
Abstract. – Bisphosphonates are a type of
drugs known to inhibit bone resorption through
complex interventions. Their primary mechanism
of action is aimed at the cellular level, inhibiting
osteoclast activity and, thus, bone resorption.
Bisphosphonates are, therefore, very widely
used, with many patients receiving continuous
treatment for years. But it is well known that
these drugs can produce osteonecrosis of the
jaw and this is their principal risk. A 75-year-old
woman received dental treatment before starting
intravenous BP therapy for a breast cancer. She
started intravenous bisphosphonate treatment
with monthly protocol and after two years the
patient presented a wound compatible with os-
teonecrosis of the jaw.
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Introduction

Bisphosphonates (BP) are a type of drugs
known to inhibit bone resorption through com-
plex mechanisms. Their primary action is aimed
at the cellular level, inhibiting osteoclast activity
and, thus, bone resorption, particularly when ad-
ministered by intravenous infusion1-3. Bisphos-
phonates can be grouped into two basic cate-
gories: those containing nitrogen and those with-
out. They vary in their antiresorptive potencies,
approved clinical use, and method of administra-
tion. The newer generations of bisphosphonates
contain the nitrogen moiety, creating drugs with
much higher potencies. These drugs, namely
zolendronate, pamidronate and alendronate, are
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also known to accumulate in bone. The nitrogen
side chain prevents these drugs from being me-
tabolized, allowing them to accumulate with on-
going effects2,3. Because some breast cancer
treatments can cause bone loss (osteoporosis),
many women being treated for breast cancer are
also prescribed a BP. Some BPs, in addition to
help to reduce bone loss, can also help treat
breast cancer4,5. BPs are, therefore, very widely
used, with many patients receiving continuous
treatment for years. These drugs have proven
benefit, not only in preventing bone loss but also
in prevention of fragility fractures6,7. Increasing
evidence is accumulating that bisphosphonates
are able to directly affect tumoral cells, in addi-
tion to their direct effects upon osteoclasts. Bis-
phosphonates induce apoptosis of tumoral cells
and inhibit tumoral cell growth. Moreover, there
is increasing evidence that BP may also positive-
ly influence the osteoblast8-11.

The potential anticancer activity of zoledronic
acid (ZA) may be mediated through its effects on
the bone marrow microenvironment. In addition,
preclinical evidence suggests that ZA treatment
also may interfere directly or indirectly with oth-
er processes in cancer progression and tumor
growth12. BP in general and especially ZA are
thought to promote apoptotic signals in both os-
teoclasts and keratinocytes that reduce and de-
struct the immune keratinocyte barrier of oral
mucosa13. Osteonecrosis of the jaw (ONJ) is an
oral complication of bisphosphonate medica-
tion14. By consensus, ONJ has been defined as
the persistence of exposed bone in the oral cavi-
ty, despite an adequate treatment for 8 weeks,
without local evidence of malignancy and no pri-
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and mineralization of the bone5,13,28,29. From the
clinical point of view, bone necrosis of the jaws
usually appears as an exposure of avascular
bone10. Almasan et al14 found a mandible/maxilla
involvement ratio of 2/1, which it could attribute
to the decreased vascularity of the mandible and
to the existing local conditions. The exposed
necrotic bone is infected and the area is usually
painful; patients may complain of difficulty in
eating and speaking, pain, bleeding and, when
the necrosis is near to the mandibular branch of
the trigeminal nerve, paresthesia. The main cause
of bone necrosis is a defect in vascularization30.
In the oral cavity, bone necrosis is probably relat-
ed to the presence of poor oral health, which in-
creases the risk of infection; in fact, bone necro-
sis is usually related to tooth extraction9,10,14,19.

