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Use of hisphosphonates in bone pathology —
benefits and risks
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ABSTRACT

This article aims to establish, on the basis of medical literature and of the authors’ experience, whether bisphosphonates
still have a role in treating skeletal diseases, with increased bone resorption. The effects of bisphosphonates on the bone
tissue, as well as the diseases in which they are recommended and the benefits obtained are reviewed. Possible side
effects are emphasized, both the immediate ones, which are better known and the late ones, occurring after a long-term
administration. It is shown that the benefit/risk ratio remains favorable. The conclusions highlight the fact that nowadays
bisphosphonates still have an important place in the treatment of skeletal diseases.
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INTRODUCTION

Bisphosphonates (BFs) were introduced into the
therapy of skeletal diseases in 1970, hoping to effec-
tively prevent fragility fractures in elderly persons,
as initial studies have confirmed. Since 2003, various
publications have been issued, frequently explaining
severe complications as a result of a long-term ad-
ministration of BFs. This determined many patients
to decline the BFs treatment and the physicians be-
came more reticent in prescribing them. Based on
recent literature and on personal experience, this
article aims to answer the following question: are Bi-
sphosphonates still of interest today?

Bref History. Synthesized in the mid 19-th century
and used as anticorrosive agents in the textile indus-
try [1-3], BFs have also conquered, since 1960, the
pharmaceutical industry. Neuman and Fleisch noted
that the body fluids are supersaturated with calcium
phosphate, containing calcification inhibitors,
whereof the inorganic pyrophosphate is present in
urine [4,5] (Figurel). Starting from the pyrophos-
phate core (P — O — P), the BFs core (P — C — P) was
reached by synthesis (Figure 2).
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FIGURE 1. - Formula of pyrophosphate

Over three decades of research have resulted in
the synthesis of more than 1,000 molecules, which
differ from one another in the substituents of chains
R and R2 (Figure 2). The BFs of first generation - Eti-
dronate, Tiludronate, Clodronate — contain no nitro-
gen in their composition. The second generation — Al-
endronate, Pamidronate, Neridronate, Olpadronate
—as well as the third one — Risedronate, Ibandronate,
Zoledronate — contain an amino group in R2. The an-
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tiresorptive efficiency is increased in the second gen-
eration and especially in the third one. As against
Etidronate, Alendronate is 1,000 times and Zoledro-
nate is 10,000 times more active. The first two articles
describing the biological effects of BFs were pub-
lished in 1969, in Science magazine [6,7]. BFs have the
capacity to prevent bone resorption and to increase
bone density, to prevent experimentally induced cal-
cification, to inhibit ectopic bone mineralization, to
inhibit the dissolution of hydroxyapatite crystals. By
increasing the bone resistance, the fracture incidence
is decreased [8-12]. But in animals, high doses result
in the worsening of microfractures and even in the
occurrence of fractures [13,14].

MECHANISM OF ACTION

BFs prevent recruitment, differentiation and re-
sorptive activity of mature osteoclasts and they even
may cause the apoptosis thereof. BFs also prevent the
fusion of mononuclear cells, precursors of osteoclasts
[15-20], and prevent osteoblast and osteocyte apopto-
sis [21].

CLINICAL APPLICATIONS OF BISPHOSPHONATES IN
BONE PATHOLOGY

Their first use was aimed at inhibiting heterotopic
calcification and ossification in progressive myositis
ossificans as well as inhibiting the same processes oc-
curring after cranial or spinal traumas. Etidronate is
the only bisphosphonate used, in doses of 20 mg/kg
body weight per day, administered for 3 months at
most. A long-term treatment may cause osteomala-
cia. Its effectiveness is uncertain, especially in myosi-
tis ossificans [3,22,24].

