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Tooth Extraction in Patients Taking
Intravenous Bisphosphonates: A

Preventive Protocol and Case Series
Giovanni Lodi, DDS, PhD,* Andrea Sardella, MD,†

Annalisa Salis, DDS,‡ Federica Demarosi, DDS, MD,§

Marco Tarozzi, DDS,� and Antonio Carrassi, MD¶

Purpose: To test the efficacy of a protocol in preventing the development of bisphosphonate-related
osteonecrosis of the jaw (BRONJ) after tooth extraction.

Patients and Methods: In this prospective case series, consecutive subjects treated with intravenous
bisphosphonates who needed tooth extraction underwent a protocol aimed at reducing the risk of
BRONJ, based on local and systemic infection control by means of mechanical and chemical reduction
of the local bacterial load plus antibiotic prophylaxis.

Results: We performed 38 extractions in 23 patients treated with intravenous bisphosphonates, mainly
zoledronate, for a mean of 17.5 months (range, 3-36 months). Five patients already had signs of BRONJ
caused by tooth extractions performed elsewhere. The mean follow-up was 229.5 days (range, 14-965
days), and no case of BRONJ was recorded.

Conclusions: Despite the methodologic limitations of the study design, the proposed preventive
protocol appears to reduce the risk of BRONJ after tooth extraction in a group of subjects treated with
intravenous bisphosphonates.
© 2010 American Association of Oral and Maxillofacial Surgeons
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isphosphonate-related osteonecrosis of the jaw
BRONJ) is a common complication of intravenous
isphosphonates that seriously affects the quality of life
f patients undergoing such treatment and produces
ignificant morbidity.1,2 Given the ineffectiveness of
reatments, the prevention of BRONJ is fundamental. In
atients who are about to start bisphosphonate treat-
ent, the indications are relatively simple and include

he removal of any teeth with a doubtful prognosis
nd the achievement of optimal oral health, whereas
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107
he management of patients already under treatment
an be more difficult. Since the first reports of
RONJ,3 dental procedures have frequently been de-
cribed as immediate precipitating risk factors for the
ondition. Although BRONJ can develop with den-
oalveolar surgery intervention, including periapical
nd periodontal surgery and implant placement, tooth
xtraction is considered the single intervention re-
ponsible for most BRONJ cases and is seen in up to
6% of cases of BRONJ.4 According to a panel of
xperts, periodontal and dental abscesses expose pa-
ients to a risk of BRONJ developing that is not differ-
nt from extraction, that is, both conditions increase
he chance 7-fold.1 In fact, many of the cases reported
s “spontaneous”5 may be initiated by local infections.
herefore an absolute contraindication to tooth ex-

raction in patients taking intravenous bisphospho-
ates may not be the best approach, because medical,
ndodontic, and periodontal treatments performed to
esolve local infection can be time-consuming and
neffective in subjects with serious diseases or who
re undergoing immunosuppressive oncologic ther-
py.

This prospective study reports on the outcomes of

ental extractions performed in patients who were

mailto:giovanni.lodi@unimi.it
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108 TOOTH EXTRACTION AND BISPHOSPHONATES
aking or had taken intravenous bisphosphonates and
ere undergoing a preventive protocol based on local

nd systemic infection control.

atients and Methods

This was a prospective study of a group of consec-
tive patients taking parenteral bisphosphonates who
nderwent tooth extraction between May 2006 and
anuary 2009 at the Unit of Oral Medicine, Oral Pa-
hology and Geriatric Dentistry of the Dental School
t the University of Milan, Milan, Italy.6 Data were
ollected by a single operator (A. Salis) using a cus-
om-designed form.

PATIENTS

To be included in the study, the subjects had to be
reated with intravenous bisphosphonates for at least
months. Patients with a history of radiation therapy

o the jaws were excluded. Indications for extraction
ncluded nonrestorable caries, endodontic failure,
oot fracture, severe periodontal disease, and teeth
ith a poor prognosis or at high risk of infectious

omplications.

EXTRACTION PROTOCOL

After the decision was made to extract 1 or more
eeth, mouth rinsing with 0.2% chlorhexidine once a
ay was prescribed, and in the presence of clinically
vident plaque and calculus, professional oral hygiene
reatment was planned 2 to 3 weeks before extrac-
ion. Three days before the surgical procedure, the
atients started to take 1 g of amoxicillin every 8
ours (or an alternative broad-spectrum antibiotic for
ubjects allergic to penicillin), and this was continued
or 17 days (ie, until the second control visit).

