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mechanisms of MRON]J are unclear and definitive treatment strategies have not yet been developed.
Moreover, the aging population requiring antiresorptive agents and angiogenesis inhibitors has been
increasing worldwide. Therefore, the aim of this literature review was to introduce the latest information
on MRONJ. The epidemiology, triggering factors, risk factors, drug holiday, pathoetiology and treatment
strategies for each drug-induced ONJ were investigated by conducting a PubMed search.

g‘;{rg;rg;osis Highlight: The prevalence and incidence of ONJ were very low. Some mechanisms of ONJ have been
Bisphosphonates identified, although they were not definitive. Novel treatment strategies have been proposed in basic and
Denosumab clinical research. Several factors, including age and the administration duration of bisphosphonates, are
Angiogenesis Inhibitors risks for the development of bisphosphonate-related ONJ (BRON]). Dental implant therapy and peri-
Antiresorptive Agentst implantitis could become risk factors of BRON]J, regardless of the onset timing of bisphosphonates. No
reliable information about ON]J induced by denosumab and angiogenesis inhibitors was found.
Conclusion: Caution should be taken when dental treatment including implant therapy is performed in
patients receiving bisphosphonates, denosumab, and angiogenesis inhibitors. There is limited scientific
evidence regarding the relationship between MRON] and older age. Further ONJ-related research on the
aging population is required to manage the treatment of such diseases in older people in the future.
© 2019 Japanese Association for Oral Biology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Antiresorptive agents such as bisphosphonates and denosumab,
strongly suppress osteoclast activities, although the molecular modes
of action are rather different among these drugs. Bisphosphonates,
which have a high affinity to hydroxyapatites, are taken in by oste-
oclasts on bone surfaces when osteoclasts resorb bone. These
bisphosphonates induce osteoclast apoptosis via the mevalonate
pathway [1]. As a result, bone formation outmatches bone resorption
due to unbalanced osteoblasts/osteoclasts on the bone surface [1]. In
contrast, denosumab, a monoclonal anti-receptor activator of nuclear
factor kappa B ligand (RANKL) antibody, mainly suppresses osteoclast
survival and differentiation via the inhibition of binding of RANKL to
RANK [2]. Both antiresorptive agents are commonly used in patients
with osteoporosis to prevent bone fractures. In 2010, an estimated
approximately 99 million older people (>50 years of age) were
diagnosed with osteoporosis in the United States [3]. Hip fractures
due to osteoporosis can increase the number of bedridden older
people, affecting their quality of life and function and leading to a
high risk of death at one year after hip fracture [4]. Bone fractures also
generate an enormous financial burden on the country. For instance,
by the year 2040, the estimated annual health care costs will reach 9.8
billion dollars in the United States [4]. Therefore, antiresorptive
agents are requisite for both treating osteoporosis and reducing na-
tional costs, although other drugs including parathyroid hormone
(PTH), activated vitamin D3, vitamin K12, calcium intake, and selec-
tive estrogen receptor modulators, can be administered as thera-
peutic drugs depending on the clinical symptoms and bone mineral
density. Moreover, in 2016, approximately 1,680,000 and 590,000
people were estimated to have been newly diagnosed with or died
from cancer in the United States, respectively [5]. Both bisphospho-
nates and denosumab have been used in cancer patients to suppress
hypercalcemia and skeletal-related events. In addition, it has been
reported that bisphosphonates reduce the risks of colorectal and
breast cancers [6—8]. The overall survival rates in bone metastasis
patients or lung cancer patients receiving denosumab are compara-
ble or superior to those in similar patients receiving intravenous
bisphosphonate [9,10]. Hence, from the viewpoint of oncological
therapies, bisphosphonates and denosumab are absolutely required.

In 2003, bisphosphonate-related osteonecrosis of the jaw
(BRONJ) was reported in oncology patients receiving intrave-
nous bisphosphonates [11]. Moreover, in 2010, denosumab-
related osteonecrosis of the jaw (DRONJ) was observed [12],
although a phase III clinical trial targeting osteoporosis pa-
tients reported that DRONJ did not occur after treatment [13].
In addition, the anti-vascular endothelial growth factor (VEGF)
agent bevacizumab has been also reported to induce ONJ. VEGF
plays a critical role in angiogenesis. Therefore, the term

medication-related ONJ (MRON]J) has been proposed instead of
BRON] and/or DRON] by the American Association of Oral and
Maxillofacial Surgeons (AAOMS) [14]. More recently, a phase III
clinical trial demonstrated that the anti-sclerostin antibody
romosozumab induces ON] [15]. Clinical and basic research
regarding MRON] has been performed to clarify the exact
mechanisms of MRON]. However, the reasons why MRON]J oc-
curs in patients taking antiresorptive agents and angiogenesis
inhibitors remain unknown. Moreover, definitive treatment
strategies have not yet been developed due to these unclarified
mechanisms.

