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Bisphosphonates—What the Dentist
Needs to Know: Practical Considerations
John E. Fantasia, DDS*
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steonecrosis of the jaws has been identified as a
otential adverse side effect of nitrogen-containing
isphosphonate (nBP) medications.1-3 These medica-
ions are also known as amino bisphosphonates. Ear-
ier bisphosphonates usually did not have nitrogen-
ontaining side chains or the opposed hydroxyl group
nd thus were less effective.4 The overall risk of
steonecrosis in individuals taking the nBPs has not
een clearly defined; however, epidemiologic studies
nd clinical experience have indicated that an in-
reased risk exists of bisphosphonate-related osteone-
rosis of the jaws (BRONJ) developing in patients
eceiving intravenous nBPs and a lesser risk with oral
BP medications.3 The jaws are preferentially in-
olved, likely related to the dynamics of bone-forming
steoblasts and bone-resorbing osteoclasts of the al-
eolar bone compartment, because cellular activity in
one is controlled by hormones, cytokines, and me-
hanical loading.4

A recent study has identified a potential genetic
redisposition for the development of BRONJ in a
roup of myeloma patients treated with the intrave-
ous nBP pamidronate or zoledronic acid.5 In addi-
ion, Scheper et al6 suggested that zoledronic acid, at
ow concentrations, directly affected oral mucosal
issues by induction of gene-regulated apoptotic pro-
esses; thus, these soft tissue effects of the medication
ight induce or potentiate osteonecrosis. Landesberg

t al7 have also identified inhibitory effects of bisphos-
honates on oral keratinocyte cell proliferation and
ound healing. However, the specific mechanism by
hich osteonecrosis of the jaws develops is not
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53
learly understood. Yet, the dental professional is
laced in a position of recommending certain proce-
ures and the avoidance of others.8 These treatment
ecisions are determined by the understanding of the
harmacokinetics of nBPs on bone metabolism and
merging clinical data. The following represents in-
ormation that the dentist should be aware of regard-
ng patients currently receiving or who have previ-
usly received nBP medications. These include
atients at risk of BRONJ and those diagnosed with
he condition.

Bisphosphonates, particularly the nBPs, have a
trong affinity for circulating calcium and bind to
alcium at the bone surfaces.4 Therefore, they are
otent inhibitors of bone resorption and bone re-
odeling.9 These medications chelate circulating

alcium, and the nBPs inhibit enzyme activity in
steoclasts, thus inhibiting bone dissolution and
ollagen degradation; inhibit osteoclast differentia-
ion; and at greater concentrations, can induce os-
eoclast apoptosis.4 These drugs remain in the bone
or many years.4

The primary indications for the use of nBPs are the
reatment of osteoporosis3,4,10 and bone resorption
elated to metastatic tumors to the bone11,12 or the
steolytic lesions of multiple myeloma.13,14 The nBPs
re also effective in treating hypercalcemia of malig-
ancy. Some of these drugs, and at specific concen-
rations, can also inhibit angiogenesis15 and might
ave direct antitumoral effects; hence, the increased
se of these drugs in the treatment of a select group
f cancer patients. The rationales for the use of these
rugs are discussed in other sections of this supple-
ent.
The common uses of these drugs are listed in

able 1. Patients should be queried about diseases
uch as osteoporosis, long-term use of glucocorti-
oids, a history of metastatic cancer to bone, mul-
iple myeloma, and bone diseases such as Paget’s,
ecause these are the conditions for which nBPs
re most frequently prescribed. Patients should be
pecifically questioned about the use of any of the
edications listed in Table 2, and the treating cli-
ician should have knowledge of both the propri-
tary and generic nomenclature for the nBP medi-
ations currently in use. The relative potency of the

BP drugs is listed in Table 3.

mailto:fantasia@lij.edu
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54 BISPHOSPHONATES: PRACTICAL CONSIDERATIONS
verall Considerations

Dentists and physicians know quite well that pa-
ients frequently do not remember the medications
hey are taking; therefore, a request for an accurate
edication listing is advisable. Also, a patient might
ave received 1 of these medications in the past, and
erhaps because of side effects or other reasons are
ot currently taking them. The period that the patient
as taken a particular bisphosphonate medication, as
ell as previous use of one of the other bisphospho-
ates is of clinical importance. It has been our clinical
xperience that patients often have taken a medica-
ion much longer than they remember. This is critical
nformation, because it appears that not only what
BP, but also the dosage, frequency, and duration of
aking that drug or combination of nBPs, can also
nfluence the potential for developing osteonecrosis.

