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ABSTRACT

The purpose of this mini review is to assess the efficacy and safety of zoledronic acid in the treatment of post-
menopausal osteoporosis. Osteoporosis is the commonest metabolic bone disease, characterized by decreased
bone mass and poor bone quality, resulting in increased risk for fracture. Zoledronic acid is a third-generation
nitrogen-containing bisphosphonate used for the treatment of osteoporosis. It is used intravenously once a
year and it has been proven to be effective, safe and generally well tolerated. It improves the patient’s bone
mineral density and reduces the risk for low-trauma osteoporotic fractures. Given the fact that it is given
once yearly, intravenously, it is an easy and convenient therapeutic option especially for older patients with
polypharmacy who have adherence or tolerance problems with oral bisphosphonates. Its” efficacy and safety
are well established in the literature and it continues to be a reliable and safe option, used as a first line

treatment in post-menopausal osteoporosis.
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Introduction

Osteoporosis is defined as a systemic skeletal dis-
ease characterized by low bone mass and microar-
chitectural deterioration of bone tissue resulting
in increased bone fragility and increased danger
for fractures [1]. It is the most common metabol-
ic bone disease in developed countries affecting
more than 200 million people around the world
[2]. It usually affects post-menopausal women
and its prevalence increases with age. The most
important clinical consequence of osteoporosis is
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the increased risk for fragility fractures. It is esti-
mated that about 50% of women and 25% of men
older than 50 years will suffer an osteoporosis-re-
lated fracture in their remaining lifetime [3].

The presence of osteoporotic fractures is associat-
ed with increased mortality and decreased quality
of life, as many patients fail to return to their previ-
ous level of function after an osteoporotic fracture
[4]. The high prevalence of the disease and the as-
sociated fractures also result in very high economic
costs for healthcare systems. Additionally, due to
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the continuously growing number of the aging pop-
ulation around the world, the osteoporosis related
fractures pose a great healthcare problem globally
and their number is expected to continue to rise
[5,6]. It is estimated that the number of people af-
fected by osteoporosis will increase from 44 million
to more than 61 million by 2020 in USA and the an-
nual fractures and associated costs will increase by
50%. The worldwide incidence of hip fractures is
estimated to be increased by 240% in women and
310% in men between 1990 and 2050 [7].

The clinical importance of post-menopausal oste-
oporosis.

The main problems caused by osteoporosis related
fractures are morbidity, mortality and high health
care cost. Therefore, the main goal of any thera-
peutic intervention is to reduce the incidence of
osteoporotic fractures. An age-related decline in
BMD can be seen in both men and women but the
greater amount of loss happens in postmenopausal
women. Age and gender are the two most impor-
tant predisposing factors for the development of
osteoporosis and the majority of patients suffering
from this disease are postmenopausal women. The
reasons for this are that women have a lower peak
bone mass compared to men and also due to the
hormonal changes happening after the menopause.
Estrogens are very important in preserving bone
mass in women and the gradual decline of these
hormones after menopause results in increased
bone absorption and decline in BMD. Osteoporosis
is an asymptomatic disease, meaning that a patient
can suffer from it while having few or no symp-
toms. The disease can exist and progress for years
asymptomatically, until its clinical manifestation
with skeletal deformities, skeletal pain and osteo-
porotic fractures. An osteoporotic fracture is de-
fined as a fragility fracture caused after minor force,
usually a fall.

The most common osteoporotic fractures are ver-
tebral fractures. In some cases, small vertebral frac-
tures can be asymptomatic but usually they cause
great acute or chronic pain and spinal deformity,
worsening the patient’s quality of life and consist-

ing a great source of morbidity [8]. These fractures
usually happen after mild trauma or even simple
daily activities like lifting objects or bending. Every
fracture is correlated with higher risk for future
fractures [9,10,11].

Another common type of osteoporotic fractures
are hip fractures which almost always demand
surgical intervention and are often considered life
threatening conditions in elderly patients. Hip
fractures dramatically reduce the patient’s quality
of life and are correlated with many post-surgery
complications including decrease of functional ca-
pabilities and increased mortality [12,13]

Long term outcomes are often disappointing re-
garding patients return to their previous functional
status as only one third of patients return to their
pre-fracture functional level [14] The main goal of
any therapeutic intervention is to reduce the risk
for osteoporosis related fractures, mainly using
anti-osteoporotic medication, calcium supplemen-
tation and lifestyle modifications targeting in fall
prevention.

The absolute indications for anti-osteoporotic
treatment in the elderly are well studied and docu-
mented and include the following categories.

J Patients with fragility fractures.

. Patients with a densitometric diagnosis of
osteoporosis (T-score -2.5 or lower at the total hip,
femoral neck, lumbar vertebrae, or distal one-third
radius)

J Patients with osteopenia and a FRAX®
score of >3% or >20% for hip and other major osteo-
porotic fractures, respectively.

Mode of Action of Zoledronic Acid

Bisphosphonates (BPs) are considered nowadays
a first-line treatment against osteoporosis as it is
a relatively safe, affordable and very effective cat-
egory of drugs. The BPs have proven in multiple
studies to be able to increase BMD and reduce the
risk for osteoporotic fractures [15,16]. They act as
anti-resorptives slowing down bone resorption
and thus preventing the decrease of BMD. The BPs
currently available in Europe are alendronate, rise-
dronate, ibandronate and zoledronic acid. Once BPs
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TABLE 1 summarized effect of zoledronic acid on incidence of fractures.