On the day of the intervention, a full-thickness
ucoperiosteal flap was reflected, with the patient

nder local anesthesia, at the surgical site, and the
nvolved tooth was extracted with minimal trauma to
he cortical plates. Then, the extraction socket was
ebrided meticulously and curetted to remove all
ranulation and infected tissues. Mesial and distal ver-
ical releasing incisions allowed the flap to be ad-
anced coronally. Finally, the flap was sutured to
ealize soft tissue primary closure. The patients were
nstructed to apply 1% chlorhexidine gel on the sur-
ical wound 3 times a day until the second control
isit. The extractions were performed by various oral
urgery residents and students in the last year of
ental school. One week after surgery, the suture was
eleased. All patients were seen for follow-up at 1, 2,
nd 4 weeks; 2, 3, and 6 months; and 1 year.

Any complications noted by the patient or ob-
erved by the operator were recorded on the previ-

usly mentioned form. In these patients BRONJ was h
efined as exposed, necrotic bone in the maxillofacial
egion that had persisted for more than 8 weeks.

When more than 1 extraction was needed, extrac-
ions were planned, whenever possible, as single-
ooth interventions to avoid large osteonecrotic le-
ions.

esults

Twenty-three patients underwent 1 or more tooth
xtractions in the period considered. They consisted
f 15 women and 8 men, with a mean age of 68.2
ears (range, 44-83 years). All had taken intravenous
isphosphonates: 20 were treated with zoledronate, 2
ith pamidronate, and 1 with clodronate. The mean
uration of the therapy was 17.5 months (range, 3-36
onths). The reasons for taking intravenous bisphos-
honates included multiple myeloma (11 patients),
one metastasis of breast cancer (8 patients) or other
olid tumors (kidney in 1 patient and larynx in 1
atient), and severe osteoporosis (2 patients).
Five patients already had manifestations of osteone-

rosis of the jaw caused by tooth extractions per-
ormed elsewhere.

We performed 31 interventions—23 involved a sin-
le tooth, 4 involved a single root, 3 involved 2 teeth,
nd 1 involved 3 teeth and 2 roots—for a total of 38
xtractions. Of the interventions, 5 involved the up-
er jaw only, 23 involved the lower jaw only, and 2

nvolved both jaws. A majority of teeth were molars
n � 25), 8 were premolars, and 4 were canines.

All stages of the extraction protocol were com-
leted in 19 interventions; for 10 interventions, pro-

essional oral hygiene was not performed because it
as not deemed necessary, whereas in 2 other inter-

entions, antibiotic therapy was started only after the
xtraction.
No intraoperative complications were recorded. All

atients came to the first follow-up after 7 days for
titch removal, and only 3 patients reported mild
ostoperative pain in the days after the intervention,
hich resolved after medical treatment with non-

teroidal anti-inflammatory drugs.
The mean follow-up for the 31 interventions was

29.5 days (range, 14-965 days). No case of BRONJ
as recorded. In 1 case a small area of bone was

xposed after 1 month, but it had resolved com-
letely by the following visit (2-month follow-up) and
as not classified as BRONJ. Even in the 6 interven-

ions performed in the 5 patients who had BRONJ
esulting from previous extractions, no complications
ccurred and the extraction sockets healed normally.
Bisphosphonate treatment was never suspended

or a reason related to tooth extraction or other oral

ealth procedures.
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iscussion

BRONJ is a major problem of uncertain prognosis
nd without an effective treatment, mostly affecting
everely debilitated patients. Despite the large num-
er of articles published on the subject (on searching
ubMed for “osteonecrosis AND bisphosphonates” in
ebruary 2009, 840 records were found), recommen-
ations for the management of patients with this
ondition are based mainly on expert opinions.1

In the absence of effective treatment, great empha-
is has been placed on prevention as the only feasible
pproach to BRONJ. Prevention is relatively simple in
ubjects about to begin bisphosphonate treatment, be-
ause it requires an aggressive approach directed to-
ard the extraction of any unsalvageable tooth, comple-

ion of all invasive dental procedures, and maintenance
f good oral health to avoid future infection, inflamma-
ion, and dentoalveolar surgery.1 The design of an effec-
ive preventive protocol in already-treated patients
ight be difficult because of the uncertainty regarding
ost aspects of the condition, including its etiopatho-

enesis and local or systemic risk factors.
We started this study because we realized that in

ddition to tooth extractions, untreated inflammatory
esions could lead to osteonecrotic lesions; that few
ases of extractions in patients who did not defer
heir bisphosphonate treatment, but received prophy-
actic antibiotic treatment, had normal postextraction
ealing; and that in most of the patients affected by
steonecrosis, antibiotic treatment could ameliorate
he symptoms. Therefore we established a protocol
esigned to avoid infection of the alveolar socket by
inimizing the oral bacterial load (professional oral
ygiene and chlorhexidine mouthwash) and avoiding