history of the use of nBP medication would also be
f value in discussing any potential risks of bisphos-
honate-related osteonecrosis. Some uncommon, off-

abel uses of bisphosphonates have been described in
ublished reports, such as the treatment of patients
ith chronic recurrent multifocal osteomyelitis,16

one compromise related to beta-thalassemia, central

Table 1. BISPHOSPHONATES: COMMON
INDICATIONS FOR USE

revention and treatment of osteoporosis in
postmenopausal women

ncrease bone mass in men with osteoporosis
reatment of glucocorticoid-induced osteoporosis
reatment of Paget’s disease of bone
ypercalcemia of malignancy
one metastases of solid tumors (eg, breast and prostate
carcinoma; other solid tumors)
steolytic lesions of multiple myeloma

ohn E. Fantasia. Bisphosphonates: Practical Considerations.
Oral Maxillofac Surg 2009.

Table 2. NITROGEN-CONTAINING BISPHOSPHONATE

Drug Name Active Ingredients

Fosamax* Alendronate sodium
Actonel† Risedronate sodium
Boniva‡ Ibandronate sodium

Aredia§ Pamidronate disodium
Zometa§ Zoledronic acid
Reclast§ Zoledronic acid

bbreviations: FDA, US Food and Drug Administration; IV,
*Merck & Company.
†Procter & Gamble.
‡Roche Laboratories.
§Norvartis Pharmaceuticals.
ohn E. Fantasia. Bisphosphonates: Practical Considerations. J Oral Ma
iant cell lesions of bone, Langerhans cell histiocyto-
is, fibrous dysplasia, and osteogenesis imperfecta.17

hus, diligence in questioning a patient with any
one pathologic findings, including metastatic bone
isease, metabolic bone disease, an endocrinopathy,
r a condition associated with the risk of secondary
steoporosis related to possible bisphosphonate ex-
osure would be prudent.
Physicians are the health care professionals pre-

cribing and dosing the bisphosphonates, given the
pproved clinical indications and use of these medi-
ations. These principally include family practitioners,
nternists, gynecologists, endocrinologists, rheumatolo-
ists, and medical oncologists. These practitioners are
ot necessarily cognizant of the oral manifestations of
isphosphonate osteonecrosis of the jaws. Physicians
re prescribing these drugs according to currently avail-
ble data that indicate the use of the medication out-
eighs the potential adverse side effects.18-20 It is im-
ortant that the dentist and physician communicate
egarding the best available treatment options for
heir mutual patient. Therefore, the professions re-
uire careful attention to the emerging basic science

Table 3. RELATIVE POTENCY OF NITROGEN-
CONTAINING BISPHOSPHONATES

Drug Name Generic Name Relative Potency*

oasmax Alendronate 1,000
ctonel Risedronate 5,000
oniva Ibandronate 10,000
redia Pamidronate 100
ometa Zoledronic acid 100,000
eclast Zoledronic acid 100,000

dapted from Hillner et al.11

*Relative to etidronate (a non-nitrogen-containing
isphosphonate with relative potency of 1).

ohn E. Fantasia. Bisphosphonates: Practical Considerations.
Oral Maxillofac Surg 2009.

ATIONS (AMINO BISPHOSPHONATES)

Dosage Form; Route FDA Approval

Tablet; oral 1995
Tablet; oral 1998
Tablet/injectable;

oral/IV injection
2003, 2006

Injectable; IV infusion 1991
Injectable; IV infusion 2001
Injectable; IV infusion 2007

enous.
MEDIC

intrav
xillofac Surg 2009.
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JOHN E. FANTASIA 55
nd clinical data related to bisphosphonate osteone-
rosis. The professions should also be aware of the
ovel therapies21 aimed at preventing bone resorp-
ion with similar or improved efficacy and less of a
eleterious effect on the jaws than the nBP medica-
ions currently available.