Relative risk

Absolute reduction in

Study Endpoint

HORIZON-PFT
(Postmenopausal Vertebral fracture
women)

Over 12 months

Over 24 months

Over 36 months

Hip fracture

Over 36 months

Non-vertebral
fractures

Over 36 months

Hip fracture

Over 36 months

Non-vertebral

fractures

Over 36 months
HORIZON-RFT
(Patients with hip Any clinical fracture

fracture)

Clinical vertebral
fracture

Non-vertebral fracture

Hip fracture

2,2

53

7,6

11

2,7

11

2,7

53

21

Bl

1,5

reduction in fracture P value
incidence %

fracture incidence %

60 <0,0001
71 <0,0001
70 <0,0001
41 P =0,0024
25 <0,0001
41 P =0,0024
25 <0,0001
35 <0,001
46 0,02

27 0,03

30 0,18

are absorbed, they can be rapidly localized to the
skeleton, where they inhibit bone resorption by re-
ducing the creation and activity of osteoclasts and
also increasing osteoclast apoptosis. The bisphos-
phonates mainly act by preventing further bone

loss and are connected with minor increases in
BMD. Aminobisphosphonates inhibit bone resorp-
tion by blocking the action of the enzyme farnesyl
pyrophosphate (FPP) synthase in the mevalonate
pathway. This reduces osteoclastic bone resorp-
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tion through accumulation of unprenylated small
guanosinetriphosphatases within the osteoclast.
Bisphosphonates are stable analogues of pyrophos-
phate, but contain a carbon in the back bone of the
molecule (P-C-P in bisphosphonate) instead of an
oxygen (P-O-P in pyrophosphate) [17].

BPs have a strong affinity for bone hydroxyapa-
tite. The addition of side chains of different lengths
and structures allows many structural variations,
producing BPs with a range of potencies and prop-
erties, which affects the clinical doses required.
Like every other BP zoledronic acid has a high af-
finity for mineralized bone and binds to the calci-
um phosphate bone mineral hydroxyapatite mostly
at sites with high bone turnover. When compared
with alendronate, ibandronate, risedronate, etidro-
nate, and clodronate, zoledronic acid has the high-
est affinity for hydroxyapatite in vitro [18].

Zoledronic acid has been proved to rapidly reduce
the rate of bone turnover, by reducing both bone re-
sorption and bone formation. This is demonstrated
by the rapid and marked reduction of biochemical
markers of bone resorption and bone formation af-
ter the beginning of treatment. These markers were
more suppressed after the infusion of zoledronic
acid, compared with placebo or weekly oral aledro-
nate [19,20]. Their suppression reached their lower
level at 7 days for the resorption markers and at 12
weeks for the formation markers. This well docu-
mented reduction at the rate of bone turnover and
bone remodeling results in the antiresorptive prop-
erties of the drug.

Oral BPs are very effective, but also have impor-
tant disadvantages. They are poorly absorbed, and
are required to be taken on an empty stomach, with
no food or drink for the next 30 minutes in order
to maximize their absorption. Other disadvantages
of the oral BPs are their gastrointestinal symptoms
which are very often in the common clinical prac-
tice [21,22,23].

Zoledronic acid is a BP which is used once a year
intravenously. Its usual dose is 5mg. It has been
shown by multiple studies that its use reduces the
risk of both hip and vertebral fractures. The fact that
the drug is given via intravenous infusion is particu-

larly useful in patients with gastrointestinal symp-
toms after oral BP administration as it allows to
bypass the gastrointestinal system which also deals
with the problem of poor gastrointestinal absorp-
tion. Its annual iv administration also overcomes
the problem of poor patient compliance which is an
often phenomenon in oral BPs administration.

Pharmacokinetic properties of Zoledronic acid
The exact pharmacokinetic properties of the drug
have not yet been clarified, but it is known that
its maximum plasma concentrations are achieved
at the end of its infusion. After this, its concen-
tration is rapidly decreased and reaches 1% of its
maximal concentration 24 hours after the infusion.
This rapid decrease of the levels of the drug in the
plasma happens mainly for two reasons. First it is
bound to bone very fast due to its high affinity for
hydroxyapatite and secondly it is quickly excreted
from the kidneys [24]. The drug cannot be metabo-
lized in humans and a great amount of it, estimat-
ed about 39% is excreted intact in the urine by the
kidneys , in the first 24 hours [24]. The amount of
drug bound to the bones can remain there for years
and can be released back to the plasma very slowly.
The exact rate of release from the bone is not known
but it can be detected in the urine even 8 years after
the last treatment. Mild or moderate renal failure do
not change its clearance compared to normal renal
function and the drug can be used safely in these
patients. Severe renal failure is the main contrain-
dication for the drug as it is exclusively excreted by
the kidneys and there are no data on its use in this
population [25].

Therapeutic efficacy of Zoledronic acid

The largest and most important clinical trial consid-
ering the use of zoledronic acid for the treatment of
postmenopausal osteoporosis was the HORIZON-
Pivotal Fracture Trial. It included 7765 postmeno-
pausal women, 65-89 years old which had a femoral
neck T-score of -2.5 SD or lower with or without ex-
isting vertebral fractures or T-score -1.5 SD or lower
and existing vertebral fractures. Patients randomly
received 5mg zoledronic acid once a year (n=3889),
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or placebo (n=3876), at the beginning of the trial,
12 and 24 months after. Their follow up continued
for three years. The trial proved that patients who
underwent treatment with zoledronic acid expe-
rienced less vertebral, hip and other osteoporotic
fractures and also less days of limited activity be-
cause of back pain or fractures, compared to those
receiving placebo [26].

Zoledronic Acid and Vertebral fractures.
Vertebral fractures are some of the most usual types
of fragility fractures, affecting millions of post-men-
opausal women. They can be identified either clini-
cally or radiographically. Many new vertebral frac-
tures are identified only radiographically as they
are asymptomatic and do not become clinically ap-
parent until multiple fractures occur.

The clinical importance and treatment options
of these asymptomatic fractures is not clarified in
the literature, nevertheless they are a frequent con-
sequence of osteoporosis and most importantly a
good predictor for subsequent fractures. Sustaining
numerous vertebral fractures leads to clinically im-
portant outcomes, such as changes in height and
posture which results in obstructed breathing, in-
creased risk of fall, chronic pain, and functional lim-
itations.

