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ABSTRACT

Bisphosphonates remain the most used and most effective
drugs for the treatment of systemic bone diseases followed by
bone resorption. Although their side effects in a form of alveolar
bone osteonecrosis have been reported, bisphosphonates have a
potential of being used in the treatment of the most common oral
diseases followed by alveolar bone resorption such as peri-im-
plantitis, periapical lesions, and periodontitis. The aim of this ar-
ticle was to review the most recent research regarding the use of
bisphosphonates in the field of dentistry. The results of studies in-
dicate that bisphosphonate use in the treatment of peri-implanti-
tis, periapical lesions, and periodontitis can reduce alveolar bone
resorption and contribute to bone preservation. However, the
most beneficial way of their application in the treatment of these
oral diseases remain to be determined.
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SAZETAK

Bisfosfonati su i dalje najvise korisceni i najefikasniji lekovi u
terapiji sistemskih kostanih oboljenja pracenih resorpcijom
kostiju. lako je zabelezen njihov nezeljeni efekat u obliku
osteoonekroze alveolarne kosti, mnogi veruju da bisfosfonati
oboljenja pracenih resorpcijom alveolarne kosti, poput peri-
implantitisa, periapikalnih lezija i parodontitisa. Cilj ovog ¢lanka
bio je pregled najnovijih istrazivanja upotrebe bisfosfonata u
oblasti stomatologije. Rezultati ispitivanja pokazuju da upotreba
bisfosfonata u lecenju peri-implantitisa, periapikalnih lezija i
parodontitisa moze smanjiti resorpciju alveolarne kosti i
doprineti njenom ocuvanju. Medutim, ostaje da se odredi
najoptimalniji nacin njihove primene u lecenju ovih oralnih
bolesti.

Kljucne reci: bisfosfonati, periapikalne lezije, periimplanti-
tis, parodontitis.
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INTRODUCTION

Bisphosphonates have been widely used in the treatment
of systemic bone diseases including bone resorption such as
osteoporosis, osteopenia, malignant hypercalcemia, Paget's
disease, and bone metastases (1, 2). Their therapeutic effect
is the reduction of bone loss through inhibition of osteoclasts,
which are crucial for bone resorption. (3). Bisphosphonates
are analogs of pyrophosphates, a compound found in nature,
and their first generation was synthesized by replacing the
oxygen molecule by carbon, making them resistant to the
bone’s hydrolases, and capable of deposing into the bones
(Figure 1.;(4)). Consequently, bisphosphonates have a short
half-life in circulation, from 30 minutes to 2 hours, and a long
half-life in bones, where they could stay deposited up to 10
years following their administration (5).

Figure 1. Modification of the chemical structure of
pyrophosphate by replacing oxygen molecules in the
process of bisphosphonate synthesis.
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By modifying the first generation of bisphosphonates
through adding an amino group into their chemical structure
the second generation of bisphosphonates was developed.
This group of nitrogen-containing bisphosphonates (N BPs)
includes Alendronate, Zolendronate, Ibandronate, Pamidro-
nate and Risedronate (Figure 2.) (6).

The addition of amino groups increased their efficiency
and expanded the indications for their use (1,4,7). Some stud-
ies indicate that bisphosphonates inhibit tumor development
and enhance the effect of cytostatic by synergically affecting
the mechanisms of adhesion, proliferation and invasion of tu-
mour cells (1,7). They have been also found to have antian-
giogenic effects and immunomodulatory properties (8).
Therefore, the bisphosphonates are in clinical use for the
treatment of systemic bone diseases and bone metastases.
Numerous experimental studies suggest that bisphosphonates
could be successfully used in various diseases leading to
bone resorption in oral cavity, such as periodontitis, peri-im-
plantitis and periapical lesions (9 - 12).

Figure 2. Chemical structures of the second
generation bisphosphonates.
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The aim of this study was to review the results of previous
studies regarding the potential role of bisphosphonates in the
immunomodulation of inflammatory osteoclastogenesis, and
the possibility of their application in the treatment of dental
diseases which lead to alveolar bone resorption.

