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Updates on bisphosphonates and potential pathobiology
of bisphosphonate-induced jaw osteonecrosis

J Sarin, SS DeRossi, SO Akintoye

Department of Oral Medicine, School of Dental Medicine, University of Pennsylvania, Philadelphia, PA, USA

Osteonecrosis of the jaws is a major complication asso-
ciated with long-term use of bisphosphonates. While
osteonecrosis can arise from other precipitating condi-
tions, bisphosphonate-induced jaw osteonecrosis (BJON)
is highly associated with long-term administration of
pamidronate (Aredia®) and zoledronic acid (Zometa®),
which are two intravenous bisphosphonate formulations.
The underlying pathogenesis of BJON and its site-specific
presentation still remain to be fully elucidated. This re-
view will discuss clinically available bisphosphonates,
current opinions, pathogenesis, and management guide-
lines for bisphosphonate-induced jaw osteonecrosis.
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Introduction

‘Osteonecrosis’ is a term commonly used to describe
death of bone cells — the osteocytes in the cortical bone
and the cells of the bone marrow organ residing in the
hematopoietic compartment of trabecular bone. These
include hematopoietic stem cells (HSCs), bone marrow
stromal cells (BMSCs), pre-osteoblasts, mature osteo-
blasts, lining cells, and osteoclasts. Osteonecrosis also
destroys bone endothelial cells and vasculature leading
to impairment of blood flow within the bone. So,
osteonecrosis alone is not considered a disease but the
end result of disrupted blood flow caused by other
factors. Bisphosphonates, in particular, pamidronate
(Aredia®) and zoledronic acid (Zometa®) have been
widely associated with osteonecrosis of the jaw bones
(ONJ), a condition characterized by tissue dehiscence,
chronic bone devitalization, hypocellularity, and lytic
radiographic features. Anecdotal reports and case series
suggest that it is often refractory to therapy (Ruggiero
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et al, 2004; Marx et al, 2005; Migliorati et al, 2005a,
2006), but prospective clinical studies have not been
conducted. Other types of osteonecrosis are associated
with the infiltrative process of Gaucher’s disease, physi-
ologic changes in pregnancy, pathological processes of
trauma, and thromboembolism while others are char-
acterized as idiopathic (Katz et al, 1996; Montella et al,
1999; Bjorkman et al, 2004). In the maxillofacial com-
plex, osteonecrosis can arise as a complication of several
therapeutic regimens. In particular, osteoradionecrosis
is a distinct type of osteonecrosis that results as a
complication of high-dose radiation therapy, whereas
osteomyelitis can cause osteonecrosis from protracted
microbial invasion of bone. Less closely associated with
the maxillofacial complex is steroid-induced osteonec-
rosis described as avascular necrosis in patients on long-
term glucocorticoid therapy (Calvo-Alen et al, 2006).

The term ‘osteonecrosis of the jaw’ has been used to
describe cases of bisphosphonate-induced osteonecrosis
(Marx et al, 2005) because all previously reported cases
have been located in the jaw bones except one case in the
auditory canal (Polizzotto et al, 2006). As jaw osteonec-
rosis can arise from factors other than bisphosphonate
therapy, ONIJ specifically caused by bisphosphonates can
be referred to as ‘bisphosphonate-induced jaw osteonec-
rosis’” (BJON). Some reports have indicated a high
susceptibility of BJON in regions of thin and friable oral
mucosa such as tissue covering a torus mandibularis or
torus palatinus (Marx et al, 2005; Odvina et al, 2005;
Woo et al, 2006). An example is a 60-year-old female
multiple myeloma patient on long-term pamidronate who
was referred to our oral medicine practice to rule out
BJON (Figure 1). She had never been aware of her torus
palatinus until spontaneous tissue dehiscence occurred
over the torus. She was asymptomatic for 4 months
before complaining of unusual ‘growth on the roof of her
mouth’.