ZA is a bisphosphonate used in the treatment
and prophylaxis of bone disease in patients with
malignant tumors with bone implication. ZA is the
most potent BP in clinical development9. Although
the proper ZA treatment duration is yet to be es-
tablished, currently available evidence suggests
that bone morbidity is decreased for the period
that the patient is receiving ZA treatment13,29. The
duration of effect of a single dose of ZA found in
the current study is unexpectedly long and a full
biological explanation will require further studies.
However, it is known that the duration of action of
individual BPs varies according to their binding
affinity to bone. This is extremely high for ZA
compared with, for example, residronate31. Fol-
lowing the acute effects of a BP on local osteoclast
function, the drug is presumably internalized by
deposition of new bone but becomes biologically
active again as this area undergoes subsequent re-
modeling months or years later. The high affinity
of ZA for bone may result in the majority of this
remobilized drug readhering to the bone surface
and the consequent effects on bone cell function6.
Based on the probable correlation between ONJ
and BPs, before and during bisphosphonates ther-
apy, a careful evaluation of the patients and a strict
collaboration between dentists and oncologists is
essential for the prevention of secondary effects11.
The clinical decision to use a BP must, therefore,
be made with clear risk/benefit assessment6.

The aim of the present case is to illustrate the
clinical manifestations of intravenous bisphos-
phonates therapy in areas were invasive dental
treatment was carried out 2 years before and how
was it solved with a treatment modality consist-
ing of antibiotic therapy and clhorhexidine
mouth rinses.

or radiotherapy to the affected region15. Approxi-
mately 95% of ONJ patients suffer from cancer
and receive bisphosphonates for the prevention
or treatment of skeletal-related events16-18. To
date, no risk factors have been statistically corre-
lated to ONJ progression. History of tooth ex-
traction and use of dentures have been suggested
as risk factors13. Wilkinson et al19 found not only
a strong association between intravenous bispho-
sphonate therapy and jaw and facial bone disease
but also a pattern in which risk estimates for this
disease increased as the cumulative dose of intra-
venous bisphosphonate increased. This finding is
consistent with the observation that bisphospho-
nates have a long half-life and remain in the bone
for an extensive period of time. It has been spec-
ulated that over suppression of bone turnover
may be related to the length and amount of expo-
sure and the long half-life that characterize BP.

ONJ is more frequent in patients with intra-
venous administration of bisphosphonates20,21.
Despite, many studies show that the benefits of
bisphosphonate treatment in patients with malig-
nant tumors are superior to the related risks, rea-
son which has undoubtedly contributed to their
widespread use14,16,22. Clinically, ONJ is charac-
terized by the presence of ulcerated mucosa and
exposed devitalized bone. Moreover, the sur-
rounding soft tissues are often inflamed because
of a secondary mucosal infection1,9. Pain, oral
discomfort, purulent discharge, exudates and fis-
tula are common1,23,24. Tooth extractions are often
the predominating event preceding ONJ although
other causes25, such as periodontal disease, dental
implant procedures, and non-fitting dentures,
were also reported4,5,9,25. In oncology, the primary
goal of BP therapy is to maintain or improve the
quality of life of patients9. However, the occur-
rence of ONJ can lead to recurrent episodes of
pain, swelling, and infection, reducing the quali-
ty of life, which the treatment with bisphospho-
nates was intended to safeguard16. Researchers
believe that ONJ may develop because BPs stop
the body from repairing microscopic damage to
the jawbone. The risk of development of ONJ is
dependent on cumulative dose and potency of the
agent26. In consequence, patients with cancer are
more likely than those with osteoporosis to de-
velop ONJ because they receive more potent
agents and more frequent dosing27. In the past
few years, the occurrence of ONJ has been in-
creasingly reported in patients undergoing treat-
ment with BPs9,23. BPs reduce excessive bone
turnover, resulting in preservation of structure

1392



Figure 1. Initial necrotic area in mandible.

Figure 2. Radiographic aspect of the necrotic area before
treatment.

Case Report
A 75-year-old woman presented in Ex-

tremadura Health Service (Cáceres Health Center
Area, Cáceres, Extremadura, Spain) in order to
receive dental treatment before starting intra-
venous BP therapy for a breast cancer. No other
systemic pathologies were present and the patient
was not receiving any other pharmacological
treatment. At this date, calculus removal was car-
ried out and patient was instructed in adequate
oral hygiene and mouth rinses of chlorhexidine
0.12% (Perio-Aid, Dentaid, Barcelona, Spain)
were prescribed three times a day for a month.
Clinical examination was carried out and anterior
teeth, which correspond to teeth 1.1, 2.2, 3.1, 3.2
and 4.2, extracted because of their poor peri-
odontal prognosis. Few months later she started
intravenous treatment with ZA a monthly proto-
col of 4 mg of ZA intravenously. Next year she
came periodically to revise her oral cavity, re-
movement of dental plaque and reinforcing in-
structions of good oral hygiene. Neither teeth ex-
tractions nor invasive procedures were necessary
during this period. Only conservational treatment
consisting of dental filling was carried out, in-
cluding antibiotic prescription (oral amoxicillin +
clavulanate 875/125 mg, 1/8h/7d; GSK, Madrid,
Spain) due to an abscess that was totally solved
by an endodontic treatment).

