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Bisphosphonates-related
osteonecrosis of the jaws

Jodo Ferreira dos SANTOS', Bruno Feital FUSARO?, Antonio Carlos Costa BENTO JUNIOR?®,
Leonardo Coelho Lima SALGADO?, Andressa Antunes Prado de FRANGA*

Introduction: osteonecrosis of the jaws associated with the use of bisphosphonates has been a rele-
vant subject matter addressed by dental clinics in the current century. The medication has been widely
used and, for this reason, dental surgeons have faced the need to deepen their knowledge on such a
theme, particularly because necrotic lesions associated with the use of bisphosphonates negatively
affect patients’” quality of life while also lead to their significant morbidity. Thus, knowing about the
disease, its epidemiology, as well as risk rates and patients’ management has been rendered necessary.
Objective: the present study’s general aim was to search the literature for relevant information on
the pathology and medication by means of a literature review. Methods: an electronic search was
conducted in EBSCO and MEDLINE databases for articles published between 1996 and 2014. Original
articles and literature reviews providing the grounds for the development of the subject matter of
choice were selected. Results: a total of 22 articles met the established criteria. While the research was
being conducted, other medications associated with the disease were also found. Those medications
are reported in this study as well. Conclusions: as a result of bisphosphonates use, bone tissue has
its resorption capacity decreased, thus increasing the potential for lack of healing and consequent
necrosis. Additionally, the action exerted by the medications is evinced, as they inhibit soft tissue cells
and blood vessels proliferation. Finally, the importance of adequate patient management regarding
the use of drugs for subjecting patients to surgical procedures is shown. Keywords: Osteonecrosis.
Osteoclasts. Bone.
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INTRODUCTION

Bisphosphonates are synthetic nonhy-
drolyzable compounds of which molec-
ular structures are similar to those of in-
organic pyrophosphate (P-C-P and P-O-F,
respectively), an endogenous bone min-
eralization inhibitor. Bisphosphonates act
against calcium resorption in bones, as
they inhibit the action of osteoclasts.’?

Therefore, they are largely used in Endo-
crinology, Oncology, Orthopedics and
Dentistry to treat resorption diseases,
including osteoporosis, Paget disease,
malignant hypercalcemia, bone metas-
tases and osteolytic lesions of multiple
myeloma.® Osteonecrosis of the jaws
associated with the use of bisphospho-
nates (OMJ) consists of bone exposure
and/or necrosis in the maxillofacial re-
gion. It lasts for at least eight weeks in
patients exposed to bisphosphonates
not subjected to radiotherapy.* The pa-
thology was first identified by Marx® in
2003 as a painful bone exposure lesion
with negative response to conventional
surgical and clinical treatment and, most
ofthetimes (77.7%), associated with pre-
vious dental surgical procedures. There
are a few cases in which lesions are not
related to surgical procedures.®

Those lesions negatively affect patients’
quality of life and lead them to significant
morbidity; thus, management strategies
for patients with OMJ or at risk of being
affected by lesions were established by
the American Association of Oral and
Maxillofacial Surgeons (AAOMS) in 2007.6
An agreement on this subject matter was

also published. From that time onwards,
knowledge on the theme has increased
and changes on the published agreement
were made between 2009 and 2014.

Since then, methods used to assess pa-
tients at risk have been established in
addition to criteria for assessing lesions
and proper treatment modalities.* Based
on the importance of the matter and its
relationship with dental surgery, it is par-
amount to emphasize the importance of
the present literature review on osteone-
crosis of the jaws associated with the
use of bisphosphonates.

MATERIAL AND METHODS

The present study was carried out as
an electronic search in EBSCO and
MEDLINE databases, including stud-
ies published between 1996 and 2014,
Search strategy was conducted based
on the following terms: bisphospho-
nates, osteonecrosis of the jaw and
bisphosphonate-related osteonecrosis
of the jaw. A total of 22 original articles
and literature reviews were selected,
based on the inclusion criterion of high
relevance for the understanding of the
medications studied and the overall
picture of the disease.

Firstly, important topics on osteonecro-
sis of the jaws associated with the use of
bisphosphonates were selected. Subse-
quently, articles addressing each theme
were selected. The number of citations of
each article in renowned dental journals
was a selection criterion. Selected arti-
cles had a minimum of 20 citations each.
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Finally, in order to restrict the number
of references, articles with similar con-
tent were excluded, according to date
of publication thus, keeping the most
recent papers.