Although the underlying pathogenesis of BJON is yet
to be clearly elucidated, it is clinically distinct from other
types of osteonecrosis. The highest number of cases of
BJON have been reported in patients treated with
pamidronate and zoledronic acid which are widely used
to treat hypercalcemia associated with malignancy,
osteolytic lesions of cancer metastasis and multiple
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Figure 1 Bisphosphonate-induced osteonecrosis. This 60-year-old
female patient diagnosed with multiple myeloma was on long-term
treatment with pamidronate before developing osteonecrosis in
relation to the torus palatinus and palatal exostosis (black arrows)

myeloma, and Paget’s disease. The increasing number of
BJON cases prompted the drug manufacturer (Novartis
Pharmaceuticals, East Hanover, NJ, USA) to include
ONJ in the patient information literature as a possible
side effect of long-term administration of pamidronate
and zoledronic acid (MedWatch, 2005). However, there
are several reported cases of BJON associated with
orally administered bisphosphonates such as alendro-
nate (Fosamax®) and risedronate (Actonel®) (Ruggiero
et al, 2004; American Dental Association Council on
Scientific and Affairs, 2006). It is important for the
clinician to be more conversant with different bisphos-
phonate formulations and current updates on patho-
genesis and management of BJON to accurately counsel
patients taking these medications. This review covers
bisphosphonates currently approved for clinical use by
the USA Food and Drug Administration (FDA) and
presents an overview of current opinions on the path-
ogenesis and management of BJON.

Structure and properties of bisphosphonates

Bisphosphonates are analogs of pyrophosphate with
oxygen replaced by carbon in the pyrophosphate bond
to form a phosphate—carbon—phosphate (P-C-P) struc-
tural backbone (Figure 2). Different bisphosphonates
were designed by changing the two side chains (R’ and
R”) on the carbon atom in the P-C-P structure. The
effectiveness and binding affinity of bisphosphonates to
mineral structure is made possible by the phosphate
ends of the P-C-P structure as it allows anchorage of
bisphosphonate onto the bone surface. The two side
chains (R” and R”) dictate the anti-resorptive potency of
an individual bisphosphonate and determine the extent
of bisphosphonate binding to hydroxyapatite (Rodan
and Fleisch, 1996). Generally, bisphosphonates have
high affinity for hydroxyapatite, remaining unmetabo-
lized for long periods of time (Jung et al, 1973; Fleisch,
1998). This physicochemical property is due to the
binding of the phosphate ends to metal ions, including
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Figure 2 Chemical structure of pyrophosphate and bisphosphonate
(adapted from Fleisch, 2000)

calcium, forming both soluble and insoluble complexes
and the resistance of their P-C-P structural backbone to
heat, most chemicals and enzymatic hydrolysis (Fleisch,
2000). In addition to avid binding to hydroxyapatite,
bisphosphonates prevent hydroxyapatite crystal forma-
tion, aggregation, and dissolution (Fleisch, 2000).

Bisphosphonates inhibit bone resorption and therefore
improve bone mineral density by decreasing bone turn-
over. This action is not due to their physicochemical
properties but due to cellular mechanisms that decrease
frequency and resorption depth of bone remodeling units
(Schenk et al, 1973; Fleisch, 2000). Bisphosphonates
have direct effects on osteoclasts, reducing recruitment
and proliferation of osteoclast precursors and inducing
osteoclast apoptosis. During bone turnover, matrix-
bound bisphosphonate is phagocytosed by osteoclasts
and the accumulation of bisphosphonates in osteoclasts
changes their cytoskeleton, disrupts their ruffled border
and induces apoptosis (Hughes er al, 1995). The nitro-
gen-containing bisphosphonates inhibit the mevalonate
pathway in cholesterol biosynthesis. They inhibit farne-
sylpyrophosphate synthase, an enzyme that catalyses the
conversion of geranylpyrophosphate to farnesylpyro-
phosphate (Figure 3). This decreases formation of iso-
prenoid lipids used for post-translational prenylation
(covalent addition of multiprenyl units or fatty acid
chains) of several proteins required for cellular functions.
The final outcome is a reduction in osteoclast activity and
increased apoptosis (Luckman et a/, 1998). In a similar
fashion, non-nitrogen-containing bisphosphonates can
also induce osteoclast apoptosis. Because they are struc-
turally close to a pyrophosphate, they can be easily
integrated into the phosphate chain of ATP-containing
compounds so that the P-C-P containing ATP compound
becomes non-hydrolyzable and accumulates intracellu-
larly to induce apoptosis (Rogers, 2003).
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Figure 3 Effect of bisphosphonates. Nitrogen-containing bisphospho-
nate mediate their action by inhibiting the mevalonate pathway
involved in cholesterol synthesis. Statins clinically used to lower
cholesterol level inhibit formation of mevalonate, but bisphosphonates
inhibit farsnesylpyrophosphate (FPP) synthase, an enzyme that
catalyzes conversion of geranyl pyrophosphate to farnesylpyrophos-
phate (adapted from Fleisch, 2000)

