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Osteonecrosis of the Jaws Secondary to 
Bisphosphonate Therapy: A Case Series

Aim:  The objective of this report is to present the clinical experiences of several patients affected with
osteonecrosis (ONJ) secondary to bisphosphonate (BP) therapy and to provide a discussion of the specific BPs 
implicated in this condition.

Background:  ONJ secondary to BP therapy is becoming an increasingly reported complication following
dental therapy. This is particularly true of surgical dental procedures such as extractions. BPs are a class of
pharmaceuticals used in the treatment of numerous disorders affecting bone, including osteoporosis, cancer 
metastases to bone, hypercalcemia of malignancy, and multiple myeloma. Although ONJ is a more recently 
described phenomenon, it is an emerging problem that may be associated with significant morbidity such as 
oral dysfunction, impaired eating ability, pain, and compromised esthetics resulting in a poor quality of life in
affected patients.

Case Report:  This is a description of 13 patients affected with ONJ secondary to BP therapy managed at the
Orofacial Pain & Oral Medicine Center, Special Patients Clinic, and Oral and Maxillofacial Surgery Clinic at the 
University of Southern California, School of Dentistry between October 2005 and April 2007, with a discussion 
of the specific BPs implicated in this condition, the clinical presentation, management, and follow-up.

Summary:  Thorough reporting of every case of ONJ is important to help advance the understanding of
this poorly understood condition. The authors’ approach to care represents a more conservative mode to 
management than previously described by many investigators.

Abstract
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Introduction
Bisphosphonates (BPs) are a class of 
pharmaceuticals used in the treatment of
numerous disorders that affect bone, including
osteoporosis, cancer metastases to bone, 
hypercalcemia of malignancy, and multiple
myeloma.1 The Food and Drug Administration 
(FDA) began approving BPs for clinical use in
1991. The drugs are formulated to be delivered
by intravenous or oral routes of administration 
as shown in Table 1. BPs are effective for the
following:

1. Treatment of refractory bone pain and 
prevention of skeletal events in metastatic 
cancers.2

2. Reduction of pathologic vertebral fractures
and pain.3,4

3. Prevention and treatment of corticosteroid-
induced bone loss at the lumbar spine and
femoral neck.5

Recent evidence indicates BPs also have direct 
anti-cancer effects.6 BP medications considerably 
improve patient quality of life and help attenuate
the morbidity or prevent the mortality that may be 
associated with osteoporosis-related fractures.
However, the optimal dosing and initiation of BP 
therapy and appropriate duration of treatment
remains uncertain.7

BPs have a high affinity for bone and 
demonstrate anti-osteoclastic and anti-angiogenic 
properties, thereby, affecting osseous remodeling 
where they aggregate in bone. BPs currently 
share numerous pharmacologic properties such 
as the following:8-11

1. They form strong bonds with hydroxyapatite
crystals concentrating selectively in bone.

2. They are potent inhibitors of osteoclastic
activity suppressing osteoclast-mediated bone 
resorption.

3. They clear rapidly from the circulation; when 
excreted in urine, they are unmetabolized.

4. They are notably persistent drugs 

accumulating over extended periods of time 
in mineralized bone matrix, remaining in the 
body for years; for example, the estimated 
half-life for alendronate is up to 12 years.

Over the 16-year period of BP use since approval 
by the FDA, numerous side effects have surfaced. 
Adverse effects of BPs include gastrointestinal
tract intolerability, symptomatic hypocalcemia, 
bone stress fractures, influenza-like illness, 
myalgia, deterioration of renal function (especially 
those on nephrotoxic drugs), renal failure, acute 
tubular necrosis, esophageal erosions and
ulcerations, and anti-angiogenic effects. Despite
the list of side effects, their prevalence is low and 
toxicologic animal studies have revealed little 
toxicity.1,6,11-14 Since 2003, there have been more 
than 2000 reports of BP-associated osteonecrosis 
(ONJ) affecting exclusively the jaw bones.15 Most
cases are associated with nitrogen-containing 
BPs as compared to non-nitrogen BPs. The FDA 
now requires a precaution regarding ONJ on
package inserts for all nitrogen-containing BPs.
The estimated prevalence of ONJ is high (6-10%)
in cancer patients receiving intravenous BP 
therapy but much lower (<1%) for patients on oral
BP therapy.11,12,16

Case Report (A Series)
In this case series 13 patients affected with 
ONJ secondary to BP therapy managed at the 
Orofacial Pain & Oral Medicine Center, Special
Patients Clinic, and Oral and Maxillofacial 
Surgery Clinic at the University of Southern
California, School of Dentistry (Los Angeles, CA,
USA) between October 2005 and April 2007 is 
reported. At the time of initial presentation, all
the patients had been or were currently under
treatment with BPs for systemic diseases not
involving oral/dental tissues; two patients had
multiple myeloma, one had breast cancer, one 
had prostate cancer, and nine had osteoporosis.