The number of older people aged >65 years, has increased
worldwide because of prolonged average lifetimes and decreased
birth rates [16]. Consequently, the rise in the number of older
people is likely to increase the number of patients with osteopo-
rosis and cancer, which furtherer increases the use of antiresorptive
agents and angiogenesis inhibitors and is a risk for also increasing
the number of MRON]J patients worldwide. Therefore, both re-
searchers and health care providers should be aware of the rela-
tionship between MRON] and older age. They also need to have the
knowledge of each drug-induced ON]J since the modes of action are
quite different among drugs.

The aim of this literature review was to provide the latest in-
formation about MRON]J including our findings from basic and
clinical research.

2. Epidemiology (Table 1)

2.1. Prevalence of ONJ in osteoporosis patients taking oral
bisphosphonates and subcutaneous denosumab

The prevalence of BRON] is approximately 0.001% in Canada
[17], 0.004% in Scotland [18], 0.00038% in Germany [19], and 0%—
0.186% in Korea [20]. In contrast, in the United States, the preva-
lence of BRON]J is 0.1% in osteoporosis patients receiving long-term
oral bisphosphonate therapy, which increased to approximately
0.2% in patients taking oral bisphosphonates for longer than 4 years
[21]. In summary, the prevalence of BRON]J in patients taking oral
bisphosphonates for the treatment of osteoporosis ranges from 0%
to 0.04% [22]. No information about the prevalence of DRON] in
patients receiving subcutaneous denosumab therapy was noted.

2.2. Incidence of ON] in osteoporosis patients taking oral
bisphosphonates and subcutaneous denosumab

The incidence of BRON] in patients taking oral bisphosphonates
ranges from 1.04 to 69 per 100,000 patient-years [22]. In contrast,
the incidence of DRON]J in osteoporosis patients ranges from 0 to
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30.2 per 100,000 patient-years [22]. In summary, the AAOMS
concluded that the incidence of ON]J in patients with osteoporosis is
very low [22].

2.3. Prevalence of ONJ in cancer patients taking intravenous
bisphosphonates, subcutaneous denosumab, and intravenous
bevacizumab

The prevalence of BRON] in patients with malignancies receiving
intravenous bisphosphonates is 0%—0.186%. In particular, the
prevalence of BRON] following tooth extraction in cancer patients
receiving intravenous zoledronate is estimated to range from 1.6%
to 14.8% [17,23], indicating that tooth extraction is the main trig-
gering factor for the development of BRON]J in cancer patients. The
incidence of DRON] in oncology patients receiving subcutaneous
denosumab ranges from 0.7% to 1.9%, which was not significantly
different from that in intravenous bisphosphonate users [14].
Moreover, the prevalence of ONJ induced by angiogenesis inhibitors
such as bevacizumab was approximately 0.2% [14,24|. The preva-
lence increased to 0.9% when angiogenesis inhibitors were used in
combination with bisphosphonates [24].

2.4. Incidence of ONJ in cancer patients taking intravenous
bisphosphonates, subcutaneous denosumab, and intravenous
bevacizumab

The incidence of BRON]J in oncology patients receiving intrave-
nous bisphosphonate therapies ranges from 0 to 12,222 per
100,000 patient-years [22]. The incidence of DRON]J in patients with
malignancies taking subcutaneous denosumab ranges from O to
2316 per 100,000 patient-years [22]. Information about the inci-
dence of ONJ induced by angiogenesis inhibitors could not be found
in reliable literature such as systematic reviews and/or consensus
statements.

3. Triggering and risk factors
3.1. Triggering factors of ONJ

A current systematic review reported that the triggering factors
of BRON] include tooth extraction (61.7%), spontaneous occurrence
(14.8%), oral surgery (7.2%), prosthodontic trauma (7.4%), peri-
odontitis (5.0%) and dental implant therapy (3.9%) [25]. Tooth
extraction has also been shown to be associated with the devel-
opment of DRON]J [26]. No detailed information on the triggering
factors of DRON]J was found. Similarly, no Information on the trig-
gering factors of ONJ induced by angiogenesis inhibitors have been
reported (Table 2).

3.2. Risk factors for ONJ

The reported risk factors for the development of BRON] include
age, administration duration, administration route, type and dose
of bisphosphonates, use of steroids or chemotherapies, types of
systemic and local diseases, dental procedures, and anatomical.

Table 1
Prevalence of osteonecrosis of the jaw (ON]).
Prevalence of ONJ Bisphosphonates (BPs) Oral BPs 0~0.04 %
Intravenous BPs 0~0.186%
Denosumab Low dose N/A
High dose 0.7~1.9%
Angiogenesis inhibitors 0.2%

BRON]J occurs significantly more often in older vs. younger people,
intravenous vs. oral administration, high-dose vs. low-dose
bisphosphonates, zoledronate vs. any other oral bisphosphonates,
steroid users vs. non-users, and chemotherapeutic users vs. non-
users [14,22,25]. Tooth extraction, dental implant treatment, peri-
odontal surgery, and apicoectomy have been reported to be similar
risk factors for the development of BRON]J [14,22,25]. Thinner mu-
cosa (palatine and mandibular tori) and poor oral hygiene have also
been reported as risk factors for BRONJ [14,22,25]. Recently,
bisphosphonate administration after implant placement [27] and
peri-implantitis [28] have been reported to be associated with
BRON]J in humans. Therefore, appropriate dental treatment pro-
tocols should be established in older people since the number of
older people requiring several types of medications, including
bisphosphonates and denosumab, with osteoporosis and cancers
has been increasing worldwide.