The HORIZON study indicated that there was a
relative decrease of 70% in new vertebral fractures
after treatment with zoledronic acid, compared
with placebo. Regarding multiple vertebral frac-
tures the same study showed a relative decrease of
89% in people treated with zoledronic acid , com-
pared with placebo.

Zoledronic acid and Hip fractures

Hip fractures are considered the most important
clinical outcome of osteoporosis because of the as-
sociated increase in morbidity and mortality. Many
patients suffering a hip fracture are unable to return
to their prior level of functioning and independ-
ence, resulting in substantial social and financial
costs. Treatment with zoledronic acid has proved
to be effective as it demonstrated a 1.1% absolute
reduction and 41% relative reduction in the risk of

hip fractures over a median duration of follow-up
of 3 years. The absolute fracture rate was 1.4% after
treatment with zoledronic acid versus 2.5% at the
placebo group [26].

Zoledronic Acid and Non-vertebral fractures

The HORIZON study reported a reduction of the
incidence of overall clinical fractures, including hip
fractures. The absolute fracture rates in the zole-
dronic acid and placebo groups at 36 months were
8.4% and 12.8%, respectively, demonstrating a 4.4%
absolute reduction in fracture incidence.

Zoledronic Acid and Risk for second fracture.

The Horizon study estimated the role of zoledronic
acid in patients with established osteoporosis or os-
teopenia and existing vertebral fractures. The drug
proved to be very effective, but the study did not
consider secondary prevention of new fractures af-
ter a first hip fracture. This led to the design of a
new phase 3 randomized controlled trial (RCT), the
Horizon RFT (Recurrent Fracture Trial), in which
1065 male and female patients were randomized to
receive a 5-mg infusion of ZOL and 1062 patients
received a placebo infusion within 90 days after sur-
gical repair of a hip fracture, with annual infusions
of drug or placebo thereafter until the study end. As
in the previous Horizon PFT, all patients received
daily oral calcium (1000-1500 mg) and vitamin D
(400-1200 IU). The result of the study after a fol-
low-up of 22 months was a significant 35% reduc-
tion in any new clinical fracture (8.6% in the ZOL
group and 13.9% in the placebo group) [27]. More
specifically, any new clinical vertebral fractures
(46%) and nonvertebral fractures (27%) were signif-
icantly reduced in patients who received zoledronic
acid. However, although there was a reduction of
second hip fractures in the ZOL group compared
with placebo (30%), this did not reach statistical sig-
nificance. Regarding the safety of this practice there
was the expected significant increase in acute phase
response (APR) reactions within 3 days of the first
infusion in the ZOL group compared with placebo,
but not after subsequent infusions. There was no
difference in serious adverse events including atri-
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al fibrillation and stroke and during the follow-up
there was a 28% reduction in deaths in the ZOL
group compared with placebo.

Zoledronic Acid and BMD changes

In the HORIZON-PFT study the BMD was meas-
ured at the lumbar spine, femoral neck and total
hip and the percentage of change before and after
treatment was also used to estimate the efficacy of
the treatment. It was proved that the treatment with
zoledronic acid significantly increased BMD at the
lumbar spine, total hip and femoral neck, relatively
to treatment with placebo at time points 12, 24, and
36 months. Specifically it resulted in a 6.7% increase
in BMD at the lumbar spine, 6.0% at the total hip,
and 5.1% at the femoral neck, over 3 years, com-
pared to placebo.

Zolendronic Acid, Falls prevention and overall
quality of life.

Another important aspect of osteoporotic fractures
is the danger of fall. BMD is the main factor deter-
mining the risk for fracture but falls are the neces-
sary aspect of almost every osteoporotic fracture.
More than 90% of osteoporotic hip fractures result
after falls. Some studies indicate that falls can have
an equally important role as BMD in the pathogen-
esis of a fracture in the elderly [28].

Recent research indicated that except its already
known therapeutic effects, zoledronic acid is con-
nected with a reduced risk of falls. The balance abil-
ity and the fall risk before and after two years of
treatment was calculated and the results indicated
that the risk of falls was reduced at patients treated
with zoledronic acid. It was also demonstrated in
the same research that therapy was able to improve
the overall health related quality of life [29].

Regarding the overall quality of life of osteoporo-
tic patients , treated with zoledronic acid, there are
little data, but they suggest that it is beneficial. In an
analysis of the HORIZON-PFT trial, patients treat-
ed with zoledronic acid were shown to experience
less days of limited activity caused by back pain
or fracture, compared to those receiving a placebo
[30]. It was also reported that treatment with zole-

dronic acid reduced the number of bed days related
to a fracture [31].

Comparison of zoledronic acid with other anti-os-
teoporosis therapies

The anti-fracture effect of ZOL is impressive but it
is hard to directly compare this with other osteopo-
rosis therapies due to differences in study designs.
The overall antifracture efficacy is impressive at
both vertebral and nonvertebral sites and almost
identical to the extremely potent antiresorptive
therapy with denosumab. Compared with place-
bo, denosumab reduced vertebral, nonvertebral,
and hip fractures by 68%, 20%, and 40% respective-
ly [32]. These outcomes are very similar to those
demonstrated in the HORIZON PFT. Regarding
other bisphosphonates, ZOL in a single annual in-
fusion was compared with weekly oral alendronate
in women with osteoporosis. In a 24-week trial, 1
week after the first dose of both drugs, ZOL induced
a greater reduction in the bone resorption markers
urinary N-telopeptide of type I collagen and for
serum P-C-telopeptide of type I collagen with the
greater reduction continuing through the 24 weeks
of observation [33].