Osteoporosis therapy with BFs is the most
effective and most frequent recommendation. Its
results are absolutely superior to the use of
Calcitonine, to the hormone replacement therapy or
to Raloxifene. Osteoporosis is characterized by a
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significant loss of bone mass {after menopause, wo-
men lose about 50% of the cancellous bone mass
and 30% of the cortical bone [15]}, changes in the
bone architecture, associated with a decreased bone
mechanical strength and an increased risk of spine
and non-spine fractures. About 40% of postmeno-
pausal women have osteoporosis and 40% of them
undergo a fracture during their lifetime. The quality
of life decreases, morbidity and mortality increase
(an osteoporotic spine or hip fracture increases the
mortality risk by 20%) [24,25]. Alendronate,
Risedronate, Ibandronate and Zoledroate are coun-
ted among the used BFs. Alendronate, orally admi-
nistered, 10 mg daily or 70 mg weekly, for 3 years,
induces an increase by 7% in BMD (Bone Mineral
Density) on the spine and hip level (in comparison
with 1% loss in the placebo group). Spinal fractures
occur in 8% of treated women and non-spinal
fractures occur in 2.3%, as against 15% respectively
5% in the placebo group [22,26,27]. Risedronate, 5
mg administered daily, 35 mg weekly or 75 mg mon-
thly, for 2 consecutive days, ensure an effective pro-
tection against vertebral and non-vertebral frac-
tures, starting after 6 months of treatment. In the
first year, the incidence of vertebral fractures was
reduced by 65% and their cumulative decrease after
3yearsreached 41%. The incidence of non-vertebral
fractures decreased by 39% after 3 years of treat-
ment. At the same time, BMD increased significantly
in comparison with the placebo group, both on
lumbar spine level (5.4% versus 1.1%) and on
femoral neck level (1.6% versus -1.2%) [28,29]. The
“HORIZON” study (Health Outcomes and Reduced
Incidence with Zoledronic Acid) kept a close watch
on the efficacy of annual infusions of Zoledronate,
highlighting a significant decrease in vertebral and
non-vertebral fractures, as well as in the associated
mortality [30,31]. The BFs therapy was also extended
to osteoporosis in men {the treatment results are
similar to the outcomes of postmenopausal osteopo-
rosis [32-34]} and to the one occurring after
corticotherapy (7.5 mg prednisone daily, for over 1
year). Risedronate is particularly used, as it de-
creases the incidence of vertebral fractures by 70%
[27,35].

Paget’s disease is characterized by a localized, ac-
celerated bone resorption, followed by a chaotic dep-
osition of the mineralized bone matrix. It occurs with
an incidence of 3.3%, in people aged over 40 [36]. The
use of 40 mg/day Alendronate, for a time of 6 months
results in a bone turnover decrease by 70% - 80% in
40% - 65% of the patients. Risedronate is adminis-
tered in doses of 30 mg/day, for 3 months. Over 90%
of the patients respond to this therapy, with a de-
crease of the alkaline phosphatase of at least 50%.
Pamidronate, by perfusion of 60 mg in mild forms of
the disease and of 60 mg once a week or every two
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weeks, up to a dose of 400 mg in moderate and severe
forms, determines a remission of the disease. Zole-
dronate, by a single perfusion of 5 mg, determines a
normalization of alkaline phosphatase in 88.6% of
patients and their response is maintained in 95% of
cases, after a period of 6 months. Zoledronate is con-
sidered to be the elective bisphosphonate for Paget’s
disease [22,37-40].

Bone metastases. After lungs and liver, the skele-
ton is the third location, as far as frequency is con-
cerned, for carcinoma metastases. The incidence
varies between 40% and 90%, depending on the
neoplasm type [41]. The most common locations are
on the level of the spine (particularly lumbar), in the
sacrum, pelvis, upper femoral extremity. The skele-
tal complications of metastases are hypercalcemia,
bone pains, pathological bone fractures, spinal cord
compression (in spinal fractures). The invasion of
malignant cells into bones destroys the normal bal-
ance of bone remodeling, causing the occurrence of
an excessive osteoclastic activity. Among BFs, Zole-
dronate 4 mg, Ibandronate 6 mg or Pamidronate 90
mg are used by perfusion, every 3-4 weeks. In breast
cancer, BFs reduce bone complications of metasta-
ses by 15% as against the control group and they en-
sure a longer skeletal event-free period. Survival
and the quality of life are improved [35,42-44]. Be-
sides the inhibition of osteoclast function, BFs re-
duce the local release of tumor growth stimulating
factors, they have a direct antitumor activity, acting
synergistically with other antitumor agents [24,45-
47].

Hypercalcemia affects over 20% of patients with
multiple myeloma, lung, breast or kidney cancer. BFs
represent the most effective therapy. Perfusions with
Pamidronate (90 mg) or Zoledronate (4 or 8 mg) are
used in the treatment. Zoledronate is more active in
this case, 87% of patients having a complete response
to this therapy [48].

