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Abstract Osteoporosis is a systemic skeletal disease re-
sponsible for the high incidence of fractures in older
subjects, particularly in postmenopausal women. The in-
creasing prevalence with population ageing and prolonged
life expectancy raises the rates of associated morbidity, loss
of independence, and mortality. BMD and previous fracture
history are two main risk factors associated with osteoporo-
sis such that the presence of prior fractures can predict future
fractures. Strontium ranelate is an agent developed for the
management of postmenopausal osteoporosis, demonstrated
to reduce vertebral, nonvertebral, major nonvertebral, and
hip fractures. It has been demonstrated to be effective for a
broad spectrum of patients, including women with osteope-
nia, osteoporosis, and severe disease.
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Introduction

Osteoporosis is a systemic skeletal disease that has long
remained underdiagnosed and poorly understood. In the
past, lack of epidemiological data and insufficient methods
of investigation together with the silent development of the

disease has led to considerable under-recognition of
osteoporosis in clinical practice [1]. Osteoporosis is
characterized by low bone mass and microarchitectural
deterioration of bone tissue with a consequent increase in
bone fragility and susceptibility to fracture.

This systemic disorder constitutes a major public health
concern since the induced increase in bone fragility and
susceptibility to fracture negatively impact the quality of life of
affected patients, and their direct and indirect effects on society
are generally underestimated [1]. They impose a considerable
economic burden on health care systems, and the disease
may have severe and debilitating consequences at advanced
stages or when left untreated, raising the rates of associated
morbidity, loss of independence, and mortality [2–4].

Osteoporosis means, etymologically, porous bone and
bone porosity is due to a reduction in bone mass
associated with impaired bone architecture [1, 5]. In
1994, the World Health Organization (WHO) proposed a
set of diagnosis criteria and a stratification of the disease
based on the value of bone mineral density (BMD) and a
history of fracture [6, 7]. However, this only takes into
account the deterioration in mineralization and does not
reflect the decline in microarchitecture. More recently, the
development of fracture risk assessment tools, such as
FRAX, incorporating risk factors such as age and severity
of disease (e.g., level of BMD and the presence or absence
of prevalent fractures) means that decisions regarding
treatment can be made from a more informed position.

Prevalence of disease and fracture risk assessment

Osteoporosis is a widespread condition, which may have
devastating health consequences through its association
with fragility fractures. It is recognized clinically by

C. Cooper (*)
MRC Epidemiology Resource Centre,
University of Southampton,
Southampton SO16 6YD, UK
e-mail: cc@mrc.soton.ac.uk

C. Cooper
Institute of Musculoskeletal Sciences,
University of Oxford,
Oxford OX3 7LD, UK

Osteoporos Int (2010) 21:[Suppl2]S425–S429
DOI 10.1007/s00198-010-1251-0



characteristic fractures that occur when abnormally fragile
bone is subjected to relatively mild trauma. The most
common fragility fracture sites appear to be the vertebral
bodies of the thoracolumbar spine, the distal forearm, and
the hip [4], and hip fractures are one of the most serious
outcomes of the disease.

In 2004, it was estimated that 10 million Americans over
the age of 50 had osteoporosis, with around 1.5 million
fragility fractures each year, with another 34 million at risk
of the disease [8]. A similar fracture occurrence has been
observed in the UK, [9] suggesting that one in two women
aged 50 years will have an osteoporotic fracture in their
remaining lifetime, and the figure for men is one in five.

Osteoporosis is common among elderly people, and the
prevalence of osteoporotic fractures increases with the
aging population and increasing life expectancy [3, 9–11].
In both men and women after the age of 40, bone mass
decreases from 0.5% to 1% each year. It has been observed,
however, that osteoporotic fracture is twice more prevalent
among older women as among men [3, 9]. With the age-
related decline in bone mass, the risk of fracture increases,
especially in women in whom bone is quickly lost with an
average of 2% to 3% per year during the first 5 years after
the menopause [12]. With the menopause, estrogen defi-
ciency increases the rate of remodeling, and the balance of
turnover between bone formation and bone resorption is in
favor of resorption [12]. The Markov model that has been
developed to estimate the risk of fragility fracture predicts
that 35% of 50-year old women will sustain a vertebral
deformity, 18% a hip fracture, and 17% a wrist fracture in
their remaining lifetimes [13].