In another comparator study, women who had al-
ready been taking alendronate for at least 12 months
were randomized in a double-blind fashion to 70-
mg weekly alendronate or a single infusion of 5 mg
of ZOL and followed up for 12 months. The study
concluded that there were only small increases in
BMD from baseline in both groups and there was
no superiority of either drug. This demonstrated
that alendronate users could be effectively switched
to ZOL but there was no specific benefit over sim-
ply continuing with alendronate therapy [34].

Complications related to treatment with
Zoledronic Acid.

In general, treatment with zoledronic acid is safe
and well tolerated by patients. Complications relat-
ed with treatment are relatively rare and can be cat-
egorized in six main groups: acute phase reaction
(APR), hypocalcemia, renal dysfunction, cardiovas-
cular complications, eye inflammation, osteonecro-
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sis of the jaw and atypical subtrochanteric fractures.
The commonest complications are acute phase re-
actions which resemble the symptoms of flu, like
fever, headache, myalgia and arthralgia. These
reactions usually happen the first three days after
drug administration and symptoms usually resolve
spontaneously without special treatment [35].

Acute phase reaction becomes apparent with-
in 24-36 hours and consists mainly of fever and
musculoskeletal pain. All symptoms considered as
acute phase reaction present in the first 2 days after
the drug infusion, with their incidence being rare
after 3 days. The pathogenesis of these reactions
is not fully understood but they are believed to be
caused by release of inflammatory cytokines by T
cells in the circulation [36].

The most important symptoms consisting the
clinical condition of acute phase reaction are: fever,
musculoskeletal (pain and joint swelling), gastroin-
testinal (abdominal pain, vomiting, diarrhea) and
general symptoms (including fatigue, nasopharyn-
gitis, edema). The most usual event is fever, which,
together with non-specific symptoms such as chills
and flushes, occur in about 20% of zoledronic ac-
id-treated patient. About the same proportion of pa-
tients can suffer acute musculoskeletal symptoms,
mainly pain, which is experienced as a generalized
discomfort. Also, the patients can suffer from stiff-
ness of the joints and muscles, and about 10% expe-
rience joint swelling. Another common complaint
during acute phase reaction is symptoms from the
gastrointestinal system. Nausea, vomiting, abdom-
inal pain and diarrhea are the main complaints of
patients. Regarding the severity of the symptoms, it
was rated by patients as mild or moderate in more
than 90% of the events [37].

The acute phase reaction does not pose a serious
threat to the patient’s health but in some cases, it
can cause great discomfort to the patient or even re-
sults to absence from work and activity.

The presence of these reactions after a treatment
can affect the patient’s overall compliance to the
anti-osteoporotic treatment plan, as patients can
possibly avoid the next programmed drug adminis-
tration being afraid of the recurrence of symptoms.

The danger of acute phase reactions has been found
to be reduced by the administration of acetami-
nophen or ibuprofen before injection of zoledronic
acid and three days after that [38]. In general, most
of the symptoms of acute phase reaction are easily
managed with acetaminophen or NSAIDS.

The possibility of APR should be noted in order
to gain informed consent from the patients. It is also
important to inform the patient that the risk is for
APR is greatly reduced on redosing. The above in-
formation is essential, as patients who have already
experienced APR are usually very concerned about
new APR after redosing.

In conclusion, the APR is by far the commonest
side effect from the use of iv amino-bisphospho-
nates, and all patients should be informed about it.
Despite its high incidence, it is usually of mild to
moderate severity and lasts only a few days. For the
above-mentioned reasons, it usually has minimal
impact on long-term compliance to therapy. It is
less common in patients who have previously used
bisphosphonates. There is evidence that its severi-
ty can be reduced by half with co-administration of
acetaminophen, so the short-term use of this drug
is advised in patients receiving their first iv dose of
an amino-bisphosphonate in order to lessen the risk
of APR.

Hypocalcaemia is a complication that can occur
after any BP treatment if the patient has calcium or
Vitamin D deficiency and does not receive a rich in
calcium diet or supplementation, as BPs drastically
change bone metabolism. The use of calcium and
Vitamin D supplementation is a common practice
in every osteoporotic patient treated with BP, thus
hypocalcaemia in these patients is extremely rare.
As the hypocalcaemia can be preexisting before
therapy and be rapidly deteriorated with its onset
it is advised that all patients should be assessed
regarding their calcium and vitamin D levels be-
fore initiating treatment with zoledronic acid. Pre-
existing low calcium levels is a contraindication
for treatment with biphosphonates and should be
corrected with calcium and vitamin D supplements
before the onset of the treatment with zoledronic.

Renal complications are rare and of minor clinical
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importance in otherwise healthy patients. In gener-
al, all intravenous bisphosphonates are associated
with infusion rate-dependent effects on renal func-
tion, such as minor increase in serum creatinine lev-
els or urinary protein. Studies have shown that in
long term use, creatinine clearance is not deteriorat-
ed and no renal function is affected after zoledronic
acid treatment [39]. Serum creatinine monitoring
and increased hydration are recommended be-
fore every dose infusion only in cancer patients, in
which prolonged infusion times and dose reduction
are used depending on the creatinine clearance rate.
In otherwise healthy patients the use of iv zoledron-
ic acid for the treatment of osteoporosis is only con-
traindicated if they have severe renal impairment
(creatinine clearance<35 ml/min) [40].
Cardiovascular complications are extremely rare
and the mechanism connecting them to BP treat-
ment is not known. The HORIZON study found
that incidence of atrial fibrillation was increased
in patients receiving zoledronic acid treatment
compared with the placebo group [26]. On the con-
trary these findings were not supported by other
large epidemiology studies, which did not find in-
creased risk of atrial fibrillation after BP treatment.
Regarding the severity of this possible complica-
tion and the widespread use of BPs as a first line
treatment for osteoporosis, the FDA reviewed all
the clinical studies involving BPs and concluded in
2008, that across all studies there was not observed
a clear association between overall bisphosphonate
exposure and the rate of atrial fibrillation.
Inflammatory eye reactions have been associated
with bisphosphonate use, in older research, par-
ticularly with iv infusions of pamidronate. In var-
ious studies a number of different diagnostic labels
were used to describe these symptoms (conjuncti-
vitis, episcleritis, panophthalmitis), and all these
represent a similar syndrome. The most common
signs of this rare complication are lid edema, con-
junctival hyperemia, and chemosis, while common
symptomatology includes pain, diplopia, and blur-
ry vision. In the HORIZON study, only one case of
iritis presented in the patients receiving ZA treat-
ment, which was successfully treated, resulting in