Two years after treatment both lower canines
and first left lower molar (teeth numbered 3.3,
3.6 and 4.3) needed to be extracted due to its mo-
bility and the pain they were causing. In conse-
quence, patient was derived to the specialist. The
oncologist stopped the bisphosphonate treatment
for one month; after this month, an antibiotic
prophylaxis was given to the patient (2 g of oral
amoxicillin, GSK, Madrid, Spain) 1 hour before
the intervention) and each tooth was extracted
atraumatically, leading 10 days between each
tooth extraction. A month after teeth extractions,
the patient came again to clinic because she had
noticed an area of mucosal ulceration in the inci-
sive area of the mandible. The patient presented a
wound compatible with osteonecrosis in the ante-
rior-inferior area, where teeth were extracted
years before. Since then, the oncologist did not
prescribe bisphosphonate treatment anymore.
Upon examination, the patient presented an area
of osteonecrosis of the anterior-inferior region
with an area of ulcerated mucosa and exposed
devitalized bone (Figure 1). Clinical examination
revealed a rough, necrotic, yellow and brittle
bone in this region. The surrounding soft tissue

areas were inflamed due to secondary mucosal
infection; however, she had no pain. The exposed
bone had a yellow-white discoloration, probing
of the bone was asymptomatic, and bleeding did
not result. Histological analysis showed inflam-
matory infiltrate, acellular necrotic debris, thin-
walled and dilated blood vessel, intensely ba-
sophilic bone spiculae with scalloped borders
showing prominent bone resorption.

Bone edges were smoothed and the patient was
treated with amoxicillin + clavulanate (500 mg
orally three times per day for 10 days; GSK,
Madrid, Spain) and chlorhexidine rinse 0.12%
(Perio-Aid, Dentaid, Barcelona, Spain) three
times daily for 30 seconds during one month. Up-
on this time, she had not received radiotherapy of
the head or neck. Good oral hygiene habits were
maintained by the patient, including diary use of
chlorhexidine rinses. Moreover, she was given
two antibiotic cycles: first, amoxicillin (GSK,
Madrid, Spain) 500 mg orally 3 times a day for
10 days, and second clindamycin (GSK, Madrid,
Spain) 300 mg orally, 3 times a day, 7 days, until
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marginal erythema disappeared. Successive oral
cavity reviews were carried out periodically to the
patient. Despite presenting no pain, the wound
did not heal; it continued its progression as it was
evident on the panoramic radiograph (Figure 2).
In consequence, consultation with the patient’s
oncologist resulted in discontinuation of ZA treat-
ment. The patient did not use any removable pros-
theses after teeth extractions.

Results

Two years after the appearance of the lesion,
necrotic bone had completely come off. The pa-
tient brought the piece of bone wrapped up in a
napkin (Figure 3). Under clinical examination it
was observed a healthy-looking gum in the bot-
tom of the hole led for the bone fragment (Figure
4). Patient did not refer any pain past or present.
There was also radiographic evidence of bone
healing. Three and six months postoperatively
complete mucosal healing and lack of subjective
complaints and objective signs of relapse were
found. Progress at one year postoperatively was
positive, radiographs revealing a slow but pro-
gressive healing of the right jaw bone area and
the absence of any other areas of bone necrosis.
ZA was initiated not initiated any more.