Fractures are not only associated with considerable
morbidity, but also with a severe risk of death (±25%)
within 1 year [13, 14]. Although the patterns of associated
mortality differ between hip and vertebral fractures, both
types of fracture are observed to be associated with impaired
survival [9] and to be greater in subjects with coexisting

illnesses and poor prefracture functional status [10]. The
cause of reduced life expectancy is usually attributable to
comorbid conditions rather than to the fracture itself [10].

Prospective studies have shown that there is a height-
ened risk of almost all types of fracture in individuals with
low bone density irrespective of fracture site. Furthermore,
prior fractures predict future fractures (Fig. 1). Women with
a prior fracture have an 86% chance of developing a
subsequent fracture. One in five postmenopausal women
with prior vertebral fractures will experience another
vertebral fracture within 1 year [14]. Despite these statistics,
eight in ten women do not receive treatment during the year
following an osteoporosis-related fracture [15].

Recently, the fracture risk assessment tool, FRAX™,
was developed with the WHO [16, 17]. FRAX is an
assessment algorithm that aims to predict the risk of hip and
other osteoporotic fractures and includes independent
clinical risk factors (age, gender, body mass index,
prevalent fracture, and family history), alone or in combi-
nation with BMD values [16]. The use of FRAX in clinical
practice provides valuable help in case finding for subjects
at the highest risk of fracture and the prediction of fracture
in osteoporotic subjects, and assists with the problem of
underdiagnosis [16, 17]. For example, when using BMD,
age, and previous fracture history, one can estimate the
10-year probability of hip and other fractures. Thus, a
woman at age 60 years with an average BMD (about −1.4)
has an average 10-year probability of hip fracture of around
2.4%. However, if she has previously had a fragility
fracture, this risk increases to 4.8%.

BMD, therefore, remains one of the key parameters to be
assessed in osteoporosis. The three stages of disease
severity as defined by the WHO are graded according to
BMD thresholds. The classification uses cut-offs based on
standard deviation (SD) reductions in BMD from young
adult normal means (1 SD) measured by standard densi-
tometry: the first stage, osteopenia, induces a pathologic

C
u

m
u

la
ti

ve
 in

ci
d

en
ce

 (
%

) 
o

f 
h

ip
fr

ac
tu

re
 in

 m
en

 a
n

d
 w

o
m

en

Years following vertebral fracture

Observed

Expected

Fig. 1 Prevalent vertebral
fracture predicts risk of future
hip fracture. Adapted from Ref
[14] with permission of John
Wiley & Sons
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decrease of BMD (between 1 and 2.5 SD) with or without
apparent symptoms; the second induces an alteration of
bone mass (BMD decrease >2.5 SD) and a bone fragility
with or without fractures; and the third stage or severe
osteoporosis, also characterized by a reduction in BMD
>2.5 SD below the mean but additionally the occurrence of
one or more fractures.

However, as can be seen in the example mentioned
above, it is particularly notable that the majority of fractures
occur in osteopenic patients, i.e., in patients with a
relatively slight decrease in BMD, which indicates that
despite the fact that it provides important information about
osteoporotic fracture risk, BMD is not the only factor
contributing to fractures. This also highlights limitations of
BMD measurements in monitoring the response to a
therapy [18, 19]. In osteoporosis, microarchitecture is also
a key determinant of bone quality, the impairment of which
leads to decreased bone strength. The ability of a bone to
resist fracture (or “whole bone strength”) depends not only
on the bone mass, but also on its spatial distribution

(macro- and microarchitecture), and the intrinsic properties
of the materials that constitute the bone. Quantitative
assessment of macro- and microstructural bone features
improve our ability to estimate bone strength. Thus,
knowledge of bone microarchitecture is essential for
understanding the pathophysiology of osteoporosis, deter-
mining the quality of bone, predicting fractures, and
evaluating the efficacy of a treatment. The response of
microarchitectural parameters to treatment should assess the
real efficacy of anti-osteoporotic treatments, which are
primarily expected to stop the progression of disease and
prevent fractures.

How does strontium ranelate address the needs
of patients of varying disease severity?

Two major randomized, double-blind, placebo-controlled,
phase III studies have demonstrated the ability of strontium
ranelate to reduce vertebral, nonvertebral, major nonverte-
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bral, and hip fractures over 1, 3, 4, and 5 years [20–24].
Strontium ranelate has a unique mode of action, based on
an uncoupling between increasing bone formation and
decreasing bone resorption, resulting in bone turnover
which is in favor of formation [25–29].