ocal infection (antibiotic treatment, soft tissue pri-
ary closure, and chlorhexidine gel). Our aim was to

onduct this study as a phase II trial, to evaluate the
otential benefit of the intervention, establishing the
ample size and power required for a randomized
ontrolled trial (RCT). When we realized that osteo-
ecrosis of the jaw was not developing in any of the
atients, we decided to continue with the uncon-
rolled design mainly for ethical reasons, because
ased on such positive results, a placebo study would
e unacceptable to any ethical committee.
The results of this case series are very promising

ecause BRONJ did not develop in any of the patients.
o data on the real risk of BRONJ after a single tooth
xtraction are available. We know that a large propor-
ion of the affected subjects have a history of dentoal-
eolar surgery and that BRONJ can develop in up to
0% of special groups of patients undergoing bisphos-
honate therapy.7 However, we do not know the
xact proportion of tooth extractions performed on

t-risk subjects that result in osteonecrotic lesions. c
herefore the possibility exists that the number of
nterventions we performed was small, as well as that
RONJ would not have developed in our patients
nyway. However, we believe that this is unlikely for
everal reasons. First, the duration of the bisphospho-
ate treatment, the main risk factor for BRONJ devel-
pment, and the underlying condition placed most of
ur patients in a high-risk group.8 Second, 5 subjects
ere affected by previous osteonecrotic lesions and

hus, by definition, were at high risk. Third, a recent
etrospective study suggested that nearly 1 in 3 inva-
ive dental procedures not associated with antibiotic
rophylaxis (27%) can result in BRONJ.9 We agree
hat a larger group can make our study sounder, and
e are continuing to collect data. However, we also

now that, on the basis of previous retrospective
ata, our sample is large enough to indicate some
fficacy of the protocol. For this reason, we decided
o submit our results for publication at this point,
ecause we think that if our study can prevent the
evelopment of osteonecrosis of the jaw in some
even few) patients, it will be a successful study.

Other procedures for reducing the risk of BRONJ
ave been proposed, including an alternative tech-
ique for atraumatic tooth extraction performed by
se of orthodontic elastics placed around the roots,
ausing slow, gradual exfoliation of the tooth.10 Al-
hough no complications followed a series of 21 ex-
ractions performed in this manner, this technique
equires a mean of 6 weeks for each exfoliation. In
ddition, the likelihood exists that both professionals
nd patients would be uncomfortable with this un-
sual approach. Our protocol is based on common
rocedures and drugs, adopted in the routine practice
f any dentist or oral surgeon.
We are aware of the many methodologic limitations

f our study. Indeed, the best study design to test the
fficacy of a preventive intervention is an RCT. This is
ot even a controlled study and, consequently, ranks
ery low in the ideal hierarchy of evidence. We de-
ided not to start an RCT for this intervention because
e did not have the data to plan it properly. In
articular, we were unable to establish an effect of
he protocol and, as a consequence, could not calcu-
ate the sample size for such a study. In addition, we
lso faced ethical problems, because not providing
ocal and systemic measures to prevent infection to a
roup of oncologic and immunosuppressed subjects
ould have been unfair. However, some aspects at-

est to the validity of this case series. First, we had the
triking result that none of the cases resulted in
RONJ; a dramatic effect is one situation in which
andomized trials are unnecessary.11 In fact, even if
he results of observational studies are known to pro-
ide larger treatment effects, it is unlikely that they

an give rise to an extremely large artifactual differ-
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110 TOOTH EXTRACTION AND BISPHOSPHONATES
nce compared with previous data.12 In addition, our
tudy seems to confirm the results of a retrospective
tudy showing a significant protective effect of anti-
iotic prophylaxis in reducing the incidence of
RONJ in subjects with multiple myeloma.9 Another
ositive aspect of our study is that patients were
nrolled consecutively: every patient seen in the pe-
iod considered for whom extraction was judged the
est option available was enrolled in the study, with-
ut exception, giving our results good external valid-

ty and making them generalizable.
Finally, we believe that our study gives some insight

nto the pathogenesis of BRONJ. In fact, the preven-
ive protocol adopted was designed to prevent local
nd systemic infectious complications by means of
echanical, antibacterial, and antibiotic measures.
hether the preventive effect of this or similar pro-

ocols is confirmed, our findings indicate that bacteria
nd other micro-organisms play a key role in the
athogenesis of this condition.
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