
SUMMARY
Objectives: To review current knowledge of biphosphonates with respect 

to oral cavity pathology and dental procedures. The scope is the chemistry, 
properties, chemical uses and recommendations that refer to biphosphonates 
and are of oral and maxillofacial interest.

Sources: “PUBmed” and e-articles searched electronically with key 
words biphosphonates, oral cavity, oral pathology and manifestations. 

Conclusions: Biphosphonates are analogues of pyrophosphate, com-
prising of 2 phosphate groups linked by a phospho-ether bond. This particu-
lar structure is responsible for their resistance to hydrolysis and their great 
variation in biological and therapeutic background. There are nitrogen and 
non-nitrogen containing biphosphonates of 4 generation types: I, II, III and 
IV. Etidronate is the main representative of the first type and zoledronic acid, 
pamidronate and ibandronate are some of the newer ones. Biphosphonates 
act almost exclusively on bone in proximity to the osteoclasts. They aren’t 
metabolized and persist within the bone for long periods of time. The mecha-
nisms that characterize their action are closely related to bone resorption and 
a decrease in bone turnover. Their action is explained on the basis of calci-
fication, delay of the dissolution of calcium phosphate crystals, inhibition of 
formation and aggregation of calcium phosphate crystals. They are focused 
on the treatment of Paget’s disease, hypercalcemia, bone metastases and 
present an anti-osteolytic effect, counteract bone loss in chronic periodontitis 
or play an anti-neoplastic role. Osteonecrosis, avascular necrosis of the jaws, 
renal toxicity, fever, bone pain, hypocalcemia, mild gastrointestinal complains 
and jaw fracture after extraction can follow biphosphonate therapy. All these 
underline the need of certain preventive measures and recommendations.
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Introduction

Biphosphonates have been known to chemists since the 
middle of the 19th century, when the first synthesis in 1865 
occurred in Germany1. Our knowledge of the biological 
characteristics of biphosphonates dates back 30 years2.

They are a group of medication that have become 
increasingly and more widely used especially in the 
management of certain bone diseases, some of which 
are very common in our ageing population. However, 
daily clinical practice and research reveal the existence 
of several side-effects of biphosphonates, as well as 
an association between them and the implication or 

bone diseases that are able to put the success of dental 
procedures and not only.

These facts designate the need of special refers to 
the characteristics, properties of the medicine and their 
correlation with bone diseases and dental practice. This is 
the goal of this review.

Chemistry and Classification 

Biphosphonates are synthetic compounds, analogues 
of pyrophosphate, an endogenous regulator of bone 



mineralization. They are comprised of 2 phosphonate 
groups linked by phospho-ether bonds (P-C-P structure). 
This structure makes them resistant to hydrolysis in acid 
conditions or by pyrophosphatases. The P-C-P structure 
allows a great number of possible variations either 
by changing the 2 lateral chains on the carbon, or by 
esterifying the phosphate groups; therefore, the biological 
therapeutic and toxicological characteristics of different 
generations of biphosphonate vary dramatically3-5.

Currently there are 2 main types of biphosphonates: 
nitrogen-containing and non-nitrogen containing. According 
to evolution, literature classifies them in 4 generation types: 
I, II, III and IV. Etidronate is the main representative of the 
first, and zolendronic acid, pamidronate and ibandronate 
are some of the newer ones.

Mechanism of Action

Biphosphonates act almost exclusively on bone when 
administered because of specific affinity to it where they 
deposit in newly formed bone and in proximity to the 
osteoclasts.

The half life of biphosphonates is quite short, ranging 
from 30 min to 2 hours. They are not metabolized and 
persist within bone for long periods of time6,7. They 
decrease both osteoclast activity and osteoclast numbers. 
The first is exemplified by internalization by osteoclasts 
causing disruption of osteoclast mediated bone resorption, 
the second by inhibiting osteoclast recruitment and 
apoptosis of them, thus reducing their number. The result is 
bone resorption and a decrease in bone turnover. However, 
once incorporated into bone tissue biphosphonates persist 
for up to 10 years depending on the skeletal turnover time.