In total hip and knee arthroplasty, BMD of the peri-
prosthetic bone decreases up to 6 months after sur-
gery. Experimental and clinical investigations (Alen-
dronate 10 mg/day for 6-12 months, Risedronate 2.5
mg/day or 35 mg/week for 6 months, Pamidronate 90
mg in a single dose on the 5-th day after surgery)
prove that BFs inhibit bone resorption and increase
BMD in postoperative acute phase [49-51]. Late peri-
prosthetic osteolysis, which results in the prosthesis
mobilization, is mainly determined by the osteoclast
activation, induced by the macrophages that en-
gulfed the wear products of the frictional torque of
metal (ceramic)-on-polyethylene. It was positively in-
fluenced by BFs in experiments on animals (canine
arthroplasty), but the benefits are not obvious in clin-
ical applications. As a matter of fact, FDA has not ap-
proved the use of BFs for osteolysis treatment, associ-
ated with arthroplasty complications [24,52,53].

The use of BFs in children remains controver-
sial. The long-term inhibition of bone remodeling
might result in a decrease in skeletal strength. The
long period of half-decay in bone determines the con-
tinuation of the inhibitory effect even after the ad-
ministration interruption. It has been described the
occurrence of a “osteopetrosis” [54]. BFs have been
used, most frequently, in the treatment of Osteogene-
sis. Imperfecta.

Osteogenesis imperfecta is a genetic disorder,
whose symptoms are osteopenia, frequent fractures,
progressive deformities, decreased mobility and
chronic bone pains. Pamidronate is used by perfu-
sion (0.5 mg/kg for children aged under 2 and 1 mg/kg
- 1.5 mg/kg for children aged over 2) for 3 consecutive
days, every 2-4 months. The treatment duration is 2-9
years [19]. Post-therapy, a decrease in the incidence
of fractures, a pain relief and a walking gait improve-
ment can be noticed. BMD increases and bone turno-
ver markers decrease. The cortical of long bones
thickens and the spans of cancellous bones multiply.
The most visible changes occur in the first 2-4 years
of treatment [55,56].

Fibrous displasia is a genetic disorder related to
the tuning of interaction between the proliferation
and differentiation of osteoblasts and osteoclasts. As
a result, abnormal, thin bone trabeculae are formed,
associated with a population of preosteogenic cells
and with a proliferation of fibrous tissue. Along the
peripheral lesions, there are hyperactivated osteo-
clasts. The most commonly used is intravenous Pami-
dronate, administered by perfusions of 0.5 mg/kg/day
for children or of 60 mg/day for adults, for 3 consecu-
tive days, every 4-6 months. As a result of the treat-
ment, pain is reduced significantly and the incidence
of fractures is decreased. In terms of X-rays, a cortical
thickening and a progressive ossification occur in
some adult patients [24,35,57-59].

In Legg-Calvé-Perthes disease (aseptic necrosis of
the femoral head in children), the bisphosphonate
treatment is justified by the role of bone resorption,
unbalanced by reconstruction, in the deformation of
the femoral head. Experimental studies on rats and
pigs have shown the positive effect of the bisphos-
phonate treatment on maintaining the spherical
shape of the femoral head. At this time, there still are
no clinical studies to confirm the usefulness of BFs
[60,61].

The use of BFs may lead to the occurrence of side
effects. The oral administration might cause irrita-
tions of the digestive tract, especially of the esopha-
gus. Intravenous administration may cause fever and
“flu-like” symptoms, predominant in the first perfu-
sion [62,63]. Hypocalcemia is usually mild, asympto-
matic and transient. The increase in PTH (parathor-
mone) is modest, being caused by hipocalcemia.
Latest studies have revealed the occurrence of atrial



fibrillations after administration of Zoledronate and
Alendronate, favored by heart failure, coronary ar-
tery disease, diabetes. Fluctuations in serum calcium
might be decisive. [64-66]. Some other studies have
not confirmed the existence of a causal relationship
between BFs and atrial fibrillations [67].