linical Features

Exposed devitalized bone is the hallmark of osteo-
ecrosis of the jaws.22-24 This clinical finding can be
receded by vague pain or discomfort in the region of

nvolvement.24 Bisphosphonate-related osteonecrosis
s something that should be included in the clinical
ifferential diagnosis of any patient with a history of
isphosphonate exposure presenting with pain in a
ooth-bearing area or edentulous region of the jaw
ith no obvious clinical or radiographic evidence of a
efined inflammatory, reactive, metabolic, cystic, or
eoplastic pathologic entity. Most cases of bisphos-
honate osteonecrosis of the jaws occurs after
ounding of the bone, such as tooth removal; how-

ver, spontaneous cases of bisphosphonate-related os-
eonecrosis have been recognized and documented.3

he process is more common in the mandible, but the
axilla can be affected.2 Some patients have multifo-

al osteonecrosis of the jaws.3 Spontaneous osteone-
rosis of palatal and mandibular tori have been de-
cribed in bisphosphonate users.22 Inflammation and
nfection are noted in advanced cases and are the

ore significant reasons for the symptomatic features
f BRONJ. Pathologic fracture, oral cutaneous fistula,
ral antral fistula, or oral nasal fistula formation can
ccur in advanced cases of BRONJ. Table 4 lists the
linical staging scheme proposed by Ruggiero et al23;
dopted by the American Association of Oral and
axillofacial Surgeons in 200724; and further modi-
ed and revised by the AAOMS in 2009. (See Ruggiero
t al, this supplement, pp 2-12.)

adiographic Features

The early stages of BRONJ can exhibit little to no
hange in the bony architecture noted on periapical
r panoramic radiographs or with computed tomog-
aphy (CT) or magnetic resonance imaging. The effect
n bone of the nBP is the inhibition of osteoclasts;
hus, the anticipated effect of increased bone mineral
ensity can yield a more radiodense appearance to
he involved bone. Because this effect is systemic and
ffects the jaws uniformly, no comparative change
ill be present in the bone architecture that is typical
f the more common focally occurring pathologic
ntities. As the osteonecrosis progresses and the bone
ecomes exposed, with breakdown of overlying soft

issues, secondary bacterial colonization and atten- c
ant focal demineralization of the bone can occur. At
hat point, a mottled appearance can be recognized
hat should raise the suspicion of an osteolytic pro-
ess such as that noted in osteomyelitis, metastatic
isease, primary lymphoma of the bone, and some
ther focal or diffuse mixed radiolucent and radio-
ense pathologic processes. Osteonecrosis of the
ones other than the jaw have rarely been reported.25

steonecrosis of the jaws in patients with known
etastatic disease, with few exceptions, have not had
istologic documentation of tumor metastases in the

aw bone affected with osteonecrosis. One could
peculate that this might be because the jaws are an
ncommon site of metastatic bone disease; or be-
ause of the aforementioned antitumoral effects of
he bisphosphonates; or the likely preferential local-
zation of the medications in the jaws that might
revent viable metastatic deposits from forming. The
rogression of the osteonecrosis can result in a dis-
inct sequestrum, typically characterized by a scle-
otic or mottled bone fragment surrounded by a pe-
ipheral radiolucency. This finding might give the

Table 4. CLINICAL STRATIFICATION AND STAGING
GUIDELINES OF PATIENTS TAKING
BISPHOSPHONATES AND THOSE WITH
OSTEONECROSIS OF JAW

Stage Description

t risk No apparent exposed/necrotic bone in
asymptomatic patients treated with either
intravenous, injectable, or oral
bisphosphonates

tage 0 No clinical evidence of exposed/necrotic
bone but nonspecific symptoms or clinical
and radiographic findings suspicious for
possible BRONJ

tage 1 Exposed, necrotic bone that is asymptomatic
and no evidence of inflammation or
infection

tage 2 Exposed, necrotic bone that is associated
with pain, erythema, and inflammation or
infection with or without purulent
drainage

tage 3 Exposed, necrotic bone in patients with
pain, inflammation or infection, and 1 or
more of the following: exposed and
necrotic bone extending beyond the
region of the alveolar bone resulting in
pathologic fracture, extraoral fistula, oral
antral/oral nasal communication, or
osteolysis extending to the inferior border
of the mandible or sinus floor

dapted from American Association of Oral and Maxillofa-
ial Surgeons revised stratification and staging guidelines,
ith permission.