Tooth extraction, chemotherapy, poor oral hygiene and ill-fitting
dentures have also been demonstrated to be risk factors for the
development of DRON]J [26]. However, information about the risk
factors for ONJ induced by angiogenesis inhibitors has not been
reported.

4. Drug holiday

It remains controversial whether the secession of bisphospho-
nates, denosumab, and angiogenesis inhibitors is an effective
strategy for the prevention or reduction of ONJ.

4.1. Osteoporosis patients receiving antiresorptive therapy

In 2009, the AAOMS position paper on BRON] recommended
discontinuation of oral bisphosphonates for 3 months before and
after invasive dental surgery if the patient's systemic condition
permits [29]. However, there is no evidence that the secession of
oral bisphosphonates prevents or reduces the risk of BRONJ after
invasive surgery. Moreover, the half-life of bisphosphonates is
longer than 10 years [30]. In 2011, the United States Food and Drug
Administration concluded that the discontinuation of oral
bisphosphonates was not necessary before dental surgeries [31].
Therefore, the risks and benefits of interrupting oral bisphospho-
nates should be considered. However, in clinical situations such as
extensive oral surgery as well as risk factors of ON]J (systemic or
local diseases), the International Task Force on Osteonecrosis of the
Jaw recommends discontinuation of antiresorptive therapy if bone
health is not disturbed [22].

4.2. Oncology patients receiving antiresorptive therapy

Cancer patients receiving intravenous bisphosphonates and
subcutaneous denosumab have greater risks of BRON] and DRON]
as compared to those in osteoporosis patients taking oral
bisphosphonates and subcutaneous denosumab. Hence, discon-
tinuation of intravenous bisphosphonates and subcutaneous
denosumab may be considered by oncologists [14,22]. However,
data supporting the effectiveness of secession of intravenous
bisphosphonates and subcutaneous denosumab on the prevention
and reduction of BRON]J and DRON]J are unavailable.

Denosumab is a human antibody with a limited drug efficacy of
6 months. Hence, unlike bisphosphonates, the secession of deno-
sumab may contribute to the prevention and reduction of DRONJ.
However, no evidence exists regarding the effectiveness of deno-
sumab discontinuation.
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Table 2
Triggering factors of BRON].

Implant therapy 3.9 %
Periodontitis 5.0 %

Oral surgery

Prosthetic tra
7.4%

Spontaneous
14.8 %

4.3. Oncology patients receiving angiogenesis inhibitor therapy

To our knowledge, there are no data supporting the effective-
ness of the secession of angiogenesis inhibitors for the prevention
and management of ONJ. Therefore, the risks and benefits must be
considered since patients receiving angiogenesis inhibitor therapy
have severe oncologies that affect their life prognosis.

In summary, there is no basic or clinical evidence that the
discontinuation of antiresorptive agents and angiogenesis in-
hibitors prevents and reduces ONJ. Further investigation is required
to clarify the secession effects of these drugs on tooth extraction
socket healing and ON].

5. Pathoetiology (Table 3)
5.1. Pathoetiology of BRON]

Several mechanisms of BRON] have been reported. However, the
exact mechanisms of BRON] are unclear, since reliable and available
animal ONJ models have not yet been established. The following
factors are proposed to be causes of ONJ.

5.1.1. Osteoclast suppression

Antiresorptive agents suppress osteoclast numbers on the bone
surface. The process of bone resorption by osteoclasts is requisite
for osseous wound healing after invasive surgeries including tooth
extraction. Hence, the suppression of osteoclasts could delay and
impair osseous wound healing. Animal studies on BRON] have
shown significantly decreased tartrate-resistant acid phosphatase
(TRAP) staining of osteoclasts in impaired tooth extraction socket
healing, suggesting that a decreased number of osteoclasts is

Table 3
Pathoetiology of BRONJ and DRON]J.

DRON]

Osteoclast suppression v
Accumulation of TRAP positive cells v
Immune alteration (Tregs, Th17) v
M1 and M2 macrophages v
Anti-angiogenesis v
Anti-lymphangiogenesis v

ESIENIENIENIENEN

associated with BRON] in animal studies, including our previous
rodent studies [32,33].

5.1.2. Immune alteration

Regulatory T cells (Tregs) and inflammatory T-helper-producing
interleukin 17 (Th17) cells may contribute to the development of
BRON]J-like lesions in mice [34]. Tregs and Th17 were significantly
suppressed and activated in BRONJ-like lesions in mice, respec-
tively. Systemic transplantation of mesenchymal stem cells pre-
vented and cured BRON]-like lesions with suppressed Th17 cells
and increased Tregs [34]. Therefore, immune alteration affected by
bisphosphonates may be associated with the etiology of BRON]J.
Further studies are needed to confirm the relationship between
immune alteration and BRON]J.