THE MECHANISM OF ACTION OF
BISPHOSPHONATES

Reconstruction or remodeling of bone tissue is basically
a complex regeneration process that includes both bone re-
sorption and bone synthesis. The important role in the regu-
lation of this process have receptor activator of nuclear factor
kappa B (RANK), its ligand (RANKL), osteoprotegerin
(OPG) and canonical Wingless (Wnt) pathways (13). Bind-
ing of RANKL to RANK, expressed on osteoclast precursors,
stimulates their differentiation. Further differentiation into
mature osteoclast can be impaired by the binding of a com-
petitive OPG molecule to RANKL and its inactivation. The
RANKL/OPG ratio in bone tissue determines the rate of os-
teclastogenesis and bone resorption (14, 15). Other than
them, bone metabolism is also affected by numerous para-
crine and endocrine regulators. The group of paracrine reg-
ulators includes cytokines, prostaglandins and growth fac-
tors, while the group of endocrine regulators includes growth
hormone, vitamin D, calcitonin, parathyroid hormone, gluco-
corticoids, androgens, sex and thyroid hormones (16).

The bone is primarily consisted of an organic matrix and
crystals of hydroxyapatite. In addition, bone contains water,
lipids, non-collagenous proteins and specialized bone tissue
cells including osteoblasts, osteocytes, and osteoclasts (17).

The main effect of bisphosphonates is the inhibition of
osteoclasts, the cells responsible for bone resorption. Two
negatively charged phosphate groups in the structure of ni-
trogen-containing bisphosphonates contribute to their high
affinity to hydroxyapatite enabling their accumulation on the
bone surface. While osteoclasts dissolve the organic bone
matrix, the accumulated bisphosphonate is being released



and taken up by the osteoclasts by process of endocytosis
(18). Endocytosed bisphosphonates inhibit the major enzyme
of mevalonate pathway, farnesylpyrophosphate synthase
(FPPS), leading to a decrease in farnesylpyrophosphate
(FPP) and geranylgeraniol pyrophosphate (GGPP) thereby
preventing the activation of signaling proteins Rac, Ras and
Rho and activation of osteoclasts (Figure 3.) (19-21).

Figure 3. Schematic representation of the mechanism
of nitrogen bisphosphonates action
in osteoclast inhibition.
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DENTAL IMPLANTS AND
BISPHOSPHONATES

Dental implants are increasingly used in the rehabilitation
of the stomatognathic system (22). After the implant is
placed, a cascade of molecular and cellular processes take
place leading to its osseointegration, i.e. the formation of new
bone which is in the direct contact with the surface of the
implant. This process is similar to the process of bone frac-
ture healing, and is mostly successful in healthy patients (23).
Systemic diseases, such as diabetes mellitus, osteoporosis
and malignancies which have an impact on bone metabolism,
can impair implant osseointegration leading to the so called
“implant loss”. In addition, smoking and periodontal disease
increase the risk of implant loss (24, 25, 26).

Treatment of osteoporosis, which involves the use of
bisphosphonates is believed to be one of the factors that could
jeopardize the osseointegration of the implant. I order to ex-
amine that assumption, numerous studies have been con-
ducted with opposing results (26, 27, 28). A study of Andreas
et al. (29) showed that oral intake of low doses of bisphos-
phonates during the treatment of osteoporosis does not jeop-
ardize implant therapy at all, nor does it lead to the develop-
ment of possible complications, such as alveolar bone oste-
onecrosis, peri-implantitis and bone loss. However relevant
data are lacking to indicate whether high doses of bisphos-
phonates and their long-term use can cause such conse-
quences and implant loss (30). Javier et al. (25) reported that

bisphosphonates did not reduce the success of implant ther-
apy, but that there was a possibility for the development of
complications, and that additional research is needed to esti-
mate individual risk factors for developing osteonecrosis in
those patients. In addition to the effects of systemic use of
bisphosphonate on implant therapy, their local effect was in-
vestigated and it was reported that coating the implant with
Zolendronate improves the process of osseointegration (31,
32).