ohn E. Fantasia. Bisphosphonates: Practical Considerations.
Oral Maxillofac Surg 2009.
linician reason to attempt sequestrectomy.
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56 BISPHOSPHONATES: PRACTICAL CONSIDERATIONS
Additional radiographic findings associated with
isphosphonate use include extraction sockets that
o not fill with bone in the anticipated time frame;
nd prominent residual osteosclerotic lamina dura.
hese latter 2 radiographic findings should heighten

he clinician’s awareness of the potential for osteone-
rosis, if not already clinically evident. Prominent
amina dura in dentate areas of the jaws should be
iewed with concern related to BRONJ risk. As soft
issue inflammation and secondary infection manifest,
oft tissue changes might be noted on routine dental
adiographs and the more detailed cone-beam CT, CT,
nd magnetic resonance imaging studies. Positron
mission tomography, frequently used to monitor dis-
ase activity in the cancer patient, can demonstrate an
ncreased standardized uptake value in areas of
RONJ, and the standardized uptake value might also
e influenced by an associated inflammatory compo-
ent. Sodium fluoride positron emission tomogra-
hy/CT and fluorodeoxyglucose-positron emission to-
ography/CT have both demonstrated uptake in
RONJ.13

athologic Features

Grossly, BRONJ specimens are composed of gray-
an hard tissue with or without fragmented friable soft
issue. Large specimens can require significant decal-
ification in acidic solutions, a testament to the scle-
otic nature of the involved bone. Some smaller bone
pecimens might have a soft consistency, possibly the
esult of bacterial acids, resulting in demineralization
n vivo. Microbial cultures have not consistently iden-
ified specific pathogens related to this disease pro-
ess.13,26,27 I believe that a diagnosis of microbial
nfection requires confirmation with microbial cul-
ures and should not be made solely on histologic
dentification of bacterial debris adherent to exposed
ecrotic bone.
Debridement specimens, sequestra, and resection

pecimens of BRONJ are all similar histologically. Ne-
rotic bone characterized by the absence of osteo-
ytes is the hallmark. The bone is invariably sclerotic
nd if exposed to the oral cavity will have bacterial
ebris adherent to the necrotic bone surface. Oste-
clasts are typically absent, a finding that might be
eflective of osteoclastic apoptosis caused by the
isphosphonate. Adjacent soft tissues typically con-
ist of granulation tissue with or without abscess
ormation. We have not identified evidence of meta-
tatic deposits in BRONJ bone or surrounding soft
issues, and this would be an unusual finding accord-
ng to the data from cases of BRONJ reported to date.

ultiple myeloma affecting the mandible or maxilla

ight be identified. It should be recognized that my- a
loma is a primary malignancy of the bone, and de-
osits of myeloma are not considered “metastatic.”

iochemical Markers of Bone Turnover

Clinical trials and the assessment of morbidity from
keletal-related events have documented the effective-
ess of the bisphosphonate medications.18-20 Surro-
ate markers of bone turnover represent a noninva-
ive means of assessing bone disease activity and the
esponse to therapy. This area of clinical pathologic
esearch is a focus of interest in BRONJ.13,26,28-32

Bone-forming markers, such as serum osteocalcin,
erum bone specific alkaline phosphatase, and serum
one sialoprotein, provide an indication of osteoblas-
ic activity. Bone resorption markers are many and
nclude, but are not limited to, serum and urine col-
agen type I C-telopeptide fragment assays, serum and
rine N-telopeptide assays, and urine deoxypyridino-

ine assay. Other bone resorption markers such as
rine pyridinoline, urinary hydroxyproline, and se-
um tartrate-resistant acid phosphatase are not bone
pecific, being identified in tissue sources other than
one, and therefore less-specific surrogate markers of
one metabolism. Additional surrogate markers of bone
urnover include, but are not limited to, serum calcium,
erum parathyroid hormone, serum 1,25-dihydroxy
itamin D, serum osteoprotegrin, serum osteopontin,
erum procollagen type I N propeptide, and receptor
ctivator of nuclear factor � � ligand.