RESULTS

A total of 21 articles met the selection
criteria and provided the grounds for the
present literature review.

DISCUSSION

Bisphosphonates are synthetic com-
pounds analogous to inorganic pyro-
phosphate (an important endogenous
bone mineralization inhibitor) capable of
preventing bone resorption. Due to that
feature, they are used in Endocrinology,
Oncology, Orthopedics and Dentistry
to treat resorption diseases, namely:
osteoporosis, Paget disease, malignant
bone tumors and multiple myeloma.’??
Bisphosphonates molecular structure is
similar to that of pyrophosphate; howev-
er, while the latter has a P-O-P structure
(central oxygen), the former has a P-C-P
structure (central carbon). Pyrophos-
phates and bisphosphonates molecular
structures allow the former to become
hydrolyzed while preventing the latter
from becoming hydrolyzed." Additional-
ly, their tridimensional structure grants
both pyrophosphates and bisphospho-
nates the capacity of bonding to diva-
lent metal ions, among which the Ca®*
present in bone structure.’

Because bisphosphonates have some
affinity to calcium ions, after they have
been administered, they aim at calcified

tissues (due to demanding bone remod-
eling, the jaws become a target) and
can be found in three to four times high-
er concentrations in bone resorption
sites than in bone formation sites®"®
They have two side chains, and the pres-
ence or absence of nitrogen in one of
the two chains groups this drug into two
different groups: nitrogenous bisphos-
phonates (more potent) and non-nitrog-
enous bisphosphonates (less potent).?
Bisphosphonates molecular structures
are shown in Figure 1.

This class of compounds acts mainly
over adult osteoclasts and precursor
cells of osteoclasts; however, it also acts
over other structures, such as vascular
endothelial growth factor (VRGF) and
keratocytes. 8910

As for the action of the two groups of
bisphosphonates over osteoclasts, each
one of them acts in a different manner:
when found in the cytoplasm, non-ni-
trogenous bisphosphonates  build-up
as nonhydrolyzable adenosine triphos-
phate (ATP) analogues, thus killing the
cell by inhibition of ATP-dependent en-
zymes; nitrogenous bisphosphonates,
on the other hand, act by inhibiting
farnesyl diphosphate synthase (FDPS),
an enzyme in the mevalonate pathway,
changing a chain of enzymes responsi-
ble for cellular metabolism and cytoskel-
eton formation, thus hindering the for-
mation and maintenance of osteoclasts
ruffled borders (active), directly restrain-
ing bone resorption and killing the cell
by apoptosis.?® The medications also
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Figure 1. Structures of bisphosphonates groups one and two, according to Roelofs et al,” and 3-PEHPC phos-
phonocarboxylates analogue (a bisphosphonate-derivative capable of inhibiting Rab geranylgeranyl transfer-
ase, an enzyme in the mevalonate pathway using isoprenoid lipids).

act by inhibiting vascular neoformation
by VEGF inhibition.® They also act over
oral mucosa soft tissues, thus inhibiting
cell proliferation.™

Finally, bisphosphonates are adminis-
tered orally and parenterally. When ad-
ministered orally, less potent bisphos-
phonates are used against osteoporosis
and Paget disease (e.g. alendronate
and etidronate). When administered in-
travenously, more potent bisphospho-
nates are used against bone tumors

(e.g., zoledronate and pamidronate).* Ta-
ble 1 shows the most commonly used
bisphosphonates, their commercial
brands, therapeutic indications, pres-
ence or not of a nitrogenous compound,
usual dosage, administration and power.

Osteonecrosis of the jaws has been of-

ten studied. It is caused by a number of

local and systemic factors:™

e Local factors: infectious and inflammato-
ry events, bone tumors, mechanical trau-
ma, radiotherapy, exposure to chemical
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substances (arsenic-derivatives,  liquid
substances for endodontic treatment) and
the use of electric scalpel during bone
surgery.

e Systemic factors: osteoporosis, AIDS,
autoimmune diseases, hypothyroidism, al-
coholism, drug addiction, hyperlipidemia,
hemodialysis and longterm use of corti-
costeroids.

