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ABSTRACT

Antiresorptive drugs such as bisphosphonates and denosumab are vital medications in the therapy of osteoporosis and in the treatment of cancer with osseous
metastases. A rare but clinically relevant adverse effect is medication-related osteonecrosis of the jaw (MRONJ). This review outlines epidemiology, clinical features,
diagnosis, treatment, and prevention of MRONJ. In addition, antiresorptives show promise in rare bone diseases relevant to oral and maxillofacial surgery, such as
aneurysmal bone cysts, central giant cell granuloma, and diffuse sclerosing osteomyelitis. While early evidence indicates therapeutic benefit, further studies are
needed to define safety and standardized protocols. Preventive dental care, patient education, and close interdisciplinary collaboration remain essential for optimal

outcomes.

1. Introduction: Application of antiresorptive drugs
1.1. Introduction and objective

Anti-resorptive drugs (ARDs) such as bisphosphonates and denosu-
mab inhibit osteoclastic activity, reduce bone turnover and are
frequently used in patients suffering from osteoporosis and metastatic
bone diseases. They increase quality of life of those patients by signifi-
cantly preventing fractures and skeletal related events. On the down-
side, medication-related osteonecrosis of the jaw (MRONJ) is a clinically
relevant and compound specific side-effect. Still, the enormous potential
inhering AR drugs especially in reducing pain and preventing patho-
logical fractures raises the question whether they might be suitable for
the treatment of bone diseases in the maxillofacial area as well as in
other parts of the human body.

This narrative review shows the enormous potential effects that can

be anticipated from the use of AR drugs in certain bony diseases. AR
drugs offer the possibility of effective new treatment strategies for pa-
tients with a variety of jaw bone disease.

As a matter of course, the risk of the development of MRONJ should
be taken into account. The better understanding of the etiology of this
disease lately led to promising preventive measurements, which should
always be part of treatment protocols when AR drugs are in use.

1.1.1. History of anti-resorptive drugs

In the 1960s, in-vitro studies (Francis et al.,, 1969) and
in-vivo-studies in dogs showed that parenterally administered pyro-
phosphates inhibit calcium phosphate crystal dissolution. The search for
a substance with the same effect, but suitable for oral administration, led
to the discovery of bisphosphonate. The biological effects of
bisphosphonates were discovered 1968 (Fleisch et al., 1968). They
inhibit osteoclastic activity and reduce bone turnover (Black et al., 2007;
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Fleisch, 2007; Cummings et al., 2009; Troeltzsch et al., 2012). Since
metastatic bone diseases are frequently accompanied by hypercalcemia,
bisphosphonates were introduced in the 1980s as an effective therapy to
inhibit osteoclast activity and reduce bone resorption. (Lemaire, 1984).

In 2009 the human monoclonal antibody denosumab has been
granted marketing authorization in the European Union and was FDA-
approved in 2010 (Pageau, 2009). After subcutaneous application, this
IgG2-anti-RANKL-antibody inhibits the activity of premature osteoclasts
via interacting to the RANK/RANKL (Receptor Activator of Nuclear
Factor kB Ligand)/OPG (Osteoprotegerin) pathway where it imitates the
effects of osteoprotegerin (Troeltzsch et al., 2012).

As both various bisphosphonates and denosumab are used for com-
parable indications and show similar effects and side-effects, they are
summarize as “antiresorptive drugs” (AR drugs) in this review.

1.1.2. Beneficial effects in orthopedics and oncology

Osteoporosis, osteogenesis imperfecta and several types of cancer,
which either lead to metastatic bone disease (for example breast cancer,
prostate cancer) or originate from bone marrow (multiple myeloma) are
among systemic diseases associated with bone loss.

In patients suffering from osteoporosis, ARDs are frequently used to
inhibit bone loss, to increase bone mineral density and thereby to reduce
the risk of fractures (Fleisch, 2001; Cranney et al., 2002; Sambrook and
Cooper, 2006; Domotor et al., 2020).

Regarding osteogenesis imperfecta, pharmacological treatment
with growth hormones and anti-resorptive drugs has become the third
main pillar of symptomatic treatment besides surgical (e.g. intra-
medullary rodding surgical techniques) and non-surgical treatment (e.g.
physiotherapy) (Astrém and Soderhall, 2002; Antoniazzi et al., 2006;
Esposito and Plotkin, 2008) Nitrogen-containing bisphosphonates, such
as pamidronate, enhance trabecular bone complexity and exert benefi-
cial effects on condylar trabecular bone. (Pantoja et al., 2022; Speiser
et al., 2005).

In patients with metastatic bone diseases, AR drugs are the therapy
of choice. They decrease both bone resorption and new osteoclastic le-
sions, significantly prevent fractures and other skeletal related events
and improve quality of life of those patients by alleviating pain
(Berenson et al., 1996; Schwartz and Kagan, 2002; Wajda et al., 2025).

1.1.3. Side effects of anti-resorptive drugs

Medication-related osteonecrosis of the jaw (MRONJ) is a serious
side-effect in the therapeutic use of AR drugs (Troeltzsch et al., 2012).
The majority of MRONJ cases occurred in patients receiving intravenous
administrations of nitrogen-containing bisphosphonates due to meta-
static bone lesions. Underlying malignant diseases are predominantly
breast cancer, multiple myeloma and prostate cancer. Less frequenty,
MRONUJ has also been reported in patients suffering from osteoporosis
and receiving oral or intravenous anti-resorptive drugs such as
bisphosphonates, Denosumab or antiangiogenic drugs (Marx, 2003,
Ruggiero et al., 2022; Bamias et al., 2005; Otto et al., 2011a,b; Otto
et al., 2011a,b; Al-Sabbagh et al., 2015). Dental infection, teeth
extraction and poor oral hygiene are main risk factors for the develop-
ment of MRONJ (Pichardo et al., 2020; Hasegawa et al., 2017; Coropciuc
et al., 2023). Since then, this pathogenesis model has not only advanced
our understanding of MRONJ but has also provided preventive strate-
gies, particularly through the eradication of local infections in the
jawbone. (Otto et al., 2010). Supporting this, a retrospective study
compared the pH levels of MRONJ patients with those of a healthy
control group. The acidic group exhibited a markedly higher occurrence
of MRONJ (95 %) compared to the alkalotic group (60 %) and the
control group (76.9 %)(Kim et al., 2019; He et al., 2020).

While a non-exposed variant of the disease has also been recognized
(Kishimoto et al., 2019; Nicolatou-Galitis et al., 2019) MRONJ usually
presents itself as gingival ulceration with necrotic bone exposure in the
oral cavity. In the course of the disease, spontaneous severe pain, pu-
rulent drainage, extra-oral fistula and pathological fractures occur, with
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consequent significant reduction in quality of life (Eguchi et al., 2017).
Further progression of the condition can lead to tooth loss and necrosis
of entire sections of the jaw bone, including pathological fractures of the
mandible (Poxleitner et al., 2017).

Fig. 1 shows an extensive case of MRONJ of a woman treated with
zoledronate (4 mg) for three years due to breast cancer.

Consequently, many OMF (oral maxillofacial) surgeons and dentists
fear the pernicious side effects of AR drugs. Due to the complication of
MRONJ, the beneficial effects of bisphosphonates are sometimes
forgotten, even in the field of oral and maxillofacial surgery.

1.1.4. Beneficial effects of bisphosphonates in dentistry and OMFS

1.1.4.1. Bisphosphonates for diagnostic use. Since the 1960s bisphosph-
onates offer undoubted benefit and are of high value for diagnostics of
bony diseases.

While radiography shows anatomic changes in bones, bone scintig-
raphy offers the possibility to assess the activity of bone metabolism.
Technetium 99m-labelled Bisphosphonate-derivates are used as stan-
dard markers in bone scintigraphy. The bisphosphonates diffuse to the
extravascular space and lead to incorporation of the complex to viable
bone. Areas of increased tracer uptake therefore correlate with high
bone metabolism.

Thus, bone scintigraphy is highly useful for the diagnosis of bony
metastases, temporomandibular dysfunction, osteonecrosis of the jaw,
osseous inflammatory diseases such as osteomyelitis and rare diseases
such as Paget’s disease and diffuse sclerosing osteomyelitis (Hino et al.,
2005; Coutinho et al., 2006; Roca et al., 2013).

2. AR drugs - therapy in oral and maxillofacial surgery
2.1. Rare diseases of maxillofacial bone

2.1.1. Paget’s disease of bone (PDB)

Paget’s disease of bone or osteitis deformans is a monostotic or
polyostotic disease characterized by focal areas of increased bone
turnover, bone hypertrophy, and abnormal bone structure. It can be
associated with bone pain and deformity, but is often asymptomatic.
Other complications involve osteoarthritis, pathological fracture, bone
deformity, deafness, and nerve compression syndromes. The objective of
treatment is to minimize bone pain (Delmas and Meunier, 1997; Ralston
et al., 2008; Rendina et al., 2024).

Pagetic bone generally responds well to anti-resorptive therapy: it
reduces bone turnover, improves bone pain and morphology (Lyles
et al., 2001; Ralston et al., 2019; Cook and Wall, 2021).

In the maxillofacial area, the upper jaw is more often affected by PDB
than the lower jaw 4. Deformation of maxillofacial bones can lead to
facial disfigurement.

Fassio et al. reported a case of PDB in the mandible of a 22-year old
patient, that was treated with 100 mg of intravenous neridronate on two
consecutive administrations, leading to pain improvement (Smith and
Eveson, 1981; Fassio et al., 2016). Campolongo et al. reported a case of a
72-year old patient without pain but newly developed malocclusion and
prognathism who was treated with zoledronate and showed normal
bone acitivity afterwards (Campolongo et al., 2018).

Another interesting case wasby Reid et al., (2016), in which a
75-year old woman suffering from PBD involving the skull received
alendronate, but did not tolerate the ARD therapy. Due to the severe
symptoms and the high levels of ALP, denosumab 60 mg has been
injected subcutaneously. As a result, the ALP levels dropped rapidly with
regression of clinical symptoms (Reid et al., 2016).

2.1.2. SAPHO-syndrome
The SAPHO syndrome is an acronym for the most common symp-
toms: synovitis, acne, pustulosis, hyperostosis and osteitis (Chamot
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Fig. 1. (a—c). Extensive case of MRONJ in a 64-year-old patient treated with zoledronate due to osseous metastasized breast cancer a) Preoperative intraoral
photograph showing a large, well-demarcated area of exposed necrotic bone in the posterior mandible. The lesion is surrounded by inflamed mucosa, indicating
chronic infection and compromised local healing, characteristic of stage 3 MRONJ b) Intraoperative image taken under fluorescence illumination using a certified
fluorescence lamp. Fluorescence-guided bone surgery was utilized to accurately identify and delineate necrotic bone from surrounding viable tissue. The necrotic
bone appears as a non-fluorescent (dark) area, while vital bone demonstrates a green autofluorescence, enabling targeted and minimally invasive removal of
devitalized structures c) Sequester after resection d) Coronal image demonstrating a bony sequestrum in the right maxilla e) Axial image demonstrating a bony
sequestrum in the right maxilla. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

et al., 1987). The symptoms neither necessarily occur all nor simulta-
neously (Suei et al., 2005). This contributes to the ongoing debate on
whether diffuse sclerosing osteomyelitis (DSO), described earlier by
various authors, represents a manifestation of SAPHO syndrome or
constitutes a distinct entity (Bjorkstén et al., 1978; Kahn et al., 1994;
Garcia-Marin et al., 1996; Eyrich et al., 1999; Fleuridas et al., 2002; Suei
et al.,, 2005). 1-10 % of SAPHO syndrome patients experience
mandibular lesions, which are often extensive (Nguyen et al., 2012).