Discussion

BPs are an accepted standard of practice in the
management of breast cancer. Although the asso-
ciation between ONJ and BPs had been called in-
to question, the sheer number of cases reported

since the widespread use of BPs began lends sup-
port to the view that there is probably a causal re-
lationship27. Patients with breast cancer are often
treated intravenously with ZA or other BPs to
suppress osteoclast activity. As many studies
have suggested, patients who receive intravenous
BPs therapy along with additional chemotherapy
and corticosteroids are at a high risk for ONJ4,32.
Criteria for the point at which BPs should be
started and stopped in the course of bone disease
need to be determined9. Ruggiero et al33 stated
that “there is no evidence to suggest interrupting
bisphosphonate therapy will prevent or lower the
risk of ONJ”. However, since the half-lives of
various BPs have been reported to range from
147 hours (in plasma levels) to 10 years (in
bone), it is possible that cessation may help in
such cases4,33,34. Van den Wyngaert et al16 con-
clude that the cessation of BP therapy does not
imply necessarily a positive effect on the healing
rate of ONJ lesions.

For prevention of ONJ related to BPs, all pa-
tients who undergo this medication should under-
go tooth removal of irrecoverable teeth 3-6
weeks before starting chemotherapy14. The im-
portance of preventive measures has been sug-
gested also by Bagán et al35. Cessation of BP
therapy should be considered in minority of cas-
es, basically if surgery is contemplated, because
this may actually exacerbate the avascular
process. The benefit of doing so has not yet been
evaluated, so conservative therapy with antibi-
otics and mouth rinses with chlorhexidine is ad-
vocated36. In spite of the good results that gener-
ates, resection of ONJ is followed by a compli-
cated postoperative course16. Moreover, zometa-
related ONJ is less predictable from the stand-
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Figure 3. Bone fragment wrapped.

Figure 4. Healthy aspect of the gum after treatment.



point of proper healing than that associated with
the oral BPs37. Fitzpatrick et al38 presented three
cases of BPs-associated ONJ treated exclusively
with antibiotic therapy and daily chlorhexidine
mouth rinses, showing improvement of the
necrotic lesions. Results from the current litera-
ture suggest a link between ONJ and tooth ex-
traction. In this sense, Barnias et al20 found that,
in 13 patients (from 17) dental extraction within
the last year preceded the diagnosis of ONJ.
These results are similar to those reported by oth-
er authors3,4,13. From the literature, we can as-
sume that the continuous, potent decrease in
bone turnover caused by ZA may lead to in-
creased bone fragility in the long run and, in
combination with other local factors that are pre-
sent in the jaw, to the development of ONJ20.
Therefore, all patients who are going to begin
treatment with BPs should receive a dental exam-
ination and be informed about the potential ad-
verse oral effects of these drugs. Patient manage-
ment should be directed at reducing future needs
of dentoalveolar surgery. Furthermore, prior to
BP therapy, preventive treatment combined with
suitable dental extractions, should be instituted to
reduce the amount of dentoalveolar surgery, once
BP treatment is initiated.

Finally, during BP therapy, customized oral
home care, regular periodontal maintenance, and
review of oral hygiene practices are important
methods to reduce the necessity of invasive den-
tal treatment and the possible appearance of
OJN3,13. In this sense, root canal treatment is a
safe procedure for patients under BP treatment.
Smoking habit and periodontitis do not seem to
contribute to the progress of ONJ in patients re-
ceiving BPs39. Woo and Solomon27 found that
treatment with intravenous BPs was associated
with an increased risk of being diagnosed with an
inflammatory condition or osteomyelitis of the
jaw, compared with non-treatment group. The
risk rose with increasing cumulative dose of the
BP. ZA has been known to be the most potent
BP, and previous authors reported that ZA was a
stronger inducer of ONJ when compared with
pamidronate30,40-42. The study of Vahtsevanos et
al39 clearly demonstrates that the longer ZA is
administered, the higher the chances for develop-
ing this complication. Each dose of ZA adminis-
tered doubles the likelihood of ONJ, and this ef-
fect is independent of the total doses adminis-
tered to every patient. It is clear from the litera-
ture that drug induced ONJ is a recognized se-
quel of treatment with the new generation of

BPs. Physicians need to be informed and educat-
ed about this new clinical entity, allowing for
prophylactic care, early diagnosis, and preven-
tion of potential devastating consequences10.
Moreover, close coordination between the gener-
al practitioner who indicated the BP and the den-
tist is essential to reduce the risk of BP related
ONJ in patients who are starting BP therapy4,14,20.