A long-term administration of BFs may cause, in
women undergoing osteoporosis treatment, atypical
femoral fractures, subtrochanteric or diaphyseal, fre-
quently bilateral (simultaneously or sequentially),
transverse or slightly oblique, with a unicortical
beak, in a femur with cortical thickening. They occur
spontaneously or are caused by low-energy traumas.
They may be preceded by pains in the thigh. If the
X-ray does not show the fracture line, a magnetic res-
onance examination is recommended. The incidence
varies between 3.2 and 50 cases in 100,000 persons
per year. It may reach = 100 cases in 100,000 persons
per year for very long periods of administration [68-
70]. Schilcher and Aspenberg [71] surveyed 900,000
patients undergoing bisphosphonate treatment for
osteoporosis and they noticed the occurrence of
13,500 osteoporotic fractures, as against 900 atypical
fractures. The decreased bone turnover, associated
with the increased bone mineralization, due to BFs,
causes bones to become brittle. This alteration of
bone strength, combined with the lack of microfrac-
ture repair, due to a late bone remodeling, leads, in
the long run, to an increased fracture risk [72,73].
Over 26% of the cases of atypical fractures have a late
consolidation or they do not heal at all. Despite the
severity of atypical fractures, the benefit offered by
BFsis 100 times higher than the fracture risk [74]. An-
other late and serious complication is the aseptic ne-
crosis of the jaw. It occurs especially after the treat-
ment with Pamidronate or Zoledronate, in patients
treated with high doses, for various neoplasms (mul-
tiple myeloma, breast cancer, prostate cancer etc.). A
series of risk factors (concomitant corticotherapy,
dental procedures, poor oral hygiene, treatment du-
ration, dose and type of Bfs) enhance its occurrence.
It is presumed that it would happen due to mechani-
cal microfractures, occurring during mastication,
which do not heal because of bone remodeling inhi-
bition or because of the antiangiogenic properties of
BFs. The incidence varies between 0.03% and 10.5%,
being very low in case of osteoporosis treatment and
much higher after the exposure to 10-12 times higher
doses, as part of neoplasm therapy [75-78].
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Our experience in using BFs is not important, but
it enabled us to get acquainted with this field, from a
practical point of view as well. It includes 53 cases of
postmenopausal osteoporosis, treated with Alendro-
nate for 3-5 years, 16 cases of Paget’s disease, treated
by perfusions with Zoledronate, 11cases of fibrous
dysplasia in teenagers and adults, where we used
perfusions with Pamidronate, as in a case of Osteo-
genesis Imperfecta, treated for a period of 7 years,
starting from the age of 4. In osteoporosis cases, we
obtained an increased BMD and we prevented the oc-
currence of fractures, in Paget’s disease we obtained
decreased bone turnover markers, with a significant
improvement of the clinical symptoms, as in the case
of fibrous dysplasia as well, where the radiological
changes were discrete. Osteogenesis Imperfecta had
the most spectacular evolution, resulting in a BMD
improvement and, particularly, in an almost normal
life, with a daily attendance of school classes, in com-
parison to the severe walking deficiencies at the be-
ginning of the treatment. Besides the immediate side
effects we have not registered any atypical fractures
or any jaw necrosis. In the few cases treated and sur-
veyed, the bisphosphonate treatment proved to be
effective, having a high benefit/risk ratio.

After this exploration of the rich medical litera-
ture, as well as relying on our limited experience, we
can assert that BFs have not lost their validity. Their
therapeutic effect is important in all skeletal diseases
with a more pronounced bone resorption and their
benefit/risk ratio is positive. It is estimated that, even
under a 10 year-treatment with BFs, the incidence of
atypical fractures is of 1.1 per 1,000 patients/year [79-
81]. In exchange, the incidence of the total non-verte-
bral fractures is of 37 per 1,000 patients/year and the
incidence of vertebral fractures reaches 62.7 per
1,000 patients/year [81]. Given that the incidence of
atypical femoral fractures increases together with
the extension of treatment, it is considered that, after
5 years of bisphosphonate administration, if the frac-
ture risk is not high (T-Score >-2.5, without a history
of osteoporotic fractures), this treatment may be in-
terrupted (drug holiday) for 2-3 years. The resump-
tion of treatment is recommended if an osteoporotic
fracture occurs, if BMD is decreased and/or if the val-
ues of the bone turnover markers are increased [81].
Considering these precautions for use, BFs must keep
their important place in the treatment of bone re-
sorption disorder.