Conservative treatment of SAPHO syndrome is often recommended
(Zemann et al., 2011; Zemann et al., 2011), to provide relief from the at
times debilitating pain associated with SAPHO syndrome.

Since 2004, multiple case reports have documented the potential
benefits of antiresorptive drug therapy in patients with SAPHO syn-
drome (Amital et al., 2004; Kopterides et al., 2004; Ichikawa et al., 2009;
Amital et al., 2004, Kopterides et al., 2004, Ichikawa et al., 2009) as they
lead to a reduction of pain and improvement in function and well-being
(Kerrison et al., 2004). However, to date no generally accepted treat-
ment strategy exists as the majority of reports are limited to anecdotal
cases or small case series.

Still, a survey conducted in 2020 among 78 physicians of a wide
geographic representation showed that treatment approaches were
overall similar among the rheumatology and dermatology communities,
including non-steroidal anti-inflammatory drugs (76.6 %), conventional
DMARDs (Disease-modifying anti-rheumatic drugs, 57.1 %), anti-TNF
biologic therapy (75.3 %) and bisphosphonates (48.1 %). European
and Middle East responders reported a significantly more common use of
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bisphosphonates (63.6 %, n = 7 and 62.5 %, n = 15, respectively)
compared to Japanese responders (n = 11, 39.3 %) (Furer et al., 2020;
Winter et al., 2025 recommended intravenous treatment as second-line
treatment in patients with SAPHO syndrome.

2.1.3. Diffuse sclerosing osteomyelitis (DSO)

As noted above, diffuse sclerosing osteomyelitis may manifest as a
component of SAPHO syndrome or arise as an isolated condition. Clin-
ically, it is characterized by the triad of recurrent severe pain, facial
swelling, and trismus. (Matharu et al., 2020).

Typically, DSO is diagnosed based on the combination of anamnestic
information (recurrent severe episodes of pain, swelling and trismus),
absence of fistula formation or suppuration in clinical examination, the
tendency of localized increasing sclerotic bone formation and no bac-
terial colonisation in microbiological testing (Otto et al., 2018).

Former treatment protocols such as steroid or analgesic medication
and corticotomies showed poor to frustrating outcome results. There-
fore, in the early 2000s several research groups tested promising therapy
options for the treatment of DSO with bisphosphonates (Montonen et al.,
2001; Soubrier et al., 2001; Sugata et al., 2003; Compeyrot-Lacassagne
et al., 2007; Yamazaki et al., 2007; Kuijpers et al., 2011).

Montonen et al. evaluated the pain reduction in 10 patients with DSO
who were treated with clodronate (a non-nitrogen-containing
bisphosphonate) or placebo in the mid 1990s, detecting a statistically
significant lower pain intensity in the clodronate group 6 months after
treatment (Montonen et al., 2001).
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Kuijpers et al. concluded, that bisphosphonate infusions can lead to
long-lasting pain-free intervals and are a promising treatment alterna-
tive after treating seven patients.

Our Munich-based research group treated eleven patients with DSO
with single-shot infusions of ibandronate (6 mg), which was well
tolerated and resulted in distinct, long lasting improvement in subjective
pain levels based on VAS scores. Furthermore, no side effects have been
observed, and in particular there has been no case of MRONJ. Addi-
tionally, bone scintigraphy records displayed less inflammatory activity
of the affected areas in the mandible using (Otto et al., 2015).

In 2018, our research group successfully treated DSO of the left
mandible in a 64-year old woman with two subcutaneous injections of
60 mg denosumab. The administration led to a decrease of VAS pain
levels from 9 to 1 within 7-10 days after the first, and from 5 to 6 to 0-1
within 7 days after the second injection. Also, Hallmer et al., 2018 re-
ported about two DSO cases treated with denosumab, which resulted in
significant pain relief in both patients (Otto et al., 2015; Weinstein,
2006; Frank et al., 2024).

Summarized, not only the bisphosphonate ibandronate, but probably
also denosumab treatment may offer a promising treatment option for
attaining stable, pain-free conditions in patients suffering from DSO.

Effects of ibandronat in a 25-year old patient, treated due to DSO in
our department, is shown in Fig. 2.

2.1.4. Fibrous dysplasia (FD)

Fibrous dysplasia is a benign monostotic or polyostotic disease with
predilection of long bones, ribs and craniofacial skeleton. It might occur
solely or associated with McCune-Albright-Syndrome (MAS) (Burke
et al., 2017).

FD is caused by a mutation in the GNAS1-gene leading to replace-
ment of normal bone with fibrous tissue and abnormal bone presented as
woven bone (Florez et al., 2016). Symptoms may vary from asymp-
tomatic local lesions to severe bone deformity which can lead to facial
deformation (Ricalde and Horswell, 2001). Facial deformity is the pri-
mary reason for seeking treatment and might even lead to nerve
compression and sensory loss (Menon et al., 2013; Chapurlat et al.,

Fig. 2. Panoramic radiograph of a 25-year old female patients with DSO left
side a) Patient before administration of ibandronate 6 mg in an acute pain
episode (osteolytic remodeling zones and blurred nerve canal) b) Patient 6
months after administration of one dose ibandronate 6 mg (reduced bone
remodeling zones and increased sclerotic areas).

2202

Journal of Cranio-Maxillo-Facial Surgery 53 (2025) 2199-2209

2004).

Beside surgical treatment ever since the 1990s, the use of various
bisphosphonates to inhibit osteoclast activity in FD patients was dis-
cussed to decrease pain, lower fracture risk and improve function.
Several studies showed good results for pain reduction for patients with
facial and non-facial FD (Weinstein, 1997; Chapurlat et al., 1997; Ben-
hamou et al., 2014; de Boysson et al., 2015). In case of non-response to
bisphosphonates, the monoclonal antibody tocilizumab might be an
alternative (Boyce et al., 2014). On the other hand, high dose alendro-
nate (40 mg daily) did not improve pain in a controlled trial (DiCaprio
and Enneking, 2005; Kim et al., 2023).

The treatment of craniofacial fibrous dysplasia (CFFD) aims to pre-
vent functional loss (especially hearing and vision), arrest or reduce
physical disfigurement, prevent secondary deformity and minimize
long-term morbidity from CFFD and its treatment (Javaid et al., 2019;
Couturier et al., 2017; Wentworth et al., 2025).

For CFFD, a case study of Courturier et al. showed stable conditions
for two and favourable evolution for three of five patients treated with
intravenous pamidronate Within one to six months following the start of
treatment, the patient’s headache and vestibular symptoms had sub-
sided. (Chronopoulos et al., 2018).

The consensus statement from the FD/MAS (McCune-Albright-syn-
drom) international consortium 2019 proposed pamidronate and
zoledronate for persistent, moderate to severe pain as defined by VAS
score of >3/10. If pain reduction through bisphosphonate treatment is
justified after initial dosing (which may consist of several doses),sub-
sequent intervals should be determined based on the patient’s need for
analgesia and their response to previous doses. Dose intervals should be
progressively extended over time. Additionally, the FD/MAS Con-
sortium advises that alternative antiresorptive therapies, including
denosumab, be administered exclusively in specialized centers, given
the limited data on appropriate dosing, efficacy, and safety (Couturier
et al., 2017).

Despite their use, the effectiveness of bisphosphonates in modulating
disease activity, especially concerning lesion size and progression, re-
mains uncertain.”#. Further studies are needed to determine their ability
to increase local bone density or prevent complications. Summarized, a
medico-surgical approach depending on severity of FD, extension of
lesion and symptoms seems to be favourable (Berenson et al., 1996;
Black et al., 1996; Cvjetinovic et al., 2020; Francis, 1969; Francis and
Briner, 1973; Hong et al., 2020).

2.1.5. Osteoradionecrosis (ORN)

Osteoradionecrosis of the jaw is a severe chronic disease and a
dangerous complication of irradiation in head and neck cancer (Ewing,
1926). It was first described by Ewing 1926; Chrcanovic et al., 2010).
ORN predominantly affects the mandible, an area of reduced blood
supply, and may lead to pain, fistula formation, pathological fractures,
and sequestration of the affected bone (Epstein et al., 1984).

ORN exhibits substantial heterogeneity in terms of classification and
treatment approaches; nevertheless, the majority of cases are eventually
treated by surgical excision of necrotic bone (Notani et al., 2003;
Delanian et al., 2005; Oh et al., 2009; Jacobson et al., 2010; Reuther
et al., 2003). Nevertheless, conventional surgical management of ORN
frequently yields suboptimal results, and complete resolution is ach-
ieved in only a minority of cases (Delanian et al., 2005; Vozenin-Brotons
et al., 2003).

The exact pathomechanisms inducing ORN are still to be analysed.
Tissue hypoxia and its downstream effects have long been hypothesized
as the primary underlying mechanism.A new theory proposes that ra-
diation induces fibroatrophic mechanisms including free radical for-
mation, endothelial dysfunction, inflammation, microvascular
thrombosis, fibrosis and remodeling and finally bone and tissue necrosis.
Consequently, ORN might be caused by radiation-induced fibrosis
(Delanian et al., 2011; Delanian and Lefaix, 2004).

This inspired a new treatment: the concept of antioxidant and
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antifibrotic treatment of fibro-atrophy - PENTOCLO, a combination of
pentoxifylline, a-tocopherol and clodronate, a non-nitrogen containing
bisphosphonate (McLeod et al., 2012; Fromigué and Body, 2002).
Therapy involving pentoxifylline and tocopherol (PENTO) has been
described earlier (McLeod et al., 2012).

Unlike other bisphosphonates, clodronate has been shown to stim-
ulate osteoblast function and promote bone formation (Rivero et al.,
2017).

The Delanian group in France has published several studies on
PENTOCLO treatment, demonstrating its effectiveness compared with
placebo and single-agent therapies for radiation-induced trauma at
other body sites, as well as for mucosal and bone healing, with signifi-
cant symptom improvement (McLeod et al., 2012; Delanian and Lefaix,
2004).

In their 2011 study, 54 patients were treated with a combination of
pentoxifylline, tocopherol, clodronate, prednisone and ciprofloxacin.
The treatment led to a reduction of local pain, fistula, osteitis and
trismus and improved overall prognosis (McLeod et al., 2012).

However, Rivero et al. urged that “although there are some prom-
ising studies on the use of PENTOCLO in ORN management, many have
come from a single research group to date. Histopathologic and biologic
research on the molecular level for ORN with RIF (Radiation induced
fibrosis) should be executed in a well-designed animal experimental
model.”(Jaffe and Lichtenstein, 1942).

Summarized, for cancer survivors suffering from ORN, the PENTO-
CLO regimen offers a potentially supportive therapy (Shaw et al., 2025).

If randomized trials confirm all these findings, the described PEN-
TOCLO protocol might not only be used as a standard treatment option
for ORN but may also be used to prevent ORN.

2.2. Use of antiresorptive drugs in odontogenic tumors of the jaw

2.2.1. Treatment of aneurysmal bone cyst (ABC)

Aneurysmal bone cyst is described as a rare lesion of the long bones
(Dormans et al., 2004) and may already be very extensive at initial
diagnosis. Similarly, the aneurysmal bone cyst is associated with a high
recurrence rate and although it is a benign lesion of the jawbone, op-
erations can be extensive (Maximen et al., 2022). Due to the histo-
pathological similarities of aneurysmal bone cysts and central giant cell
granulomas, several studies using denosumab as conservative treatment
in aneurysmal bone cyst are described in literature (Diirr et al., 2019;
Diirr et al., 2019 reviewed 6 patients with ABC in critical anatomical
locations treated with denosumab (Kurucu et al., 2018). One patient
suffered from recurrence and the others stayed stable. Due to severe
rebound hypercalcemia months after discontinuation of denosumab, the
authors state that denosumab may be an adjuvant treatment option, but
should be used carefully to avoid severe side effects. Another evaluation
of 9 cases showed reduction of pain and volume reduction up to 82 % in
medium follow-up of 15 months (Pan and Boyce, 2021). However, the
clinical use of denosumab is impacted by side effects related to
post-discontinuation rebound, particularly in children. The use of
denosumab in ABC should be considered carefully and should preferably
be used in anatomically critical localizations (De Lange et al., 2007;
Wang et al., 2023). After the application of denosumab a sealing infu-
sion with bisphosphonates should be applied to avoid rebound effects.