Bone resorption markers are of interest in patients
eing considered for nBP therapy, assessing the effec-
iveness of those receiving nBP, assessing those at risk
f BRONJ, and in patients with BRONJ. The applica-
ion of bone turnover markers includes the assess-
ent of bone disease activity, the response to ther-

py, and whether markers normalize or exceed
ormal values with discontinuance of nBP. This latter

ndication for assessing the utility of bone turnover
arkers could influence the treatment decisions

aced by both physicians and dentists. The selective
se of these bone markers might be of value in study-

ng specific diseases and the evaluation of treatment
egimens related to specific bisphosphonates.26,29

The collagen breakdown product assays, specifi-
ally C-telopeptide immunoassay, measures collagen
ype-I fragments generated by bone resorbing oste-
clasts. Marx et al26 have suggested this assay be used
o assess renewed osteoclast activity in patients who
ave discontinued the use of an oral nBP for osteo-
orosis. These values might allow for specific treat-
ent decisions related to the capacity for bone re-
odeling to occur once oral bisphosphonates have

een discontinued. However, it must be recognized
hat intraindividual variability, gender, age, physical

ctivity, and seasonal and circadian variation exist that
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JOHN E. FANTASIA 57
an result in difficulty interpreting these assays. Pro-
edures such as fasting, morning draw of serum sam-
les, and appropriate handling of specimens have
inimized these problems. However, concern still

xists regarding the potential utility of these assays to
ccurately reflect bone turnover that is specific to the
lveolar bone compartment of the jaws, the site of
isphosphonate-specific osteonecrosis. More investi-
ation into the utility of bone resorption markers,
ither single markers or likely combinations of mark-
rs, is needed before being used to make clinical
reatment decisions. It is also important to recognize
hat there are potency-related issues with the various
BP medications (Table 3)11 and differences in the
isease states being treated with the various doses
nd formulations; therefore, extrapolation of data
rom one subset of clinical circumstances might not
pply to another. Bone turnover marker assays and
ignificant change data will be of interest as additional
ell-designed studies are conducted assessing pa-

ients’ response to therapy or discontinuation of nBP
herapy.

ase Studies

CASE 1

A 63-year-old man sustained a fracture of his right
umerus on applying slight pressure to his arm while
olding onto a stairway banister in his home. The ex-
mination revealed this was a pathologic fracture re-
ated to an as yet unidentified lytic lesion of the
umerus. The skeletal survey revealed several other

ytic lesions of bone involving the hip, spine, rib, and
emur. The lytic bone lesions represented metastatic
enal cell carcinoma. The patient was treated with
ephrectomy of the involved kidney and began a
egimen of chemotherapy that included monthly in-
ravenous administration of zoledronic acid for the
escribed bony metastases. After the third monthly

nfusion of zoledronic acid, the patient experienced
obility of the left maxillary second molar tooth and
progressive feeling of roughness to the surrounding

issues. The molar spontaneously exfoliated, the tooth
ocket did not heal, and the surrounding maxillary
lveolar bone was exposed. The medical oncologist
iscontinued the zoledronic acid. Several weeks later,
he patient experienced pain in the right mandibular
remolar area. He presented to his dentist and be-
ause of the pain and clinical and radiographic evi-
ence of bone loss, the premolars were extracted.
wo months later, he had continued pain in the right
andibular premolar area, incomplete soft tissue cov-

rage of the extraction sockets, and “dry sockets.”
he patient developed progression of the area of

xposed bone in the left maxillary alveolus, with p
inimal radiographic changes noted on panoramic
maging and minimal symptoms at this site. However,
e has since experienced pain and swelling of the
ight mandible and swelling of the right floor of the
outh. With pressure to the floor of mouth swelling,
us emanated from the nonhealed premolar extrac-
ion sockets.

This case represents one of the more common
linical scenarios concerning BRONJ. The patient was
eceiving a potent intravenous nBP, zoledronic acid.
lthough after only 3 infusions, he developed BRONJ of

he maxilla and contralateral mandible. The maxillary
RONJ developed spontaneously, and the mandibular
RONJ secondary to tooth extraction. The patient’s
ymptom of pain raises the possibility that the BRONJ
ight have started at the premolar site before the

lassic signs of BRONJ developed. Whether the man-
ibular BRONJ would have been avoided if no extrac-
ion had been performed is speculative. Treatment
as been supportive, with the use of chlorhexidine
.12% rinses twice daily, and antibiotic coverage with
enicillin when pain, swelling, or signs of infection
re identified. Several months later, sequestra had not
eveloped and despite extensive exposed bone in the
axilla, the alveolus is solid. Microbial cultures have
ot been helpful in directing therapy, because spe-
ific pathogens have not been identified. The discon-
inuation of the intravenous nBP might or might not
ffect the progression of BRONJ; thus, often, patients
ill continue their use of nBPs on re-evaluation of the
otential risks and benefits of this therapy.