The patients with breast and prostate cancer had 
been previously diagnosed with advanced stage 
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osteoporosis were treated with alendronate. The
duration of BP therapy ranged from eight months 
to 48 months (average 29 months) in IV form 
once a month for the four cancer patients and 12 
months to 120 months (average 54.6 months) in
oral (PO) form once a week for the nine patients
with osteoporosis.

The inciting factor in the development of ONJ 
was denture trauma in six cases, tooth extraction
in six cases, and both denture trauma and tooth 
extraction in one case. Nine patients (69.2%)
had only mandibular involvement; three (23.1%) 
had only maxillary involvement, while one patient
(7.7%) had both maxillary and mandibular 
involvement.

Four of the cases are of particular interest. The 
first is patient #3, a 71-year-old African-American 
male who received zoledronic acid for 24 months 
for multiple myeloma. Although diagnosed with 
this malignancy, he had several co-morbid
conditions such as hypertension, hyperthyroidism,
depression, and schizophrenia. Due to his
psychiatric illness and poor compliance, he had 
been wearing his complete maxillary and partial
mandibular denture for almost a year without
removal, which had resulted in severe ONJ 
involving the entire maxilla (Figures 1 and 2) and
most of the mandible.

disease with skeletal metastases not involving
the jaw bones. The mean patient age at the time 
of presentation was 72.3 years, with a range of
63–80 years. The male-to-female ratio is 1:3.3 (3 
males and 10 females). The following information
was recorded for every patient: (Table 2)

• Type of BP used
• Medical condition being treated
• Duration of use
• Other medical and co-morbid conditions
• Location of ONJ
• Inciting factors such as previous dental

extractions or dental trauma to the site.

Radiographs obtained for all patients included 
panoramic X-rays, while selected patients also 
received cone-beam CT scans if conventional
radiographs showed extensive disease or if
symptoms were described by patients in areas of
the jaws without clinically identifiable abnormal
change. Radiographic findings generally 
demonstrated ill-defined lytic change with bony
sequestrum (necrotic bone) and no signs of
malignancy.

Patients with multiple myeloma and breast cancer
had received treatment with zoledronic acid, 
the patient with prostate cancer was treated 
with pamidronate, while all of the patients with 

Table 1. BP medications approved by the FDA.

Adapted from Ruggiero et al.18
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alendronate and seven months after cessation of
alendronate, bone destruction and ONJ continues.

The third case is patient #10, who although had
been on oral alendronate for only 36 months was 
wearing her partial denture almost 24 hours/day
and only removing it while brushing her remaining 
teeth twice daily. She presented with a large
exposed painful sequestration in the right maxillary 
quadrant without oro-antral communication. This
patient underwent conservative sequestrectomy
and is being managed with systemic antibiotic
therapy and chlorhexidine mouth rinses several 
times daily. This case clearly shows the critical
role of inciting trauma despite the relatively low
duration of BP intake.

The fourth case is patient #5 who is an Asian-
American female referred to the clinic for
left temporomandibular joint ‘crepitation’ and 
occasional pain on function. Her medication 
included alendronate PO once weekly for 36
months, and the site of ONJ intra-orally in
the mandible was an incidental finding. The
patient was partially edentulous with most of
the posterior teeth missing and was wearing
maxillary and mandibular partial dentures.
On intra-oral examination, a mucosal ulcer 
measuring approximately 1 mm in diameter was 
noted at the left mandibular alveolar ridge with 
no evidence of inflammation or infection. On 
probing, the periodontal probe dropped >10 mm 
into the mandibular bone at the ulcer site. The 
patient reported no symptoms and denied having 
noticed any mucosal breakdown at the partially 
edentulous left mandibular ridge. No clinical
expansion, paresthesia, or dysesthesia was noted. 
The patient was informed about the nature of her
condition and is being managed with chlorhexidine 
mouth rinses several times daily and shows no 
signs of disease progression.