2.2.2. Central giant cell tumor (CGCG)

CGCG is a rare benign lesion of the jaw with unknown etiology and
accounts for about 7 % of all lesions of the jaw (Kaffe et al., 1996). It
occurs preferentially in children and young people, with the female sex
being particularly affected (Austin et al., 1959). Trauma or reactive
reactions after tooth extraction are discussed in the literature as the
pathophysiological cause (Chuong et al., 1986). Depending on the
course of the disease, two types can be distinguished: the aggressive type
and the non-aggressive type. Chuong et al., 1986 already described the
aggressive type with a size >5 cm, root resorptions, rapid growth,
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breakthrough of the cortical bone and with a high risk of recurrence
after surgical removal (Chrcanovic et al., 2019). Multiple lesions are
often associated with Noonan syndrome or cherubism. Differentially,
hyperparathyroidism must always be considered, which can be diag-
nosed by endocrinological diagnostics. The overall recurrence rate in
osteoclastic giant cell granulomas is 26.3 % (Adami et al., 2019). 3D
imaging is recommended in all cases. Therapeutically, different concepts
described in the literature exist:

Conservative treatment includes pharmacologic agents such as
calcitonin, corticosteroids, or alpha-interferon.

Surgical intervention is another therapeutic option. Large post-
resection defects may require reconstruction with osteomyocutaneous
flaps, for instance using fibula or scapula grafts. Likewise, drug therapy
with the RANK-ligand inhibitor Denosumab, which represents the
standard of care for osteoporosis,can be considered as an alternative
treatment (Choe et al., 2021; Choe et al., 2021 treated six children with
CGCG with denosumab and suggest denosumab to be a favourable
treatment option (Pogrel, 2020). Another case series observed calcifi-
cation and regression of clinical symptoms with denosumab adminis-
tration, but no size regression of the tumor (Rhou et al., 2022). On the
other hand, a long-term follow-up study of six years reported high
incidence of recurrence (50 %) in this patient group (Camarini and de
Souza Tolentino, 2022). A systematic review of treatment options in
CGCG came to the conclusion, that antiresorptive therapy in CGCG can
lead to reduced tumor size (Reichenberger et al., 2012). In a phase II
trial, Hassing et al. (2025a,b) demonstrated that monthly intralesional
low-dose denosumab (>8 injections) resulted in a complete remission
rate of approximately 78 % and a low recurrence rate in patients with
CGCG.

2.2.3. Cherubism

Cherubism of the jaw is a rare autosomal dominant disorder. Clini-
cally, it is characterized by symmetrical expansion of the mandible,
which usually begins before puberty and can recede self-limitingly after
puberty (Machado et al., 2017). Symptoms can range from asymptom-
atic swelling to disfiguring bone deformities that can lead to pain. The
concerned locus was mapped to chromosome 4pl6 and a mismatch
mutation in the gene encoding the adapter protein SH3PB2 (SH3-do-
main binding protein 2) has been identified (Bar et al., 2020). Different
therapeutic approaches exist and include conservative observational,
surgical or pharmacological treatment (Bird et al., 2011). Based on the
fact that CGCG responds very well to denosumab and that it is known
that osteoclasts in cherubism are very sensitive to the RANKL receptor, a
possible therapeutic approach with denosumab is conceivable. Only
case reports and case series are availabe. Bar et al., 2020 report about
two cases of cherubism in childhood treated with denosumab and pos-
itive effects (Bar et al., 2020).We can also report about a case of a 12
years old girl suffering from cherubism. After several surgical attempts
to control the symptoms, the patient finally received denosumab.

Fig. 3. Patient with Cherubism Panoramic radiograph with typical bony
expansion of the mandible and osteolysis zones.
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Panoramic radiographs of this patient are shown in Fig. 3. As cherubism
is a very rare disease, there are only very few case reports on the use of
antiresorptive drugs in this patient population. Further studies with a
higher number of patients are to get a valid insight about the effect of AR
in cherubism.

2.3. Antiresorptive therapy in oncology

2.3.1. Multiple myeloma (MM)

With an annual incidence of 60-70 cases per million, Multiple
Myeloma is one of the most common hematologic malignancies (Smith
and Yong, 2013; Bolzoni et al., 2013). MM cells are located in the bone
marrow of the whole skeleton and produce mediators that stimulate
osteoclasts (Epstein et al., 1987) and therefore can cause severe osteo-
clastic lesions, including cases in the orofacial region. In more than 10 %
of the affected patients, the first manifestation of the disease occurs in
maxillofacial or, even more frequently, in the mandibular bone (Witt
et al., 1997; Theodorou et al., 2003; Stoopler et al., 2007; Locke and
Morgan, 2012). To prevent skeletal related events, MM-associated
osteoclastic lesions should be treated with antiresorptive drugs.

Fig. 4 shows the panoramic radiography and PET-CT of a 67-year old
patient with a prominent osteolytic MM lesions of the mandible. As
shown in Fig. 4 the root of tooth 47 is severly resorbed. In this case, the
patient was treated with 6 mg ibandronate for three years and developed
a regression of symptoms. The patient remained free of MRONJ and
disease-free recurrence after 3-years-follow-up (Troeltzsch et al., 2012).
Fig. 2 shows panoramic radiography after three years.

In 2012 Locke and Morgan already argued that osteoclastic lesions
associated with MM requiring therapy in patients lacking bone disease
can be treated successfully with bisphosphonates (Then et al., 2012).

Journal of Cranio-Maxillo-Facial Surgery 53 (2025) 2199-2209

However, in MM patients who are treated with high-dose chemo-
therapy and autologous stem cell transplantation, the risk of MRONJ
development is elevated (Berenson et al., 1996). In those patients, pre-
ventive measurements such as profound dental hygiene and regular
dental examinations to reduce the risk of MRONJ are of utmost impor-
tance (Ward et al., 2024).

Fig. 4 shows panoramic radiography of a patient suffering from
plasmocytoma infiltration of the mandible.

2.3.2. Tumor infiltration of jaw bone/metastasis in jaw

The most common tumor of the head and neck region is squamous
cell carcinoma (SCC). Starting as a mutation of epithelial cells, it spreads
fast into surrounding tissue and jaw bone. Treatment options range from
radio-over chemotherapy to surgery. Most often, the treatment of choice
includes resection and reconstruction.

Surgical interventions in the head and neck region are frequently
accompanied by substantial side effects and can adversely impact
quality of life, given the potential compromise of numerous vital func-
tions.The question remains whether a non-surgical approach might be
an alternative.

For multiple oncologic diseases that can infiltrate bone or cause bone
metastasis such as breast or prostate cancer, ARD are a standard treat-
ment when bone is affected. They decrease bone resorption and new
osteoclastic lesions, significantly prevent fractures and other skeletal
related events and improve quality of life of those patients by alleviating
pain (Black et al., 2006; Fleisch et al., 2002; Mizuta et al., 2023).

As treatment with ARD in MM patients showed promising results, it
should also be considered in other oncological diseases that infiltrate the
jaw such as SCC. Wypij et al., 2008 showed in an in vivo and in vitro
study the efficiacy of zoledronate for treating OSCC in cats. They

—

Fig. 4. Panoramic radiographic and PET-(FDG)-CT of a 82-year old patient with osteolytic MM lesion of the mandible a) FDG-emission computed tomography of MM
lesion of the jaw b) native computed tomography of MM lesion c¢) Three-year follow up after applying ibandronate.
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reported that zoledronate decelerated tumor growth as well as patho-
logical bone turn over associated with OSCC (Wypij et al., 2008).

From a surgical perspective, the administration of ARD increases the
risk of potentially fatal complications such as MRONJ. On the other
hand, from an oncological perspective, ARD might offer a non-surgical
treatment approach on oncologic bone diseases in the head and neck
region. They possibly could stop or slow down tumor growth and
spreading until surgery is performed. Especially in older patients or se-
vere cases where risks and consequences of surgery outweigh potential
benefits, alternatives to classical surgical approaches will be needed in
the future.

Different tumor-entities like breast cancer, prostate cancer, multiple
myeloma and lung cancer can develop osseous metastases. Typically,
they metastasize in the long bones, skull bone, pelvic bone or spine. In
rare cases they can metastasize into the jaw bone and can cause symp-
toms like hypesthesia of the trigeminal nerve there (Lorange et al.,
2023).

The option to treat bone infiltration tumors with ARD should be
carefully pondered as following surgical interventions such as resections
or reconstructions might be complicated due to the risk of MRONJ. Until
now, no case reports are available for such a treatment complication.
However, as reconstructions are also possible following MRONJ, there
should not be a major limiting factor for surgery. The use of ARD is not
recommended outside specialist centers, preferably in the context of a
clinical study or trial.

Fig. 5 shows am intraoperative situs of a patient suffering from jaw
metastasis of an osseous metastasized breast cancer. This patient was
treated by removal of tooth 48 and administration of ARD, resulting in
regression of symptoms.

3. Discussion
Antiresorptive drugs, particularly bisphosphonates and denosumab,

have demonstrated substantial benefits in the management of osteopo-
rosis, metastatic bone disease, and selected maxillofacial pathologies

-

Fig. 5. Panoramic radiograph of a 64-year old female patient with osseous
metastatic breast cancer and bone metastasis in the left mandible jaw a)
Extensive osteolytic metastasis in the left mandible jaw angle b) Panoramic
radiograph 3 years after administration of denosumab (120 mg).
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(Black et al., 2007). They significantly reduce fracture incidence and
improve quality of life, but their potential to induce medication-related
osteonecrosis of the jaw (MRONJ) has created concern among oral and
maxillofacial surgeons. This narrative review highlights both the ther-
apeutic opportunities and the risks associated with antiresorptive
treatment in the craniofacial region. Ultimately, the decision to pre-
scribe these medications must balance their proven systemic benefits
with the rare but severe complications that may affect the jaw. Pre-
ventive measures, early diagnosis, and interdisciplinary collaboration
remain the cornerstones of safe and effective patient care. Recent syn-
theses refine both benefit-risk appraisal and procedural
decision-making with antiresorptives. Across mixed real-world cohorts,
a 2025 population-based analysis found MRONJ incidences of ~0.3 %
with low-dose (osteoporosis) versus ~9 % with high-dose (oncology)
antiresorptives, underscoring dose and indication as major risk drivers.
In cancer populations, a 2025 study reported higher cumulative MRONJ
incidence with denosumab compared with bisphosphonates (11.6 % vs.
2.8 %), and the highest with sequential/combined exposure (16.3 %),
which is pertinent to long-term skeletal management pathways
(Kujanpaa et al., 2025; Brunner et al., 2025). For maxillofacial in-
dications, a 2024 systematic review of central giant cell granuloma
(CGCG) supports denosumab’s clinical activity but highlights hetero-
geneity in dosing, recurrence risk, and adverse events—calling for
standardized regimens (Hassing et al., 2025a,b). Emerging strategies
such as monthly low-dose intralesional denosumab (>8 injections)
achieved 78 % complete remissions with low early recurrence in a 2025
phase II study, though confirmatory randomized trials are needed. For
aneurysmal bone cysts (ABC), contemporary reviews corroborate
symptomatic and volumetric responses to denosumab but emphasize
post-discontinuation rebound (notably hypercalcemia in children),
arguing for great caution and “sealing” strategies when therapy is
stopped (Sandhu et al., 2024).