5.1.3. Unbalanced M1 and M2 macrophages

Our previous study indicated significantly altered M2/M1
macrophage ratio in BRON]J-like lesions after tooth extraction [35].
Another study also observed this alteration in BRON]J-like lesions
[36], although the dose and duration of zoledronate differed be-
tween these two studies. More recently, it has been demonstrated
in mice that zoledronic acid promoted M1 polarization through
toll-like receptor-4, which may contribute to the development of
BRON]J-like lesions in mice [37]. The ratio of M2 to M1 macrophages
is also reportedly reduced in patients with BRON]J [36].

These basic and clinical findings strongly suggest that altered
distribution of M1 and M2 macrophages in tooth extraction sockets
may be associated with critical mechanisms of BRON]J.

5.1.4. Anti-lymphangiogenesis and anti-angiogenesis

Lymphangiogenesis plays an important role in innate and ac-
quired immune responses. Lymphatic endothelial cells contribute
to the recruitment of antigen-presenting cells such as dendritic
cells and macrophages into lymph nodes, blocking bacterial infec-
tion after dental surgeries. In our previous study, the number of
lymphatic vessels and the production of vascular endothelial
growth factor C (VEGFC), which is requisite for lymphangiogenesis,
were significantly decreased in BRON]-like lesions when compared
to those in normal tooth extraction sockets [33], suggesting that
suppressed lymphangiogenesis may be associated with BRON]J.

BRON] was first described as “avascular necrosis of the jaw” [11].
However, our previous studies in wild-type mice showed that
zoledronate monotherapy did not suppress angiogenesis in the
connective tissue of tooth extraction sockets [33,38]. Furthermore,
zoledronate monotherapy did not induce impaired soft tissue
healing of tooth extraction sockets. In a recent study using anti-
vascular endothelial growth factor A (VEGFA) monoclonal anti-
body therapy, we revealed that the inhibition of only anti-
angiogenesis does not induce BRONJ-like lesions in mice. More-
over, an international consensus statement supported findings in
animal studies that bisphosphonate therapy does not decrease the
number of blood vessels [22]. Indeed, histological findings showed
normal blood vessel formation in ON]J lesions in humans [39,40],
whereas bevacizumab therapy reportedly induced ON]J in oncology
patients [24]. Therefore, more basic and clinical studies are
required to explore whether inhibition of angiogenesis is essential
for the development of ONJ.

5.1.5. Accumulation of TRAP-positive cells

We showed significant increases in nonattached osteoclasts and
TRAP-positive mononuclear cells were significantly increased in
the connective tissue of tooth extraction sockets treated with
zoledronate monotherapy [41] or zoledronate/chemotherapeutic
combination therapy [35]. Moreover, transplantation of non-
cultured stromal vascular cells significantly decreased the
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number of these cells, with a reduction of BRON]J-like lesions [35].
Clinically, nonattached osteoclasts were significantly increased in
patients taking oral and intravenous bisphosphonates [42,43].
Hence, the accumulation of TRAP-positive cells including nonat-
tached osteoclasts and TRAP-positive mononuclear cells in extrac-
tion wounds may be associated with the development of BRON].

5.2. Pathoetiology of DRONJ

As mentioned above, BRONJ-animal models are well estab-
lished. However, reliable DRONJ-animal models [44]| have rarely
been developed since denosumab is ineffective in rodents. A recent
study demonstrated the development of anti-RANKL antibody in
rodents, which resulted in long bone gain by osteoclast suppression
[45]. We also demonstrated delayed healing occurs in palatal
wounds of mice that received subcutaneous anti-RANKL mono-
clonal antibody therapy [46]. The creation of reliable and available
anti-RANKL antibody-induced ONJ-like lesions is required to
investigate the effects of anti-RANKL antibody on tooth extraction
socket healing.

5.3. Pathoetiology of ONJ induced by angiogenesis inhibitors

No information about the pathoetiology of ON] induced by
angiogenesis inhibitors was noted.

6. Treatment strategies

We demonstrated that the intermittent administration of PTH
significantly reduced BRON]J-like lesions in rats [47]. Intermittent
PTH administration also healed BRON] in clinical study [48].
However, MRON] frequently occurs in oncology patients and the
administration of PTH administration is restricted in cancer
patients.

The AAOMS position paper regarding MRON] proposed that
irrigation, antibiotic therapy, and follow-up observation are mainly
recommended in MRON] patients [14]. However, a recent system-
atic review indicated that MRON] was rarely healed even after these
recommended strategies [49]. The authors concluded that conser-
vative and extensive surgeries that remove necrotic bone and/or
surrounding healthy bone primarily healed MRONJ. A recent
multicenter clinical study also indicated that surgeries to resect
necrotic bone and/or surrounding healthy bone frequently healed
stage 2 MRON]J, although these surgical approaches did not heal all
MRON] [50]. Therefore, new alternative treatment strategies to PTH
therapy and surgical approaches are required.

