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Abstract
Healthy jawbones ensure better tooth anchorage and the ability to masticate and
maintain metabolism. This is achieved by a delicate balance between bone formation
and resorption in response to functional demands. An imbalance in the expression
of receptor activator of nuclear factor kappa-B (RANK) ligand (RANKL) and os-
teoprotegerin (OPG) or osteoclastogenesis inhibitory factor (OCIF) is believed to be
the underlying mechanism of osteolysis in metastases, multiple myelomas, and can-
cer therapy-induced bone loss in patients. Considered mainly as bone-specific agents
to treat postmenopausal osteoporosis, bisphosphonates, in combination with certain
chemotherapeutic agents have proved to be effective in prevention of tumor formation
and metastatic osteolysis in bone tissue. Osteonecrosis of the jaws associated with
them has, however, been of grave concern to the prosthodontist, as it predisposes
patients to a bone-deficient basal seat for dental prostheses. This manuscript reviews
available information over the past 13 years on possible mechanisms of bone loss,
bisphosphonate-induced osteonecrosis of jaw bones, and prosthodontic concerns.

The relationship between integrity of jawbones and efficient
masticatory function is beyond argument. When metastases oc-
cur in the jaws from cancers of the breast, prostate, or lung or
from multiple myeloma, accelerated bone resorption leading to
early tooth loss and poor prosthodontic prognosis takes place.
This breakdown of bone architecture is grossly similar to os-
teoporotic changes. Key factors in bone remodeling include the
receptor activator of nuclear factor kappa-B (RANK) ligand
(RANKL), which stimulates bone resorption, and the soluble
decoy receptor osteoprotegerin (OPG) or osteoclastogenesis
inhibitory factor (OCIF), which inhibits bone resorption by
preventing RANK-RANKL interaction.1-5 The ratio between
these two factors regulates osteoclast differentiation, function,
and survival. RANKL overwhelming the effects of OPG is be-
lieved to be the underlying mechanism in bone loss associated
with metastases from solid tumors and multiple myeloma.6,7

Bone tumors also produce parathyroid hormone related
protein (PTHrP), a known stimulator of osteoclastic bone
resorption, and a major mediator of the osteolytic processes.
Transforming growth factor beta (TGFβ), which is abundant

in bone matrix and is released cyclically as a consequence
of osteoclastic bone resorption, stimulates PTHrP produc-
tion by tumor cells.8 Eck et al reported the role of matrix
metalloproteinase-1 (MMP-1) in metastatic bone osteolysis via
mechanisms involving matrix degradation, angiogenesis, and
osteoclast activation.9 Fili et al demonstrated that the increased
RANKL:OPG ratio in metastatic bone disease leads to success-
ful colonization and subsequent invasive growth of cancer cells
in bone. Also, cathepsin K (a lysosomal cysteine protease ex-
pressed by the osteoclasts during the process of metastatic bone
resorption) is supposed to be responsible for the degradation
of organic bone matrix and is therefore a potential target for
therapeutic intervention.10

Bisphosphonates
Bisphosphonates, characterized by the P-C-P bond, are ana-
logues of pyrophosphates (P-O-P) and are resistant to chemi-
cal and enzymatic hydrolysis. Bisphosphonates bind strongly
to hydroxyapatite crystals and inhibit their formation and
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dissolution. In vivo, this physicochemical action leads in some
instances to inhibition of normal calcification, though the main
effect is to inhibit bone resorption. The serum half life of this
group of drugs is very short compared to their half life in bone,
which in turn depends on the turnover rate of the skeleton.
Twenty to fifty percent of a given dose is taken up by the skele-
ton, and the rest is excreted in urine.

Bisphosphonates, apart from being potent inhibitors of bone
resorption, also act by inducing osteoclast apoptosis. Thus,
they prevent the development of cancer-induced bone loss,
though they have been considered mainly as bone-specific
agents to treat primary estrogen-deficiency osteoporosis.11

When the third-generation nitrogen-containing bisphospho-
nate, Zoledronic acid, is administered in combination with
certain chemotherapeutic agents, the combination is more effi-
cient, compared to other bisphosphonates, for treating skeletal
metastases and hypercalcaemia of malignancy (both of which
cause considerable morbidity).11-15 Other bisphosphonates cur-
rently in use are Alendronate, Palmidronate, Etidronate, and
Clopidronate. The mechanism of action is induction of osteo-
clast apoptosis through inhibition of the mevalonate pathway.