The marked inhibition of bone remodeling that
occurs with high doses of bisphosphonates pre-
disposes patients to ONJ when there are addi-
tional demands on the bone that require remodel-
ing or growth to maintain vitality. The oral cavity
is never aseptic so the necrosis observed in these
patients probably may also involve the effects of
host bacterias, such as infection and pain. Bacter-
ial products have been shown to increase bone
resorption and to decrease bone formation.
Moreover, the bone of the jaws is constantly un-
dergoing impact loading, which may require a re-
modeling response1. The increasing number of
bisphosphonates-related ONJ reported in the lit-
erature draws attention upon oral implications of
this medication. Pain, discomfort, erythema and
inflammation are common symptoms of patients
with ONJ. However, in the case presented, the
patient had no pain, probably due to the positive
effect of clhorhexidine mouth rinses, which lead
to maintain necrotic bone without infection, thus
avoiding major complications. Currently, there is
no effective therapy for BP-associated ONJ, so it
remains important that cofactors continue to be
investigated, given the many patients treated with
BPs and the relatively few reported to have this
condition so far. Further studies are needed to as-
sess other potential risk factors and also to high-
light the etiopathogenesis mechanism of ONJ. As
in this case the oncologist indicated the moment
of suppressing the BPs therapy in order to carry
out the dental treatment, communication between
professionals prescribing BPs and dental profes-
sionals may improve prevention and early detec-
tion of BPs-associated ONJ.

Conclusions

We showed the beneficial effect of antibiotic
therapy and clhorhexidine mouth rinses in ONJ
treatment. Tooth extraction is demonstrated to be
predominant oral factor associated with the de-
velopment of ONJ. This finding emphasizes the
importance of assessing good oral health of pa-
tients and implementing preventive dentistry be-
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fore initiating therapy. Currently, no evidence ex-
ists that discontinuing antiresorptive therapy im-
proves the outcome of ONJ, so, once antiresorp-
tive therapy has been initiated the aim should be
avoidance of surgical procedures. Furthermore, if
ONJ is developed, avoiding reinfection of the
lesson is the main factor so it results interesting
daily use of chlorhexidine mouth rinses in order
to maintain aseptic the oral cavity.
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OC, BǍCIUT G. Osteonecrosis of the jaw associated
with the use of bisphosponates. Discussion over
52 cases. Rom J Morphol Embriol 2011; 52:
1233-1241.

15) AMERICAN ASSOCIATION OF ORAL AND MAXILLOFACIAL

SURGEONS. ADVISORY TASK FORCE ON BISPHOSPHONATE-
RELATED OSTEONECROSIS OF THE JAWS. American Asso-
ciation of Oral and Maxillofacial Surgeons position
paper on bisphosphonate-related osteonecrosis
of the jaws. J Oral Maxillofac Surg 2007; 65: 369-
376.

16) VAN DEN WYNGAERT T, CLAEYS T, HUIZING MT, VER-
MORKEN JB, FOSSION E. Initial experience with con-
servative treatment in cancer patients with os-
teonecrosis of the jaw (ONJ) and predictors of
outcome. Ann Oncol 2009; 20: 331-336.

17) VAN DEN WYNGAERT T, HUIZING MT, VERMORKEN JB.
Bisphosphonates and osteonecrosis of the jaw:
cause and effect or a post hoc fallacy?. Ann On-
col 2006; 17: 1197-1204.

18) PALASKA PK, CARTSOS V, ZAVRAS AI. Bisphosphonates
and time to osteonecrosis development. Oncolo-
gist 2009; 14: 1154-1166.

19) WILKINSON GS, KUO YF, FREEMAN JL, GOODWIN JS. In-
travenous bisphosphonate therapy and inflamma-
tory conditions or surgery of the jaw: a popula-
tion-based analysis. J Natl Cancer Inst 2007; 99:
1016-1024.

20) BAMIAS A, KASTRITIS E, BAMIA C, MOULOPOULOS LA,
MELAKOPOULOS I, BOZAS G, KOUTSOUKOU V, GIKA D,
ANAGNOSTOPOULOS A, PAPADIMITRIOU C, TERPOS E, DI-
MOPOULOS MA. Osteonecrosis of the jaw in cancer af-
ter treatment with bisphosphonates: incidence and
risk factors. J Clin Oncol 2005; 23: 8580-8587.