no further problems [41]. A review of the literature
in 2012 found fourteen published case reports, re-
garding this complication [42]. Another more recent
review found in 2015 that there was a total number
of 29 cases in the literature [43]. The majority of cas-
es (22/29, 76%) were associated with i.v. zoledronic
acid infusion and the eye inflammation occurred
the first month after infusion. The majority of pa-
tients underwent steroid treatment and the vision
resolved in all patients except one case, in which
anterior ischemic optic neuropathy occurred and
caused permanent damage. Despite of its rare inci-
dence, physicians should be aware for this possible
complication.

Osteonecrosis of the jaw is probably the most
notorious BP treatment complication as despite
its extremely low frequency in healthy patients, it
receives a great amount of interest from patients
and also health care providers such as dentists.
Bisphosphonate-Related Osteonecrosis of the Jaw
(BRON]J) can be developed after treatment with
both oral or intravenous BPs. This condition man-
ifests as exposed non-vital bone in the maxillofacial
area. The main event that triggers the development
of this condition is trauma, usually after extended
dental procedures. Trauma to the dentoalveolar
structures becomes critical as they have a limit-
ed bone healing capacity due to the bisphospho-
nate therapy. The majority of patients developing
BRON] are cancer patients which are treated with
high and frequent doses of intravenous BPs [44,45].

Other risk factors for ON]J except cancer and dental
trauma, include duration of bisphosphonate expo-
sure, sequential intravenous bisphosphonate ther-
apy (pamidronate followed by ZOL), osteoarthritis
or rheumatoid arthritis [46,47].In 2014 the American
Association of Oral and Maxillofacial Surgeons rec-
ommended changing the term BRON]J to medica-
tion-related osteonecrosis of the jaw (MRON]J), as
other antiresorptive drugs, like denosumab have
also been related to jaw osteonecrosis cases. Most
studies indicate that the use of the recommended
dose of 5mg of zoledronic acid once a year, for the
treatment of postmenopausal osteoporosis does not
affect the frequency of osteonecrosis of the jaw [48].
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Another study demonstrated that even if this prob-
lem can occur in up to 5% of bisphosphonate users
with cancer of various varieties such as myeloma,
it is extremely rare in those receiving lower doses
for the management of osteoporosis, estimated as
low as 1 in 100,000 [49]. In order to avoid this rare
complication physicians can use simple preventive
measures, such as screening of the patients dental
hygiene and performing any invasive dental proce-
dures before the onset of treatment.

Regarding the atypical subtrochanteric fractures,
a number of recent case series have indicated that
low trauma subtrochanteric hip fractures are in-
creased in patients who are receiving BP treatment
for many years [50,51,52,53,54]. Although the op-
timal duration of BP treatment is not clarified and
the long-term use of BPs is relatively safe, this com-
plication is of great importance for two reasons.
First, osteoporosis is a chronic disease demanding
long term therapeutic options, for often more than
a decade and secondly this type of fracture poses
an important complication affecting radically the
patient’s quality of life. Regarding the risks associ-
ated with this complication, in 2009, the American
Society of Bone and Mineral Research (ASBMR)
convened a multidisciplinary, international task
force to clarify the risk of long-term BP therapy
regarding atypical subtrochanteric fractures. The
task force reviewed all research on this topic and
concluded in 2010 that the incidence of atypical
subtrochanteric fractures associated with BPs was
very low particularly compared to the number of
vertebral, hip and other fractures prevented by BPs.
It concluded that a causal association between BPs
and atypical subtrochanteric fractures could not be
established [55].

Another review demonstrated that even if the
relative risk of atypical subtrochanteric fractures
is high in patients on BPs, their absolute risk is
extremely low, ranging from 3.2 to 50 cases per
100,000 patients [56]. Thus, these fractures are ex-
tremely rare, particularly compared against the
incidence of common osteoporotic fractures of all
types, which have been proven to decrease with
BP therapy. Despite the rare possibility of atypical

fractures, this scenario should be considered among
patients receiving long BP therapy and reporting
unexplained thigh pain.

Zoledronic acid, patients’ compliance and cost-ef-
fectiveness

Despite the fact that osteoporotic fractures are
one of the commonest reasons for hospitalization
in the elderly, connected with high cost, morbidi-
ty and mortality, osteoporosis is often underdiag-
nosed and undertreated. Even when patients are
diagnosed with osteoporosis, often after a first os-
teoporotic fracture, and antiresorptive treatment
is started, a great number of patients discontinues
therapy.

One important issue to consider is the patient’s
compliance with long-term intake of a medication
for an essentially asymptomatic condition. Poor
compliance is a well-documented and well-studied
problem in these patients. The effectiveness of an-
ti-osteoporosis treatment is greatly reduced because
of poor patient adherence. Some research indicates
that only 20% of women with osteoporotic fractures
receive treatment, 50% do not take the treatment
as prescribed, and 50% discontinue therapy after
six months [57]. Another study indicated that only
50% of women with osteoporosis and multiple risk
factors, receiving anti-osteoporosis treatment, per-
ceived themselves to be at increased risk of fracture
[58].