Bisphosphonate-related osteonecrosis
of the jaw (BRONJ)
Since the first report by Marx in 2003, the peculiar presentation
of osteonecrosis of the jaws associated with bisphosphonate
therapy (particularly, intravenous) has been confirmed by sev-
eral research groups.16-19 This is of concern to the prosthodon-
tist, as it predisposes patients to a bone-deficient basal seat for
all dental prostheses. Marx cautioned against the use of bone
grafts at such deficient sites, as there is a programmed cell death
of osteoclasts with poor modeling and regenerative potential,
accompanied by the possibility of activation of cancer.20

Allen and Burr presented the possible pathogenesis of
BRONJ to be a bisphosphonate-induced remodeling suppres-
sion, to allow accumulation of nonviable osteocytes as a
necrotic mass under the overlying mucosa.21,22 The anti-
angiogenic effects of bisphosphonates are believed to contribute
to postintervention poor healing. Pazianas et al reported pre-
deliction factors, such as age more than 60 years, female sex,
and previous invasive dental treatment, for BRONJ. Surgical re-
moval of these avascular, necrotic masses produces deficient ar-
eas in the foundation for dentures and implants. Further, BRONJ
may go undetected until the overlying mucosa has dehisced un-
der masticatory loads of a recently provided prosthesis.23

In the quest to avoid such adverse reactions, newer classes of
anti-resorptive drugs for skeletal metastases/malignancies are
being developed with limited success. These include Selective
Estrogen Receptor Modulators ([SERM] Ospemifene, Laso-
foxifene, Bazedoxifene, Arzoxifene), Odanacatib, Denosumab,
Strontium Ranelate, Glucagon-like peptide 2, Teriparatide, re-
combinant PTH, antibodies (sclerostin, dickkopf-1), calcium-
sensing receptor antagonists, and an activin receptor fusion
antagonist.24-40 The current approach is to develop drugs specif-
ically targeting tumor cells in bone, since skeletal metastases
are more resistant to therapy and serve as a site for secondary
spread of tumor cells. Gene therapy and immunotherapy are

also being developed to improve treatment with reduced side
effects.41

The prosthodontic concern
The prosthodontist not only records the history of the prospec-
tive prosthodontic patient pertaining to malignancy or metas-
tases and relevant medication, but also cautions the patient on
the prosthetic treatment concerns of bisphosphonates where ap-
plicable. In malignancies, the accelerated loss of trabecular and
cortical bone leads to reduced quality and quantity of the ridge,
making it more vulnerable to functional loading transmitted
through the prosthesis.

If a removable prosthesis is planned, forces on the basal
seat should be reduced with minimal pressure impressions and
functional placement of the borders to provide the “snowshoe
effect,” reducing the force per unit area while providing reten-
tion and stability. Preprosthetic surgery could ensure removal
of bony spikes and spicules, which act as foci of stress con-
centration in specific conditions, under the denture in function.
Gross bony defects created by scalloping to remove necrotic
bone mass (in case of BRONJ) must be evaluated prior to
impression-making.

Preliminary impressions in such cases may be made in irre-
versible hydrocolloid and definitive impressions in light-body
silicones in a pressure-less fashion. For less-stress transfer-
ence to the remnant bone and reduction of undesirable hori-
zontal forces, acrylic cuspless/monoplane teeth are indicated.
Decreasing the occlusal table and reducing vertical overlap of
prosthetic teeth within functional limits may also be advocated.
Heat-cured soft liner materials could be used to line the in-
taglio surface of dentures to dissipate and distribute forces by
their cushioning effect, and to improve patient compliance and
treatment prognosis.

Finally, after prosthodontic treatment, the patient should be
recalled at intervals of at least 2 to 3 months to monitor health
of the denture-bearing tissues, clinically and radiographically.
Advice on keeping the prostheses out of the mouth for at least
12 hours daily should be given. Caution should be taken to
avoid fixed prosthesis/implant treatment until the patient is in
remission, and/or bisphosphonate therapy has been suitably
concluded to prevent an osteonecrotic reaction.
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