In 2003, Marx® established a direct as-
sociation between osteonecrosis and
the use of bisphosphonates, when as-
sessing 36 cases of painful bone ex-
posure of the jaws in patients using
pamidronate (Aredia) and zoledronate
(Zometa). Out of those patients, 77.7%
of cases were associated with previous
dental surgical procedures. Marx also

Table 1. Bisphosphonates more commonly available on the American market in 2009. Adapted from Ruggiero

et al,* 2009.

DRUG PRIMARY PRESENCE

(brand name)

Etidronate Paget's

(Didronel) disease No

Tiludronate Paget's NoO
(Skelid) disease
I Osteoporosis Yes
(Fosamax)
Residronate .
(Actonel) Osteoporosis Yes
Pamidronate .
(Aredia) Osteoporosis Yes
Pamidronate Bene
(Aredia : Yes
metastasis
Zoledronate me?:st?[zsis
(Zometa) Yes
(Reclast) Osteoporosis

“Relative to etidronate

2015 Dental Press Implantology

INDICATION | OF NITROGEN

ROUTE OF RELATIVE

DOSAGE ADMINISTRATION POTENCY*

300-750 mg/day
for 8 months

400 mg/day
for 3 months Ol 28
10 mg/day
T ek Oral 1000
5 mg/day
B ek Oral 1000
5 s ez Oral
35 mg/week 168y
9 Parenteral
90 mg/ Parenteral 1000-5000
3 months
4 ma/each Parenteral >10000
3 weeks
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mentions that, since the jaws are bones
exposed to the outer environment due
to the presence of teeth, and thereby ex-
posed to all pathologies associated with
them (periodontitis, pulpitis, dentoalve-
olar abscess), they end up being more
frequently affected by necrosis.®

Once the association between medica-
tion and illness had been established,
OMJ was conceptualized as a painful
bone exposure in the maxillofacial region,
lasting for at least eight weeks in patients
exposed to bisphosphonates not subject-
ed to radiotherapy. The pathology nega-
tively affects patients’ quality of life and
lead them to significant morbidity.*

The incidence rate for this illness de-
pends on the type of drug used, the
pathology treated, invasive dental pro-
cedures previously carried out and med-
ication administration. In patients under
osteoporosis treatment, with alendronate
being administered orally, the incidence
rate ranges between 0.01% and 0.04%
in cases without previous extraction and
between 0.09% and 0.34% in patients
subjected to surgery. As for patients with
Paget disease, numbers range between
0.26% and 1.8% in individuals not sub-
jected to surgery and between 2.1%
and 13.5% in subjects with previous ex-
traction. Finally, patients diagnosed with
cancer receiving zoledronate or pamid-
ronate parenterally have an illness inci-
dence rate ranging between 0.88% and
1.15%, for those not subjected to surgery,
and between 6.67% and 9.91% for those
subjected to extraction.'®

Due to being relevant to the day-to-day
dental clinic, management strategies for
patients at risk or affected by the disease
have been established by the AAOMS.*

Since the disease is more commonly
established in patients subjected to in-
vasive dental procedures, assessment
and invasive dental interventions must
be carried out before bisphosphonate
therapy performed parenterally, when-
ever patients’ general health allows it.
Additionally, whenever surgical interven-
tion is to be carried out in patients un-
dergoing bisphosphonate therapy oral-
ly for more than three years, treatment
should be interrupted for three months
before the invasive procedure and three
months afterwards, always assessing
whether patients’ general health allows
the drug use to be discontinued. Fur-
thermore, it is important to highlight that
the method available for bone remod-
eling assessment must be used: bone
resorption biomarkers (CTx). Such an
examination measures (in picograms
per milliliter of blood - pg/ml) the serum
concentration of CTx, which is a type |
collagen degradation-derived molecule
present in bone tissues. Values lower
than 100 pg/ml suggest high risks of
osteonecrosis  development; whereas
values between 100 and 150 pg/ml
suggest an intermediate risk, and values
higher than 150 pg/ml suggest low risks
of osteonecrosis development 141516

In 2009, Ruggiero et al* established a

protocol for determining staging and
treatment of patients at risk or affected
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by the illness. Five different stages were

determined, according to the intensity of

illness:

e Patients at risk: asymptomatic, without ev-
idence of necrotic bone and undergoing
bisphosphonate treatment.

