
are the ones actually treating MRONJ, should strive for complete
oral management (Fig. 7).

It would be very desirable for doctors to appreciate the reality of
dental infections and to be aware of the need for oral care. Dentists
should have an accurate understanding of the symptoms indicating
MRONJ and of the risks of onset in order to give patients the appro-
priate dental treatment. For this reason, close coordination among
medicine, dentistry, and pharmacy, including prescribing doctors
and pharmacists, is absolutely essential.
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