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Abstract
Nitrogen-containing biphosphonates are a group of medications that are increasingly used in the
management of Paget’s disease, fibrous dysplasia, osteoporosis, multiple myeloma and metastatic
prostate or breast cancer bone disease. On 2004 it was established that nitrogen-containing biphos-
phonates may induce jaw osteonecrosis and since then, a substantial number of publications has sup-
ported this finding. Jaw osteonecrosis may be asymptomatic, lasting for about a year or symptomatic,
accompanied with mild or severe pain. Jaw osteonecrosis usually results in patients with poor den-
tal hygiene, or subjected to invasive dental procedures. Its incidence increases with the length of ni-
trogen-containing biphosphonates treatment and appears to be higher for the Zometaì users. It is
important to early recognize this entity, since early intervention can make a significant difference to
the outcome of this debilitating side effect. We here report three patients who had a positive tech-
netium-99m methylene diphosphonate (99mTc-MDP) bone scan. One of these patients also had os-
teomyelitis and was treated aggressively. The other two were treated in a more conservative manner.
Detailed dental examination supported the scintigraphic findings. Biopsy was performed only in
one patient and also offered specimens for antibiotic cultures. In discussion, jaw biopsy is a debatable
procedure in the setting of jaw osteonecrosis and many consider that it should be avoided in most cas-
es, except if it is necessary to establish the diagnosis and suggest antibiotic treatment by obtaining
samples for bacterial cultures. Although axial tomography and magnetic resonance imaging are use-
ful in defining the extent of the disease, 3-phase 99mTc-MDP bone scan is the most sensitive imag-
ing modality pinpointing the disease at its early stages. In conclusion, a 3-phase 99mTc-MDP scan
with anterior and lateral views of the skull is indicated in all symptomatic or asymptomatic patients,
with a history of long-term nitrogen-containing biphosphonate treatment, since this may lead to an
early detection of the disease. 
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Introduction

P
atients with a history of malignancy are periodically tested with technetium–99m meth-
ylene diphosphonate (99mTc-MDP) bone scans for the early detection of metastases.
Since the jaw region is an unlikely site for metastatic bone lesions, any increased activity

of the tracer is usually considered as a benign “dental disease”. The various causes of 99mTc-
MDP uptake in the jaw have been reviewed elsewhere [1-3]. Common causes of focal 99mTc-
MDP uptake in the jaw are related to prior surgical manipulations in the region (tooth extrac-
tion, root canal surgery), fracture and malignancy. Less common causes, like ossifying fibro-
ma, odontoma, residual osteitis, osteomyelitis, enchondroma, osteoma (Gardner’s syndrome),
actinomycosis and lymphoma should also be included in the differential diagnosis [1-3].

Biphosphonates are powerful osteoclast inhibitors, with anti-tumor and anti-angiogenic
properties and whose half-life in the human body, once incorporated into bone tissue, is in the
range of years. Their use has been associated with hallucinations [4], uveitis [5, 6], iritis [7, 8],
scleritis [9], hearing loss [10], skin rash [11], ulcerative esophagitis [12] and lymphopenia [13]
and recently, cases of jaw osteonecrosis, as a result of biphosphonate use, appeared in the lit-
erature as well [14-32]. Nitrogen-containing biphosphonates in tablet form, commonly used
in treating osteoporosis in post-menopausal women and Paget’s disease, include Fosamaxì
(Alendronate: 4-amino-1-hydroxybutylidene-1, 1-bisphosphonic acid monosodium trihydrate)
and Actonelì (Risedronate: 1-hydroxy-2-(3-pyridinyl)ethylidene 1,1-bisphosphonic acid
monosodium hemi-pentahydrate). Nitrogen-containing biphosphonates for intravenous use,
including Arediaì (Pamidronate: (3-amino-1-hydroxypropylidene) 1, 1-bisphosphonic acid
disodium salt pentahydrate) and Zometaì (Zolendronic acid: 1-hydroxy-2-(1H -imidazol-1-yl)
ethylidene-1, 1-bisphosphonic acid monohydrate), significantly reduce skeletal-related events
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in patients with multiple myeloma and other cancers (i.e.
breast, prostate) [20, 22, 29, 32]. Long-term biphosphonate
use can result in suppression of bone turnover and compro-
mise the healing of even usual microinjuries within the bone,
that occur as a result of daily stresses [18]. Although comput-
erized tomography (CT) and magnetic resonance imaging
(MRI) are useful in defining the features and extent of the oste-
olytic lesions, 99mTc-MDP 3-phase bone scan has been found
as the most sensitive imaging method in detection of jaw os-
teonecrosis at an early stage and the authors of a recent article
propose its employment as a screening test to detect subclini-
cal cases in patients on long-term biphosphonate use [33].
Biopsies are recommended only if metastatic disease is sus-
pected and any additional dental trauma should be avoided, as
it may further precipitate and delay wound healing in this rela-
tively avascular tissue. However, whenever biopsies are per-
formed, tissue microbial cultures should always be obtained
[34]. The true incidence of jaw osteonecrosis is hard to deter-
mine and most likely it represents an under-recognized entity,
closely related with the length of the exposure to the biphos-
phonate use and the type of the received bisphosphonate. In
multiple myeloma patients, receiving intravenous zolendronic
acid (Zometaì) for 36 months, up to 15% of them developed
jaw osteonecrosis, but this complication appeared in only 4%
of the patients receiving pamidronate (Arediaì) for the same
period of time [19, 20, 34]. It has been recently suggested that
sequential imaging with technetium-99m 3-methoxy-isobutyl-
isonitrile (99mTc-MIBI) and fluoro-18 fluorodeoxy-glucose (18F-
FDG) can help differentiate between jaw osteonecrosis and
malignancy, avoiding biopsy, which is an invasive procedure
and can complicate things for the patient [35], as previously ex-
plained. Cost and non-availability of the positron emission to-
mography (PET) equipment in most nuclear medicine depart-
ments though, render this approach of highly questionable
clinical value.