Conflict of interest: none declared
Financial support: none declared



RomaNiAN JoURNAL oF RHEUMATOLOGY — VVoLuME 32, No.1, 2023

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Fleisch H. Development of bisphosphonates. Breast Cancer Res.
2002;4:30-34.

Russell RGG., Bisphosphonates. From Bench to Bedside. Ann NY
Acad Sci. 2006;1068:367-401.

Russell RGG. Bisphosphonates: The first 40 years. Bone. 2011;
49:2-19.

Fleisch H, Neuman WF. Mechanisms of calcification: role of col-
lagen, polyphosphates, and phosphatase. Am J Physiol. 1961;
200:1296-300.

Fleisch H, Bisaz S. Isolation from urine of pyrophosphate, a cal-
cification inhibitor. Am J Physiol. 1962;203:671-5.

Fleisch H, Russell RGG, Francis MD. Diphosphonates inhibit hy-
droxyapatite dissolution in vitro and bone resorption in tissue
culture and in vivo. Science. 1969;165:1262-4

Francis MD, Russell RGG, Fleisch H. Diphosphonates inhibit for-
mation of calciumphosphate crystals in vitro and pathological
calcification in vivo. Science. 1969;165:1264—6

Ferretti JL. Effects of bisphosphonates on bone biomechanics,
Ch 31. In Bijvoet O, Fleisch HA, Canfield RE, Russel RGG editors,
Bisphosphonates on bone.Elsevier Science B.V.1995.

Fleisch H, Russell RGG, Bisaz S, Muehlbauer RC, Williams DA.
The inhibitory effect of diphofphonates on the formation of cal-
cium phosphate crystals in vitro and on aortic and kidney calci-
fication in vivo. Eur J Clin Invest. 1970;1:12-18.

Schenk R, Merz WA, Muehlbauer R, Russell RGG, Fleisch H.
Effect of ethane-1-hydroxy-1,1-diphosphonate (EHDP) and di-
chloromethylene diphosphonate (CI2MDP) on the calcification
and resorption of cartilage and bone in the tibial epiphysis and
metaphysis of rats. Calcif Tissue Res. 1973;11:196-214.

Miller PD. The kidney and bisphosphonates. Bone. 2011;49:77-
81.

Russell RGG, Muhlbauer RC, Bisaz S, Williams DA, Fleisch H.
The influence of pyrophosphate, condensed phosphates, phos-
phonates and other phosphate compounds on the dissolution
of hydroxyapatite in vitro and on bone resorption induced by
parathyroid hormone in tissue culture and in thyroparathyroid-
ectomised rats. Calcif Tissue Res. 1970;6:83—-196.

Flora L, Hassing GS, Cloyd GG, Bevan JA, Parfitt AM, Vilanueva
AR. The long-term skeletall effects of EHDP in dogs. Metab Bone
Dis Relat Res. 1981;3:289-300.

Mashiba T, Hirano T, Turner CH, Forwood MR, Johnston CC, Burr
DB. Suppressed bone turnover by bisphosphonates increases
microdamage accumulation and reduces some biomechanical
properties in dog rib. J Bone Miner Res. 2000;15:613-20.
Boonekamp PM, Van der Wee-Pals LIA, Lennep MLL, ThesingC,
Bijvoet OLM. Two modes of action of bisphosphonates on
osteoclastic resorption of mineralized matrix. Bone Miner.
1986;1:27-39.

Breuil V, Cosman F, Stein L, Horbert W, Nieves J, Shen V. Human
osteoclast formation and activity in vitro: effects of alendro-
nate. J Bone Miner Res. 1998;13:1721-9.

Ito M, Chokki M, Ogino Y, Satomio Y, Azuma Y, Ohta T, Kiyoki M.
Comparison of the cytotoxic effects of bisphosphonates in vitro
and in vivo. Calcif Tissue Int. 1998;63:143-47.

Loéwik CWGM, van der PlujimG, van der Wee-Pals LJA, Bloys
van Treslong-de Groot H, Bijvoet OLM. Migration and phe-
notypic transformation of osteoclast precursors into mature
oateoclasts: the effect of bisphosphonates. J Bone Miner Res.
1988;3:185-92.