* Stage 0: patients with no evidence of ne-
crotic bone, but with non-specified symp-
toms or with the presence of clinical and
radiographic findings.

* Stage 1: exposed, necrotic bone in as-
ymptomatic patients without infection.,

e Stage 2: exposed, necrotic bone in pa-
tients with clinical evidence of infection.

* Stage 3: bone exposure and necrosis in
patients with pain, infection and one or
more of the following pathologies: bone
exposure and necrosis beyond alveolar
bone limits; pathogenic bone fracture;
extraoral fistula; oroantral or oronasal
communication; bone lysis affecting
the lower ridge of the mandible or the
maxillary sinus.

Treatment protocols for each stage of

the disease have also been established:

e Patients at risk: no need for treatment,
they need to be informed not only
about the risks of developing OMJ,
but also about the illness’ signs and
symptoms.

 Stage 0: therapy aimed at relieving symp-
toms, management of risk factors (caries
and periodontal disease). Infection control
with antibiotic therapy might be neces-
sary.

* Stage 1: use of antimicrobial mouth wash
(0.12% chlorhexidine).

» Stage 2: use of antimicrobial mouth wash
associated with antibiotic therapy.

» Stage 3: debridement and bone resec-
tion at the affected site associated with
stage 2 treatment, which might be long-
term palliative care only, with resolution
of acute infection and pain. Removal of
bone sequestrum might be rendered
necessary; however, without changing
the non-affected bone. Extraction of
symptomatic affected teeth at the ne-
crotic site must be considered while
assessing the potential risk of extraction
aggravating the necrotic process.*

Antibiotic therapy attempts have been
assessed. Separately, they do not show
any significant difference regarding bac-
teria found at the lesion sites.!”

A few extra procedures have also been
proposed in the attempt to properly seal
the lesions, with considerable relevance
to the treatment of ill patients.

Lemound et al® included the use of
the mylohyoid muscle fascia to recover
mandibular lesions in patients at stages
1 or 2 established by Ruggiero et al* in
2009. After submitting 20 patients to sur-
gery and clinical control for 19 months,
the authors achieved a success rate of
90% (patients with lesion sealing;”® on
the other hand, Agrillo et al'® proposed
the use of ozone gas to reduce bacteri-
al colonization at the surgical site after
lesion debridement - surgical debride-
ment, as proposed by Ruggiero et al*
in 2009). Results revealed success in
relieving pain previously caused to the
patients (the authors’ hypothesis associ-
ated ozone therapy with pain relief).
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Franco et al*® in 2014, proposed hyal-
uronic acid and amino acid therapy at
debridement or resection surgical sites
to treat osteonecrotic lesions (as sug-
gested by Ruggiero et al*).

After assessing the results, the authors
found a success treatment rate (patients
without recurring lesions) of 84,96%.%°
Last, but not least, the new boundaries of
studies and researches on bone necro-
sis of the jaws, new medication against
malignant tumors acting over the vascu-
lar endothelial growth factor (VRGF) as
well as over osteoclasts should be high-
lighted. Antiangiogenic drugs, such as
Sunitinib, Sorafenib, Bevacizumab and
Sirolimus, in addition to Denosumab
monoclonal antibody (used to treat bone
tumors due to being antiresorptive) were
described by Ruggiero et al*’ in 2014
on a document published by the Amer-
ican Association of Oral and Maxillofa-
cial Surgeons (AAOMS). Therefore, the

illness also includes cases of patients
treated with the aforementioned drugs,
thus having its name changed to osteo-
necrosis of the jaws associated with the
use of medications.”

CONCLUSION

Despite the risks involved in the dental
and surgical treatment of patients using
bisphosphonates and other antitumoral
drugs, such procedures are not con-
traindicated. Individual patients must
have risk rates examined, while having
them associated with the medication
being used, treatment time, administra-
tion, potential for treatment interruption,
general health conditions and diagnos-
tic examination available (CTx). Should
the association of the aforementioned
factors suggest low risk of osteonecro-
sis, there is no reason why necessary
surgical procedures or elective surgery,
as it is the case in Implantodontics,
should be avoided.
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