The mechanisms of action of these medicines are 
described on the basis of several processes. The most 
important of these is calcification throughout which 
biphosphonates inhibit the formation and aggregation of 
calcium phosphate crystals, block the transformation of 
amorphous calcium phosphate into hydroxyapatite, and 
delay the aggregation of apatite crystals8-10. They delay 
the dissolution of calcium phosphate crystals and inhibit 
the formation and aggregation of calcium oxalate crystals. 
Biphosphonates’ action is also taking place by bone 
resorption, which is performed by inhibition of mineral 
dissolution, on tissue level by reduction in bone turnover, 
on cellular level by inhibition of osteoclast recruitment 
and osteoclastic adhesion to mineralized matrix, and 
by shortening of life span of osteoclasts and inhibition 
of their activity as well. On the molecular level, various 
biphosphonates, especially clodranate, inhibit lysosomal 
enzymes and prostaglandin synthesis; prostaglandins are 
involved in bone resorption. They can also have several 
effects through other cells, such as  osteoblast lineage 

cells, cells of mononuclear phagocyte and immune system, 
such as macrophages or tumour cells.

It is very important to mention that the 2 families 
of biphosphonates have different pathways of action. 
Nitrogen containing ones act through the mevalonate 
pathway, but non-nitrogen containing biphosphonates, 
such as etidronate, tiludronate and clodronate, are 
incorporated into phosphate chain of adenosine 
triphosphate (ATP) containing compounds, so that they 
become non-hydrolysable. The new P-C-P containing ATP 
analogues inhibit cell function and lead to cell death by 
apoptosis.

The cellular uptake of biphosphonates is mostly 
taking place in the cytosol, and the concentration 
expressed in terms of cellular water can be several folds 
higher than in the medium.

They have a very low bioavailability from a few % to 
1% - mostly for the newer ones. This is explained by their 
low lipophilicity, which hampers trans-cellular transport 
and their negative change which hampers para-cellular 
transport. The absorption in the intestine mainly follows a 
para-cellular route11.

The administration of ethylene-diaminotetraacetic 
acid, a strong Ca chelator, favours the absorption of 
biphosphonates and increased doses of them will lead 
to an increase in their own absorption12. Once in the 
blood, biphosphonates disappear very rapidly, mostly to 
bone13. This is due to the fact that they are characterized 
by a rapid and strong binding to hydroxyapatite crystals. 
Skeletal uptake might be determined above all by the 
vascularization of the bone.

The various biphosphonates display some differences 
in their affinity for the hydroxyapatite surface14. They 
were found to deposit under the osteoclasts besides those 
locations within the bone where new bone is formed15. The 
distribution of the amount deposited in bone formation 
and resorption sites depends upon the amount of medicine 
administered. Small quantities deposit mostly under the 
osteoclasts while bigger ones go to both forming and 
resorption sites. Soft tissues on the other hand are exposed 
to these compounds for only short periods, explaining 
their bone specific effects and their low toxicity. However, 
some biphosphonates, especially pamidronate, can at 
times deposit in other organs, such as stomach, liver and 
spleen16-18.

Once the biphosphonates are buried in the skeleton, 
they will be released only when the bone is destroyed in 
the course of the turnover. The skeletal half-life of various 
biphosphonates is sometimes more than 10 years. They 
aren’t metabolized in vivo due to the stability of their 
P-C-P bond to heat and most chemical reagents, as well as 
their resistance to hydrolysis by the enzymes found in the 
body. Biphosphonates are excreted renally19.
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Clinical Uses