CASE 2

A 61-year-old woman was evaluated for possible
ooth extraction and implant placement because she
ad fractured the crown portion of an endodontically
reated left mandibular first molar. She had a full
omplement of maxillary and mandibular teeth. Her
edical history was significant for Still’s disease (ju-

enile systemic rheumatoid arthritis). For this condi-
ion, she had been taken varying doses of systemic
teroids (prednisone) since her diagnosis. She had
een taking 5 mg of prednisone daily for the previous
0 years. Earlier, she had been taking relatively high
oses to control the symptoms of her rheumatologic
ondition. Because of her significant exposure to glu-
ocorticoids, she was prescribed alendronate in 1995
nd had continued the use of this medication to date.
ecause of her many years of systemic steroid use and

ong-term use of the oral nBP alendronate, we had
onsiderable concern about the potential for BRONJ.
fter discussions with the patient, periodontist, oral
urgeon, and general dentist, it was decided not to
xtract the fractured endodontically treated tooth and
o leave these roots in place, with no attempt at

rosthetic replacement.
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58 BISPHOSPHONATES: PRACTICAL CONSIDERATIONS
The combination of long-term steroid use, for
onger than 45 years, coupled with the long-term use
f oral bisphosphonates, heightened concern about
he possible development of BRONJ. It was deter-
ined that the prudent approach was no treatment at

ll. Conventional endodontics of the molar roots
ould have been advised, if the patient had not un-
ergone previous endodontic treatment. Because,
urrently no marker has been established for those at
reatest risk of BRONJ, a conservative approach was
aken in this case.

CASE 3

A 68-year-old woman had had a left mandibular
olar extracted because of periodontal bone loss and

ecurrent decay under a large amalgam restoration.
he tooth was deemed nonrestorable because of the
mount of decay and localized periodontal bone loss.
he patient had a history of osteoporosis that had
een treated with oral bisphosphonates since 1995.
he had taken alendronate initially daily, then weekly
or 10 years, and then had switched to monthly use of
bandronate. The extraction site healed, but the patient
ad continuing discomfort in the left posterior mandible
rea. It was this continued discomfort that delayed the
lanned implant at this site. On evaluation of this patient
ome 12 months after extraction, the anticipated bone
ll of the extraction sockets was not identified and
hickening of the lamina dura was present that outlined
he extraction sockets. It was advised that the tooth
eplacement should not be attempted because we
elieved there was potential risk of BRONJ with ad-
itional wounding of the bone (implant placement) at
his site.

This case illustrates the difficulties related to vague
ain and possible causes. This clinical scenario is the
eason the American Association of Oral and Maxillo-
acial Surgeons recently added a stage 0 to the strati-
cation and staging guidelines. Although the possible
tiologies are many, the early manifestations of
RONJ need to be considered in such a patient with
BP exposure; especially, the patient with a many-
ear history of oral bisphosphonate use. More reports
ave been published of intravenous nBPs causing
RONJ, but concern is growing that patients taking
ral nBPs for an increasing number of years could be
t increased risk of BRONJ than currently realized. It
as been our clinical experience related to specimen
ubmission for histopathologic analysis that this is a
oncern and should receive consideration in clinical
ecision making.

CASE 4

A 70-year-old woman had had a long history of
erostomia and xerophthalmia. A recent evaluation

y her internist, and specialty consultation with t
heumatology, ophthalmology, and her dentist all
aised concerns about Sjögren syndrome. During
er recent evaluation, she was noted to have osteo-
orosis according to bone mineral density studies.
isedronate was prescribed for osteoporosis. The
atient had clinical evidence of xerostomia, be-
ause little to no salivary flow from the major sali-
ary gland ducts could be appreciated. Extensive
ervical, interproximal, and incisal edge caries
ere present. She had clinical and radiographic