In all cases patients were managed conservatively 
and consistent with their presentation.
Conservative treatment may have included 
chlorhexidine rinses for weeks to months,
oral antibiotics (Clindamycin, Amoxicillin and
clavulanate, or Azithromycin and Metronidazole)
for one to two weeks at a time, gentle
debridement, and warm saline irrigation. Soft 
acrylic stents were fabricated when exposed 
or sharp bone would cause trauma to adjacent 

The second case is patient #6, who is an 
80-year-old Asian-American female diagnosed 
with osteoporosis and was taking alendronate 
orally once weekly for nearly ten years (120
months). The patient presented with ONJ in the
left maxillary quadrant with an oro-antral fistula 
and active, draining purulence. This patient is 
being managed with systemic antibiotic therapy,
chlorhexidine mouth rinses several times daily, 
and conservative debridement of bony sequestra 
as needed. The patient had discontinued 

Figure 1. Extensive ONJ of the upper jaw 
in patient #3 showing nothing but maxillary 
skeleton coated with white plaque-like 
debris in addition to a reactive granulation 
tissue-like response involving the palate.

Figure 2. A three-dimensional reconstruction of the 
cone-beam CT scan demonstrates the extensive bony 
destruction of the mandible and maxilla. The maxillary 
involvement extends to the maxillary sinus while the 
mandibular involvement extends inferiorly to the level 
of the mental foramen.
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cases is lacking, animal models have not been
established, and no prospective studies have
been conducted to characterize this condition.
Preventive dentistry has been recommended 
as the only measure for trying to prevent ONJ,17

but this is not always successful nor is the 
outcome predictable for every patient. Significant
research into ONJ is needed at both the basic
science and clinical level in order to elucidate 
the pathogenesis and provide more insight and a
rationale for the use of therapeutics.

ONJ secondary to BPs are clinically similar in
appearance to those of radiation-induced ONJ or 
osteomyelitis of the jaws showing oral mucosal

tissue such as the tongue or other oral structures. 
In advanced cases with symptoms such as
paresthesia or pain, sequestrectomies were
performed as needed to control disease or
prevent further progression.

Figures 3 to 6 illustrate a clinical presentation 
sequel before and after treatment in patient 
#2. Complete healing and soft tissue coverage
occurred after management with antibiotics, 
spontaneous sequestration, and daily 
chlorhexidine mouth rinsing for one month.

Discussion
Currently the pathogenesis of ONJ is unknown 
and clinical and epidemiologic studies are 
lacking, therefore, no evidence-based therapeutic
protocols exist for treating the condition. 
Diagnostic criteria are not well-established,
inclusion and exclusion criteria in reported 

Figure 3. Initial clinical presentation of 
patient #2 with soft tissue swelling in the 
maxillary left quadrant with a history of 
dental extractions of the molar teeth in the 
region seven months earlier.

Figure 4. After one week of systemic 
antibiotics, the swelling dramatically 
subsided, exposing necrotic maxillary bone.

Figure 6. Three-dimensional reconstruction of cone-
beam CT scans shows extensive necrosis of the left 
maxillary bone extending towards the sinus floor and 
demonstrating sequestering alveolar sockets.

Figure 5. Spontaneous sequestration 
occurred a month later, and soft tissue 
coverage was achieved shortly thereafter 
with the patient on a 0.12% chlorhexidine 
mouthrinse and frequent warm saline 
rinses at home daily. 
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The risk of ONJ secondary to alendronate is of 
concern because several million women take this
medication for prevention of post menopausal
osteoporosis; as the aging population continues to
grow, one can expect the possible complication of
ONJ to increase as well. However, with emerging 
clinical evidence20 the decision to discontinue
alendronate treatment after five years of treatment 
without increased risk of fractures may be
followed by many physicians and, hence, there 
could be reduction of ONJ complication in these 
patients.

In a review by Woo et al.11 more than half of
all cases (60%) of ONJ have been reported to
occur after dentoalveolar surgery (such as tooth 
extraction) to treat infections, and the remaining
40% were related to infection, denture trauma, or
other physical trauma. All the patients reported
in the present case series had inciting factors of 
dental or periodontal infections and eventual teeth
extractions or denture trauma.