PERIAPICAL LESIONS AND
BISPHOSPHONATES

Periapical lesions are among the most common oral dis-
eases followed by bone resorption. They develop as a conse-
quence of an infected necrotic pulp tissue in the root canal
followed by an inflammatory reaction of the surrounding
tooth tissue, i.e. apical periodontium. This inflammatory re-
action is characterized by an infiltration of immune cells,
generation of inflammatory granular tissue, and activation of
bone resorption leading to the widening of the apical perio-
dontal space, and ultimately to tooth loss (33). A study con-
ducted on animal model of postmenopausal osteoporosis
showed a positive effect of nine weeks Alendronat treatment
on periapical lessons. The treatment resulted in smaller peri-
apical lesions, with a slightly enlarged periodontal space, and
an inflammatory infiltrate of moderate intensity in which
macrophages cells were dominant. However, it has not been
shown that Alendronate affected the number of osteoclasts
and the ratio of osteoclastogenesis markers (RANKL / OPQG),
but it did reduce osteocyte apoptosis and the production of
cytokine, interleukin (IL)- 6 (12). Similarly to Alendronate,
the treatment with Zolendronate also resulted in the reduction
of lesions’ dimensions, but it did not show any change in the
intensity of inflammatory infiltrate. A study of Franca et al.
(34) showed that Zolendronate was significantly more effi-
cient in alternating the development of periapical lesions
when used prior to their induction then after. In has been
shown that Zolendronate compensated for the estrogen defi-
ciency in animal models of postmenopausal osteoporosis, in-
ducing ostoeclast apoptosis and inhibiting their differentia-
tion, thus reducing the number of Tartrate resistant acid phos-
phatase (TRAP) positive cells and bone resorption (35). Alt-
hough the positive effect of systematic application of
bisphosphonates on the development and the pathogenesis of
periapical lesions has been reported, there are no available
relevant data on the effects of their local application.

PERIODONTITIS AND BISPHOSPHONATES

Periodontitis is a multifactorial disease. Persistent gingi-
vitis, caused by subgingival dental plaque, is the key risk fac-
tor for the development of periodontitis and the most often is
caused by inadequate oral hygiene (36). The infiltration of
subgingival dental plaque with Gram-negative bacteria and
release of the large amounts of lipopolysaccharides by those
bacteria affect and modulate the host immune response by
increasing the production of proinflammatory cytokines lead-
ing to inflammation of periodontal tissue, bone resorption



and, if left untreated, ultimately to tooth loss (37). Despite
numerous measures for the prevention and treatment of peri-
odontitis, it is still one of the two leading causes of premature
tooth loss in addition to caries (38).

Matrix metaloproteinases (MMPs), of which colla-
genases (MMPs 1, 8 and 13) and gelatinases (MMPs 2 and
9), play an important role in the pathogenesis of periodontitis
(39, 40). N BPs are shown to affect the expression of MMPs,
but the effects differ based on the route of N BPs administra-
tion (40, 41). Seven-day oral administration of Alendronate
in the treatment of experimental periodontitis significantly
contributed to the reduction of MMP-8 expression, while the
treatment with a combination of Alendronate and Doxycy-
cline by gavage led to the slight increase in MMP-8 expres-
sion (40). In addition, parenteral administration of Zolendro-
nate showed an increase in the expression of MMP-9 and
MMP-13 (41). Alendronate was found to have a beneficial
effect on the clinical and radiological findings in the treat-
ment of periodontitis (42-47). The local use of 1% alendro-
nate gel in combination with platelet-enriched fibrin resulted
in a decrease in the depth of the periodontal pockets and an
increase in the vertical and horizontal bone levels in the man-
dibular alveolar bone (42, 43). The combination of photody-
namic therapy and subcutaneous application of Alendronate
also showed good therapeutic effects in the periodontitis
treatment with the reduction of alveolar bone loss (44), as
well as when applied subgingival by itself (45). Bisphospho-
nates were also shown to have antibacterial properties to-
wards the biofilm of the dental plaque. In a study of Hiltunen
et al (46), Risedronate showed high antibacterial effect on a
strain of Aggregatibacter actinomycetemcomitans, a bacteria
that is usually found in aggressive forms of periodontal dis-
ease. To this day, most studies indicate that the use of
bisphosphonates could reduce the progression of alveolar
bone loss and tooth luxation and in the end prevent the tooth
loss caused by periodontitis.