Some of the most usual reasons for poor adher-
ence include poor patient education, a lack of pa-
tient understanding of their condition, patients con-
cern about side effects, dosing intervals, polyphar-
macy, asymptomatic disease manifestation (‘silent
disease’) and an overall underestimation of the risk
for fracture. Poor patients adherence is associated
with elevated fracture risk and this underlines the
importance of compliance and persistence [59].

Oral BP treatment has a number of disadvantages
compared to iv therapy which are responsible for
the patient’s poor compliance to therapy. BPs are
poorly absorbed by the gastrointestinal system due
to their large molecular structurelow lipophilic-
ity and negative charge [60]. Less than 1% of oral
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bisphosphonates are absorbed when given per os.
This very low bioavailability of orally administered
bisphosphonates necessitates a very strict daily or
weekly administration routine that often interferes
with the patient’s regular daily routine. The patient
must take the oral bisphosphonate while fasting,
with a glass of water, and must not eat, drink, take
any other medication or lie down for 30 minutes,
in order to increase their poor absorption and de-
crease the risk of gastro-esophageal reflux. These
constraints have raised adherence issues [61,62].
Zoledronic acid is a therapy administered to
patients intravenously on a yearly basis and this
means greater compliance of patients and guaran-
teed absorption and bioavailability [63,64]. Patients
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Conclusively, treatment of osteoporosis and espe-
cially postmenopausal osteoporosis with zoledron-
ic acid is well-documented to increase BMD and
reduce the risk for any osteoporotic fracture. It is
relatively safe and well tolerated. Considering the
fact that patient adherence to oral BPs is relatively
low in terms of peptic disorders or frequent intake,
the once a year treatment plan with ZA can provide
an important and useful treatment option.

Conflict of interest:
The authors declared no conflicts of interest.

vertebral fracture in the year following a fracture. JAMA
2001 Jan; 285 (3): 320-3

10. Center JR, Bliuc D, Nguyen TV, et al. Risk of subsequent
fracture after low-trauma fracture in men and women.
JAMA 2007 Jan; 297 (4): 387-94

11. Kanis JA, Johnell O, De Laet C, et al. A meta-analysis
of previous fracture and subsequent fracture risk. Bone
2004 Aug; 35 (2): 375-82)

12. Boonen S, Singer AJ. Osteoporosis management: impact
of fracture type on cost and quality of life in patients at
risk for fracture. Curr Med Res Opin 2008 Jun; 24 (6):
1781-8

13. Ioannidis G, Papaioannou A, Hopman WM, et al. Re-
lation between fractures and mortality: results from the
Canadian Multicentre Osteoporosis Study. CMA] 2009
Sep; 181 (5): 265-71)

14. Salkeld G, Cameron ID, Cumming RG, et al. Quality
of life related to fear of falling and hip fracture in older
women: a time trade off study. BMJ 2000 Feb; 320 (7231):
341-6)

15. Diab DL, Watts NB. Bisphosphonates in the treatment of
osteoporosis. EndocrinolMetabClin North Am 2012; 41:
487-506.

16. Bilezikian JP. Efficacy of bisphosphonates in reducing

fracture risk in postmenopausal osteoporosis. Am ] Med

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA



Dellis S, et al. The role of zoledronic acid in the treatment of post-menopausal osteoporosis.

17.

18.

19.

20.

21.

23.

24.

25.

26.

27.

2009; 122: S14-521

Russell RG, Xia Z, Dunford JE, Oppermann U, Kwaasi A,
Hulley PA, et al. Bisphosphonates: an update on mech-
anisms of action and how these relate to clinical efficacy.
Ann N'Y Acad Sci. 2007;1117:209-57.

Nancollas GH, Tang R, Phipps R], et al. Novel insights
into actions of bisphosphonates on bone: differences in
interactions with hydroxyapatite. Bone. 2006;38(5):617-
627.

Black DM, Delmas PD, Eastell R, et al. Once-yearly zole-
dronic acid for treatment of postmenopausal osteoporo-
sis. N Engl ] Med. 2007; 356(18):1809-1822.

Saag K, Lindsay R, Kriegman A, et al. A single zoledron-
ic acid infusion reduces bone resorption markers more
rapidly than weekly oral alendronate in postmeno-
pausal women with low bone mineral density. Bone.
2007;40(5):1238-1243.

Lewiecki EM. A clinician’s perspective on the use of zole-
dronic acid in the treatment of postmenopausal osteopo-
rosis. ] ClinDensitom 2008; 11: 478-484.

Sewerynek E, Malkowski B, Karzewnik E et al. Alendro-
nate 70 therapy in elderly women with post-menopausal
osteoporosis: the problem of compliance. Endokrynol
Pol 2011; 62: 24-29.

Strom O, Landfeldt E. The association between automat-
ic generic substitution and treatment persistence with
oral bisphosphonates. Osteoporos Int 2012; 23: 2201-2209
Pietrzik K, Bailey L, Shane B. Folic acid and L-5-meth-
yltetrahydrofolate: comparison of clinical pharmaco-
kinetics and pharmacodynamics. Clin Pharmacokinet.
2010;49(8):535-548.

Skerjanec A, Berenson ], Hsu C, et al. The pharmacoki-
netics and pharmacodynamics of zoledronic acid in can-
cer patients with varying degrees of renal function. J Clin
Pharmacol. 2003;43(2):154-162.

Black DM, Delmas PD, Eastell R, Reid IR, Boonen S, Cau-
ley JA, Cosman F, Lakatos P, Leung PC, Man Z, Mau-
talen C, MesenbrinkP, Hu H, Caminis ], Tong K, Rosa-
rio-Jansen T, Krasnow ], Hue TF Sellmeyer D, Eriksen
EF, Cummings SR 2007 Once-yearly zoledronic acid for
treatment of postmenopausal osteoporosis. N Engl ] Med
356:1809-1822

Lyles KW, Colon-Emeric CS, Magaziner JS, et al.: Zole-

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

dronic acid in reducing clinical fracture and mortality
after hip fracture. N Engl ] Med 2007, 357:1799-1809
Jarvinen TL, Sievanen H, Khan KM et al. Shifting the fo-
cus in fracture prevention from osteoporosis to falls. BMJ
2008; 336: 124-126.