Strontium ranelate decreases the risk of vertebral
fractures over 3 years both in women with lumbar spine
osteopenia and any BMD value at the femoral neck and
also in women with osteopenia at both sites [20]. A 41%
reduction in the risk of vertebral fractures was demonstrated
in women with lumbar spine osteopenia corresponding to a
59% reduction in those without prevalent fractures and 38%
in those with prevalent fractures. In women with osteopenia
at both sites, the risk was reduced by 52% (Fig. 2) [20].

In osteoporotic patients both with and without prevalent
fractures, treatment with strontium ranelate resulted in early
and sustained reductions in the risk of vertebral fractures
[23]. The TROPOS study [22] demonstrated that strontium
ranelate significantly reduced the relative risk of all
nonvertebral fractures by 16% in the entire population,
and by 19% for major fragility fractures. In a subgroup
analysis of 1,977 osteoporotic women at higher risk of hip
fracture (those ≥74 years and with femoral neck BMD
T-score≤−2.4 SD), the risk of hip fractures was reduced by
36% over a 3-year period. In the subgroup without
prevalent vertebral fractures, the relative risk was reduced
by 45%.

Strontium ranelate was also observed to decrease the risk
of vertebral fractures over 3 years even in patients with
more than two prevalent fractures—a reduction in incident
vertebral fracture risk by 40% was shown after 3 years and
this effect was independent of age, initial BMD, and
prevalent vertebral fractures. The risk of experiencing a
first vertebral fracture was reduced by 48% (p<0.001), the
risk of experiencing a second vertebral fracture was reduced
by 45% (p<0.001), and that of experiencing more than two
vertebral fractures was reduced by 33% (p<0.001; Fig. 3)
[23].

A high correlation was identified between increasing
BMD using strontium ranelate and the reduction in fracture
risk in a study conducted to analyze the relationship between
BMD changes and fracture incidence during 3-year treatment
with strontium ranelate [23, 24]. This observation is
supported by preclinical studies, which also demonstrate a
robust correlation between the increase in BMD during
strontium ranelate treatment and improvement in biochem-
ical properties of the vertebral and upper femoral extremity
[30]. This high correlation could be in part mediated by its
action on markers of bone formation which is significantly
increased after treatment with strontium ranelate [31]. An
increase in femoral neck BMD after 3 years of treatment
with strontium ranelate was statistically associated with a
reduction of hip fracture incidence (p=0.04); at 3 years, for

each 1% increase in femoral neck BMD, the risk of a hip
fracture after 3 years decreased by 7% [24].

The strong correlation between measured BMD
increases and fracture risk reduction in patients on
strontium ranelate therapy should be of clinical benefit to
physicians wishing to evaluate both treatment persistence
and fracture risk reduction [32].

These relationships observed between strontium
ranelate-induced changes in BMD and reduction in fracture
risk are less clear with other types of anti-osteoporotic
agents [33–36]. For example, in a study with raloxifene,
despite the fact that raloxifene-treated patients had a
statistically significant lower vertebral fracture risk com-
pared with placebo-treated patients, this lowered risk
appeared unrelated to treatment-induced change in BMD
hence the authors concluded that the BMD changes
obtained with raloxifene therapy were poor predictors of
vertebral fracture risk reduction [33]. Similarly, Cummings
et al. observed that improvement in spine BMD during
treatment with anti-resorptive drugs accounted for a
predictable but small part of the observed reduction in the
risk of vertebral fracture [35].

Conclusion

BMD together with other fracture risk factors such as
previous fracture history can be utilized to derive absolute
risks of fracture and thresholds at which treatment for
osteoporosis should be initiated. Strontium ranelate is a first
choice treatment of postmenopausal women with osteopo-
rosis with a broad spectrum of activity that covers women
with osteopenia, osteoporosis, and severe osteoporosis.
Irrespective of disease severity, this agent has proven its
efficacy against osteoporotic fractures. Clinical benefits can
be expected from this treatment for the affected patients and
also societal benefits related to a better management of the
disease.

Conflicts of interest C.C. performs consulting and lecturing with
Servier, MSD, Lilly, Alliance, Amgen, and Novartis.
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