Bisphosphonates also inhibit osteoclastic activity indi-
rectly through bone marrow stromal cells (BMSCs) and
osteoblasts. Normally, osteoblasts enhance osteoclast
recruitment and activation by interaction of osteoblast
cell surface ‘receptor activator of NFxB ligand’
(RANKL) with RANK on hematopoietic osteoclast
precursor cells. To keep this interaction in check,
osteoblasts also secrete osteoprotegerin (OPQG), a soluble
decoy receptor that competes with RANKL for RANK
to inhibit osteoclast recruitment and control osteoclast—
osteoblast balance (Lacey et al, 1998; Kostenuik, 2005).
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Bisphosphonates inhibit RANKL expression and
enhance OPG production by bone marrow stromal cells
and osteoblasts so that RANK—RANKL interaction is
disrupted. These synergistic actions lead to suppression
of osteoclast recruitment and reduction of bone resorp-
tion (Viereck et al, 2002; Nishida ez al, 2005).

Several bisphosphonates have been tested for clinical
use, but it is difficult to directly compare them because
each bisphosphonate has distinct physicochemical and
biological characteristics. Currently, there are nine
bisphosphonates approved for clinical use by the FDA
in the USA (Table 1). Seven of the nine bisphospho-
nates have been approved for oral administration while
pamidronate and zoledronic acid are given intraven-
ously. Alendronate (Fosamax®, Merck, Whitehouse
Station, NJ, USA), risedronate (Actonel®, Roche,
Nutley, NJ, USA), pamidronate (Aredia®, Novatis,
East Hanover, NJ, USA), zoledronic acid (Zometa®,
Procter & Gamble, Cincinnati, OH, USA) and ibandr-
onate (Boniva®, Sanofi-aventis, Bridgewater, NJ, USA)
are aminobisphosphonates; they have a much higher
potency because they contain nitrogen in the R’ side
chain (Table 1) (Woo et al, 2006). Since 1995, there has
been an increasing use of intravenous bisphosphonates
for the treatment of cancer bone metastasis (Michaelson
and Smith, 2005). It is therefore noteworthy, that both
pamidronate and zoledronic acid have been involved in
as many as 600 reported cases of BION, which led to the
association of BJON with long-term administration of
intravenous bisphosphonates. Presented below is a short
summary on each bisphosphonate based on available
drug monographs (RxList, 2006a).

Alendronate (Fosamax®)

Alendronate is a nitrogen-containing, orally adminis-
tered bisphosphonate that was approved by the FDA in
the USA since 1995. It is one of the top 50 prescribed

Table 1 List of bisphosphonate approved for clinical use by United States of America Food and Drug Administration (FDA), route of

administration and common side effects

Brand Route of FDA

Generic name name administration Manufacturer approval Common side effects

Alendronate sodium Fosamax Oral Merck 1995 Gastrointestinal intolerance, headache,
hypocalcemia, hypophosphatemia

Aldendronate sodium Fosamax Oral Merck 2005 Gastrointestinal intolerance, headache,

plus Vitamin D plus D bone pain, dizziness

Etidronate disodium Didronel Oral Procter & Gamble 1977 Gastrointestinal intolerance, bone pain,
fever, increased serum creatinine

Ibandronate sodium Boniva Oral/Intravenous ~ Roche and 2003 Gastrointestinal intolerance, headache,

GlaxoSmithKline bone pain, hypercholesterolemia, dizziness

Pamidronate disodium Aredia Intravenous Novartis 1991 Fever, fatigue, nausea, hypophosphatemia,
hypokalemia, infusion site reaction

Risedronate sodium Actonel Oral Procter & Gamble 1998 Gastrointestinal intolerance, headache, pain,

Risedronate sodium Actonel with ~ Oral

Procter & Gamble 2005

rash, urinary tract infection, arthralgia,
back pain, hypertension
Infection, back pain, abdominal pain,

plus calcium carbonate calcium hypertension, arthralgia
Tiludronate disodium Skelid Oral Sanofi-aventis 1997 Gastrointestinal intolerance, dizziness,
paresthesia, chest pain, edema, rhinitis,
sinusitis
Zoledronate acid Zometa Intravenous Novartis 2001 Gastrointestinal intolerance, bone pain,