21) AGRILLO A, NASTRO SINISCALCHI E, FACCHINI A, FILIACI F,
UNGARI C. Osteonecrosis of the jaws in patients
assuming bisphosphonates and sunitinib: two
case reports. Eur Rev Med Pharmacol Sci 2012;
16: 952-957.

G. Gómez-Moreno, M.C. Arribas-Fernández, M. Fernández-Guerrero, A. Boquete-Castro, et al.



22) CONTE P, GUARNERI V. Safety of intravenous and oral
bisphosphonates and compliance with dosing
regimens. Oncologist 2004; 9: 28-37.

23) BOONYAPAKORN T, SCHIRMER I, REICHART PA, STURM I,
MASSENKEIL G. Bisphosphonate-induced os-
teonecrosis of the jaws: prospective study of 80
patients with multiple myeloma and other malig-
nancies. Oral Oncol 2008; 44: 857-869.

24) BEDOGNI A, BLANDAMURA S, LOKMIC Z, PALUMBO C,
RAGAZZO M, FERRARI F, TREGNAGHI A, PIETROGRANDE F,
PROCOPIO O, SAIA G, FERRETTI M, BEDOGNI G, CHIARINI L,
FERRONATO G, NINFO V, LO RUSSO L, LO MUZIO L, NOCI-
NI PF. Bisphosphonate-associated jawbone os-
teonecrosis: a correlation between imaging tech-
niques and histopathology. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2008; 105: 358-364.

25) LO JC, O'RYAN FS, GORDON NP, YANG J, HUI RL, MAR-
TIN D, HUTCHINSON M, LATHON PV, SANCHEZ G, SILVER

P, CHANDRA M, MCCLOSKEY CA, STAFFA JA, WILLY M,
SELBY JV, GO AS; PREDICTING RISK OF OSTEONECROSIS OF

THE JAW WITH ORAL BISPHOSPHONATE EXPOSURE

(PROBE) INVESTIGATORS. Prevalence of osteonecro-
sis of the jaw in patients with oral bisphospho-
nates exposure. J Oral Maxillofac Implants 2010;
68: 243-253.

26) DIMOPOULOS MA, KASTRITIS E, ANAGNOSTOPOULOS A,
MELAKOPOULOS I, GIKA D, MOULOPOULOS LA, BAMIA C,
TERPOS E, TSIONOS K, BAMIAS A. Osteonecrosis of the
jaw in patients with multiple myeloma treated with
bisphosphonates: evidence of increased risk after
treatment with zoledronic acid. Haematologica
2006; 91: 968-971.

27) WOO SB, SOLOMON DH. Bisphosphonate therapy
for cancer and prevalence of inflammatory jaw
conditions. J Natl Cancer Inst 2007; 99: 1016-
1024.

28) CLEMONS MJ, DRANITSARIS G, OOI WS, YOGENDRAN G,
SUKOVIC T, WONG BY, VERMA S, PRITCHARD KI, TRUDEAU

M, COLE DE. Phase II trial evaluating the palliative
benefit of second-line zoledronic acid in breast
cancer patients with either a skeletal-related
event or progressive bone metastases despite
first-line bisphosphonate therapy. J Clin Oncol
2006; 20: 4895-4900.

29) BODY JJ. Breast cancer: bisphosphonate therapy
for metastatic bone disease. Clin Cancer Res
2006; 12: 6258-6263.

30) ASSOULINE-DAYAN Y, CHANG C, GREENSPAN A, SHOEN-
FELD Y, GERSHWIN ME. Pathogenesis and natural
history of osteonecrosis. Semin Arthritis Rheum
2002; 32: 94-124.

31) NANCOLLAS GH, TANG R, PHIPPS RJ, HENNEMAN Z,
GULDE S, WU W, MANGOOD A, RUSSELL RG, EBETINO

FH. Novel insights into actions of bisphospho-
nates on bone: differences in interactions with hy-
droxyapatite. Bone 2006; 38: 617-627.