Sato M, Grasser W. Effects of bisfosfonates on isolated rat os-
teoclasts as examined by reflect light microscopy. J Bone Miner
Re. 1990;5:31-40

Weinstein RS, Roberson PK, Manolagas SC. Giant osteoclast for-
mation and long-term oral bisphosphonates therapy. N Engl J
Med. 2009;360:53-62.

Bellido T, Plotkin LI. Novel action of bisphosphonates in bone:
preservation of osteoblast and osteocyte viability. Bone.
2011;49:50-55

Fleisch H. Bisphosphonates in bone disease. Second Edit. New
York London: Parthenon Publishing Group, 1995

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Smith R, Russell RGG, Woods CG. Mzositis ossificans progres-
siva. J Bone Joint Surg. 1976;58-B:48-57

Morris CD, Einhorn TA. Bisphosphonates in Orthopaedic Sur-
gery. J Bone Joint Surg. 2005;87-A:1609-1618

CakarersS, Selvi F, Keskin C. Bisphosphonates and Bone, Orthope-
dic Surgery, Dr Zaid Al-Aubaidi (Ed.), ISBN: 978-953-51-0231-In-
Tech. Available from:http://www.intechopen.com/books/
orthopedic-surgery/bisphosphonates-and-bone

Bone HG, Hosking D, Devogelaer JP, Tucci JR, Emkey RD, Tonino
RP, et al. Ten years experience with alendronate for osteoporosis
in postmenopausal women. N Engl J Med. 2004; 350:1189-899.
Liberman UA, Weiss SR, Broll J, Minne HW, Quan H, Bell NH, et
al. Effect of oral alendronate on bone mineral density and the
incidence of fractures in postmenopausal osteoporosis. N Engl J
Med. 1995;333:1437-43.

Harris ST, Watts NB, Genant HK, McKeever CD, Hangartner T,
Keller M, et al. Effects of risedronate treatment on vertebral
and nonvertebral fractures in women with postmenopausal
osteoporosis: a randomized controlled trial. Vertebral Efficacy
With Risedronate Therapy (VERT) Study Group. JAMA.1999:
1344-52.

McClung MR, Geusens P, Miller PD, Zippel H, Bensen WG, Roux
C, et al. Effect of Risedronate on the Risk of Hip Fracture in El-
derly Women. N Engl J Med. 2001; 344:333-40.

Black DM, Delmas PM, Eastell R, Reid IR, Boonen S, Cauley JA, at
al. Cummings SR. for the HORIZON Pivotal Fracture Trial. One-
yearly zoledronic acid for treament of postmenopausal osteo-
porosis. N Engl J Med. 2007;356:1809-22.

Reid IR, Brown JP, Burckhardt P, Horowitz Z, Richardson P,
Trechsel U, et al. Intravenous zoledronic acid in postmenopausal
women with low BMD. N Eng J Med. 2002;346:653-61.

Dy CJ, LaMont LE, Ton QV, Lane JM. Sex and Gender Consid-
erations in Male Patients with Osteoporosis. Clin Orthop Relat
Res. 2011;469:1906-12.

Orwoll E, Ettinger M, Weiss S, Miller P, Kendler D, Graham J,
et al. Alendronate for the treatment of osteoporosis in men. N
Engl J Med. 2000;343:604-10.

Ringe JD, Orwoll E, Daifotis A, Lombardi A. Treatment of male
osteoporosis. Recent Advances with Alendronat. Osteoporos
Int. 2002;13:195-99.

Lozano-Calderon SA, Colman MW, Raskin KA, Hornicek FJ,
Gebhardt M. Use of Bisphosphonates in Orthopedic Surgery.
Pearls and Pitfalls. Orthop Clin N Am.2014;45:403-16.

Siris ES. Paget’s disease of bone. J Bone Miner Res. 1998;13:1061-
65.

Demas PD, Meunier PJ. The management of Paget’s disease of
bone. N Engl J Med. 1997;336:558-566.

Grey A, Bolland M, Wattie D, Horne A, Gamble G, Reid IR. Pro-
longed antiresorptive activity of zoledronate: a randomized,
controlled trial. J Bone Miner Res. 2010;25:2251-55.

Siris ES. Paget’s disease of bone.JBone Miner Res.1998;13:1061-
65.

Siris ES, Chines AA, Altman RD, Brown JP, Johnston CC, Lang R,
et al. Risedronate in the treatment of Paget’s disease of Bone. J
Bone Miner Res. 1998;13:1032-38.