Shushu Huang*, Hua Lin*, Xiufen Zhu, Xin Chen, Lu
Fan, Changchang Liu. Zoledronic acid increases bone
mineral density and improves health-related quality
of life over two years of treatment in Chinese women
with postmenopausal osteoporosis Endokrynol Pol.
2014;65(2):96-104. doi: 10.5603/EP.2014.0014.

Cauley JA, Black D, Boonen S et al. Once-yearly zole-
dronic acid and days of disability, bed rest, and back
pain: randomized, controlled HORIZON Pivotal Frac-
ture Trial. ] Bone Miner Res 2011; 26: 984-992.

Cauley JA, Lui LY, Genant HK et al. Risk factors for se-
verity and type of the hip fracture. ] Bone Miner Res 2009;
24: 943-955.

Cummings SR, San Martin J, McClung MR, et al.: De-
nosumab for prevention of fractures in postmenopausal
women with osteoporosis. N Engl ] Med 2009, 361:756-
765

Saag K, Lindsay R, Kriegman A, et al.: A single zoledron-
ic acid infusion reduces bone resorption markers more
rapidly than weekly oral alendronate in postmenopaus-
al women with low bone mineral density. Bone 2007,
40:1238-1243.

McClung M, Recker R, Miller P, et al.: Intravenous zole-
dronic acid 5 mg in the treatment of postmenopausal
women with low bone density previously treated with
alendronate. Bone 2007, 41:122-128

Reid DM. Update on the use of zoledronic acid in the
management ofosteoporosis. Curr Osteoporos Rep 2010;
8:145-150

Adami S, Bhalla AK, Dorizzi R, Montesanti F, Rosini
S, SalvagnoG, Lo Cascio V (1987) The acute-phase re-
sponse after bisphoshonate administration. Calcif Tissue
Int41:326-333

Acid I. R. Reid, G. D. Gamble, P. Mesenbrink, P. Lakatos,
and D. M. Black] Acute-Phase Response after Zoledronic
Clin Endocrinol Metab, September 2010, 95(9):4380-4387
Wark JD, Bensen W, Recknor C et al. Treatment with

acetaminophen/paracetamol or ibuprofen alleviates

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA



39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

Dellis S, et al. The role of zoledronic acid in the treatment of post-menopausal osteoporosis.

post-dose symptoms related tointravenous infusion with
zoledronic acid 5 mg. Osteoporos Int 2012;23: 503-512.
Rizzoli R. Long-term use of bisphosphonates in osteopo-
rosis. Womens Health (London Engl) 2006; 2: 309-315.
Zometa (Summary of Product Characteristics) http://
www.ema.europa.eu/ humandocs/PDFs/EPAR/zome-
ta/emea-combinedh336en. May 21, 2010

Lyles KW, Colon-Emeric CS, Magaziner ]S et al. Zole-
dronic acid andclinical fractures and mortality after hip
fracture. N Engl ] Med 2007,357: 1799-1809.
Peterson ]JD1, Bedrossian EH Jr.
nate-associated  orbital
port and review.Orbit. 2012 Apr;31(2):119-23. doi:
10.3109/01676830.2011.648818.

Orbit. 2015; 34(6):331-5. doi: 10.3109/ 01676830.
2015.1078380. Epub 2015 Nov 5. Bisphosphonate-In-
duced Orbital Inflammation: A Case Series and Review.
Pirbhai A1,2, Rajak SN1,2, Goold LA1,2, Cunneen TS3,
Wilcsek G3, Martin P3, Leibovitch 14, Selva D1,2.

Lewiecki EM. A clinician’s perspective on the use of zole-

Bisphospho-

inflammation--a case re-

dronic acid in the treatment of postmenopausal osteopo-
rosis. ] ClinDensitom 2008; 11: 478-484.

Grbic JT, Landesberg R, Lin SQ et al. Incidence of osteo-
necrosis of thejaw in women with postmenopausal os-
teoporosis in the health outcomesand reduced incidence
with zoledronic acid once yearly pivotal fracture trial.
Am Dent Assoc 2008; 139: 32-40.

Hoff AO, Toth BB, Altundag K, et al. Frequency and risk
factors associated with osteonecrosis of the jaw in can-
cer patients treated with intravenous bisphosphonates. |
Bone Miner Res 2008;23:826-36

Aragon-Ching JB, Ning YM, Chen CC, et al. Higher inci-
dence of osteonecrosis of the jaw (ONJ]) in patients with
metastatic castration resistant prostate cancer treated
with anti-angiogenic agents. Cancer Invest 2009;27:221-6
Lewiecki EM. A clinician’s perspective on the use of zole-
dronic acid in the treatment of postmenopausal osteopo-
rosis. ] Clin Densitom 2008;11: 478-484.

Reid IR: Osteonecrosis of the jaw: who gets it, and why?
Bone 2009, 44:4-10

Goh SK, Yang KY, Koh JS, Wong MK, Chua SY, Chua
DT, Howe TS. Subtrochanteric insufficiency fractures in

patients on alendronate therapy: a caution. ] Bone Joint

51.

52.

53.

55.

56.

57.

58.

Surg Br. 2007;89:349-53.

Ali T, Jay RH. Spontaneous femoral shaft fracture after
long-term alendronate. Age Ageing. 2009;38:625-6.
Bunning RD, Rentfro R], Jelinek JS. Low-energy femoral
fractures associated with long-term bisphosphonate use
in a rehabilitation setting: a case series. PM R. 2010;2:76-
80.

Bush L, Chew F. Subtrochanteric femoral insufficiency
fracture following bisphosphonate therapy for osseous
metastases. Radiol Case Rep. [Internet]. 2008 [cited 2013
Jun 9]; 3(4):232.