fever, fatigue
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drugs in the USA with 17 915 000 prescriptions in 2005
and 20 972 548 in 2004 (RxList, 2006a,b). Uptake of
alendronate by osteoclasts is 10-fold that of osteoblasts.
Although, it does not hinder osteoclast recruitment or
attachment, alendronate inhibits osteoclast activity. By
binding to sites of active bone resorption by osteoclasts,
alendronate disrupts the osteoclast-ruffled border and its
ability to resorb bone. Increasing deposition of normal
bone over hydroxyapatite-bound alendronate traps it
within the bone matrix, making it pharmacologically
inactive. Therefore, it is necessary for patients to
continuously take alendronate to suppress newly formed
resorption surfaces. Alendronate reduces bone turnover
by reducing the number of bone remodeling sites. It
allows bone formation to surpass bone resorption at
bone remodeling sites; as a result, alendronate enhances
progressive increase in bone mass. The mean bioavail-
ability of alendronate after oral intake is 0.64% com-
pared with its intravenous equivalent; however, this is
further reduced if alendronate is taken with meals.
Metabolism of alendronate in animals or humans is still
unclear, but it is partially eliminated in urine. The half-
life of alendronate in humans is over 10 years, which is
an indication that alendronate is slowly released from
bone. Alendronate is used for prevention and treatment
of osteoporosis in postmenopausal women. It promotes
increase in bone mass, which results in marked reduc-
tion in fracture incidence in postmenopausal women. It
is also used to increase bone mass in men with
glucocorticoid-induced osteoporosis and to treat bone
lesions of Paget’s disease. However, it is not indicated
for use in children with osteogenesis imperfecta. About
170 cases of alendronate-induced jaw osteonecrosis have
been reported worldwide, with at least 29 cases reported
in the US alone (American Dental Association Council
on Scientific Affairs 2006). All cases of alendronate-
related BJON occurred in patients who had been taking
alendronate for several years. This most likely represents
a low incidence of alendronate-related osteonecrosis
considering the high number of alendronate annual
prescriptions and its long half-life. Recently, a new form
of alendronate fortified with vitamin D (Fosamax plus
D) was approved by the FDA.

Pamidronate (Aredia®)

Pamidronate is a nitrogen-containing bisphosphonate
with an amino group attached at the R’ position. It is
one of two bisphosphonates approved by the FDA for
intravenous administration. As a strong inhibitor of
bone resorption, it attaches to hydroxyapatite to block
mineral dissolution and inhibit osteoclast activity.
Pamidronate is not metabolized by humans but elimin-
ated from the body by renal clearance. It is highly
effective for treatment of cancer-associated hypercal-
cemia because of its ability to inhibit bone resorption
without affecting bone formation and mineralization.
Pamidronate is used for the treatment of hypercalcemia
of malignancy, Paget’s disease, and osteolytic bone
metastases of cancers such as breast cancer and multiple
myeloma, but it has not been approved in the US for
treatment of osteoporosis. However, in clinical studies,
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pamidronate administered intravenously has been
shown to prevent bone loss in patients with postmen-
opausal osteoporosis, recently menopausal women and
patients with corticosteroid-induced osteoporosis (Bout-
sen et al, 2001). About 211 cases of pamidronate-
induced jaw osteonecrosis have been reported world-
wide.

Zoledronic acid (Zometa®)

Zoledronic acid is also a nitrogen-containing bisphos-
phonate with an imidazole ring attached at the R’
position. Like pamidronate, zoledronic acid is adminis-
tered intravenously. It has potent anti-resorptive prop-
erties by binding to bone to inhibit resorption of
hydroxyapatite. It also inhibits osteoclast activity and
induces osteoclast apoptosis. Zoledronic acid is not
metabolized in humans but excreted intact by the
kidneys. It is mainly used for the treatment of cancer-
associated hypercalcemia and osteolytic bone metastases
of cancers such as breast cancer and multiple myeloma.
It is also not currently approved by the FDA for
treatment of osteoporosis in the USA; however, about
219 cases of zoledronic acid-induced jaw osteonecrosis
have been reported worldwide.

Risedronate (Actonel®)

Risedronate is also a nitrogen-containing bisphospho-
nate with high affinity for hydroxyapatite. It inhibits
osteoclast activity by preventing formation of osteo-
clast-ruffled border, thereby reducing bone resorption
and bone turnover. Absorption after an oral dose is
relatively rapid, with a bioavailability of 0.63% com-
pared with the equivalent intravenous dose, but this is
reduced by 55% if taken with meals. Risedronate is
taken up by bone while the remainder is excreted in
urine. Risedronate is an effective inhibitor of osteoclas-
tic bone resorption. It was FDA-approved for the
prevention and treatment of postmenopausal osteopor-
osis, glucocorticoid-induced osteoporosis and Paget’s
disease. It was also among the top 100 prescribed drugs
in the USA in 2005 with 9 660 000 prescriptions
(RxList, 2006b). Risedronate is provided as either daily
or weekly oral formulations. A combination of risedr-
onate and calcium was FDA-approved in 2005 as the
first-prescription osteoporosis therapy to include cal-
cium. It is indicated specifically for the prevention and
treatment of postmenopausal osteoporosis. The addi-
tion of calcium improves its efficacy as it is essential for
maintaining bone health. There have been approxi-
mately 12 reported cases of risedronate-related BJON
causing jaw osteonecrosis (American Dental Associ-
ation Council on Scientific and Affairs, 2006; Van den
Wyngaert et al, 20006).