Wu S, Dahut WL, Gulley JL. The use of bisphosphonates in can-
cer patients. Acta Oncologica. 2007;46:581-91.

Geng C-J, Liang Q, Zhong J-H, Zhu M, Meng FY, Wu N, et al.
Ibandronat to tyreat skeletal-related events and bone pain in
metastatic bonne disease or multiple myeloma: a meta-anal-
ysis of randomized clinical trials. BMJ Open. 2015;5:e007258.
doi:10.1136/bmjopen-2014-007258.

Hillner BE, Ingle JN, Berenson JN, Janjan NA, Albain KS, Lipton
A, et al. American Society of Clinical Oncology Guideline on the
Role of Bisphosphonates in Brest Cancer. J Clin Oncol. 2000;18:
1378-91.

Wong MH, Stockler M, Pavlakis N. Biphosphonates and oth-
er bone agents for brest cancer. Cochrane Database Syst Rev.
2012; (2)CD003474.



10

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Clezardin P. The antittumor potential of bisphosphonates. Semin
Oncol. 2002;29(6Suppl):33-42.

Green JR. Anti tumor effects of bisphosphonates. Cancer.
2003;3Suppl:840-47.

Lee MV, Fong EM, Singer FR, Guenette RS. Bisphosphonates
treatment inhibits the growth of prostate cancer cells. Cancer
Res. 2001;61:2602-08.

Major P, Lortholari A, Hon J, Abdi E, Mills G, Menssen HD, et al.
Zolendronic acid is superior to pamidronate in the treatment
of hypercalcemia of malignancy. J Clin Oncol. 2001;19:558-67.
Nishii T, Sugano N, Masuhara K, Shibuya T, Ochi T, Tamura
S. Longitudinal evaluation of time related bone remodel-
ing after cementless total hip arthroplasty. Clin Orthop Relat
Res.1997;339:121-31.

Skoldenberg OG, Salemyr MO, Boden HS, Ahi T, Adolphson PY.
The Effect of weekly risedronat on periprosthetic bone resorb-
tion following total hip arthroplasty: a randomised, double-
blind, placebo-controlled trial. J Bone Joint Surg. 2011;93:1857-
64.

Yamaguchi K, et al. Evaluation of periprosthetic bone-remod-
eling after cementless total hip arthroplasty. J Bone Jt Surg.
2001;82-A:1426-31.

Shanbhag AS, et al. Inhibition of wear debris mediated osteoly-
sis in a canine total hip arthroplasty model. Clin Orthop Relat
Res. 1997;344:33-43.

Wilkinson JM, Stockley I, Peel NFA, Hamer AJ, Elson RA,
Barrington NA, Eastell R. Effect of pamidronate in preventing
local bone loss after THA. J Bone Miner Res. 2001; 16:556-64.
Whyte MP, Wenkert D, Clements KL. Biphosphonate-induced
osteopetrosis. N Engl J Med. 2003;349:457-63.

Astrom E, Soderhall S. Beneficial effect of long term iv bisphos-
phonate treatment of osteogenesis imperfecta. Arch Dis Child.
2002;86:356-64.

Harrington J, Sochett E, Howard A. Update on the evaluation
and treatment of osteogenesis imperfecta. Pediatr Clin North
Am. 2014 Dec;61:1243-57.

Isaia GG, Lala R, Defilippi C, Matarazzo P, Andreo M, Roggia G,
de Sanctis C. Bone turnover in children and adolescents with
McCune-Albright syndrome treated with pamidronate for bone
fibrous dysplasia. Calcif Tissue Int. 2002;71:121-28.

Parisi MS, Oliveri B. Long-term pamidronate treatment of poly-
ostotic fibrous dysplasia of bone: A case series in young adults.
Curr Ther Res Clin.

Parisi MS, Oliveri B, Mautalen CA. Effect of intravenous pami-
dronate on bone markers and local bone mineral density in fi-
brous dysplasia. Bone. 2003;33:582-88.

Little DG, Kim H. Potential for biphosphonate treatment in
Legg-Calvé-perthes disease. J Pediatr Orthop. 2011;31(suppl)
S:182-88.

Little DG, Peat RA, McEvoy A. Zoledronic acid treatment results
in retention of femoral head. 412022.