3.1. Limitations

This review is limited by its narrative design and the predominance
of case reports and small series in the available literature on rare
maxillofacial diseases. High-quality randomized controlled trials are
scarce, and much of the evidence stems from retrospective or observa-
tional studies. Consequently, the conclusions drawn should be inter-
preted with caution, and further prospective studies are needed to
confirm efficacy and safety of antiresorptive therapy in maxillofacial
indications.

4. Conclusion

While many osteologists and oncologists appreciate the value of
ARD, they can show serious adverse reaction in maxillofacial region
known as MRONJ.

On the other hand, lately many different treatment strategies, espe-
cially for rare chronic diseases such as SAPHO, DSO, FD and others use
the enormous anti-osteoclastic potential of ARD and show promising
results.

In various studies they led to pain reduction, reduced the extension
of bone lesions, and thereby both improved patients’ quality of life and
often superseded the necessity of surgical intervention.

We conclude that ARD offer the possibility of effective new treatment
strategies, especially for patients with rare diseases who formerly lack
the proper treatment for such diseases.

As a matter of course, the risk of development of MRONJ should be
carefully pondered for each patient individually. Patients must be
informed about risks and concerns associated with ARD treatment and
should undergo dental evaluation prior to treatment. The better un-
derstanding of the etiology of MRONJ lately led to promising preventive
measurements, which should always be part of treatment protocols as
soon as the use of AR drugs becomes even likely.
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4.1. Recommendations for practice

The use of antiresorptive therapy should be considered carefully and
individually in every patient. Prior to initiation of treatment, dental
evaluation and optimization of oral health are strongly advised. Patients
should be informed about both the benefits and risks, including the
possibility of MRONJ, to support shared decision-making. This review
also demonstrates that patients with rare bone diseases may benefit from
antiresorptive drugs in terms of quality of life. Thus, antiresorptive
agents are not only an essential component of therapy in osteoporosis
and in osseous metastatic malignancies, but they may also play an
important therapeutic role in the management of rare conditions within
oral and maxillofacial surgery. Close interdisciplinary communication
between prescribers and dental or maxillofacial specialists is recom-
mended throughout therapy. In high-risk patients, management should
ideally be coordinated in specialized centers.

Informed consent

Written informed consent was obtained from the patients for the
publication of case details and clinical images.

Funding

No funding was received for this work.

Declaration of competing interest
The authors declare that they have no conflicts of interest.

References

Adami, G., Saag, K.G., Chapurlat, R.D., Guanabens, N., Haugeberg, G., Lems, W.F.,
Matijevic, R., Peel, N., Poddubnyy, D., Geusens, P., 2019. Balancing benefits and
risks in the era of biologics. Ther Adv Musculoskelet Dis 11. https://doi.org/
10.1177/1759720X19883973, 1759720X19883973.

Al-Sabbagh, M., Robinson, F.G., Romanos, G., Thomas, M.V., 2015. Osteoporosis and
bisphosphonate-related osteonecrosis in a dental school implant patient population.
Implant Dent. 24 (3), 328-332.

Amital, H., Applbaum, Y.H., Aamar, S., Daniel, N., Rubinow, A., 2004. SAPHO syndrome
treated with pamidronate: an open-label study of 10 patients. Rheumatology 43 (5),
658-661.

Antoniazzi, F., Zamboni, G., Lauriola, S., Donadi, L., Adami, S., Tato, L., 2006. Early
bisphosphonate treatment in infants with severe osteogenesis imperfecta. J. Pediatr.
149 (2), 174-179.

Astrém, E., Séderhall, S., 2002. Beneficial effect of long term intravenous bisphosphonate
treatment of osteogenesis imperfecta. Arch. Dis. Child. 86 (5), 356-364.

Austin, LT Jr, Dahlin, D.C., Royer, R.Q., 1959. Giant-cell reparative granuloma and
related conditions affecting the jawbones. Oral Surg. Oral Med. Oral Pathol. 12,
1285-1295. https://doi.org/10.1016/0030-4220(59)90215-4.

Bamias, A., Kastritis, E., Bamia, C., Moulopoulos, L.A., Melakopoulos, ., Bozas, G.,
Koutsoukou, V., Gika, D., Anagnostopoulos, A., Papadimitriou, C., 2005.
Osteonecrosis of the jaw in cancer after treatment with bisphosphonates: incidence
and risk factors. J. Clin. Oncol. 23 (34), 8580-8587.

Bar, Droma E., Beck-Rosen, G., Ilgiyaev, A., Fruchtman, Y., Abramovitch-Dahan, C.,
Levaot, N., Givol, N., 2020. Positive outcomes of denosumab treatment in 2 patients
with cherubism. J. Oral Maxillofac. Surg. 78 (12), 2226-2234. https://doi.org/
10.1016/j.joms.2020.06.016.

Benhamou, J., Gensburger, D., Chapurlat, R., 2014. Transient improvement of severe
pain from fibrous dysplasia of bone with denosumab treatment. Jt. Bone Spine 81
(6), 549-550.

Berenson, J.R., Lichtenstein, A., Porter, L., Dimopoulos, M.A., Bordoni, R., George, S.,
Lipton, A., Keller, A., Ballester, O., Kovacs, M.J., 1996. Efficacy of pamidronate in
reducing skeletal events in patients with advanced multiple myeloma. N. Engl. J.
Med. 334 (8), 488-493.

Berenson, J.R., Lichtenstein, A., Porter, L., Dimopoulos, M.A., Bordoni, R., George, S.,
Lipton, A., Keller, A., Ballester, O., Kovacs, M.J., Blacklock, H.A., Bell, R.,
Simeone, J., Reitsma, D.J., Heffernan, M., Seaman, J., Knight, R.D., 1996. Efficacy of
pamidronate in reducing skeletal events in patients with advanced multiple
myeloma. Myeloma aredia study group. N. Engl. J. Med. 334 (8), 488-493. https://
doi.org/10.1056/NEJM199602223340802.

Bird, J.M., Owen, R.G., D’Sa, S., Snowden, J.A,, Pratt, G., Ashcroft, J., Yong, K., Cook, G.,
Feyler, S., Davies, F., Morgan, G., Cavenagh, J., Low, E., Behrens, J., on behalf of the
Haemato-oncology Task Force of the British Committee for Standards in
Haematology (BCSH) and UK Myeloma Forum, 2011. Guidelines for the diagnosis
and management of multiple myeloma 2011. Br. J. Haematol. 154 (1), 32-75.

2206

Journal of Cranio-Maxillo-Facial Surgery 53 (2025) 2199-2209

Bjorkstén, B., Gustavson, K.-H., Nordstrom, S., Eriksson, B., 1978. Chronic recurrent
multifocal osteomyelitis and pustulosis palmoplantaris. J. Pediatr. 93 (2), 227-231.

Black, D.M., Cummings, S.R., Karpf, D.B., Cauley, J.A., Thompson, D.E., Nevitt, M.C.,
Bauer, D.C., Genant, H.K., Haskell, W.L., Marcus, R., 1996. Randomised trial of effect
of alendronate on risk of fracture in women with existing vertebral fractures. Lancet
348 (9041), 1535-1541.

Black, D.M., Schwartz, A.V., Ensrud, K.E., Cauley, J.A., Levis, S., Quandt, S.A.,
Satterfield, S., Wallace, R.B., Bauer, D.C., Palermo, L., 2006. Effects of continuing or
stopping alendronate after 5 years of treatment: the fracture intervention trial Long-
term extension (FLEX): a randomized trial. JAMA 296 (24), 2927-2938.

Black, D.M., Delmas, P.D., Eastell, R., Reid, L.R., Boonen, S., Cauley, J.A., Cosman, F.,
Lakatos, P., Leung, P.C., Man, Z., Mautalen, C., Mesenbrink, P., Hu, H., Caminis, J.,
Tong, K., Rosario-Jansen, T., Krasnow, J., Hue, T.F., Sellmeyer, D., Eriksen, E.F.,
Cummings, S.R., 2007. Once-yearly zoledronic acid for treatment of postmenopausal
osteoporosis. N. Engl. J. Med. 356 (18), 1809-1822.

Bolzoni, M., Storti, P., Bonomini, S., Todoerti, K., Guasco, D., Toscani, D., Agnelli, L.,
Neri, A., Rizzoli, V., Giuliani, N., 2013. Immunomodulatory drugs lenalidomide and
pomalidomide inhibit multiple myeloma-induced osteoclast formation and the
RANKL/OPG ratio in the myeloma microenvironment targeting the expression of
adhesion molecules. Exp. Hematol. 41 (4), 387-397.e381.

Boyce, A.M., Kelly, M.H., Brillante, B.A., Kushner, H., Wientroub, S., Riminucci, M.,
Bianco, P., Robey, P.G., Collins, M.T., 2014. A randomized, double blind, placebo-
controlled trial of alendronate treatment for fibrous dysplasia of bone. J. Clin.
Endocrinol. Metab. 99 (11), 4133-4140.

Brunner, C., Arvandi, M., Marth, C., Egle, D., Baumgart, F., Emmelheinz, M., Walch, B.,
Lercher, J., Iannetti, C., Woll, E., Pechlaner, A., Zabernigg, A., Volgger, B.,
Castellan, M., Andraschofsky, O.T., Markl, A., Hubalek, M., Schnallinger, M.,
Puntscher, S., Siebert, U., Schonherr, S., Forer, L., Bruckmoser, E., Laimer, J., 2025.
Incidence of medication-related osteonecrosis of the jaw in patients with breast
cancer during a 20-Year follow-up: a population-based multicenter retrospective
study. J. Clin. Oncol. 43 (2), 180-188. https://doi.org/10.1200/JC0O.24.00171.

Burke, A.B., Collins, M.T., Boyce, A.M., 2017. Fibrous dysplasia of bone: craniofacial and
dental implications. Oral Dis. 23 (6), 697-708.

Camarini, C., de Souza Tolentino, E., 2022. Non-surgical treatment as an alternative for
the management of central giant cell granuloma: a systematic review. Clin. Oral
Invest. 26 (2), 2111-2132. https://doi.org/10.1007/500784-021-04193-z.

Campolongo, M.G., Cabras, M., Bava, L., Arduino, P.G., Carbone, M., 2018. Paget’s
disease of jaw bones as primary manifestation: a case report of a proper diagnosis
made by general dentist. Gerodontology 35 (2), 147-150.

Chamot, A., Benhamou, C., Kahn, M., Beraneck, L., Kaplan, G., Prost, A., 1987. Acne-
pustulosis-hyperostosis-osteitis syndrome. Results of a national survey. 85 cases.
Rev. Rhumatisme Maladies Osteo-Articulaires 54 (3), 187-196.

Chapurlat, R.D., Delmas, P.D., Liens, D., Meunier, P.J., 1997. Long-term effects of
intravenous pamidronate in fibrous dysplasia of bone. J. Bone Miner. Res. 12 (10),
1746-1752.

Chapurlat, R.D., Hugueny, P., Delmas, P.D., Meunier, P.J., 2004. Treatment of fibrous
dysplasia of bone with intravenous pamidronate: long-term effectiveness and
evaluation of predictors of response to treatment. Bone 35 (1), 235-242.

Choe, M., Smith, V., Okcu, M.F., Wulff, J., Gruner, S., Huisman, T.A.G.M.,
Venkatramani, R., 2021. Treatment of central giant cell granuloma in children with
denosumab. Pediatr. Blood Cancer 68 (3), €28778. https://doi.org/10.1002/
pbc.28778.