32) PIESOLD JU, AL-NAWAS B, GRÖTZ KA. Osteonecrosis of
the jaws by long term therapy with bisphosphonates.
Mund Kiefer Gesichtschir 2006; 10: 287-300.

33) RUGGIERO S, GRALOW J, MARX RE, HOFF AO, SCHUBERT

MM, HURYN JM, TOTH B, DAMATO K, VALERO V. Prac-
tical guidelines for the prevention, diagnosis and
treatment of osteonecrosis of the jaw in patients
with cancer. J Oncol Pract 2006; 2: 7-14.

34) CHEN T, BERENSON J, VESCIO R, SWIFT R, GILCHICK A,
GOODIN S, LORUSSO P, MA P, RAVERA C, DECKERT F,
SCHRAN H, SEAMAN J, SKERJANEC A. Pharmacokinet-
ics and pharmacodynamics of zoledronic acid in
cancer patients with bone metastases. J Clin
Pharmacol 2002; 42: 1228-1236.

35) BAGÁN J, BLADE J, COZAR JM, CONSTELA M, GARCÍA

SANZ R, GÓMEZ VEIGA F, LAHUERTA JJ, LLUCH A, MASSU-
TI B, MOROTE J, SAN MIGUEL JF, SOLSONA E. Recom-
mendations for the prevention, diagnosis, and
treatment of osteonecrosis of the jaw (ONJ) in
cancer patients treated with bisphosphonate. Med
Oral Patol Oral Cir Bucal 2007; 12: 336-340.

36) HOEFERT S, EUFINGER H. Relevance of a prolonged
preoperative antibiotic regime in the treatment
of bisphosphonate-related osteobnecrosis of
the jaw. J Oral Maxillofac Implants 2011; 69:
362-380.

37) CARLSON ER, BASILE JD. The role of surgical resec-
tion in the management of bisphosphonate-relat-
ed osteonecrosis of the jaw. J Oral Maxillofac
Surg 2009; 67: 85-95.

38) FITZPATRICK SG, STAVROPOULOS MF, BOWERS LM, NEU-
MAN AN, HINKSON DW, GREEN JG, BHATTACHARYYA I,
COHEN DM. Bisphosphonates. Related os-
teonecrosis of the jaw in three osteoportic pa-
tients with history of oral bisphosphonate use
treated with single yearly zoledronic acid infusion.
J Oral Maxillofac Surg 2012; 70: 325-330.

39) VAHTSEVANOS K, KYRGIDIS A, VERROU E, KATODRITOU E,
TRIARIDIS S, ANDREADIS CG, BOUKOVINAS I, KOLOUTSOS

GE, TELEIOUDIS Z, KITIKIDOU K, PARASKEVOPOULOS P,
ZERVAS K, ANTONIADES K. Longitudinal cohort study
of risk factors in cancer patients of bisphospho-
nate-related osteonecrosis of the jaw. J Clin On-
col 2009; 27: 5356-5362.

40) ZERVAS K, VERROU E, TELEIOUDIS Z, VAHTSEVANOS K,
BANTI A, MIHOU D, KRIKELIS D, TERPOS E. Incidence,
risk factors and management of osteonecrosis of
the jaw in patients with multiple myeloma: a sin-
gle-centre experience in 303 patients. Br J
Haematol 2006; 134: 620-623.

41) BADROS A, TERPOS E, KATODRITOU E, GOLOUBEVA O,
KASTRITIS E, VERROU E, ZERVAS K, BAER MR, MEILLER T,
DIMOPOULOS MA. Natural history of osteonecrosis
of the jaw in patients with multiple myeloma. J
Clin Oncol 2008; 26: 5904-5909.

42) ESTILO CL, VAN POZNAK CH, WILIAMS T, BOHLE GC,
LWIN PT, ZHOU Q, RIEDEL ER, CARLSON DL, SCHODER

H, FAROOKI A, FORNIER M, HALPERN JL, TUNICK SJ,
HURYN JM. Osteonecrosis of the maxilla and
mandible in patients with advanced cancer treat-
ed with bisphosphonate therapy. Oncologist 2008;
13: 911-920.

1397

Bisphosphonate-associated osteonecrosis of the jaw 2 years after teeth extractions