Sanders JM, Ghosh S, Chan JMW, Meints G, Wang H, Raker
AM, et al. Quantitative structure-activity relationships for gam-
madelta T cell activation by bisphosphonates. J Med Chem.
2004;47:375-84.

Thompson K, Rogers MJ. Statins prevent bisphosphonate-in-
duced gamma, delta T-cell proliferation and activation in vitro. J
Bone Miner Res.2004; 19: 278-88.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

RomaniaN JourNAL oF RHEUMATOLOGY — VVoLumE 32, No. 1, 2023

Black DM, Delmas PD, Eastell R, Reid IR, Boonen S, Cauley JA, et
al. Cummings SR. Once-yearly zolendronic acid for treatment of
postmenopausal osteoporosis. N Engl J Med. 2007;356:1809-
22.

Cummings SR, Schwartz AV, Black DM, et al. Alendronate and
atrial fibrillation. N Engl J Med. 2007; 356:1895-96.

Heckbert SR, Li G, Cummings SR, Smith NL, Psaty BM. Use of
Alendronate and risk of incident atrial fibrillation in women.
Arch Intern Med. 2008;168:826-31.

Lyles KW, et al. Zolendronic acid in reducing clinical fractures
and mortality after hip fracture. N Engl J Med. 2007;357:1799-
1809.

Lenart BA, Brett A, Lenart BA, Lorich DG, Lane JM. Atypical frac-
tures of the femoral diaphysis in postmenopausal women tak-
ing alendronate. N Engl J Med. 2008;358:1304.

Shane E, Burr DB, Abrahamsen B, Adler RA, Brown TD, Cheung
AM, et al. Atypical subtrochanteric and diaphyseal femoral frac-
tures: second report of a task force of the American Society for
Bone and Mineral Research. J Bone Miner Res. 2014;29:1-23.
Thompson RN, Phillips JRA, McCauley SHJ, Elliott JRM, Moran
CG. Atypical femoral fractures and bisphosphonate treatment. J
Bone Joint Surg. 2012;94-B:385-90.

Schilcher J, Aspenberg P. Incidence of stress fractures of the
femoral shaft in women treated with biphosphonate. Acta Or-
thop. 2009;80:413-15.

Burr DB. Is Biphosphonate therapy a risk factor for subtrochan-
teric femoral fractures? JAm Acad Orthop Surg. 2009;17:57-58.
Odvina CV, Zerwekh JE, Rao DS. Severely suppresed bone
turnover: a potential complication of alendronate therapy. J
Clin Endocrinol Metab. 2005; 90:1294-1301.

Edwards BJ, Bunta AD, Lane J, Odvina C, Rao S, Raisch DW, et al.
Bisphosphonates and Nonhealing Femoral Fractures: Analysis
of tyhe FDA Adverse Event Reporting Sysatem (FAERS) and In-
ternational Safety Efforts. J Bone Joint Surg. 2013;95:297-307.
Marx RE. Pamidronate and zolndronate induced avascular ne-
crosis of the jaw: a growing epidemic. J Oral Maxillofac Surg.
2003;61:1115-17.

Marx RE. Pamidronate and zolndronate induced avascular ne-
crosis of the jaw: a growing epidemic. J Oral Maxillofac Surg.
2003;61:1115-1117.

Suresh E. Pazianas M. Abrahamsen B. Safety issues with bisphos-
phonate therapy for osteoporosis. Rheumathology. 2014;53:19-
31.

Varun BR, Sivakumar TT, Nair BJ, Joseph AP. Bisphosphonate in-
duced osteonecrosis of jaw in breast cancer patients: A system-
atic review. J Oral Maxillofac Pathol. 2012;16:210-14.

Dell RM, Adams AL, Greene DF, Funahashi TT, Silverman SL,
Eisemon EO, et al. Incidence of atypical nontraumatic diaphy-
seal fractures of the femur. J Bone Miner Res. 2012;27:2544-50.
Saita Y, Ishijima M, Kaneko K. Atypical femoral fractures and
bisphosphonate use: current evidence and clinical implications.
Ther Adv Chronic Dis. 2015;6:185-93.

Suresh E, Pazianas M, Abrahamsen B. Safety issues with
bisphosphonate therapy for osteoporosis. Rheumathology.
2014;53:19-31.