Chrcanovic, B.R., Reher, P., Sousa, A.A., Harris, M., 2010. Osteoradionecrosis of the
Jaws—a current overview—part 1. Oral Maxillofac. Surg. 14 (1), 3-16.

Chrcanovic, B.R., Gomes, C.C., Dos Santos, T.R., Abreu, M.H.N.G., Gomez, R.S., 2019.
Clinical factors associated with the recurrence of central giant cell lesions. J. Oral
Pathol. Med. 48 (9), 799-802. https://doi.org/10.1111/jop.12937.

Chronopoulos, A., Zarra, T., Ehrenfeld, M., Otto, S., 2018. Osteoradionecrosis of the jaws:
definition, epidemiology, staging and clinical and radiological findings. A concise
review. Int. Dent. J. 68 (1), 22-30.

Chuong, R., Kaban, L.B., Kozakewich, H., Perez-Atayde, A., 1986. Central giant cell
lesions of the jaws: a clinicopathologic study. J. Oral Maxillofac. Surg. 44 (9),
708-713.

Compeyrot-Lacassagne, S., Rosenberg, A.M., Babyn, P., Laxer, R.M., 2007. Pamidronate
treatment of chronic noninfectious inflammatory lesions of the mandible in children.
J. Rheumatol. 34 (7), 1585-1589.

Cook, S.J., Wall, C., 2021. Paget’s disease of bone: a clinical update. Aust J Gen Pract 50
(1-2), 23-29. https://doi.org/10.31128/AJGP-10-20-5690.

Coropciuc, R., Coopman, R., Garip, M., Gielen, E., Politis, C., Van den Wyngaert, T.,
Beuselinck, B., 2023. Risk of medication-related osteonecrosis of the jaw after dental
extractions in patients receiving antiresorptive agents - a retrospective study of 240
patients. Bone 170, 116722. https://doi.org/10.1016/j.bone.2023.116722.

Coutinho, A., Fenyo-Pereira, M., Dib, L.L., Lima, E.N.P., 2006. The role of SPECT/CT
with 99mTc-MDP image fusion to diagnose temporomandibular dysfunction. Oral
Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 101 (2), 224-230.

Couturier, A., Aumaitre, O., Gilain, L., Jean, B., Mom, T., André, M., 2017. Craniofacial
fibrous dysplasia: a 10-case series. Eur. Ann. Otorhinolaryngol. Head Neck Dis. 134
(4), 229-235.

Cranney, A., Tugwell, P., Adachi, J., Weaver, B., Zytaruk, N., Papaioannou, A.,
Robinson, V., Shea, B., Wells, G., Guyatt, G., 2002. Meta-Analyses of Therapies for
Postmenopausal Osteoporosis. III. Meta-analysis of Risedronate for the Treatment of
Postmenopausal Osteoporosis.

Cummings, S.R., San Martin, J., McClung, M.R., Siris, E.S., Eastell, R., Reid, L.R.,
Delmas, P., Zoog, H.B., Austin, M., Wang, A., Kutilek, S., Adami, S., Zanchetta, J.,
Libanati, C., Siddhanti, S., Christiansen, C., 2009. Denosumab for prevention of


https://doi.org/10.1177/1759720X19883973
https://doi.org/10.1177/1759720X19883973
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref2
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref2
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref2
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref3
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref3
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref3
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref4
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref4
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref4
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref5
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref5
https://doi.org/10.1016/0030-4220(59)90215-4
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref7
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref7
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref7
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref7
https://doi.org/10.1016/j.joms.2020.06.016
https://doi.org/10.1016/j.joms.2020.06.016
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref9
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref9
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref9
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref10
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref10
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref10
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref10
https://doi.org/10.1056/NEJM199602223340802
https://doi.org/10.1056/NEJM199602223340802
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref12
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref12
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref12
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref12
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref12
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref13
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref13
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref14
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref14
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref14
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref14
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref15
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref15
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref15
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref15
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref16
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref16
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref16
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref16
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref16
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref17
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref17
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref17
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref17
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref17
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref18
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref18
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref18
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref18
https://doi.org/10.1200/JCO.24.00171
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref20
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref20
https://doi.org/10.1007/s00784-021-04193-z
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref22
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref22
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref22
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref23
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref23
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref23
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref24
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref24
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref24
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref25
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref25
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref25
https://doi.org/10.1002/pbc.28778
https://doi.org/10.1002/pbc.28778
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref27
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref27
https://doi.org/10.1111/jop.12937
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref29
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref29
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref29
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref30
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref30
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref30
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref31
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref31
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref31
https://doi.org/10.31128/AJGP-10-20-5690
https://doi.org/10.1016/j.bone.2023.116722
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref34
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref34
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref34
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref35
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref35
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref35
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref36
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref36
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref36
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref36
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref37
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref37
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref37

K.T. Obermeier et al.

fractures in postmenopausal women with osteoporosis. N. Engl. J. Med. 361 (8),
756-765.

Cvjetinovic, A., Ramseier, C.A., Salvi, G.E., Laugisch, O., 2020. [Chemical additives in
toothpastes to inhibit calculus formation]. Swiss Dent. J 130 (6), 503-513.

de Boysson, H., Johnson, A., Hablani, N., Hajlaoui, W., Auzary, C., Geffray, L., 2015.
Tocilizumab in the treatment of a polyostotic variant of fibrous dysplasia of bone.
Rheumatology 54 (9), 1747-1749.

De Lange, J., van den Akker, H.P., van den Berg, H., 2007. Central giant cell granuloma
of the jaw: a review of the literature with emphasis on therapy options Oral surg oral
med oral pathol oral radiol endod, 104 (5), 603-615.

Delanian, S., Lefaix, J.-L., 2004. The radiation-induced fibroatrophic process: therapeutic
perspective via the antioxidant pathway. Radiother. Oncol. 73 (2), 119-131.

Delanian, S., Depondt, J., Lefaix, J.L., 2005. Major healing of refractory mandible
osteoradionecrosis after treatment combining pentoxifylline and tocopherol: a phase
1I trial. Head Neck: Journal for the Sciences and Specialties of the Head and Neck 27
(2), 114-123.

Delanian, S., Chatel, C., Porcher, R., Depondt, J., Lefaix, J.-L., 2011. Complete
restoration of refractory mandibular osteoradionecrosis by prolonged treatment with
a pentoxifylline-tocopherol-clodronate combination (PENTOCLO): a phase II trial.
Int. J. Radiat. Oncol. Biol. Phys. 80 (3), 832-839.

Delmas, P.D., Meunier, P.J., 1997. The management of paget’s disease of bone. N. Engl.
J. Med. 336 (8), 558-566.

DiCaprio, M.R., Enneking, W.F., 2005. Fibrous dysplasia. Pathophysiology, evaluation,
and treatment. J Bone Joint Surg Am 87 (8), 1848-1864.

Do6motor, Z.R., Vorhendi, N., Hanak, L., Hegyi, P., Kiss, S., Csiki, E., Szakd, L.,
Parniczky, A., Erss, B., 2020. Oral treatment with bisphosphonates of osteoporosis
does not increase the risk of severe gastrointestinal side effects: a meta-analysis of
randomized controlled trials. Front Endocrinol (Lausanne) 11, 573976. https://doi.
org/10.3389/fendo.2020.573976.

Dormans, J.P., Hanna, B.G., Johnston, D.R., Khurana, J.S., 2004. Surgical treatment and
recurrence rate of aneurysmal bone cysts in children. Clin. Orthop. Relat. Res. 421,
205-211.

Diirr, H.R., Grahneis, F., Baur-Melnyk, A., Knosel, T., Birkenmaier, C., Jansson, V.,
Klein, A., 2019. Aneurysmal bone cyst: results of an off label treatment with
denosumab. BMC Muscoskelet. Disord. 20 (1), 456. https://doi.org/10.1186/
512891-019-2855-y.

Eguchi, T., Kanai, I., Basugi, A., Miyata, Y., Inoue, M., Hamada, Y., 2017. The assessment
of surgical and non-surgical treatment of stage II medication-related osteonecrosis of
the jaw. Med. Oral, Patol. Oral Cirugia Bucal 22 (6), e788.

Epstein, J.B., Voss, N.J.S., Stevenson-Moore, P., 1984. Maxillofacial manifestations of
multiple myeloma: an unusual case and review of the literature. Oral Surg. Oral Med.
Oral Pathol. 57 (3), 267-271.

Epstein, J.B., Wong, F.L., Stevenson-Moore, P., 1987. Osteoradionecrosis: clinical
experience and a proposal for classification. J. Oral Maxillofac. Surg. 45 (2),
104-110.

Esposito, P., Plotkin, H., 2008. Surgical treatment of osteogenesis imperfecta: current
concepts. Curr. Opin. Pediatr. 20 (1), 52-57.

Ewing, J., 1926. Radiation osteitis. Acta Radiol. 6 (1-6), 399-412.

Eyrich, G., Harder, C., Sailer, H., Langenegger, T., Bruder, E., Michel, B., 1999. Primary
chronic osteomyelitis associated with synovitis, acne, pustulosis, hyperostosis and
osteitis (SAPHO syndrome). J. Oral Pathol. Med. 28 (10), 456-464.

Fassio, A., Idolazzi, L., Rossini, M., Viapiana, O., Gatti, D., 2016. A case of mandible
Paget’s disease of the bone treated with intravenous neridronate. Reumatismo 68
(3), 154-158.

Fleisch, H., 2001. The role of bisphosphonates in breast cancer: development of
bisphosphonates. Breast Cancer Res. 4 (1), 30.

Fleisch, H., 2007. Einfiihrung in die Bisphosphonate. Orthopa 36 (2), 103-109.

Fleisch, H., Russell, R.G., Bisaz, S., Miihlbauer, R., 1968. Der Einfluss von
Diphosphonaten auf die Ablagerung und die Auflosung von Calciumphosphat in
vitro and in vivo [Influence of diphosphonates on the deposition and dissolution
ofccalcium phosphate in vitro and in vivo]. Helv. Physiol. Pharmacol. Acta 26 (3),
CR345-C346. German.

Fleisch, H., Reszka, A., Rodan, G., Rogers, M., 2002. Bisphosphonates: Mechanisms of
Action. Principles of Bone Biology. Elsevier, pp. 1361-XLIIL

Fleuridas, G., Teysseres, N., Ragot, J., Chikhani, L., Favre-Dauvergne, E., 2002. Diffuse
sclerosing osteomyelitis of the mandible and SAPHO syndrome. Rev. Stomatol. Chir.
Maxillo-Faciale 103 (2), 96-104.

Florez, H., Peris, P., Guanabens, N., 2016. Fibrous dysplasia. Clinical review and
therapeutic management. Med Clin (Barc) 147 (12), 547-553.

Francis, M.D., 1969. The inhibition of calcium hydroxyapatite crystal growth by
polyphosphonates and polyphosphates. Calcif. Tissue Res. 3 (1), 151-162.

Francis, M.D., Briner, W.W., 1973. The effect of phosphanates on dental enamelin vitro
and calculus formationin vivo. Calcif. Tissue Res. 11 (1), 1-9.

Francis, M.D., Russell, R.G., Fleisch, H., 1969. Diphosphonates inhibit formation of
calcium phosphate crystals in vitro and pathological calcification in vivo. Science
165 (3899), 1264-1266. https://doi.org/10.1126/science.

Frank, T., Dewenter, 1., Otto, S., Siegmund, B.J., Smolka, W., Hildebrandt, T.,
Obermeier, K.T., 2024. Improved quality of life after ibandronic acid infusion in
patients suffering from diffuse sclerosing osteomyelitis of the jaw. Med. Oral Patol.
Oral Cir. Bucal 29 (6), €797-e805. https://doi.org/10.4317/medoral.26761.