In basic research regarding BRON], the systemic infusion of bone
marrow mesenchymal stem cells has been shown to cure BRON]-
like lesions in mice [34,51]. Moreover, the systemic trans-
plantation of stromal vascular fraction cells of adipose tissue also
reduced BRON]J-like lesions in mice [35]. Therefore, cell-based
therapies may become a treatment strategy for MRON].
Conversely, laser therapy [52] and autologous platelet concentrate
application [53] have been reported as treatments for MRON] in
humans. However, caution should be taken when MRON] therapy is
performed using laser or autologous platelet concentrate products
as there is insufficient clinical evidence to strongly recommend
these approaches.

7. Conclusions

MRON] rarely occurs in patients receiving antiresorptive agents
and angiogenesis inhibitor therapies. However, the exact mecha-
nisms of MRON] have not yet been elucidated. Definitive treatment
strategies have also not been developed. Older age is a risk factor

for BRON]J, although information about DRON] and angiogenesis
inhibitor-induced ON]J in older people was not found. To manage
MRON] in increasingly aging populations, further basic and clinical
research on the relationship between older age and MRON] is
required. Clinical evidence of the relationship between MRON]J and
implant therapy in older patients receiving antiresorptive agents
and angiogenesis inhibitors should also be accumulated.

Ethical approval

Ethical approval is not required for this review.

Conflict of interest

All authors state that they have no conflict of interest.

CRediTx authorship contribution statement

Shinichiro Kuroshima: Conceputalization, Funding acquisition,
Investigation, Methodology, Project administration, Writing -
original draft, Writing - review & editing. Muneteru Sasaki: Data
curation, Investigation, Methodology, Visualization, Writing -
original draft. Takashi Sawase: Conceputalization, Supervision,
Writing -review & editing.

Acknowledgements

This work was supported by a Grant-in-Aid for Scientific
Research (B) and (C) (JSPS KAKENHI Grant Numbers 18H02994 and
15K11258, respectively) to Kuroshima S.

References

[1] Roelofs AJ, Thompson K, Gordon S, Rogers MJ. Molecular mechanisms of action
of bisphosphonates: current status. Clin Cancer Res 2006;12:6222s—30s.

[2] Baron R, Ferrari S, Russell RG. Denosumab and bisphosphonates: different
mechanisms of action and effects. Bone 2011;48:677—92.

[3] Wright NC, Looker AC, Saag KG, Curtis JR, Delzell ES, Randall S, et al. The recent
prevalence of osteoporosis and low bone mass in the United States based on
bone mineral density at the femoral neck or lumbar spine. ] Bone Miner Res
2014;29:2520—-6.

[4] Bhandari M, Swiontkowski M. Management of acute hip fracture. N Engl ] Med
2017;377:2053—-62.

[5] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer ] Clin 2016;66:
7-30.

[6] Rennert G, Pinchev M, Rennert HS, Gruber SB. Use of bisphosphonates and
reduced risk of colorectal cancer. ] Clin Oncol 2011;29:1146—50.

[7] Rennert G, Pinchev M, Rennert HS. Use of bisphosphonates and risk of post-
menopausal breast cancer. ] Clin Oncol 2010;28:3577—81.

[8] Chlebowski RT, Chen Z, Cauley JA, Anderson G, Rodabough R], McTiernan A,
et al. Oral bisphosphonate use and breast cancer incidence in postmenopausal
women. ] Clin Oncol 2010;28:3582—-90.

[9] Henry DH, Costa L, Goldwasser F, Hirsh V, Hungria V, Prausova J, et al. Ran-

domized, double-blind study of denosumab versus zoledronic acid in the
treatment of bone metastases in patients with advanced cancer (excluding
breast and prostate cancer) or multiple myeloma. ] Clin Oncol 2011;29:
1125-32.

[10] Scagliotti GV, Hirsh V, Siena S, Henry DH, Woll PJ, Manegold C, et al. Overall
survival improvement in patients with lung cancer and bone metastases
treated with denosumab versus zoledronic acid: subgroup analysis from a
randomized phase 3 study. ] Thorac Oncol 2012;7:1823-9.

[11] Marx RE. Pamidronate (Aredia) and zoledronate (Zometa) induced avascular
necrosis of the jaws: a growing epidemic. ] Oral Maxillofac Surg 2003;61:
1115-7.

[12] Aghaloo TL, Felsenfeld AL, Tetradis S. Osteonecrosis of the jaw in a patient on
denosumab. ] Oral Maxillofac Surg 2010;68:959—63.

[13] Cummings SR, San Martin J, McClung MR, Siris ES, Eastell R, Reid IR, et al.
Denosumab for prevention of fractures in postmenopausal women with
osteoporosis. N Engl ] Med 2009;361:756—65.