BPs can generally be subdivided into two
categories; nitrogen-containing BPs (located on
one of the R groups) and non-nitrogen-containing
BPs. The exact mechanism of action of BPs is 
currently being investigated, though there appears
to be differences between them. Non-nitrogen 
containing BPs are metabolized by osteoclasts 
to inactive non-hydrolyzable ATP analogues,
which accumulate intracellularly and are directly 
cytotoxic to the cell and induce apoptosis.6,11

Nitrogen-containing BPs inhibit critical enzymes
of the mevalonate pathway, particularly farnesyl 
diphosphate synthase, which is required for the
synthesis of farnesyl diphosphate and geranyl 
diphosphate and, thereby, suppress prenylation 
of small GTPases essential for many cellular
functions.6,21,22 Nitrogen-containing BPs have been 
implicated in ONJ more than the non-nitrogen 
containing ones.11,19 All the patients reported in
this case series were taking nitrogen-containing
BPs, namely zoledronic acid, pamidronate, and
alendronate.

BPs suppress osteoclastic bone resorption, and 
oversuppression of osteoclasts has been thought
to play a role in the pathogenesis of ONJ.23

The inhibition of osteoclastic activity by BPs is
achieved by the prevention of the differentiation
of precursor monocytes into osteoclasts,
blocking the activity of mature osteoclasts, and

ulcerations with bony sequestrum. These cases 
are usually asymptomatic and painless until
necrotic bone gets secondarily infected. Lesions 
are often persistent and do not respond well
to conventional treatment modalities such as 
debridement, antibiotic therapy, or hyperbaric 
oxygen therapy.

The common clinical history includes delayed or
lack of tissue healing, usually following dental
extractions or after trauma induced by denture 
appliances. If left unmanaged, ONJ lesions can 
progress and may lead to extensive areas of bony
exposure and dehiscence.18,19 ONJ cannot be 
diagnosed until there is a frank clinical lesion be 
it necrotic bone exposure or secondary infection, 
swelling, and drainage. Early ONJ without any
clinical evidence does not show appreciable 
bony changes in a routine dental radiograph 
and, hence, early diagnosis is difficult. Ruggiero 
et al.18 has proposed a clinical staging and
recommended therapy for each stage of ONJ.

The destruction in ONJ secondary to BP therapy 
is considered to be a time- and dose-dependent
phenomenon due to the long half-life of BPs in 
bone. This makes it essential to obtain a complete 
history for every patient who takes BP’s, both
oral and IV, the duration taken, and the level
of compliance.11 This was seen in this case
series with respect to both oral and IV BPs. For
example, three patients received IV zoledronic 
acid; one received the least amount and duration 
of treatment lasting only months and had the least 
amount of jaw bone affected with ONJ. The other 
two patients received years of therapy and had 
extensive ONJ that at least crossed the midline
of the jaw, and in the worst case both the maxilla 
and mandible were bilaterally affected.

Similarly, among patients on oral alendronate, 
the minimum duration was one year. However,
the two patients on oral alendronate for ten
years had the most severe bone destruction 
with an oro-antral communication in patient #6 
and inferior alveolar nerve involvement and
secondary left lower lip paresthesia in patient
#12 when compared to the other seven patients
on oral alendronate for a shorter period of time.
Interestingly, the majority of patients (69.2%) in 
this series were on oral alendronate which has a 
relatively lower prevalence of ONJ reported in the 
literature thus far.11,16
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Although no long-term supportive data exists, 
the protocol for dental treatment of patients with
ONJ secondary to BP therapy has been grouped 
into three types: (1) patients who will soon start
BPs therapy, (2) patients receiving BPs with no
evidence of ONJ, and (3) patients with established 
ONJ.18 For patients who will soon start BPs
therapy, optimizing dental health is the primary
goal. Any necessary dental therapy should be
provided prior to initiation. Patients who are
receiving BPs and have no sign of ONJ should
maintain meticulous oral hygiene. Non-surgical 
dental treatment, including dental prophylaxis, 
conservative scaling and root planning, routine 
restorations, placement of crowns, as well as 
other conservative prosthodontic appliances
should not present an increased risk of developing 
ONJ. Dental extractions, deep cleanings that 
violate the biologic width, dental implants, and 
other oral and periodontal surgeries should be
avoided and only performed in cases where it is
essential or emergent.18,28

The treatment and management of patients with 
established ONJ depends on the clinical stage
of their condition. For patients with exposed, 
asymptomatic necrotic bone (sequestrum), daily
antimicrobial rinses with 0.12% chlorhexidine and
regular clinical follow-up as dictated by the disease 
is recommended.14,18,28 A non-alcoholic formulation 
of chlorhexidine, though much more expensive,
can be used for patients who cannot tolerate the 
burning sensation from the contact of alcohol in 
conventional chlorhexidine on open sores.