Fromigué, O., Body, J.J., 2002. Bisphosphonates influence the proliferation and the
maturation of normal human osteoblasts. J. Endocrinol. Investig. 25 (6), 539-546.

Furer, V., Kishimoto, M., Tsuji, S., Taniguchi, Y., Ishihara, Y., Tomita, T., Helliwell, P.S.,
Elkayam, O., 2020. The diagnosis and treatment of adult patients with SAPHO
syndrome: controversies revealed in a multidisciplinary international survey of
physicians. Rheumatol Ther 7 (4), 883-891.

2207

Journal of Cranio-Maxillo-Facial Surgery 53 (2025) 2199-2209

Garcia-Marin, F., Iriarte-Ortabe, J., Reychler, H., 1996. Chronic diffuse sclerosing
osteomyelitis of the mandible or mandibular location of SAPHO syndrome. Acta
Stomatol. Belg. 93 (2), 65-71.

Hasegawa, T., Kawakita, A., Ueda, N., Funahara, R., Tachibana, A., Kobayashi, M.,
Kondou, E., Takeda, D., Kojima, Y., Sato, S., Yanamoto, S., Komatsubara, H.,
Umeda, M., Kirita, T., Kurita, H., Shibuya, Y., Komori, T., Japanese Study Group of
Cooperative Dentistry with Medicine (JCDM), 2017. A multicenter retrospective
study of the risk factors associated with medication-related osteonecrosis of the jaw
after tooth extraction in patients receiving oral bisphosphonate therapy: can primary
wound closure and a drug holiday really prevent MRONJ? Osteoporos. Int. 28 (8),
2465-2473. https://doi.org/10.1007/s00198-017-4063-7.

Hassing, G.J., Verkouteren, D.R.C., Breimer, G.E., van Es, R.J.J., 2025a. Novel approach
to central giant cell granuloma of the jaw: low-dose intralesional denosumab
treatment in a case series of nine patients. J. Craniomaxillofac. Surg. https://doi.org/
10.1016/j.jems.2025.05.012. S1010-5182(25)00177-5.

Hassing, G.J., Verkouteren, D.R.C., Breimer, G.E., van Es, R.J.J., 2025b. Novel approach
to central giant cell granuloma of the Jaw: low-dose intralesional denosumab
treatment in a case series of nine patients. J. Craniomaxillofac. Surg. 53 (9),
1350-1355. https://doi.org/10.1016/j.jcms.2025.05.012.

He, L., Sun, X., Liu, Z., Qiu, Y., Niu, Y., 2020. Pathogenesis and multidisciplinary
management of medication-related osteonecrosis of the jaw. Int. J. Oral Sci. 12 (1),
30. https://doi.org/10.1038/541368-020-00093-2.

Hino, S., Murase, R., Terakado, N., Shintani, S., Hamakawa, H., 2005. Response of diffuse
sclerosing osteomyelitis of the mandible to alendronate: follow-up study by 99mTc
scintigraphy. Int. J. Oral Maxillofac. Surg. 34 (5), 576-578.

Hong, 1., Lee, H.G., Keum, H.L., Kim, M.J., Jung, U.W., Kim, K., Kim, S.Y., Park, T.,
Kim, H.J., Kim, J.J., Sul, W.J., An, S., Cha, J.K., 2020. Clinical and microbiological
efficacy of pyrophosphate containing toothpaste: a double-blinded placebo-
controlled randomized clinical trial. Microorganisms 8 (11).

Ichikawa, J., Sato, E., Haro, H., Ando, T., Maekawa, S., Hamada, Y., 2009. Successful
treatment of SAPHO syndrome with an oral bisphosphonate. Rheumatol. Int. 29 (6),
713-715.

Jacobson, A.S., Buchbinder, D., Hu, K., Urken, M.L., 2010. Paradigm shifts in the
management of osteoradionecrosis of the mandible. Oral Oncol. 46 (11), 795-801.

Jaffe, H.L., Lichtenstein, L., 1942. Solitary unicameral bone cyst: with emphasis on the
roentgen picture, the pathologic appearance and the pathogenesis. Arch. Surg. 44
(6), 1004-1025.

Javaid, M.K., Boyce, A., Appelman-Dijkstra, N., Ong, J., Defabianis, P., Offiah, A.,
Arundel, P., Shaw, N., Pos, V.D., Underhil, A., Portero, D., Heral, L., Heegaard, A.M.,
Masi, L., Monsell, F., Stanton, R., Dijkstra, P.D.S., Brandi, M.L., Chapurlat, R.,
Hamdy, N.A.T., Collins, M.T., 2019. Best practice management guidelines for fibrous
dysplasia/McCune-Albright syndrome: a consensus statement from the FD/MAS
international consortium. Orphanet J. Rare Dis. 14 (1), 139.

Kaffe, 1., Ardekian, L., Taicher, S., Littner, M.M., Buchner, A., Hashomer, T., 1996.
Radiologic features of central giant cell granuloma of the jaws. Oral Surg. Oral Med.
Oral Pathol. Oral Radiol. Endod. 720-726.

Kahn, M.F., Hayem, F., Hayem, G., Grossin, M., 1994. Is diffuse sclerosing osteomyelitis
of the mandible part of the synovitis, acne, pustulosis, hyperostosis, osteitis (SAPHO)
syndrome?: analysis of seven cases. Oral Surg. Oral Med. Oral Pathol. 78 (5),
594-598.

Kerrison, C., Davidson, J.E., Cleary, A.G., Beresford, M.W., 2004. Pamidronate in the
treatment of childhood SAPHO syndrome. Rheumatology 43 (10), 1246-1251.
Kim, J.W., Alfafara, A.M.D., Kim, H.Y., Kim, S.Y., Kim, S.J., 2019. Effects of pH alteration
on the pathogenesis of medication-related osteonecrosis of the jaw. Bone 122,

45-51. https://doi.org/10.1016/j.bone.2019.02.007.

Kim, H.Y., Shim, J.H., Heo, C.Y., 2023. A rare skeletal disorder, fibrous dysplasia: a
review of its pathogenesis and therapeutic prospects. Int. J. Mol. Sci. 24 (21), 15591.
https://doi.org/10.3390/ijms242115591.

Kishimoto, H., Noguchi, K., Takaoka, K., 2019. Novel insight into the management of
bisphosphonate-related osteonecrosis of the jaw (BRONJ). Japanese Dental Science
Review 55 (1), 95-102.

Kopterides, P., Pikazis, D., Koufos, C., 2004. Successful treatment of SAPHO syndrome
with zoledronic acid. Arthritis Rheum. 50 (9), 2970-2973.

Kuijpers, S.C.C., de Jong, E., Hamdy, N.A.T., Richard van Merkesteyn, J.P., 2011. Initial
results of the treatment of diffuse sclerosing osteomyelitis of the mandible with
bisphosphonates. J. Cranio-Maxillofacial Surg. 39 (1), 65-68.

Kujanpaa, M., Vuollo, V., Tiisanoja, A., Laitala, M.L., Sandor, G.K., Karki, S., 2025.
Incidence of medication-related osteonecrosis of the jaw and associated
antiresorptive drugs in adult Finnish population. Sci. Rep. 15 (1), 17377. https://doi.
org/10.1038/541598-025-02225-2.

Kurucu, N., Akyuz, C., Ergen, F.B., Yalcin, B., Kosemehmetoglu, K., Ayvaz, M., Varan, A.,
Aydin, B., Kutluk, T., 2018. Denosumab treatment in aneurysmal bone cyst:
evaluation of nine cases. Pediatr. Blood Cancer 65 (4). https://doi.org/10.1002/
pbc.26926.

Lemaire, V., 1984. Hypercalcémies des cancers et des myélomes [Hypercalcemia of
cancer and myeloma]. Rev Rhum Mal Osteoartic 51 (11), 633-42. French. PMID:
6395303.

Locke, F.L., Morgan, G.J., 2012. What is the evidence for the use of bisphosphonate
therapy in newly diagnosed multiple myeloma patients lacking bone disease?
Hematology 2012 (1), 350-353.

Lorange, J.P., Ramirez Garcia Luna, J., Grou-Boileau, F., Rosenzweig, D., Weber, M.H.,
Akoury, E., 2023. Management of bone metastasis with zoledronic acid: a systematic
review and Bayesian network meta-analysis. J. Bone Oncol. 39, 100470. https://doi.
0rg/10.1016/j.jb0.2023.100470.

Lyles, K.W., Siris, E.S., Singer, F.R., Meunier, P.J., 2001. A clinical approach to diagnosis
and management of Paget’s disease of bone. J. Bone Miner. Res. 16 (8), 1379-1387.


http://refhub.elsevier.com/S1010-5182(25)00318-X/sref37
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref37
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref38
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref38
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref39
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref39
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref39
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref40
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref40
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref40
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref41
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref41
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref42
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref42
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref42
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref42
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref43
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref43
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref43
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref43
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref44
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref44
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref45
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref45
https://doi.org/10.3389/fendo.2020.573976
https://doi.org/10.3389/fendo.2020.573976
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref47
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref47
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref47
https://doi.org/10.1186/s12891-019-2855-y
https://doi.org/10.1186/s12891-019-2855-y
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref49
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref49
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref49
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref50
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref50
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref50
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref51
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref51
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref51
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref52
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref52
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref53
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref54
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref54
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref54
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref55
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref55
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref55
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref56
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref56
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref57
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref58
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref58
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref58
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref58
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref58
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref59
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref59
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref60
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref60
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref60
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref61
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref61
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref62
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref62
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref63
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref63
https://doi.org/10.1126/science
https://doi.org/10.4317/medoral.26761
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref66
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref66
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref67
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref67
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref67
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref67
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref68
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref68
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref68
https://doi.org/10.1007/s00198-017-4063-7
https://doi.org/10.1016/j.jcms.2025.05.012
https://doi.org/10.1016/j.jcms.2025.05.012
https://doi.org/10.1016/j.jcms.2025.05.012
https://doi.org/10.1038/s41368-020-00093-2
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref73
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref73
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref73
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref74
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref74
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref74
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref74
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref75
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref75
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref75
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref76
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref76
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref77
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref77
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref77
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref78
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref78
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref78
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref78
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref78
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref78
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref79
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref79
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref79
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref80
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref80
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref80
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref80
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref81
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref81
https://doi.org/10.1016/j.bone.2019.02.007
https://doi.org/10.3390/ijms242115591
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref84
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref84
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref84
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref85
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref85
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref86
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref86
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref86
https://doi.org/10.1038/s41598-025-02225-2
https://doi.org/10.1038/s41598-025-02225-2
https://doi.org/10.1002/pbc.26926
https://doi.org/10.1002/pbc.26926
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref89
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref89
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref89
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref90
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref90
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref90
https://doi.org/10.1016/j.jbo.2023.100470
https://doi.org/10.1016/j.jbo.2023.100470
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref92
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref92

K.T. Obermeier et al.

Machado, R.A., Pontes, H., Pires, F.R., Silveira, H.M., Bufalino, A., Carlos, R., Tuji, F.M.,
Alves, D., Santos-Silva, A.R., Lopes, M.A., Capistrano, H.M., Coletta, R.D.,

Fonseca, F.P., 2017. Clinical and genetic analysis of patients with cherubism. Oral
Dis. 23 (8), 1109-1115. https://doi.org/10.1111/0di.12705.