[14] Ruggiero SL, Dodson TB, Fantasia J, Goodday R, Aghaloo T, Mehrotra B, et al.
American Association of Oral and Maxillofacial Surgeons position paper on
medication-related osteonecrosis of the jaw-2014 update. ] Oral Maxillofac
Surg 2014;72:1938-56.


http://refhub.elsevier.com/S1349-0079(19)30047-7/sref1
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref1
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref1
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref2
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref2
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref2
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref3
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref3
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref3
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref3
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref3
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref4
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref4
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref4
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref5
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref5
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref5
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref6
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref6
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref6
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref7
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref7
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref7
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref8
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref8
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref8
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref8
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref9
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref9
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref9
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref9
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref9
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref9
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref10
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref10
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref10
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref10
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref10
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref11
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref11
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref11
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref11
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref12
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref12
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref12
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref13
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref13
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref13
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref13
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref14
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref14
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref14
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref14
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref14

104

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

S. Kuroshima et al. / Journal of Oral Biosciences 61 (2019) 99—104

Cosman F, Crittenden DB, Adachi JD, Binkley N, Czerwinski E, Ferrari S, et al.
Romosozumab treatment in postmenopausal women with osteoporosis.
N Engl ] Med 2016;375:1532—43.

Herpar S. Economic and social implications of aging societies. Science
2014;346:587—91.

Khan AA, Rios LP, Sandor GK, Khan N, Peters E, Rahman MO, et al.
Bisphosphonate-associated osteonecrosis of the jaw in Ontario: a survey of
oral and maxillofacial surgeons. ] Rheumatol 2011;38:1396—402.

Malden N, Lopes V. An epidemiological study of alendronate-related osteo-
necrosis of the jaws. A case series from the south-east of Scotland with
attention given to case definition and prevalence. ] Bone Miner Metab
2012;30:171-82.

Hansen PJ, Knitschke M, Draenert FG, Irle S, Neff A. Incidence of
bisphosphonate-related osteonecrosis of the jaws (BRON]) in patients taking
bisphosphonates for osteoporosis treatment - a grossly underestimated risk?
Clin Oral Investig 2013;17:1829—37.

Kim KM, Rhee Y, Kwon YD, Kwon TG, Lee JK, Kim DY. Medication related
osteonecrosis of the jaw: 2015 position statement of the Korean society for
bone and mineral research and the Korean association of oral and maxillo-
facial surgeons. ] Bone Metab 2015;22:151—65.

Lo JC, O'Ryan FS, Gordon NP, Yang J, Hui RL, Martin D, et al, PROBE In-
vestigators. Prevalence of osteonecrosis of the jaw in patients with oral
bisphosphonate exposure. ] Oral Maxillofac Surg 2010;68:243—53.

Khan AA, Morrison A, Hanley DA, Felsenberg D, McCauley LK, O'Ryan F, et al.
International Task Force on Osteonecrosis of the Jaw. Diagnosis and man-
agement of osteonecrosis of the jaw: a systematic review and international
consensus. ] Bone Miner Res 2015;30:3—23.

Yamazaki T, Yamori M, Ishizaki T, Asai K, Goto K, Takahashi K, et al. Increased
incidence of osteonecrosis of the jaw after tooth extraction in patients treated
with bisphosphonates: a cohort study. Int J Oral Maxillofac Surg 2012;41:
1397-403.

Guarneri V, Miles D, Robert N, Diéras V, Glaspy J, Smith I, et al. Bevacizumab
and osteonecrosis of the jaw: incidence and association with bisphosphonate
therapy in three large prospective trials in advanced breast cancer. Breast
Canc Res Treat 2010;122:181-8.

Fliefel R, Troltzsch M, Kiihnisch ], Ehrenfeld M, Otto S. Treatment strategies
and outcomes of bisphosphonate-related osteonecrosis of the jaw (BRON])
with characterization of patients: a systematic review. Int ] Oral Maxillofac
Surg 2015;44:568—85.

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

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

Troeltzsch M, Cagna D, Stdhler P, Probst F, Kaeppler G, Ehrenfeld M, et al.
Clinical features of peri-implant medication-related osteonecrosis of the jaw:
is there an association to peri-implantitis? ] Cranio-Maxillo-Fac Surg 2016;44:
1945-51.

Ruggiero SL, Dodson TB, Assael LA, Landesberg R, Marx RE, Mehrotra B, et al.
American Association of Oral and Maxillofacial Surgeons position paper on
bisphosphonate-related osteonecrosis of the jaws-2009 update. ] Oral Max-
illofac Surg 2009;67:2—12.

Kimmel DB. Mechanism of action, pharmacokinetic and pharmacodynamic
profile, and clinical applications of nitrogen-containing bisphosphonates.
] Dent Res 2007;86:1022—33.