Ibandronate ( Boniva®)

Ibandronate is a third-generation nitrogen-containing
oral bisphosphonate. In 2005, it became the first FDA-
approved bisphosphonate to be taken once a month.
While it is primarily administered orally, it also has an
intravenous formulation. Ibandronate has high affinity
for hydroxyapatite and inhibits osteoclast activity. It



reduces bone resorption and bone turnover, leading to a
net gain in bone mass. Absorption of ibandronate after
oral administration is about 0.6% of comparable
intravenous dose, but its bioavailability is decreased by
90% if taken with meals. Ibandronate is not metabo-
lized in humans, but is taken up either by the bone
matrix or excreted in urine. It is used for treatment and
prevention of osteoporosis. In postmenopausal women,
a daily dose of 2.5 mg day™' increased bone mineral
density by 5% in the spine and 3-4% in the hip bones;
but when the 2.5 mg day™' dose was compared with
100- and 150-mg monthly doses, the monthly formula-
tions demonstrated similar or better improvements in
bone mineral density (Miller et al, 2005). Therefore, a
monthly formulation of ibandronate has also been
approved for patient care. There has been one reported
case of ibandronate-related BJON (American Dental
Association Council on Scientific and Affairs, 2006).

Etidronate (Didronel®)

The chemical structure of etidronate does not contain
nitrogen. Unlike other bisphosphonates, ectidronate
increases bone density by acting directly on bone and
not through osteoclasts or osteoblasts. It acts by
chemisorption to calcium phosphate to inhibit forma-
tion, growth, and dissolution of hydroxyapatite. These
actions are dose-dependent, but its ability to inhibit
hydroxyapatite dissolution is best at low doses. Bio-
availability of etidronate after oral intake is about 3% of
comparable intravenous dose but half of absorbed
etidronate resides in bone. The bone-bound etidronate
is gradually eliminated from bone in about 165 days.
Etidronate has not been approved by the FDA for
treatment of osteoporosis. Rather, it is used for treat-
ment of bone lesions of Paget’s disease and for preven-
tion and treatment of heterotopic ossification (ectopic
calcification) that commonly occurs in 50% of patients
who undergo total hip replacement. However, it is
noteworthy that some studies have shown that inter-
mittent cyclical etidronate therapy prevents bone loss in
menopausal women (Storm et al, 1990; Watts et al,
1990). There are currently no reported cases of etidro-
nate-related BJON.

Tiludronate (Skelid®)

Tiludronate is a bisphosphonate that does not contain
nitrogen in its chemical structure. It also prevents bone
resorption by inhibiting osteoclast activity. However, it
acts by reducing the enzymatic transport processes that
results in bone resorption. Tiludronate mediates its
inhibition of osteoclast activity by either inhibiting
protein-tyrosine-phosphatase to make osteoblast detach
from the bone surface or by inhibiting the osteoclastic
proton pump. After oral administration, bioavailability
of tiludronate is 6% relative to an intravenous reference
dose but this is reduced by 90% if taken with meals.
Tiludronate is not metabolized by humans; it is mainly
excreted in urine. Tiludronate was approved by the
FDA to treat Paget’s disease but it is not prescribed as
commonly as other bisphosphonates. In a large trial of
postmenopausal women, oral tiludronate did not
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demonstrate effectiveness in fracture prevention prob-
ably due to use of doses that were considered sub-
optimal (Black and Rosen, 2006). There are currently no
reported cases of BJON associated with patients treated
with tiludronate.