Biphosphonates appear to play a multifactorial role in 
many kinds of clinical cases. One of the early clinical uses of 
biphosphonates was as bone scan imaging agent3. They are 
also used in the treatment of Paget’s disease, hypercalcemia 
(the result of excessive bone resorption and release of Ca 
into circulation) related to malignancy, in the management 
of bone metastases by reducing skeletal tumour burden in 
patients with multiple myeloma and prostate cancer20. They 
play an extinguished role - reduce the incidence of new 
fractures in the management of osteoporosis characterized 
by abnormal rarefaction of bone, especially the third 
generation biphosphonates (riserdronate) in postmenopausal 
women21. They have an anti-osteolytic effect by inhibition 
of osteoclastic action22. They can be applied to counteract 
bone loss in chronic periodontitis23. Besides all these, they 
play an anti-neoplastic role by interacting with osteoclasts, 
osteoblasts, tumour cells, cytokine and growth factor 
production, leading to the interruption of bone destruction; 
by immunomodulating properties on γδ T cells (activate 
them), they have pre-apoptotic and anti-angiogenic 
potentials - their use as radiation sensitizers.

Properties

The first is inhibition of calcification when given 
at high doses and bone resorption24,25.  Biphosphonates 
impair the mineralization of normal calcified tissues, 
such as bone and cartilage and dentine, enamel and 
cementum2. In the latter case, their administration can 
lead to a reduction of the extraction force. In addition 
to it, they decrease bone loss or actually increase bone 
mineral density. At the cellular level, biphosphonates 
increase proliferation of osteoblasts and cartilage cells, 
biosynthesis of collagen and osteocalcin by bone cells, and 
proteoglycans by cartilage cells. The effect on collagen 
may be due to impaired intracellular collagenolysis. It is 
very interesting to mention that bone that has been treated 
with biphosphonates is still able to show an anabolic 
response to intermittent parathyroid hormone although 
the effect is blunted2. They also exhibit anti-angiogenic 
properties by depriving tumour cells of adequate 
nutrient and blood supply. Biphosphonates alter the bone 
microenvironment making it less favourable for tumour 
cell proliferation20. 

Side-Effects

Biphosphonate therapy is presented by many 
scientists and case reports observations to be related 

with important adverse effects including renal toxicity, 
fever, bone pain, hypocalcemia and mild gastrointestinal 
complains26-30. In particular, the biphosphonate associated 
osteonecrosis of the jaws is a subject that draws the 
intense interest of the dental community. Osteonecrosis 
is characterized by the death of bone that results as a 
natural consequence of a wide variety of systemic and 
local factors compromising the blood flow of bone, such 
as haemoglobinopathies, anticardiolipin antibodies, 
defects of thrombotic and fibrinolytic systems, fat emboli, 
alcoholism, systemic lupus erythematosus (SLE) 31-34, 
corticosteroid administration and recently, as proven, 
biphosphonate therapy. Bone exposure caused by 
osteonecrosis has particular sites of establishment on the 
jaws: the posterior mandible in the molar area along the 
mylohyoid ridge is the most common one, followed by the 
posterior maxilla.

The complication of exposed bone jaws associated 
with biphosphonate therapy (osteonecrosis/osteopetrosis) 
is explained by 2 theories. The leading theory suggests 
that it is caused by cessation of bone remodelling and 
bone turnover by the basic osteoclast inhibiting effect 
of the drugs when given to reduce loss of bone density 
in osteoporosis, or to prevent cancer spread in bone. 
Since the jaws have a greater blood supply than other 
bones, and a faster turnover rate related both to their 
daily activity and the presence of teeth (which mandates 
daily bone remodelling around the periodontal ligament), 
biphosphonates are highly concentrated in the jaws. 
Coupled with chronic invasive dental diseases and 
treatments and the thin mucosa over bone, this anatomic 
concentration of biphosphonates causes this condition to 
be manifested exclusively in the jaws. Thus the exposed 
bone in the jaws is the direct result of the action of the 
drugs on the daily remodelling and replenishment of bone. 
Osteoblasts and osteocytes live for only about 150 days. 
If upon their death the mineral matrix is not resorbed 
by osteoclasts which release the cytokines of bone 
morphogenetic protein and insulin-like growth factors 
to induce new osteoblasts from the stem cell population, 
the osteon becomes acellular and necrotic. The small 
capillaries within the bone become involuted and the bone 
avascular. A spontaneous breakdown of the overlying 
mucosa, injury or invasive surgery in the jaws, usually 
cause this necrotic bone to expose. It then fails to heal. 