Hellstein JW, Adler RA, Edwards B, Jacobsen PL, Kalmar JR, Koka S, et al.
American dental association council on scientific affairs expert panel on
antiresorptive agents. Managing the care of patients receiving antiresorptive
therapy for prevention and treatment of osteoporosis: executive summary of
recommendations from the American dental association council on scientific
affairs. ] Am Dent Assoc 2011;142:1243—51.

Akita Y, Kuroshima S, Nakajima K, Hayano H, Kanai R, Sasaki M, et al. Effect of
anti-angiogenesis induced by chemotherapeutic monotherapy, chemothera-
peutic/bisphosphonate combination therapy and anti-VEGFA mAb therapy on
tooth extraction socket healing in mice. ] Bone Miner Metab 2018;36:547—59.
Kuroshima S, Yamashita J. Chemotherapeutic and antiresorptive combination
therapy suppressed lymphangiogenesis and induced osteonecrosis of the jaw-
like lesions in mice. Bone 2013;56:101—9.

[34]

[35]

[36]

1371

[38]

[39]

[40]

[41]

[42]

[43]

[44

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Kikuiri T, Kim I, Yamaza T, Akiyama K, Zhang Q, Li Y, et al. Cell-based
immunotherapy with mesenchymal stem cells cures bisphosphonate-related
osteonecrosis of the jaw-like disease in mice. ] Bone Miner Res 2010;25:
1668—79.

Kuroshima S, Sasaki M, Nakajima K, Tamaki S, Hayano H, Sawase T. Trans-
plantation of noncultured stromal vascular fraction cells of adipose tissue
ameliorates osteonecrosis of the jaw-like lesions in mice. ] Bone Miner Res
2018;33:154—66.

Zhang Q, Atsuta I, Liu S, Chen C, Shi S, Le AD. IL-17-mediated M1/M2
macrophage alteration contributes to pathogenesis of bisphosphonate-related
osteonecrosis of the jaws. Clin Cancer Res 2013;19:3176—88.

Zhu W, Xu R, Du |, Fu Y, Li S, Zhang P, et al. Zoledronic acid promotes TLR-4-
mediated M1 macrophage polarization in bisphosphonate-related osteonec-
rosis of the jaw. FASEB ] 2019. https://doi.org/10.1096/fj.201801791RR.
Kuroshima S, Mecano RB, Tanoue R, Koi K, Yamashita J. Distinctive tooth-
extraction socket healing: bisphosphonate versus parathyroid hormone
therapy. ] Periodontol 2014;85:24—33.

Lesclous P, Abi Najm S, Carrel JP, Baroukh B, Lombardi T, Willi JP, et al.
Bisphosphonate-associated osteonecrosis of the jaw: a key role of inflam-
mation? Bone 2009;45:843—52.

Hansen T, Kunkel M, Weber A, James Kirkpatrick C. Osteonecrosis of the jaws in
patients treated with bisphosphonates - histomorphologic analysis in compar-
ison with infected osteoradionecrosis. ] Oral Pathol Med 2006;35:155—60.
Kuroshima S, Go VA, Yamashita J. Increased numbers of nonattached osteo-
clasts after long-term zoledronic acid therapy in mice. Endocrinology
2012;153:17-28.

Weinstein RS, Roberson PK, Manolagas SC. Giant osteoclast formation and
long-term oral bisphosphonate therapy. N Engl ] Med 2009;360:53—62.
Jobke B, Milovanovic P, Amling M, Busse B. Bisphosphonate-osteoclasts:
changes in osteoclast morphology and function induced by antiresorptive
nitrogen-containing bisphosphonate treatment in osteoporosis patients. Bone
2014;59:37—-43.

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

Furuya Y, Mori K, Ninomiya T, Tomimori Y, Tanaka S, Takahashi N, et al.
Increased bone mass in mice after single injection of anti-receptor activator of
nuclear factor-kappaB ligand-neutralizing antibody: evidence for bone
anabolic effect of parathyroid hormone in mice with few osteoclasts. ] Biol
Chem 2011;286:37023—-31.

Kuroshima S, Al-Salihi Z, Yamashita ]. Mouse anti-RANKL antibody delays oral
wound healing and increases TRAP-positive mononuclear cells in bone
marrow. Clin Oral Investig 2016;20:727—36.

Kuroshima S, Entezami P, McCauley LK, Yamashita J. Early effects of para-
thyroid hormone on bisphosphonate/steroid-associated compromised
osseous wound healing. Osteoporos Int 2014;25:1141-50.

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

Rupel K, Ottaviani G, Gobbo M, Contardo L, Tirelli G, Vescovi P, et al.
A systematic review of therapeutical approaches in bisphosphonates-related
osteonecrosis of the jaw (BRON]). Oral Oncol 2014;50:1049—57.

Hayashida S, Soutome S, Yanamoto S, Fujita S, Hasegawa T, Komori T, et al.
Evaluation of the treatment strategies for medication-related osteonecrosis of
the jaws (MRON]J) and the factors affecting treatment outcome: a multicenter
retrospective study with propensity score matching analysis. ] Bone Miner Res
2017;32:2022-9.