Marx, R.E., 2003. Pamidronate (Aredia) and zoledronate (Zometa) induced avascular
necrosis of the jaws: a growing epidemic. J. Oral Maxillofac. Surg. 61 (9),
1115-1117.

Matharu, J., Taylor, H., Sproat, C., Kwok, J., Brown, J., Patel, V., 2020. Diffuse sclerosing
osteomyelitis: a case series and literature review. Oral Surg. Oral Med. Oral Pathol.
Oral Radiol. 129 (5), 437-446. https://doi.org/10.1016/j.0000.2019.11.010.

Maximen, J., Robin, F., Tronchot, A., Rossetti, A., Ropars, M., Guggenbuhl, P., 2022.
Denosumab in the management of aneurysmal bone cyst. Jt. Bone Spine 89 (1),
105260. https://doi.org/10.1016/].jbspin.2021.105260.

McLeod, N.M.H., Pratt, C.A., Mellor, T.K., Brennan, P.A., 2012. Pentoxifylline and
tocopherol in the management of patients with osteoradionecrosis, the Portsmouth
experience. Br. J. Oral Maxillofac. Surg. 50 (1), 41-44.

Menon, S., Venkatswamy, S., Ramu, V., Banu, K., Ehtaih, S., Kashyap, V.M., 2013.
Craniofacial fibrous dysplasia: surgery and literature review. Ann Maxillofac Surg 3
(1), 66-71.

Mizuta, K., Oshiro, H., Katsuki, R., Tsuha, Y., Aoki, Y., Tome, Y., Nishida, K., 2023.
Denosumab administration for bone metastases from solid tumors: a retrospective
cross-sectional study. BMC Cancer 23 (1), 999. https://doi.org/10.1186/512885-
023-11495-w.

Montonen, M., Kalso, E., Pylkkaren, L., Lindstrorm, B.M., Lindqvist, C., 2001. Disodium
clodronate in the treatment of diffuse sclerosing osteomyelitis (DSO) of the
mandible. Int. J. Oral Maxillofac. Surg. 30 (4), 313-317.

Nguyen, M.T., Borchers, A., Selmi, C., Naguwa, S.M., Cheema, G., Gershwin, M.E., 2012.
The SAPHO syndrome. Seminars in Arthritis and Rheumatism. Elsevier.

Nicolatou-Galitis, O., Schigdt, M., Mendes, R.A., Ripamonti, C., Hope, S., Drudge-
Coates, L., Niepel, D., Van den Wyngaert, T., 2019. Medication-related osteonecrosis
of the jaw: definition and best practice for prevention, diagnosis, and treatment. Oral
Surg. Oral Med. Oral Pathol. Oral Radiol. 127 (2), 117-135.

Notani, K.i., Yamazaki, Y., Kitada, H., Sakakibara, N., Fukuda, H., Omori, K.,
Nakamura, M., 2003. Management of mandibular osteoradionecrosis corresponding
to the severity of osteoradionecrosis and the method of radiotherapy. Head Neck:
Journal for the Sciences and Specialties of the Head and Neck 25 (3), 181-186.

Oh, H.-K., Chambers, M.S., Martin, J.W., Lim, H.-J., Park, H.-J., 2009. Osteoradionecrosis
of the mandible: treatment outcomes and factors influencing the progress of
osteoradionecrosis. J. Oral Maxillofac. Surg. 67 (7), 1378-1386.

Otto, S., Hafner, S., Mast, G., Tischer, T., Volkmer, E., Schieker, M., Stiirzenbaum, S.R.,
von Tresckow, E., Kolk, A., Ehrenfeld, M., Pautke, C., 2010. Bisphosphonate-related
osteonecrosis of the jaw: is pH the missing part in the pathogenesis puzzle? J. Oral
Maxillofac. Surg. 68 (5), 1158-1161. https://doi.org/10.1016/j.joms.2009.07.079.

Otto, S., Abu-Id, M.H., Fedele, S., Warnke, P.H., Becker, S.T., Kolk, A., Miicke, T.,
Mast, G., Kohnke, R., Volkmer, E., 2011a. Osteoporosis and bisphosphonates-related
osteonecrosis of the jaw: not just a sporadic coincidence-a multi-centre study.

J. Cranio-Maxillofacial Surg. 39 (4), 272-277.

Otto, S., Sotlar, K., Ehrenfeld, M., Pautke, C., 2011b. Osteonecrosis of the jaw as a
possible rare side effect of annual bisphosphonate administration for osteoporosis: a
case report. J. Med. Case Rep. 5 (1), 477.

Otto, S., Troeltzsch, M., Burian, E., Mahaini, S., Probst, F., Pautke, C., Ehrenfeld, M.,
Smolka, W., 2015. Ibandronate treatment of diffuse sclerosing osteomyelitis of the
mandible: pain relief and insight into pathogenesis. J. Cranio-Maxillofacial Surg. 43
(9), 1837-1842.

Otto, S., Burian, E., Troeltzsch, M., Kaeppler, G., Ehrenfeld, M., 2018. Denosumab as a
potential treatment alternative for patients suffering from diffuse sclerosing
osteomyelitis of the mandible—A rapid communication. J. Cranio-Maxillofacial
Surg. 46 (4), 534-537.

Pageau, S.C., 2009. Denosumab. mAbs 1 (3), 210-215. https://doi.org/10.4161/
mabs.1.3.8592.

Pan, K.S., Boyce, A.M., 2021. Denosumab treatment for giant cell tumors, aneurysmal
bone cysts, and fibrous dysplasia-risks and benefits. Curr. Osteoporos. Rep. 19 (2),
141-150. https://doi.org/10.1007/s11914-021-00657-z.

Pantoja, L.L.Q., Lustosa, M., Yamaguti, P.M., Rosa, L.S., Leite, A.F., Figueiredo, P.T.S.,
Castro, L.C., Acevedo, A.C., 2022. Pamidronate therapy increases trabecular bone
complexity of mandibular condyles in individuals with osteogenesis imperfecta.
Calcif. Tissue Int. 110 (3), 303-312. https://doi.org/10.1007/500223-021-00915-3.

Pichardo, S.E.C., van der Hee, J.G., Fiocco, M., Appelman-Dijkstra, N.M., van
Merkesteyn, J.P.R., 2020. Dental implants as risk factors for patients with
medication-related osteonecrosis of the jaws (MRONJ). Br. J. Oral Maxillofac. Surg.
58 (7), 771-776. https://doi.org/10.1016/j.bjoms.2020.03.022.

Pogrel, M.A., Hossaini-Zadeh, M., 2021. Denosumab for the management of central giant
cell granuloma of the jaws-a case series. Int. J. Oral Maxillofac. Surg. 50 (8),
1019-1022. https://doi.org/10.1016/j.ijom.2020.12.013.

Poxleitner, P., Engelhardt, M., Schmelzeisen, R., Voss, P., 2017. The prevention of
medication-related osteonecrosis of the jaw. Dtsch. Arztebl. Int. 114 (5), 63.

Ralston, S.H., Langston, A.L., Reid, L.R., 2008. Pathogenesis and management of paget’s
disease of bone. Lancet 372 (9633), 155-163.

Ralston, S.H., Corral-Gudino, L., Cooper, C., Francis, R.M., Fraser, W.D., Gennari, L.,
Guanabens, N., Javaid, M.K., Layfield, R., O’Neill, T.W., Russell, R.G.G., Stone, M.D.,
Simpson, K., Wilkinson, D., Wills, R., Zillikens, M.C., Tuck, S.P., 2019. Diagnosis and
management of paget’s disease of bone in adults: a clinical guideline. J. Bone Miner.
Res. 34 (4), 579-604.

Reichenberger, E.J., Levine, M.A., Olsen, B.R., Papadaki, M.E., Lietman, S.A., 2012. The
role of SH3BP2 in the pathophysiology of cherubism. Orphanet J. Rare Dis. 7 (Suppl.
1), S5. https://doi.org/10.1186/1750-1172-7-51-55. Suppl 1.

2208

Journal of Cranio-Maxillo-Facial Surgery 53 (2025) 2199-2209

Reid, LR., Sharma, S., Kalluru, R., Eagleton, C., 2016. Treatment of paget’s disease of
bone with denosumab: case report and literature review. Calcif. Tissue Int. 99 (3),
322-325. https://doi.org/10.1007/s00223-016-0150-6.

Rendina, D., Falchetti, A., Diacinti, D., Bertoldo, F., Merlotti, D., Giannini, S.,
Cianferotti, L., Girasole, G., Di Monaco, M., Gonnelli, S., Malavolta, N., Minisola, S.,
Vescini, F., Rossini, M., Frediani, B., Chiodini, 1., Asciutti, F., Gennari, L., 2024.
Diagnosis and treatment of paget’s disease of bone: position paper from the Italian
society of osteoporosis, mineral metabolism and skeletal diseases (SIOMMMS).

J. Endocrinol. Investig. 47 (6), 1335-1360. https://doi.org/10.1007/540618-024-
02318-1.

Reuther, T., Schuster, T., Mende, U., Kiibler, A., 2003. Osteoradionecrosis of the jaws as a
side effect of radiotherapy of head and neck tumour Patients—a report of a thirty
year retrospective review. Int. J. Oral Maxillofac. Surg. 32 (3), 289-295.

Rhou, Y.J.J., Wang, C.J., Nguyen, M., Vanderniet, J.A., Munns, C.F., Coleman, H.,
Kim, J., Holmes-Walker, D.J., Lim, L., Girgis, C.M., 2022. Clinical and radiologic
response of central giant cell granuloma to denosumab: a 6-Year prospective
observational study. Calcif. Tissue Int. 110 (4), 464-474. https://doi.org/10.1007/
500223-021-00935-z.

Ricalde, P., Horswell, B.B., 2001. Craniofacial fibrous dysplasia of the fronto-orbital
region: a case series and literature review. J. Oral Maxillofac. Surg. 59 (2), 157-167.
; discussion 167-158.

Rivero, J.A., Shamji, O., Kolokythas, A., 2017. Osteoradionecrosis: a review of
pathophysiology, prevention and pharmacologic management using pentoxifylline,
a-tocopherol, and clodronate. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 124 (5),
464-471.

Roca, ., Barber, 1., Fontecha, C.G., Soldado, F., 2013. Evaluation of bone viability.
Pediatr. Radiol. 43 (4), 393-405.

Ruggiero, S.L., Dodson, T.B., Aghaloo, T., Carlson, E.R., Ward, B.B., Kademani, D., 2022.
American association of oral and maxillofacial surgeons’ position paper on
medication-related osteonecrosis of the Jaws-2022 update. J. Oral Maxillofac. Surg.
80 (5), 920-943. https://doi.org/10.1016/j.joms.2022.02.008.

Sambrook, P., Cooper, C., 2006. Osteoporosis. Lancet 367 (9527), 2010-2018.

Sandhu, V., Ajit Singh, V., Puri, A., 2024. Exploring Denosumab’s potential in
aneurysmal bone cyst treatment: a scoping review. J Orthop Surg (Hong Kong) 32
(3), 10225536241297105. https://doi.org/10.1177/10225536241297105.

Schwartz, H.C., Kagan, A.R., 2002. Osteoradionecrosis of the mandible: scientific basis
for clinical staging. Am. J. Clin. Oncol. 25 (2), 168-171.

Shaw, R., Knight, R., Basoglu, A., Bajwa, M., Perry, J., Kanatas, A., Fedele, S., Killen, V.,
Tangney, R., Butterworth, C., McCaul, J., Dhanda, J., Patel, V., Evans, M.,
Jackson, R., 2025. RAPTOR: randomised controlled trial of PENTOCLO
(pentoxifylline-tocopherol-clodronate) in mandibular Osteoradionecrosis-study
protocol for an open-label phase II randomised controlled superiority trial. Trials 26
(1), 254. https://doi.org/10.1186/513063-025-08966-9.