Other bisphosphonates

Other bisphosphonate formulations not approved for
use in the USA are currently being tested or, in other
countries, for different skeletal disorders. Clodronate
disodium is readily available in both oral and intraven-
ous formulations in Canada for treatment of malig-
nancy-associated hypercalcemia. Other bisphosphonates
include EB-1053, icandronate, minodronate, neridro-
nate, and olpadronate. There are still ongoing studies on
efficacy of icandronate in patients with multiple myel-
oma, but minodronate has demonstrated some effect-
iveness in patients with osteogenesis imperfecta (Ochiai
et al, 2005; Hanai et al, 2006). Additionally, intravenous
formulations of neridronate and olpadronate are being
tested in patients with breast cancer and Paget’s disease,
respectively (van der Pluijm ez al, 1996; Roldan et al,
1998). As there are still no conclusive data on their
safety and efficacy, it is not surprising that these drugs
have not yet been approved by the FDA for use in the
USA.

The most common side effects of the nine approved
bisphosphonates are gastrointestinal intolerance, bone
pain, and flu-like symptoms (Table 1). Gastrointestinal
symptoms are common with orally administered bis-
phosphonates. This is a side effect difficult to overcome
because absorption of oral bisphosphonates is drastic-
ally reduced if taken with food. Flu-like febrile symp-
toms are more common with pamidronate and
alendronate but limited to only about a day before
disappearing. Other common side effects include dizzi-
ness, nausea, vomiting, and headaches.

Bisphosphonate-induced osteonecrosis of jaws

Long-term use of pamidronate and zoledronic acid have
been associated with up to 600 cases of BJON (Ruggiero
et al,2006; Woo et al, 2006). The strong association with
these two bisphosphonate formulations may relate to the
higher bioavailability of intravenously administered
bisphosphonates compared with oral formulations. At
least 50% of intravenous bisphosphonates is bioavaila-
ble for incorporation into the bone matrix compared
with an average of 1% of oral bisphosphonates absorbed
by the gastrointestinal tract (Ezra and Golomb, 2000).
BJON is considered the first described long-term com-
plication of bisphosphonate therapy. Most cases were
diagnosed after dental procedures such as tooth extrac-
tion, though a few cases occurred spontaneously (Mi-
gliorati et al, 2005b). BJON can present clinically as
painful, soft tissue swelling and infection, loosening of
teeth, drainage, exposed bone, or it may be asympto-
matic (Marx, 2003). There are still conflicting reports on
the bone more commonly affected between the maxilla
and mandible. Nonetheless, these reports agree that
intra-oral sites with bone covered by thin and friable
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Table 2 Stage-specific treatment recommendations for management of bisphosphonate-induced jaw osteonecrosis (*Adapted from Ruggiero et al,

2006)
Staging Clinical features Treatment strategies
Pre-BJON No apparent exposed/necrotic bone in patients who have No treatment indicated. Patient education
been treated with either oral or intravenous
bisphosphonates
Stage 1 Exposed/necrotic bone in patients who are asymptomatic Antibacterial mouth rinses. Clinical follow up on a
and have no evidence of infection quarterly basis. Patient education and review of indications
for continued bisphosphonate therapy
Stage 2 Exposed/necrotic bone associated with infection as Symptomatic treatment with broad-spectrum oral
evidenced by pain and erythema in the region of the antibiotics, e.g. penicillin, cephalexin, clindamycin, or
exposed bone with or without purulent drainage first-generation fluoroquinolone Oral antibacterial mouth
rinses. Pain control. Only superficial debridement to relieve
soft-tissue irritation
Stage 3 Exposed/necrotic bone in patients with pain, infection, and Antibacterial mouth rinses. Antibiotic therapy and pain

one or more of the following: pathologic fracture,

extra-oral fistula, or osteolysis extending to the inferior

border

control. Surgical debridement or resection for long-term
palliation of infection and pain

Adapted from Ruggiero et al (2006).

mucosa such as torus mandibularis or torus palatinus
(Figure 1) are more susceptible (Migliorati et al, 2005b;
Woo et al, 2006). It is important to clinically monitor
orofacial complex of patients taking bisphosphonate for
early signs of BJON. As a guide to management, clinical
staging of BJON was recently proposed based on the
absence or presence of symptoms (Table 2) (Ruggiero
et al, 2006).

Theories related to BJON pathogenesis

Mechanisms underlying the pathogenesis of BJON are
active areas of investigation. Currently, several theories
have been proposed to explain the pathogenesis of
BJON.

Jaw susceptibility

It has been proposed that the jaw bones are highly
susceptible to osteonecrosis, based on several anatom-
ical and physiological factors (Marx et al, 2005). First,
bisphosphonates tend to be highly concentrated in the
jaws rather than other skeletal sites because of their
high vascularity and bone turnover. Secondly, the
forces of masticatory functions and periodontal liga-
ment around numerous teeth mandate rapid bone
turnover around the periodontium and can easily
induce microfractures in bisphosphonate-induced acel-
lular and avascular bone. Thirdly, the thin oral mucosa
can be easily traumatized or breached during surgical
procedures, allowing oral microbes to track into the
necrotic bone.