vidence of focally advanced periodontal disease.
heumatologic evaluation with positive serology
tudies and minor salivary gland biopsy confirmed
he diagnosis of Sjögren syndrome. Extensive dental
rocedures were planned, including extraction of
he periodontally involved teeth with crown cover-
ge of multiple teeth and construction of maxillary
nd mandibular removable partial dentures. Im-
lants were considered, but for economic and
ther reasons, removable prostheses were selected.
he patient had been taking bisphosphonates for 4
onths. Because she needed extraction of multiple

eeth that were nonrestorable and periodontally
nvolved, the internist was consulted and the oral
BP was stopped. The preliminary periodontal pro-
edures of root planning and curettage and caries
ontrol of the restorable dentition took several
onths. At 5 months after discontinuing her oral
BP, extractions were completed, and her restor-
tive and prosthetic dentistry was started. She had
eveloped no complications at her last follow-up
isit.
This case illustrates the generally held opinion that

he duration of treatment with nBP is an important
onsideration in making treatment decisions for pa-
ients exposed to these drugs. The oral bisphospho-
ates are generally considered less potent than the

ntravenous/injectable formulations. It appears from
linical experience that the less-potent oral formula-
ions of the nBPs might have a dose and duration risk
rofile (ie, the longer the duration of nBPs, the greater
he risk of BRONJ). This is also likely for the intrave-
ous bisphosphonates as well, but the circumstances

llustrated in case 1 indicate that even after a few
nfusions of zoledronic acid, BRONJ can occur. How-
ver, long-term data related to oral nBPs are lacking
nd the ability to predict which patients are at risk of
eveloping BRONJ is lacking. However, concerns ex-

st that the oral bisphosphonate problem might be
uite significant, because more cases are being
eported.33-35 This particular case, however, would
ave been considered low risk, given the short dura-
ion of exposure and discontinuation of the medica-

ion for several months before the tooth extraction.
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hossy Jaw

The similarity of BRONJ to cases of jaw necrosis in
orkers exposed to white phosphorous (phossy jaw)
uring the late 19th and early 20th century was re-
iewed by Hellstein and Marek,36 Donaghue,37 and
arx.38 This historical perspective is of interest now

hat current nBP medications also have the potential
o result in jaw osteonecrosis.

ummary

nBPs are associated with osteonecrosis of the jaws.
his includes the intravenous, injectable, and oral

ormulations of nBPs.2,33,34,38 The increased potency
f the nBPs, frequent dosing, and prolonged duration
f use, independently or in combination, appear to be
ssociated with an increased risk of BRONJ. The fre-
uency with which this complication develops is dif-
cult to determine. The overall incidence of BRONJ is

ow, given the frequency with which the medications
re prescribed, but of sufficient concern because of
he associated morbidity.

The difficulty in obtaining accurate incidence data
ppears to be related to physicians prescribing the
edications and, often, dentists and dental specialists

iagnosing and managing the condition, often with-
ut full knowledge of the patient’s medication his-
ory, specifically the dosing, duration, and awareness
f significant patient comorbidities.
BRONJ is a difficult condition to treat. Some pa-

ients have resolution with discontinuation of their
BP medications, with sequestration of necrotic bone
nd healing of the involved site. However, some pa-
ients have prolonged painful symptoms that are pro-
ressive, despite a variety of medical or surgical inter-
entions.
The earliest manifestation of BRONJ can be difficult

o recognize clinically and radiographically. Clinical
ata, in the form of standardized trials, related to the
fficacy of using bone marker turnover assays to as-
ess potential risk for BRONJ are currently lacking. At
resent, therapies or procedures requiring bone re-
odeling or repair should be avoided and selected

reatment alternatives substituted, if clinically in the
est interest of the nBP-exposed patient.
Routine dental care, including dental prophylaxis,

onoperative periodontal care, restorative proce-
ures, and conventional fixed and removable pros-
hodontics, is not contraindicated in the nBP patient.
lective oral surgery, apical surgery, periodontal bone
econtouring, implants, and, possibly, orthodontic
ooth movement should be subjected to an assess-
ent of the risks and potential benefits of the treat-
ent procedure in the context of the patient’s unique
ircumstances.
1

Updates on the bisphosphonate problem issued by
he dental and medical societies, specialty groups,
nd bone biologists should be followed carefully be-
ause new data will likely result in improved identifi-
ation of patients at risk and more efficacious treat-
ent protocols.
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