Smith, B.J., Eveson, J.W., 1981. Paget’s disease of bone with particular reference to
dentistry. J. Oral Pathol. 10 (4), 233-247.

Smith, D., Yong, K., 2013. Multiple myeloma. BMJ Br. Med. J. (Clin. Res. Ed.) 346,
£3863.

Soubrier, M., Dubost, J.J., Ristori, J.M., Sauvezie, B., Bussiere, J.L., 2001. Pamidronate in
the treatment of diffuse sclerosing osteomyelitis of the mandible. Oral Surg. Oral
Med. Oral Pathol. Oral Radiol. Endod. 92 (6), 637-640.

Speiser, P.W., Clarson, C.L., Eugster, E.A., Kemp, S.F., Radovick, S., Rogol, A.D.,
Wilson, T.A., Pharmacy, L.W.P.E.S., Committee, Therapeutic, 2005. Bisphosphonate
treatment of pediatric bone disease. Pediatr. Endocrinol. Rev. 3 (2), 87-96.

Stoopler, E.T., Vogl, D.T., Stadtmauer, E.A., 2007. Medical management update: multiple
myeloma. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 103 (5), 599-609.

Suei, Y., Taguchi, A., Tanimoto, K., 2005. Diagnosis and classification of mandibular
osteomyelitis. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 100 (2),
207-214.

Sugata, T., Fujita, Y., Myoken, Y., Kiriyama, T., 2003. Letter to the editor. Int. J. Oral
Maxillofac. Surg. 32 (5), 574-575.

Then, C., Horauf, N., Otto, S., Pautke, C., von Tresckow, E., Rohnisch, T., Baumann, P.,
Schmidmaier, R., Bumeder, 1., Oduncu, F.S., 2012. Incidence and risk factors of
bisphosphonate-related osteonecrosis of the jaw in multiple myeloma patients
having undergone autologous stem cell transplantation. Oncol. Res. Treat. 35 (11),
658-664.

Theodorou, D.J., Theodorou, S.J., Sartoris, D.J., 2003. Primary non-odontogenic tumors
of the jawbones: an overview of essential radiographic findings. Clin. Imag. 27 (1),
59-70.

Troeltzsch, M., Woodlock, T., Kriegelstein, S., Steiner, T., Messlinger, K., Troeltzsch, M.,
2012. Physiology and pharmacology of nonbisphosphonate drugs implicated in
osteonecrosis of the jaw. J. Can. Dent. Assoc. 78, c85.

Vozenin-Brotons, M.-C., Milliat, F., Sabourin, J.-C., de Gouville, A.-C., Frangois, A.,
Lasser, P., Morice, P., Haie-Meder, C., Lusinchi, A., Antoun, S., 2003. Fibrogenic
signals in patients with radiation enteritis are associated with increased connective
tissue growth factor expression. Int. J. Radiat. Oncol. Biol. Phys. 56 (2), 561-572.

Wajda, B.G., Ferrie, L.E., Abbott, A.G., Elmi Assadzadeh, G., Monument, M.J., Kendal, J.
K., 2025. Denosumab vs. zoledronic acid for metastatic bone disease: a
comprehensive systematic review and meta-analysis of randomized controlled trials.
Cancers (Basel) 17 (3), 388. https://doi.org/10.3390/cancers17030388.

Wang, D., Tang, X., Shi, Q., Wang, R., Ji, T., Tang, X., Guo, W., 2023. Denosumab in
pediatric bone disorders and the role of RANKL blockade: a narrative review. Transl.
Pediatr. 12 (3), 470-486. https://doi.org/10.21037/tp-22-276. Epub 2023 Mar 6.

Ward, J., Singh, A., White, C., Riedel, E., Lewis, R., Yom, S.K., Halpern, J., Randazzo, J.
D., Kronstadt, K.L., Huryn, J.M., Estilo, C.L., 2024. Determinants of outcome in
cancer patients with medication-related osteonecrosis of the jaw: a 19-year


https://doi.org/10.1111/odi.12705
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref94
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref94
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref94
https://doi.org/10.1016/j.oooo.2019.11.010
https://doi.org/10.1016/j.jbspin.2021.105260
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref97
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref97
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref97
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref98
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref98
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref98
https://doi.org/10.1186/s12885-023-11495-w
https://doi.org/10.1186/s12885-023-11495-w
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref100
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref100
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref100
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref101
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref101
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref102
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref102
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref102
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref102
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref103
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref103
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref103
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref103
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref104
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref104
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref104
https://doi.org/10.1016/j.joms.2009.07.079
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref106
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref106
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref106
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref106
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref107
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref107
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref107
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref108
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref108
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref108
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref108
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref109
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref109
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref109
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref109
https://doi.org/10.4161/mabs.1.3.8592
https://doi.org/10.4161/mabs.1.3.8592
https://doi.org/10.1007/s11914-021-00657-z
https://doi.org/10.1007/s00223-021-00915-3
https://doi.org/10.1016/j.bjoms.2020.03.022
https://doi.org/10.1016/j.ijom.2020.12.013
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref115
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref115
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref116
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref116
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref117
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref117
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref117
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref117
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref117
https://doi.org/10.1186/1750-1172-7-S1-S5
https://doi.org/10.1007/s00223-016-0150-6
https://doi.org/10.1007/s40618-024-02318-1
https://doi.org/10.1007/s40618-024-02318-1
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref121
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref121
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref121
https://doi.org/10.1007/s00223-021-00935-z
https://doi.org/10.1007/s00223-021-00935-z
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref123
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref123
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref123
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref124
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref124
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref124
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref124
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref125
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref125
https://doi.org/10.1016/j.joms.2022.02.008
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref127
https://doi.org/10.1177/10225536241297105
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref129
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref129
https://doi.org/10.1186/s13063-025-08966-9
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref131
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref131
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref132
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref132
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref133
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref133
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref133
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref134
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref134
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref134
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref135
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref135
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref136
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref136
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref136
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref137
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref137
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref138
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref138
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref138
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref138
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref138
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref139
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref139
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref139
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref140
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref140
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref140
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref141
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref141
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref141
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref141
https://doi.org/10.3390/cancers17030388
https://doi.org/10.21037/tp-22-276

K.T. Obermeier et al.

retrospective study. Oral Oncol. Rep. 10, 100488. https://doi.org/10.1016/j.
00r.2024.100488.

Weinstein, R.S., 1997. Long-term aminobisphosphonate treatment of fibrous dysplasia:
spectacular increase in bone density. J. Bone Miner. Res. 12 (8), 1314-1315.

Weinstein, L.S., 2006. G(s)alpha mutations in fibrous dysplasia and McCune-Albright
syndrome. J. Bone Miner. Res. 21 (Suppl. 2), P120-P124.

Wentworth, K.L., Park, J., Yu, X., Hsiao, E.C., 2025. Update on the medical management
of fibrous dysplasia of the bone. Ther Adv Endocrinol Metab 16,
20420188251347350. https://doi.org/10.1177/20420188251347350.

Winter, E., Dekkers, O., Andreasen, C., D’Angelo, S., Appelman-Dijkstra, N.,
Appenzeller, S., Assmann, G., Bubbear, J., Bulaicon, O., Chapurlat, R., Choida, V.,
Clunie, G.P.R., Daoussis, D., Diekhoff, T., Flendrie, M., Fogel, O., Ghossan, R.,
Girschick, H., van Haalen, F., Hamdy, N., Hauser, B., Hedrich, C., Helliwell, P.,
Hermann, K.G., Insalaco, A., Jurik, A.G., Kishimoto, M., Lems, W., Miettunen, P.,
Muche, B., Canete, A.N., Palmou-Fontana, N., Smit, F., Teh, J., Verroken, C., de
Vlam, K., Wendling, D., Zhou, W., Zmierczak, H.G., Leerling, A., 2025. Expert

2209

Journal of Cranio-Maxillo-Facial Surgery 53 (2025) 2199-2209

consensus recommendations for the diagnosis and treatment of chronic non-bacterial
osteitis (CNO) in adults. Ann. Rheum. Dis. 84 (2), 169-187. https://doi.org/
10.1136/ard-2024-226446.

Witt, C., Borges, A.C., Klein, K., Neumann, H.-J., 1997. Radiographic manifestations of
multiple myeloma in the mandible: a retrospective study of 77 patients. J. Oral
Maxillofac. Surg. 55 (5), 450-453.

Wypij, J.M., Fan, T.M., Fredrickson, R.L., Barger, A.M., de Lorimier, L.P., Charney, S.C.,
2008. In vivo and in vitro efficacy of zoledronate for treating oral squamous cell
carcinoma in cats. J. Vet. Intern. Med. 22 (1), 158-163. https://doi.org/10.1111/
j.1939-1676.2007.0010.x.

Yamazaki, Y., Satoh, C., Ishikawa, M., Notani, K.-i., Nomura, K., Kitagawa, Y., 2007.
Remarkable response of juvenile diffuse sclerosing osteomyelitis of mandible to
pamidronate. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 104 (1), 67-71.

Zemann, W., Pau, M., Feichtinger, M., Ferra-Matschy, B., Kaercher, H., 2011. SAPHO
syndrome with affection of the mandible: diagnosis, treatment, and review of
literature. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 111 (2), 190-195.


https://doi.org/10.1016/j.oor.2024.100488
https://doi.org/10.1016/j.oor.2024.100488
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref145
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref145
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref146
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref146
https://doi.org/10.1177/20420188251347350
https://doi.org/10.1136/ard-2024-226446
https://doi.org/10.1136/ard-2024-226446
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref149
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref149
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref149
https://doi.org/10.1111/j.1939-1676.2007.0010.x
https://doi.org/10.1111/j.1939-1676.2007.0010.x
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref151
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref151
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref151
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref152
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref152
http://refhub.elsevier.com/S1010-5182(25)00318-X/sref152

	Bisphosphonates – Boon or bane for oral and maxillofacial surgery? Anti-resorptive drugs and their potential role in dentis ...
	1 Introduction: Application of antiresorptive drugs
	1.1 Introduction and objective
	1.1.1 History of anti-resorptive drugs
	1.1.2 Beneficial effects in orthopedics and oncology
	1.1.3 Side effects of anti-resorptive drugs
	1.1.4 Beneficial effects of bisphosphonates in dentistry and OMFS
	1.1.4.1 Bisphosphonates for diagnostic use



	2 AR drugs - therapy in oral and maxillofacial surgery
	2.1 Rare diseases of maxillofacial bone
	2.1.1 Paget’s disease of bone (PDB)
	2.1.2 SAPHO-syndrome
	2.1.3 Diffuse sclerosing osteomyelitis (DSO)
	2.1.4 Fibrous dysplasia (FD)
	2.1.5 Osteoradionecrosis (ORN)

	2.2 Use of antiresorptive drugs in odontogenic tumors of the jaw
	2.2.1 Treatment of aneurysmal bone cyst (ABC)
	2.2.2 Central giant cell tumor (CGCG)
	2.2.3 Cherubism

	2.3 Antiresorptive therapy in oncology
	2.3.1 Multiple myeloma (MM)
	2.3.2 Tumor infiltration of jaw bone/metastasis in jaw


	3 Discussion
	3.1 Limitations

	4 Conclusion
	4.1 Recommendations for practice

	Informed consent
	Funding
	Declaration of competing interest
	References