Those with exposed, necrotic bone associated with
pain and infection, antibiotic therapies based on 
culture, analgesics, as well as daily antimicrobial
rinses are recommended.18 Penicillin VK is the
antibiotic of choice to manage this condition. 
Levofloxacin, Amoxicillin and clavulanate,
Clindamycin, Azithromycin, Doxycycline,
Erythromycin ethylsuccinate and Metronidazole
have also been used based on penicillin allergy 
and microbial cultures.29-31 For patients with 
exposed, necrotic bone and in patients with
pain, infection, and pathologic fracture, extra-
oral fistula, or osteolysis extending to the inferior 
border, surgical debridement of necrotic bone, 
antimicrobial therapy (PO or IV), analgesics, as 
well as daily antimicrobial rinses is recommended.
The oral surgeon is occasionally compelled to

the induction of osteoclast apoptosis.6 BPs also
inhibit the formation and activation of osteoclasts 
by impairing the distribution of osteopontin, B3 
integrin, Rac1, and Cdc42.24 The anti-resorptive 
potency of each BP varies, and zoledronic acid,
which has the highest anti-resorptive potency
(≥10,000),8 has been implicated in more than 
90% of ONJ cases.11 Three of the ten patients
with extensive ONJ lesions in this case series 
were taking zoledronic acid. Avascularity and anti-
angiogenic properties of BPs are also thought to
be involved in the pathogeneis of ONJ.23

The intriguing phenomenon of ONJ secondary 
to BPs affecting the jaws exclusively (with the
rare exception of one case of ONJ occurring in 
the tympanic plate portion of the auditory canal)25

continues to remain poorly understood, though 
numerous hypotheses have been formed. One
hypothesis is the properties of the bones in the 
jaw are different than elsewhere in the body.
The maxilla and mandible form primarily through 
intramembranous ossification, whereas long
bones form through endochondral ossification.
In general, the jaws have a greater blood supply
than other bones and a faster bone turnover
rate related both to their daily activity and the 
presence of teeth which mandates daily bone 
remodeling around the periodontal ligament.
Hence, BPs should be highly concentrated in the
jaws though this has not been proven. These 
factors, when combined with chronic invasive 
dental diseases and their treatment, could provide
the necessary circumstances for ischemic bone 
necrosis that could become secondarily infected,
particularly when exposed to the oral cavity as
sequestra.

Another hypotheses, that may or may not 
correspond with the former, is BPs inhibit new
vessel formation,26 though Hellstein and Marek27

report avascularity does not appear to be a major
cofactor.

An additional predominate theory is the microbial 
flora in the oral cavity, many of which are 
involved in numerous dental/periodontal disease 
processes as well as with the induction of
osteoclastogenesis, can come into direct contact
with the bone due to the thin, easily traumatized
epithelium, which does not usually occur 
elsewhere in the body.
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of BP therapy11,18 and treating symptoms to control 
or prevent the spread of ONJ and secondary
infection is important.18,33,34

Once the diagnosis of ONJ has been made,
there has been support for both continuing BP
treatment18 and discontinuation14,29 of the drug
for a period of time while managing the ONJ.
However, due to the long half-life of BPs in bone, 
cessation would seem to be of little value in the
short-term. Until the results of prospective studies 
are known, clinicians should follow a therapeutic
protocol based on collective experience, 
institutional policies, and individual patient needs.

Conclusion
BPs possess significant therapeutic benefits, and
their use will continue to grow and eventually 
ONJ complications can be expected to rise until 
optimal dosing and duration of treatment are 
determined. Treatment of dental and periodontal 
infections and maintenance of good oral hygiene
is critical before starting BP therapy in order to 
help prevent this significant complication of ONJ.

offer resection of the maxilla or mandible in some 
of these cases though more recent publications 
argue against such an approach.18 In most cases 
debridement is not recommended; rather, bony 
projections that cause soft tissue irritation may
be smoothed off and the patient placed on a
course of antibiotics and 0.12% chlorhexidine. 
This approach is based on the identification of
many pathogens, including actinomyces as well
as patients’ positive clinical response to this 
regimen.23,28,32 Importantly, no single therapeutic
modality applies to every patient with ONJ 
and many clinical factors must be taken into
consideration during treatment planning and 
informed consent. The experience of the authors 
suggests the need for clinical vigilance and
multiple frequent appointments (e.g., once a
week for several months) combined with patient
compliance with a given regimen in order to 
control or cure ONJ.

Although there is no definitive cure for ONJ and
most treatment is palliative, treating patients’
dental and periodontal disease prior to initiation 
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