The objective of this communication is to sensitize the nu-
clear medicine physicians to this emerging epidemic [20] that
accompanies the long-term nitrogen-containing biphospho-
nate administration and may either escape undetected, espe-
cially at the asymptomatic phase of the disease, or misinter-
preted. Therefore, three typical cases will be presented, show-
ing the potential of this simple, ubiquitous and simple proce-
dure of 99mTc-MDP bone scan, in the diagnosis and manage-
ment of these patients.

Cases description 
The patient of case-1 was a fifty-four years old female, with a
history of right kidney removal twenty-five years ago, due to a
coral stone. Five years ago, she developed ovarian cancer and
was subjected to surgery for removal of the ovaries and hys-
terectomy. She had also developed serious osteoporosis ac-
companied by hypercalcemia (10.9 mg/dL) and she was
placed on Zometaì per os for three years, until she developed
persistent pain in the right mandible with a non-healing ulcer-
ation, following a tooth extraction. Dental examination re-

vealed the typical findings suggestive of jaw osteonecrosis, such
as the non-healing extraction socket, presence of exposed
bone, gingival swelling and purulent discharge. Zometaì was
discontinued and a conservative approach to her jaw problem
was chosen, based on chlorhexidine rinses and antibiotics ad-
ministration. Two years later she was hospitalized for ovarian
cancer metastatic disease and she was referred to our depart-
ment for a bone scan with 99mTc-MDP. The patient in case-1
was a symptomatic patient with an established jaw os-
teonecrosis, as previous history, clinical examination and treat-
ment records revealed. Based on the literature recommenda-
tions [33], a 3-phase bone scan was performed, with jaw as the
area of interest and the results are shown in Figure 1. The
blood pool image revealed an area of 99mTc-MDP extravasa-
tion in the right mandible and in the area shown by the arrow
(Fig. 1, upper tier). The delayed images showed a photopenic
area (Fig.1, lower tier-center), adjacent to a region of increased
osteoblastic activity (Fig. 1, lower tier-left). These findings were
consistent with jaw osteonecrosis (photopenic area), with an
adjacent region in the right mandible suggestive of an active in-
flammation. The scintigraphic findings were verified on biopsy
and part of the bone was found infiltrated by bacteria and in-
flammatory cells (osteomyelitis). The patient was placed on a
regimen of antibiotics, after curettage and debridement of the
necrotic tissues. However, the patient continued to experience
significant pain, while mastication became impossible from the
affected side.

Case-2 was a seventy-seven year old male with metastatic
prostate cancer. He was started on Zometaì (intravenous
monthly injections), until 5 teeth from the mandible literally
fell-off 3 months after the onset of therapy, while the patient
experienced no symptoms (pain) on mastication. The biphos-
phonate administration was discontinued and the patient was
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Figure 1. Three-phase 99mTc-MDP scan of case-1 patient with a known jaw
osteonecrosis. The blood-pool image (upper tier) shows the area of the
extravasation of the administered radiopharmaceutical, a finding suggestive
of osteomyelitis. The delayed images indicate the presence of a photopenic
area (arrow, lower tier-center) adjacent to the area with increased
osteoblastic activity in the right mandible (arrow, lower tier-left).

5 min post injection
99mTc-MDP

3 hr post injection 99mTc-MDP
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seen in our department for a routine bone scan with 99mTc-
MDP, prior to rhenium-188 1, 1-hydroxyethylidene diphos-
phonate (186Re-HEDP) administration. An increased uptake
of 99mTc-MDP in the anterior mandible was noticed, suggest-
ing that a reparative process was taking place, following the
apparent osteonecrotic process, which caused the painless
teeth loss (Fig. 2). On dental examination, bone exposure was
observed, without any evidence of active infection, a finding
consistent with the presumed diagnosis of jaw osteonecrosis.
For this patient, based on history and dental examination find-
ings, it was not considered necessary to perform a 3-phase
99mTc-MDP bone scan. The patient was managed for his den-
tal problem conservatively (mouth rinses with chlorhexidine).