According to the competing theory (based only on 
experimental evidence) biphosphonates, pamidronate and 
zoledronate, inhibit endothelial cell proliferation in the 
jaws thus leading to loss of blood vessels and avascular 
necrosis35,36. We must underline that osteonecrosis is 
actually a chemically induced form of osteopetrosis, 
an inherited autosomal dominant trait characterized by 
the loss of osteoclast development with 7 subtypes. In 
osteopetrosis, as in biphosphonate induced exposed bone, 
angiogenesis in the soft tissues is normal.
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Moreover, the comparison between osteonecrosis and 
osteoradionecrosis is useful for the differential diagnosis of 
the first. Unlike osteoradionecrosis (ORN), biphosphonate 
associated osteonecrosis (BAO) doesn’t appear to be 
amenable to hyperbaric oxygen therapy. In ORN, radiation 
induced tissue damage is characterized by hypoxia, 
hypocellularity and hypovascularity which are reversible 
or preventable to some degree with revascularization 
of bone. By contrast, in BAO the alteration in bone 
metabolism is such that revascularization alone is 
insufficient to alter the course of the lesions because 
biphosphonates are not metabolized appreciably and have 
the potential to remain in the bone indefinitely37,38. It has 
been reported that BAO is refractory to hyperbaric oxygen 
therapy and advised against using hyperbaric oxygen in 
the treatment of these patients.

A distinguished feature between the 2 situations 
is coming out from the observation that the maxilla is 
commonly involved in BAO, whereas this is sighted rarely 
in cases of ORN. It is critical to mention that BAO has 
substantial clinical implications because many patients fail 
to heal after dental surgical procedures, e.g. extraction.

Osteonecrosis is often related to a site of previous 
dental treatment but can also occur in regions without it. 
Jaw pain is present, as well as an infection secondary to 
bone exposure26. Extractions make the conditions worse 
with a non-healing socket sequestration, pain, offensive 
smell, soft tissue infections and deformity3. The class of 
biphosphonates that is mostly related with osteonecrosis is 
the nitrogen-containing (zolendronate, pamidronate).

Besides osteonecrosis and exposed bone lesions, 
biphosphonate therapy is being associated with avascular 
necrosis although our current knowledge of the related 
process is limited, showing that these drugs are a direct 
factor in a multifactorial aetiology leading to avascular 
necrosis in the jaws. They are suggested to produce 
ischemic changes in the maxilla and mandible3.

Finally dental implant failure attributable to oral 
biphosphonate therapy has been reported in patients with 
osteoporosis39. 

Preventive Measures and 
Recommendation

The whole description of the implications of the 
biphosphonate therapy reflects the critical value of several 
preventive measures and recommendations in order to 
avoid them. Generally, impacted teeth that are completely 
covered by bone or soft tissue should be left undisturbed, 
but those with an oral communication are recommended 
to be removed and given a month healing period. 
Prophylactic antibiotic coverage for invasive dental 
procedures is necessary and thus penicillin remains the 

drug of choice19. In case of penicillin allergy, combination 
of guinolones and metronidazole would be appropriate. 

Before initiating biphosphonate therapy and for non 
invasive dental care, biphosphonate therapy need not 
to be delayed. In case of invasive procedures, such as 
extractions, commencement of biphosphonate therapy 
should be delayed for a month to allow sufficient time 
for home recovery and healing. Once the regimen of 
biphosphonate therapy has begun, surveillance schedule 
of once every 4 months is recommended40.