LiY,Xu],MaoL, LiuY, Gao R, Zheng Z, et al. Allogeneic mesenchymal stem cell
therapy for bisphosphonate-related jaw osteonecrosis in Swine. Stem Cell Dev
2013;22:2047-56.

Weber JB, Camilotti RS, Ponte ME. Efficacy of laser therapy in the management
of bisphosphonate-related osteonecrosis of the jaw (BRON]J): a systematic
review. Lasers Med Sci 2016;31:1261—72.

Lopez-Jornet P, Sanchez Perez A, Amaral Mendes R, Tobias A. Medication-
related osteonecrosis of the jaw: is autologous platelet concentrate applica-
tion effective for prevention and treatment? A systematic review. J Cranio-
Maxillo-Fac Surg 2016;44:1067—72.


http://refhub.elsevier.com/S1349-0079(19)30047-7/sref15
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref15
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref15
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref15
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref16
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref16
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref16
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref17
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref17
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref17
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref17
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref17
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref18
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref18
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref18
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref18
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref18
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref19
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref19
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref19
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref19
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref19
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref20
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref20
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref20
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref20
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref20
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref21
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref21
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref21
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref21
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref22
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref22
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref22
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref22
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref22
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref23
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref23
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref23
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref23
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref23
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref24
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref24
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref24
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref24
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref24
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref24
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref25
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref25
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref25
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref25
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref25
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref25
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref26
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref26
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref26
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref26
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref26
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref26
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref27
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref27
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref27
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref27
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref28
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref28
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref28
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref28
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref28
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref28
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref29
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref29
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref29
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref29
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref29
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref30
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref30
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref30
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref30
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref31
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref31
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref31
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref31
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref31
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref31
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref31
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref32
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref32
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref32
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref32
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref32
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref33
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref33
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref33
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref33
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref34
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref34
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref34
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref34
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref34
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref35
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref35
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref35
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref35
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref35
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref36
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref36
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref36
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref36
https://doi.org/10.1096/fj.201801791RR
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref38
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref38
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref38
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref38
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref39
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref39
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref39
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref39
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref40
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref40
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref40
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref40
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref41
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref41
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref41
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref41
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref42
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref42
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref42
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref43
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref43
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref43
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref43
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref43
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref44
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref44
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref44
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref44
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref45
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref45
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref45
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref45
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref45
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref45
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref46
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref46
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref46
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref46
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref47
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref47
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref47
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref47
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref48
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref48
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref48
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref48
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref48
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref49
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref49
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref49
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref49
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref50
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref50
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref50
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref50
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref50
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref50
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref51
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref51
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref51
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref51
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref52
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref52
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref52
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref52
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref53
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref53
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref53
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref53
http://refhub.elsevier.com/S1349-0079(19)30047-7/sref53

	Medication-related osteonecrosis of the jaw: A literature review
	1. Introduction
	2. Epidemiology (Table 1)
	2.1. Prevalence of ONJ in osteoporosis patients taking oral bisphosphonates and subcutaneous denosumab
	2.2. Incidence of ONJ in osteoporosis patients taking oral bisphosphonates and subcutaneous denosumab
	2.3. Prevalence of ONJ in cancer patients taking intravenous bisphosphonates, subcutaneous denosumab, and intravenous bevacizumab
	2.4. Incidence of ONJ in cancer patients taking intravenous bisphosphonates, subcutaneous denosumab, and intravenous bevacizumab

	3. Triggering and risk factors
	3.1. Triggering factors of ONJ
	3.2. Risk factors for ONJ

	4. Drug holiday
	4.1. Osteoporosis patients receiving antiresorptive therapy
	4.2. Oncology patients receiving antiresorptive therapy
	4.3. Oncology patients receiving angiogenesis inhibitor therapy

	5. Pathoetiology (Table 3)
	5.1. Pathoetiology of BRONJ
	5.1.1. Osteoclast suppression
	5.1.2. Immune alteration
	5.1.3. Unbalanced M1 and M2 macrophages
	5.1.4. Anti-lymphangiogenesis and anti-angiogenesis
	5.1.5. Accumulation of TRAP-positive cells

	5.2. Pathoetiology of DRONJ
	5.3. Pathoetiology of ONJ induced by angiogenesis inhibitors

	6. Treatment strategies
	7. Conclusions
	Ethical approval
	Conflict of interest
	CRediTx authorship contribution statement
	Acknowledgements
	References