Anti-osteoclast activity

The inhibitory effect of bisphosphonates on osteoclasts
causes cessation of bone remodeling and bone turnover.
Pamidronate and zoledronic acid, possibly, are highly
associated with BJON because they are potent inhibitors
of osteoclasts, unlike oral bisphosphonates (e.g. alendr-
onate) that are less potent and resist osteoclast function
less severely. After long-term administration of bisphos-
phonates, the inability of osteoclasts to resorb old bone
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causes the osteoblast and osteocytes to die leaving an
acellular bone matrix. This is followed by degeneration
of the small capillaries, avascularity, and high suscep-
tibility to microfractures (Marx et al, 2005). Inadvertent
trauma to the thin overlying oral mucosa can introduce
oral microbes into the avascular bone matrix leading to
osteonecrosis.

Anti-angiogenesis action

Bisphosphonates are also known to exhibit anti-angio-
genic property (Santini et al/, 2003). This is one reason
for their use in the management of metastatic cancer.
Theoretically, the ability of bisphosphonates to inhibit
vascular endothelial growth factor and formation of
new capillaries (Ferretti ez al, 2005) may be accentuated
in the jaw bones with high vascularity and bone
turnover. The end result is avascular necrosis. However,
other antiangiogenic drugs are not associated with
osteonecrosis in any skeletal site.

Uncoupling of osteoblast—osteoclast equilibrium in jaw
bones

Bone marrow stromal cells (BMSCs), a putative popu-
lation of postnatal stem cells within the bone marrow
organ can differentiate into multiple cell types including
pre-osteoblasts and osteoblasts. Because BMSCs express
RANKL on their cell surface, they also indirectly
modulate osteoblast—osteoclast balance. It has been
shown that the superior proliferative ability (Akintoye
et al, 2006) of orofacial marrow stromal cells (OF-
MSCs) resident in the maxilla and mandible compared
with axial skeletal site (iliac crest) make them more
susceptible to high doses of pamidronate (Stefanik et al,
2006), an intravenous bisphosphonate implicated in
BJON. Osteoblastic differentiation of OFMSCs was
reduced after pamidronate treatment, but when OF-
MSCs were pre-treated with pamidronate and co-
cultured with CD34 " hematopoietic stem cells (HSCs),
there was an appreciable increase in osteoclast number
compared with marrow stromal cells derived from iliac
crest of the same individuals. The same study suggested



that, in addition to enhancing the osteoclast-recruiting
capacity of OFMSCs, pamidronate can also suppress
OFMSC osteoblastic differentiation. Thus, unlike its
action on iliac crest BMSCs, pamidronate may act
within the jaw bones to uncouple the osteoblast—
osteoclast balance by simultaneously suppressing bone
formation while enhancing bone resorption. There is
also additional evidence that osteoclast activity is
elevated in patients on long-term bisphosphonates
because they demonstrate low serum calcium despite
elevated levels of parathyroid hormone (Ardine et al,
20006).

‘Band-wagon’ effect

In the absence of other stress-inducing factors, pamidr-
onate-treated BMSCs are able to recover and form
ectopic bone after transplantation into immunocom-
promised mice (Sarin et al, 2006; Stefanik et al, 2006).
But in clinical situations, several co-morbid factors
may promote BJON because patients with osteolytic
lesions of cancer metastasis may be taking multiple
medications including chemotherapy (Migliorati et al,
2006; Woo et al, 2006). Dexamethasone is a commonly
used adjuvant in cancer therapy and some reports
indicated that chronic administration of oral glucocor-
ticoids and estrogen in addition to bisphosphonates
may increase the risk of BJON (Marx et al, 2005;
Odvina et al, 2005). Other stress-inducing co-morbidi-
ties in cancer patients include alcohol, smoking, and
advanced age and suggested dental co-morbidities are
periodontal disease, dental caries, and root canal
therapy. It is possible that the synergistic effect of the
combination of chemotherapy, bisphosphonate-induced
cellular stress on OFMSCs due to long-term use,
cancer related co-morbid factors, uncoupling of oste-
oblast—osteoclast equilibrium, reduced vasculature,
bone microfractures, and tracking of oral microbes
through the periodontium may act in concert to
produce a ‘bandwagon effect’ (Sarin et al, 2006) that
raises disease burden and lower susceptibility threshold
in favor of BJON.