While receiving biphosphonate therapy, tooth 
extractions should be avoided as well as selective surgery 
within the jaws, replaced by alternatives including root 
canal treatment and amputation of the crown. Patients 
with dentures should have well maintained soft liners 
to minimise trauma of the oral mucosa, or leave their 
dentures out. Pain control is important Fluoride and 
possibly 0.12% chlorhexidine may be considered to 
decrease the possibility of tooth extraction26. Placing 
implants should be strictly avoided41. 

Treatment of Patients with 
Osteonecrosis/ Established Avascular 
Necrosis of the Jaws 

Attempts to accomplish debridement, cover the 
exposed bone with flaps, or bone contouring procedures 
are being considered only in cases refractory to non-
surgical management, and in the face of continuing 
symptoms19. This model of therapy is suitable for 
avascular necrosis of the jaws being shown by table 1.

Bone grafting either as a free graft or by 
microvascular transfer involves affected bone. There is a 
risk that there could be 2 problem areas, the donor graft 
site as well as the recipient jaw site. Major resection 
surgery should be avoided5.

In osteonecrosis, treatment should be directed 
towards eliminating or controlling pain, preventing 
progression of the exposed bone .The necrotic exposed 
bone itself is not painful and will remain structurally 
sound to support normal jaw function. Once secondarily 
infected, it will become painful and may lead to cellulitis 
and fistula formation42, 43. Pathologic fractures do not 
usually occur unless debridement surgeries have reduced 
the structural integrity of the mandible.

Therefore, aside from rounding off sharp bony 
projections that produce soft tissue inflammation, and a 
long term course of penicillin V-K 500 mg, 4 times a day, 
and 0.12% chlorhexidine44 is prescribed. Occasionally, 
severe cellulitis will warrant hospital care using IV 
antibiotics (ampicillin).
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Conclusions

Summarising the main points concerning 
biphosphonates, on the basis of dental interest, we should 
mention that they are used in the treatment of Paget’s 
disease, multiple myeloma and in chronic periodontitis by 
counteracting bone loss. However, it is critical to notice 
that biphosphonate therapy needs to be stopped 6 months 
before the attempt of any surgical or invasive method in 
the mouth, including tooth extraction, thus minimising the 
danger of osteonecrosis.

 There are many unknown facts regarding the process 
of biphosphonate related osteonecrosis of the jaws. The 
incidence is currently low, 0.1-1% of all patients on 
biphosphonates, and may differ among different bone 

pathologies, biphosphonates and dosage regiments. The 
most important question, however, is whether this is a 
cumulative problem.

Moreover, biphosphonate therapy has become a 
standard of care for patients with malignant bone disease. 
Preclinical and preliminary clinical data suggest that 
biphosphonates may prevent cancer-treatment induced 
bone loss in patients with breast or prostate cancer 
receiving oestrogen/androgen therapies. In addition to it, 
biphosphonates have demonstrated anti-tumour activity in 
preclinical models and clinical evidence supports the fact 
that biphosphonates may slow the progression of bone 
lesions or prevent bone metastases45. Therefore, trials to 
determine the anti-tumour effects of these drugs in patients 
with early stage breast and prostate cancer, non-small 

Ensure correct diagnosis 

Cease biphosphonate if possible minimum 3 months before 
surgical intervention (it is possible that this time span is too short) 

Antibiotics if secondary infection (penicillin, cephalosporin, clindamycin) 
Antiseptic mouth wash (e.g. Chlorhexidine gluconate) 

Cover with periodontal pack. 

Localised surgical debridement without primary reconstruction 

Minimal mucoperiosteal flap reflection to preserve the blood 
supply to underlying bone should be used 

Resolution Non-Resolution

Surgical resection without primary 
therapy reconstruction 

Alternatives to biphosphonate 

Table 1: Therapeutic management of the established avascular necrosis of the jaws
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cell lung cancer and renal cell carcinoma will provide 
important insight into the optimal timing and modality 
of biphosphonate therapy in those patient populations. 
The clinical applications of these medicines are likely 
to expand further in oncology as these trials mature. 
This whole concept reveals a part of the new horizons in 
biphosphonate therapy research45.
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