Case-3 was a fifty-five year old female with a history of
breast cancer, placed on Zometaì (intravenous monthly in-
jections) for the last 3 years. She was referred to our depart-
ment for a routine follow-up 99mTc-MDP bone scan. She
mentioned jaw pain during mastication, with moderate
swelling on inspection and her Ca-15-3 and tissue polypeptide
antigen (TPA) tumor markers were within normal levels for the
last 3 years. The patient in case 3 was a symptomatic (jaw
pain) female with a history of breast cancer and the findings of
a routine 99mTc-MDP scan in another nuclear medicine labo-
ratory were unremarkable, except for an are of increased os-
teoblastic activity in the mandible, presumably due to metasta-
tic disease from breast cancer. Since this was an unlikely area
of metastatic breast cancer spread, the suspicion for the pres-
ence of an evolving jaw osteonecrosis, secondary to the long
term of Zometaì use, was raised. Therefore, a 3-phase
99mTc-MDP scan was performed in our department, which re-
vealed the inflammatory component of an ongoing jaw os-
teonecrotic process (Fig. 3). Careful review of her previous
dental history revealed that the patient had a tooth extraction
3 years ago and 3 months after the onset of Zometaì use.
The patient was subjected to a careful dental examination,
which revealed the typical findings of jaw osteonecrosis, such
as the non-healing extraction socket, presence of exposed
bone, gingival swelling and purulent discharge. The patient
was managed for her jaw problem conservatively (mouth rins-
es with chlorhexidine and antibiotics). This case shows that a

region of increased osteoblastic activity in the jaw can be eas-
ily confused with metastatic disease and a 3-phase 99mTc-
MDP scan helps the differential diagnosis, along with a careful
history and dental examination. 

Discussion
Osteonecrosis of the jaw has been reported in cancer patients
receiving pamidronate or zolendronic acid and in osteoporot-
ic patients receiving alendronate [14-19]. Jaw osteonecrosis
presents as an exposure of the mandible or maxilla and it can
be either painful or painless. Unlike osteoradionecrosis, jaw
osteonecrosis involves the maxilla fairly frequently (1 out of 3
patients), although the mandible is the most likely site of in-
volvement (2 out of 3 patients) and about one fifth of the cas-
es develop spontaneously, in patients who did not have any
dental procedures performed. It is believed that jaw os-
teonecrosis results from the inability of the hypodynamic and
hypovascular bone to meet the demands of repair and re-
modeling, as a result of the normal stress of mastication, or
following a tooth extraction and/or tooth infection. The esti-
mated incidence of jaw osteonecrosis, associated with long-
term use of biphosphonates, can reach up to 15% (for 3-years
use) and it seems that zolendronate, alone or in combination
with pamidronate, carries the highest risk [20]. Additional risk
factors are dental procedures, poor dental hygiene, corticos-
teroid therapy and local radiotherapy. Careful history taking
with physical examination can help us manage the patient in
most cases. Biopsy should be reserved for highly suspicious
cases for the presence of metastatic disease. The nuclear med-
icine physician can be even more helpful, by suggesting a
99mTc-MIBI bone scan, which shows no jaw uptake in inflam-
matory or other benign conditions [35]. In conclusion, our
findings suggest that in patients who complain even for mild
jaw pain, a 3-phase 99mTc-MDP scan is indicated, along with
a careful review of the dental history of the patient, since it
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Figure 2. Technetium-99m-MDP scan of the asymptomatic patient of
case-2, with a history of metastatic prostate cancer, who received only a
short course of Zometaì. The arrows indicate the regions of increased
osteoblastic activity in the mandible.

Figure 3. Technetium-99m-MDP scan of the symptomatic patient of case-
3 with a history of breast cancer and under long-term Zometaì treatment.
The arrows indicate the regions of increased 99mTc-MDP extravasation (5
min post-injection) and of the increased osteoblastic activity in the
mandible (3 hr post-injection image).

99mTc-MDP 5 min post injection

99mTc-MDP 3 hr post injection
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may reveal changes compatible with either the reparative
phase of an osteonecrotic process, or bone infection (os-
teomyelitis). Any increased uptake of 99mTc-MDP in the jaw
region in this category of patients should urge for a careful
dental examination and the finding should be communicated
to the physicians in charge. Even a routine follow-up 99mTc-
MDP bone scan is a sensitive test for detecting jaw os-
teonecrosis in patients with osteoporosis, bone metastatic
cancer, Paget’s disease or fibrous dysplasia and receiving
biphosphonates, usually for a long period. It should be kept in
mind that this debilitating side effect can develop even after a
short course of this medication, without any predisposing risk
factor and can be totally asymptomatic. Therefore, it is im-
perative to include anterior and lateral views of the skull in
these patients. Early detection can help managing this in-
tractable side effect with conservative measures. 
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