JAW OSTEONECROSIS AS A SIDE EFFECT OF
BISPHOSPHONATE THERAPY

Osteonecrosis of the alveolar bone or so called “jaw oste-
onecrosis” was reported as the most severe side effect of
bisphosphonates’ use (47, 48). The exact pathophysiological
mechanisms of its development have not been fully explained
(49, 50). Although a wide range of positive effects of
bisphosphonates has been confirmed, due to the severity of
the clinical picture, jaw osteonecrosis presents a great limita-
tion for the expansion of their use (51,52). The prevalence of
jaw osteonecrosis was shown to be the highest in the age
group of patients between 55-74 years (53). American Asso-
ciation of Oral and Maxillofacial Surgeons (AAOMS) de-
scribed the criteria for the diagnosis of bisphosphonate re-
lated osteonecrosis of the alveolar bone (Table 1.) (54).

Bisphosphonate therapy in patients with bone malignan-
cies showed a higher risk of developing jaw osteonecrosis
than in patients with osteoporosis (55). It has not been clari-
fied whether the reason for the more frequent occurrence of

jaw osteonecrosis in patients with malignancies is due to the
state of general immunosuppression in these patients or due
to the length and higher doses used in the treatment of bone
metastases (56). The frequency of jaw osteonecrosis in pa-
tients with malignancies range from 0.2 to 6.7%, while in pa-
tients with other disorders of bone metabolism it ranges from
0% to 0.4% (57). The route of bisphosphonates’ administra-
tion, as well as the length of bisphosphonates’ application,
could be one of the determining factors in osteonecrosis de-
velopment. In fact, it was shown that intravenous administra-
tion of bisphosphonates increases the risk of developing jaw
osteonecrosis, and that the number of registered patients with
bisphosphonate related jaw osteonecrosis rose with the in-
crease of the time of intravenous therapy (58). In addition,
previously reported research showed that local application of
bisphosphonates for a short time period did not result in any
side effects, but rather have had a beneficial effect on the
healing processes in alveolar bone (31, 32, 34, 42-44).

Table 1. The criteria for the diagnosis of bisphosphonate

related osteonecrosis of the alveolar bone according to the

Special Ccommittee of American Association of Oral and
Maxillofacial Surgeons (50).

Diagnosis criteria of osteonecrosis of the alveolar
bone according of the American Association of
Oral and Maxillofacial Surgeons special committee

1. Presence of exposed bone (or bone that can be
probed through an intraoral or extraoral fistula) in
the maxillofacial region over a period of 8 weeks.

2. Current or previous treatment with antiresorptive
(bisphosphonates or denosumab) or anti-angio-
genic agents.

3. No history of radiation therapy to the jaw or obvi-
ous metastatic disease to the jaw.

Authors have also speculated that bisphosphonates do not
cause the jaw osteonecrosis due to their effects on bone me-
tabolism, but due to their other properties (59). Oral surgical
interventions were often associated with the occurrence of
jaw osteonecrosis due to the exposure of alveolar bone tissue
to different strains of oral bacteria (60). In fact, as bisphos-
phonates deposited in bone tissue bound to bone’s hydroxy-
apatite, they make the surface of the exposed alveolar bone
more susceptible to the adhesion of bacteria which could lead
to the infection of the bone and possible jaw osteonecrosis
(59).

The number of patients in need for bisphosphonate ther-
apy is continuously increasing, which requires additional
studies to clarify all positive and negative effects of their use
in order to define the prevention and treatment strategy of
bisphosphonate related jaw osteonecrosis.



CONCLUSION

In conclusion, bisphosphonates are considered the most
effective drug for the treatment of disorders associated with
bone resorption. The indications for their use are still limited
due to the occurrence of bisphosphonate related jaw osteone-
crosis, even though research have shown that they have a
beneficial effects on the most common diseases of alveolar
bone such as peri-implantitis, periapical lesions and perio-
dontitis. Local application of bisphosphonates to prevent and
reduce alveolar bone resorption could be the most optimal
method of administration. Especially, based on the results of
previous experimental studies, we can conclude that such ap-
plication would eliminate the potential side effects related to
their systemic application. The results of experimental stud-
ies encourage thinking about expanding the indications for
the use of bisphosphonates in dentistry, but also emphasize
the need for further research. The exact dose, method and du-
ration of their application in the treatment of peri-implantitis,
periapical lesions, and periodontitis, remains poorly defined
and should be the subject of future research.
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