Management Guidelines

There are currently no evidence-based guidelines on the
management of BJON, therefore emphasis is placed on
preventive measures. Patients on bisphosphonates and
physicians prescribing them should be educated on
potential oral complications and risks of BION. Before
commencing bisphosphonate therapy, the patient
should be referred for a thorough dental evaluation to
identify and treat any potential sources of infection. The
dentist should emphasize oral hygiene instructions and
routine dental prophylaxis to insure optimal dental
health (Table 2).

If possible, bisphosphonate therapy should be
delayed when dental health is sub-optimal. Invasive
dental procedures should be completed, non-restorable
teeth with poor prognosis should be extracted, and
bisphosphonate therapy can be started 4-6 weeks later
to allow appropriate bone healing (Ruggiero et al,
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2006). Risks of BJON associated with oral bisphos-
phonates are far lower than intravenous formulations
but more dependent on the duration of treatment.
Elective dental treatment is not currently contraindi-
cated in this patient population (American Dental
Association Council on Scientific and Affairs, 2006)
but they should be educated on the relative low risks
associated with oral bisphosphonates, the maintenance
of optimal oral health and the need to promptly inform
their dental healthcare provider if oral symptoms
develop. If a patient is already on bisphosphonate
therapy with no evidence of osteonecrosis, it is para-
mount to emphasize good oral hygiene and preventive
dental care. Routine dental care including prophylaxis,
scaling, and root planning, and minor restorations can
be carried out without added risks for developing
BJON. However, dental extractions and other oral
surgical procedures should be avoided as bone healing
may be compromised (Migliorati et al, 2005b). Patients
with removable dentures should be examined for areas
of mucosal trauma, especially along the internal
mylohyoid ridge area. If BJON has already developed,
dental management will depend on the severity of the
lesion. Treatment objectives for these patients will be
directed at eliminating pain, controlling soft and hard
tissue infections, and minimizing progression of oste-
onecrosis. Unfortunately, these patients do not respond
well to established treatment algorithms for osteomy-
elitis or osteoradionecrosis that include surgical inter-
vention and hyperbaric oxygen therapy. Surgical
debridement of necrotic bone to create well-vascular-
ized bone conducive to healing is difficult because the
entire jawbone has been exposed to the pharmacologic
effect of bisphosphonate. Therefore, surgical treatment
should be delayed if possible. Patients with established
BJON should avoid elective dento-alveolar surgical
procedures, because the surgical sites may result in
additional areas of exposed necrotic bone. Patients
with mild, asymptomatic, or stage 1 disease may
benefit from use of antimicrobial rinses such as
0.12% chlorhexidine, while a patient with exposed
bone associated with pain and/or secondary infection
or stage 2 disease will require oral antimicrobial rinses
combined with antibiotic therapy based on culture and
sensitivity tests (Table 2). Finally, patients with painful
exposed necrotic bone, soft tissue swelling, and infec-
tion may also have pathologic jaw fracture (stage 3
disease); these patients should be treated by surgical
debridement of necrotic bone, antimicrobial therapy,
analgesics, and daily oral antimicrobial rinses (Table 2)
(Ruggiero et al, 2006).

The benefits of bisphosphonate therapy are well
established. Their ability to prevent bone fracture
reaches a peak only after long-term use, so patients
are still instructed to keep taking bisphosphonates for
an extended amount of time. It is imperative for health
professionals to carefully consider the risks and bene-
fits before taking patients off bisphosphonates as a
preventive measure for jaw osteonecrosis. The dentist
and physician managing the patient must adopt an
interdisciplinary approach that will result in the
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formulation of an effective patient-specific management
protocol.

Conclusions

There is increasing evidence that bisphosphonates
preferentially increase osteoclast activity in orofacial
bones and sites that eventually succumb to both
BJON and osteoradionecrosis (Hansen et al, 2006;
Sarin et al, 2006). Moreover, osteoclast activity is
elevated in patients on long-term bisphosphonates
because they demonstrate low serum calcium despite
elevated levels of parathyroid hormone (Ardine et al,
2006). As bisphosphonates act on osteoclasts to
modulate bone resorption, future research to conclu-
sively elucidate pathogenesis of BJON will continue to
focus on the biochemical changes that disrupt osteo-
blast—osteoclast balance in patients taking bisphos-
phonates. Current BJON management guidelines are
based on expert opinions, but an understanding of
mechanisms that underlic pathogenesis of BJON will
enhance development of evidence-based management
guidelines.
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