Capeci CM, Tejwani NC. Bilateral low-energy simul-
taneous or sequential femoral fractures in patients on
long-term alendronate therapy. ] Bone Joint Surg Am.
2009;91:2556-61)

Shane E, Burr D, Ebeling PR, Abrahamsen B, Adler
RA, Brown TD, Cheung AM, Cosman F, Curtis JR, Dell
R, Dempster D, Einhorn TA,Genant HK, Geusens P,
Klaushofer K, Koval K, Lane JM, McKiernanF, McKin-
ney R, Ng A, Nieves ], O’Keefe R, Papapoulos S, Sen HT,
vander Meulen MC, Weinstein RS, Whyte M; American
Society for Bone and Mineral Research. Atypical subtro-
chanteric and diaphyseal femoral fractures: report of a
task force of the American Society for Bone and Mineral
Research. ] Bone Miner Res. 2010;25:2267-94

Shane E1, Burr D, Abrahamsen B, Adler RA, Brown TD,
Cheung AM, Cosman F, Curtis JR, Dell R, Dempster
DW, Ebeling PR, Einhorn TA, Genant HK, Geusens P,
Klaushofer K, Lane JM, McKiernan F, McKinney R, Ng
A, Nieves J, O’Keefe R, Papapoulos S, Howe TS, van der
Meulen MC, Weinstein RS, Whyte MP.] Bone Miner Res.
2014 Jan;29(1):1-23. doi: 10.1002/jbmr.1998. Epub 2013
Oct 1. Atypical subtrochanteric and diaphyseal femoral
fractures: second report of a task force of the American
Society for Bone and Mineral Research

Center JR, Bliuc D, Nguyen ND, Nguyen TV, Eisman
JA. Osteoporosis medication and reduced mortality risk
in elderly women and men. | Clin Endocrinol Metab
2011;96(4):1006- 14.

Lee S, Glendenning P, Inderjeeth CA. Efficacy, side ef-
fects and route of administration are more important
than frequency of dosing of anti-osteoporosis treatments

in determining patient adherence: A critical review of

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA



Dellis S, et al. The role of zoledronic acid in the treatment of post-menopausal osteoporosis.

59.

60.

61.

62.

63.

published articles from 1970 to 2009. Osteoporos Int
2011;22(3):741-53.

Silverman S, Gold DT. Compliance and persistence with
osteoporosis medications: A critical review of the litera-
ture. Rev Endocr Metab Disord 2010;11(4):275-80. |

Lin JH. Bisphosphonates: A review of their pharmacoki-
netic properties. Bone 1996;18(2):75?85. )

Lin JH. Bisphosphonates: A review of their pharmacoki-
netic properties. Bone 1996;18(2):75?85.

Sakuma S, Tanno FK, Masaoka Y, et al. Effect of adminis-
tration site in the gastrointestinal tract on bioavailability
of poorly absorbed drugs taken after a meal. ] Control
Release 2007;118(1):59?64.

Emkey R, Koltun W, Beusterien K, et al. Patient prefer-

65.

66.

ence for once-monthly ibandronate versus once-weekly
alendronate in a randomized, open-label, crossover trial:
the Boniva Alendronate Trial in Osteoporosis (BALTO).
Curr Med Res Opin 2005;21:1895-1903.

Ringe JD. Development of clinical utility of zoledronic
acid and patient considerations in the treatment of osteo-
porosis. Patient Prefer Adherence 2010;4:231-245.
Carmona R, Adachi R. Treatment of postmenopausal
osteoporosis, patient perspectives - focus on once yearly
zoledronic acid. Patient Pref Adherence. 2009;3:189-193.
McClung M, Recker R, Miller P, et al. Intravenous zole-
dronic acid 5 mg in the treatment of postmenopausal
women with low bone density previously treated with
alendronate. Bone. 2007;41: 122-128.

Dellis S, Triantafyllopoulos KI. The role of zoledronic acid in the treatment of post-
menopausal osteoporosis. Acta Orthop Trauma Hell 2018; 69(4): 172-184.

H ooteonopwon amote)et v ovxvotepr) petaPolikr) Idbnor) Tov 00ToVv KAt XApaKTPICETAL aITo PEIOHEVT] 00Tl

KI) HOKVOTI T KA OO T TA [1€ CITOTEAEOLC TOV aLENEVO KaTaypatiko Kivoovo.To (oAedpoviko odp etvat éva dt-
POOPOVIKO TPLTNG YEVIAG IOV Yopryeitat evOoPAEBia pia gopd ToV XPOvo yid Tr)v Oeparieia TG 00TE0IOP®MOLg
Kat et arrooetydel mmg etvat CALPETIKA AITOTEAEOHATIKO KAl ACPANES. BEATIOVEL TV OOTIKI| ITVKVOTITA TOV aode-

VOV Kat petovel feapatikd tov KivOvvo yia 00TeomopmTiKAa KATaypatd. AOye g emjotag evoopAéBiag xopryn-

01§ Tov, etvat pa eDKOAL Kat IPakTiky) Oeparevtir) emhoyr), ed1kd oe NAKI®pEVODG aotevelg pie mOALPappaxica

1] o aobevelg pe MT@YT) COPPOPPDOT OTd AIIO TOL oTOpAToS Sipmopovikda. H anoteleopatikotnta Kat 1) aopd-

Ae1dl ToL elvat KaAd TEKpPPLRHEVEG Kat e§akoAovbel va mapapével pia aStomotn Kot ao@ait)g emAoyr) g Oepa-
IIEld PTG YOG Y1C TV HETERHI VOIICDOLAKT|] OOTEOIIOPMOT).

AEEEIY KAEIAIA: ZoAedpoviko 0§V, HETEPPIVOIIAVOLAKT] 0CTEOIIOPKOT)

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA



